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Résumé

Rationnel : L'artérite a cellules géantes (ACG) est une vascularite affectant l'aorte et ses
principales branches, caractérisée par un infiltrat inflammatoire et un remodelage vasculaire.
Les complications ischémiques de la maladie sont liées a une hyperplasie de l'intima par
prolifération de myofibroblastes. Les fibroblastes adventitiels ont été peu étudiés au cours de

'ACG et pourraient participer au phénoméne de remodelage vasculaire.

Objectifs : Nous émettons I'hypothése que les fibroblastes adventitiels sont impliqués dans le

remodelage vasculaire de 'ACG.

Méthodes : Nous avons inclus des patients ayant eu une biopsie d’artere temporale (BAT)
pour suspicion d’ACG. Nous avons tout d’abord étudié la répartition intratissulaire des
fibroblastes sur coupe d’artére temporale et leurs marqueurs d’activation par méthode
immunohistochimique. A partir de l'isolement de fibroblastes adventitiels de BAT de sujets
atteints d’ACG et de contréles, nous avons effectué des tests fonctionnels de ces fibroblastes.
Nous avons réalisé une étude transcriptomique spatiale d’artéres temporales de sujets sains
et de patients atteints ACG a I'aide de I'outil Digital Spatial Profiler (Nanostring) afin de mettre

en évidence des signatures d’expression génomique selon les différentes couches artérielles.

Résultats : Les fibroblastes de I'adventice des patients atteints d’ACG expriment des
marqueurs d’activation. lls présentent des capacités de prolifération, migration et sécrétion.
L’'analyse d’enrichissement montre que les fonctions liées a [linflammation/réponse
immunitaire et le remodelage vasculaire étaient en revanche significativement limitées aux
couches internes (intima et media). Les fonctions immunitaires activées concernaient la
différenciation des macrophages, les activations des lymphocytes T et B et du complément.
Concernant les voies de remodelage vasculaire, nous avons constaté une activation : du
processus métabolique du collagéne, de la prolifération des fibroblastes, de I'angiogenése, et
de la prolifération des cellules musculaires lisses dans l'intima et la média. Notre analyse du
réseau pharmacogénomique a permis d’identifier les génes qui pourraient potentiellement étre

ciblés par des traitements actuellement approuvés ou par de nouvelles immunothérapies.

Conclusion : Les fibroblastes semblent impliqués dans le processus de 'ACG. Nos résultats
fournissent la premiére caractérisation par profilage spatial in situ des acteurs moléculaires
impliqués dans 'ACG, essentielle pour la découverte de nouvelles cibles thérapeutiques
potentielles pour traiter cette vascularite.

Mots clés : Artérite a cellules géantes, fibroblastes, remodelage vasculaire, inflammation,
transcriptomique spatiale
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Introduction

Les vascularites sont liees a une inflammation de la paroi vasculaire et
regroupent différentes entités. Le calibre des vaisseaux concernés et les mécanismes
physiopathologiques sous-jacents permettent de classer ces vascularites afin de les

traiter de facon appropriée [1].

Cette thése se consacre a l'artérite a cellules géantes (ACG) ou maladie de
Horton, vascularite affectant les vaisseaux de gros calibres (aorte et ses principales
branches), et survenant exclusivement aprés I'dge de 50 ans. Nous allons
particulierement nous intéresser au remodelage vasculaire encore peu étudié dans

cette pathologie.

Dans une premiere partie nous présenterons une revue bibliographique des
différents aspects de I'ACG : historique, épidémiologique, clinique, biologique,
diagnostique, thérapeutique, pronostiqgue et physiopathologique. Cette revue est
complétée de travaux originaux personnels et collaboratifs réalisés sur la période de
these, afin d’étudier certaines caractéristiques de la maladie. Un exposé a propos des
fonctions et I'implication potentielle des fibroblastes et notamment dans le remodelage

vasculaire sera ensuite présente.

La deuxieme partie exposera les objectifs et les travaux réalisés. Tout d’abord,
nous présenterons une étude de la répartition et de marqueurs d’activation des
fibroblastes au sein d’arteres temporales ainsi que des tests fonctionnels réalisés in
vitro concernant les fibroblastes adventitiels. Ensuite, nous exposerons une étude de
profilage transcriptomique sur différentes zones d’artére temporale de sujets porteurs
d’ACG et de contrbles, correspondant aux couches anatomiques de l'artére, avec
'objectif d’identifier les variations d’expression de génes associés a l'atteinte de
chaque couche artérielle. Enfin, nous analyserons les relations entre le degré
d’occlusion artérielle par hyperplasie intimale et les différents aspects de I'ACG :

clinique, biologique, évolutif ainsi que l'infiltrat inflammatoire tissulaire.
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Partie I. Revue bibliographique

[.1 Artérite a Cellules Géantes

[.1.1 Historique
L’artérite a cellules géantes (ACG) est étudiée activement depuis presque un
siecle. Toutefois de nombreux aspects restent non élucidés a ce jour. Des efforts

importants sur sa compréhension sont croissants a travers le monde.

Les premieres descriptions de I'ACG seraient attribuées a Ali lbn lIsa,
ophtalmologiste a Bagdad au 11°™e siécle, relatant des cas de patients souffrant de
« chaleur et d'inflammation temporales pouvant conduire a une perte de vision » [2].
Ses mémoires n‘ont été traduits en anglais en 1936 puis signalés dans le monde
occidental en 1960 [3,4].

En 1890, Jonathan Hutchinson, dermatologiste anglais, décrit un patient de
« plus de 80 ans », présentant des « stries rouges sur la téte, douloureuses
'empéchant de porter son chapeau », correspondant a des « artéres temporales
enflammées et gonflées, dont la pulsatilité s’affaiblit peu a peu ». Cette observation n’a

été rapportée qu’en 1946 [4,5].

Aux Etats-Unis, Bayard Taylor Horton, médecin a la Mayo Clinic a Rochester,
dans le Minnesota, publia en 1932 et 1934 les premieres descriptions cliniques et
histologiques détaillées de 'ACG [6,7]. Les patients présentaient une altération de
I'état général, des signes céphaliques et oto-rhino-laryngologiques (ORL). L’analyse
histologique décrivait une infiltration granuleuse de l'artére temporale, avec culture
bactériologique négative. La maladie portera par la suite son nom et reste employée

de facon commune de nos jours.

Depuis les premieres descriptions, les travaux sur 'ACG n’ont cessé de se
multiplier. Une recherche Pubmed en avril 2024 faisait état de 9455 publications avec
les mots clés « Giant Cell Arteritis ». Depuis les années 1990 d’importants progrés sur
la compréhension mécanistique de la maladie ont été réalisés, dont nous décrirons les

aspects dans la partie Physiopathologie de ce manuscrit.
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1.1.2 Epidémiologie
L’ACG survient exclusivement aprés I'age de 50 ans, avec une moyenne d’age
de 73 ans [8]. Il existe une prédominance féminine avec un ratio de 1,7 a 3,8 femmes

pour 1 homme [9-12].

L’'incidence de 'ACG varie selon un gradient Nord-Sud [13-15]. Les pays
scandinaves/nordiques (Islande, Norvege, Danemark, Norvége, Suéde, Finlande)
comportent les incidences les plus importantes au monde, avec une incidence
maximale rapportée de 76,6 cas pour 100.000 personnes de plus de 50 ans au
Danemark en 1987. Egalement, le comté d'Olmsted dans le Minnesota, dont la
population est majoritairement issue de I'immigration scandinave (Norvege et Suede),
possede une incidence élevée de 18,8 cas pour 100.000 personnes de plus de 50 ans
de 1950 a 1999, contrairement a I'incidence globale des Etats-Unis qui était de 1,6 cas
pour 100.000 personnes de plus de 50 ans de 1971 a 1980. En revanche les
populations d’origine sub-saharienne, arabe, asiatique, ou hispanique sont beaucoup

plus rarement concernées par 'ACG [16].

En France métropolitaine l'incidence annuelle est de 9,6 pour 100.000
personnes de plus de 50 ans, avec d'importantes disparités régionales [17]. La région
Limousin présente une incidence globalement similaire a celle de la France

métropolitaine a savoir 10,2 pour 100.000 personnes de plus de 50 ans.

Incidence per 100,000 persons
aged >50 years

0 50

Figure 1. Incidence globale de 'ACG a travers le monde d’aprés Watts et al [13].
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1.1.3 Présentation clinique

L’ACG peut se présenter selon une grande variété de phénotypes cliniques,

rendant I'évocation de la maladie ou la confirmation du diagnostic parfois difficile.

Aussi, de nombreux diagnostics alternatifs (mimickers ou mimics) peuvent mimer les

symptomes d’ACG pouvant conduire a un retard décisionnel ou des erreurs

thérapeutiques avec des conséquences graves pour les patients.

Schématiquement, deux principaux phénomenes inflammatoires distincts, non

forcément corrélés, sont responsables des différents signes de la maladie [18,19] :

Une inflammation systémique, liée a la production d’interleukines (IL),
notamment I'lL-6 et I'lL-1, induisant les signes généraux.

Une inflammation tissulaire artérielle, correspondant a une panartérite
granulomateuse liée a des infiltrats cellulaires. lls sont composés de
lymphocytes T, produisant de l'interféron-y (IFN-y), activés par des cellules
dendritiques via la sécrétion d’'IL-12, et de macrophages. Ces infiltrats
cellulaires entrainent un remodelage vasculaire marqué par la destruction de la
média, une fragmentation de la limitante élastique interne et la prolifération de
myofibroblastes dans l'intima. Ce remodelage conduit a un épaississement

pariétal avec a I'extréme une sténose de l'artére.

De facon schématique, les patients atteints d’ACG peuvent se présenter selon les

deux principaux phénotypes cliniques suivants [20-28] :

les formes céphaligues ou craniennes: incluant les céphalées et/ou
hyperesthésie du cuir chevelu, une palpation anormale des artéres temporales,
des symptdmes ORL, visuels, et des accidents vasculaires cérébraux.

les formes touchant les gros vaisseaux ou extra-céphaliques : incluant 'aortite,

I’'atteinte des artéres sous-claviéres, axillaires, et fémorales.

Ces 2 principaux phénotypes peuvent étre isolés ou intriqués, et parfois associées

a un rhumatisme inflammatoire, la pseudopolyarthrite rhizomélique (PPR). Cette

classification simplifiée ne prend pas en compte certaines formes atypiques de la

maladie, qui restent cependant anecdotiques.
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1.1.4 Signes généraux

lls sont en lien a une réaction inflammatoire systémique. Le syndrome
constitutionnel englobe la fieévre, la fatigue et la perte de poids, ces 3 symptomes étant
plus ou moins associés. Il se rencontre dans 30 & 60% des cas d’ACG [29]. L’asthénie
est souvent marquée. L’amaigrissement peut concerner plus de 10% du poids
corporel. La fievre est habituellement modérée. Lorsqu’elle est supérieure a 39°C, un
diagnostic alternatif doit étre évoqué [30]. Les frissons sont rares, des sueurs
nocturnes peuvent étre constatées [31]. L’ACG est une des causes les plus fréquentes

de fievre d’origine indéterminée chez le sujet agé [32].

Les patients atteints d’ACG avec fievre isolée sont plus jeunes, ont un délai
diagnostique plus long, ainsi qu’'un syndrome inflammatoire biologique plus marqué
gue ceux présentant des signes cliniques céphaliques associés [33,34]. Les patients
présentant une fievre et/ou un syndrome inflammatoire isolé, représenteraient 10%
des ACG.

1.1.5 Signes craniens

L’ACG se caractérise par une atteinte inflammatoire privilégiée des branches et
terminaisons des carotides externes : artéeres thyroidiennes supérieures, artéres
pharyngiennes ascendantes, artéres linguales, artéres faciales, arteres occipitales,
arteres auriculaires postérieures, artéres temporales superficielles et arteres

maxillaires.

Les territoires douloureux sont ainsi liés aux atteintes artérielles, variant d’'un
sujet a l'autre, avec au premier rang l'artére temporale superficielle, souvent
démonstrative cliniquement, que ce soit au niveau de sa palpation ou des douleurs

temporales exprimées par les patients.
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Figure 2. Branches et terminaisons de la carotide externe d'aprés Henry Gray, Anatomy of the Human
Body (1918).
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1.1.5.1 Céphalées

Il s’agit du maitre symptdbme de la maladie, devant faire évoquer le diagnostic
lorsqu’elles sont inhabituelles et d’apparition récente (moins de 3 semaines) chez un
sujet de plus de 50 ans. Sa prépondérance s’est atténuée depuis I'avénement de
l'imagerie des gros vaisseaux, révélant de plus en plus de cas avec un phénotype

aortique sans manifestation cranienne.

La topographie des céphalées varie selon les patients avec une prédominance
dans la région temporale, lieu de passage de I'artére temporale superficielle [35]. Les
caracteéristiques ont été peu détaillées par le passé. Les céphalées sont le plus souvent
constantes (54%), ou évolue de facon intermittente et durent moins de 6 heures dans
32% des cas [36]. Il s’y associe souvent une hyperesthésie du cuir chevelu, ou signe
du peigne / de l'oreiller, autre signe caractéristique de I’ACG, mais non spécifique de
la maladie.

Nous avons effectué un travail sur une cohorte historique de 471 patients
atteints d’ACG du service de Médecine interne de Limoges pour lesquels les éléments

détaillés des céphalées ont été recueillis (Tableau 1).

Ce travail sera présenté en communication orale au congres de la société
nationale francaise de Médecine interne (SNFMI) a Toulouse le 19 juin 2024 par

Isabelle Millet (interne de Médecine interne au CHU de Limoges) :

Caractéristiques détaillées des céphalées au cours de l'artérite a cellules géantes :

résultats d’une cohorte prospective de 471 patients.

Auteurs : | Millet, K-H Ly, S Dumonteil, N Ratti, E Desvaux, J-G Lopez, G Gondran, S

Palat, H Bezanahary, A-L Fauchais, E Liozon, S Parreau

Les céphalées et/ou une hyperesthésie du cuir chevelu étaient rapportées pour
75% (350/471) des cas atteints d’ACG. Les patients avec céphalées avaient
significativement un délai diagnostique plus court en hospitalisation (7 vs 34 jours,
p<0.0001), et plus de symptdomes ORL associés (72% vs 35%, p<0.0001) par rapport
a ceux sans céphalées. Une imagerie aortique était moins frequemment réalisée au
diagnostic (30% vs 62%, p<0.0001), et le taux d’aortite détectée était moindre dans ce
groupe (8% vs 35%, p<0.0001). Il n’y avait pas de différence significative en termes
d’intensité du syndrome inflammatoire biologique ou de complications ischémiques

visuelles. Une épargne cortisonique était plus fréquemment utilisée d’emblée dans le
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groupe sans céphalées (22% vs 8%, p=0.0002). Le taux de rechute ou de récidive était
similaire dans les 2 groupes. Parmi les patients avec céphalées, ceux avec une BAT
positive avaient plus d’anomalies palpatoires de I'artére temporale (79% vs 40%,
p<0.0001), de signes ORL (75% vs 62%, p=0.0288), un taux de plaquettes plus élevé
(450 vs 396 G/L, p=0.0064) et moins de manifestations de PPR (25% vs 38%,
p=0,0249).

Le caractére intense ou insomniant de la céphalées (69% des patients) était
associé a un délai diagnostique plus court (5 vs 12 jours, p<0.0001), a des signes ORL
(76% vs 62%, p=0.0155) et a un risque de complication aortique sur le long terme plus
important (6% vs 1%, p=0.0280). Une céphalée profonde isolée (sans caractére
superficiel) représentait 10% des patients, et était plus souvent associée a une aortite
au diagnostic (38% vs 14%, p=0.0018) par rapport aux céphalées superficielles pures.
Le territoire des céphalées influencait la survenue d'une complication ischémique
visuelle (Figure 3) : protecteur si céphalées temporo-frontale isolée (1% vs 9%,
p=0.0375) ou prédictif si présence de douleur oculaire (33% vs 14%, p=0.0006). En

revanche, le territoire n’influencait pas le taux de positivité de la BAT.

Céphalée n=350
Hyperesthésie du cuir chevelu 207 (59%)
Caractéristiques (% parmi les patients avec céphalée)
Superficielles 282 (81%)
Profonde 60 (17%)
Intenses 223 (64%)
Insomniantes 205 (59%)
Topographie

Temporale 287 (82%)
Occipitale 210 (60%)
Frontale 173 (49%)
Pariétale 130 (37%)
Retro-auriculaire 119 (34%)
Oculaire 64 (18%)
Faciale 46 (13%)

Tableau 1. Caractéristiques des patients avec céphalées au sein de la cohorte de 471 patients porteurs
d’ACG du service de Médecine interne du CHU de Limoges.
Présentation en communication orale par Isabelle Millet au congrés de la SNFMI 2024, le 19 juin 2024.
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Figure 3. Associations topographiques les plus fréquentes au sein de la cohorte de 471 patients
porteurs d’ACG du service de Médecine interne du CHU de Limoges.
Présentation en communication orale par Isabelle Millet au congrés de la SNFMI 2024, le 19 juin 2024.
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[.1.5.2 Anomalie de I’artére temporale

Les principales manifestations regroupent a des degrés différents selon les
patients : une diminution ou abolition du pouls temporal, une induration artérielle, des
tortuosités, des nodules, une sensibilité a la palpation temporale ou des signes
inflammatoires locaux. Ces anomalies font également parties des signes forts en
faveur de la maladie [37-39]. Toutefois une athérosclérose ou médiacalcose
importante peut mimer ces signes. Par ailleurs, ces manifestations permettent aussi

de guider la BAT, a réaliser du c6té le plus symptomatique.

Nous avons effectué un travail basé sur le détail de palpation de I'artére
temporale sur une série de 419 malades porteurs d’ACG (données non publiées) :
70% des patients avaient une palpation de I'artére temporale anormale. Parmi ces
patients les signes les plus fréquents étaient : I'induration de I'artére temporale (53 %),
'absence ou la diminution de battement (51 %), une douleur a la palpation (23 %), la
présence de nodules sur le trajet de I'artére (12 %), une inflammation cutanée (9 %).

La tortuosité n’avait pas été recueillie dans notre cohorte.
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1.1.5.3 Signes orofaciaux et des voies respiratoires supérieures
La claudication de la machoire ou la douleur a 'ouverture buccale font parties
des signes classiques, assez spécifiques de 'ACG. Elles sont en lien a un phénomene

ischémique au niveau de la vascularisation des muscles massétérins.

La claudication de la méachoire a été intégrée récemment dans les criteres de
classification de 'ACG apparaissant spécifique par rapport aux autres vascularites
[29]. Toutefois, d’autres entités comme l'arthrose temporo-mandibulaire, peuvent
mimer des douleurs a la mastication, et ne doivent pas étre confondues avec une

authentique claudication de la méachoire.

Deux centres se sont intéressés a I'apport du test au Chewing-gum pour révéler
cette claudication [40,41]. Notre équipe a confirmé que ce test pouvait révéler la
claudication pour certains patients (étude Chewing-Hort, présentée par le docteur Nina
Ratti au congres de la SNFMI en décembre 2023 a Paris).

Les autres symptdmes sont moins souvent rapportés : douleur maxillaire,
cedéme facial, douleur pharyngée, dysphagie, douleur linguale, enrouement, toux
séche, otalgie, surdité. Nous avons réalisé un travail concernant le recueil prospectif
systématique de 10 symptdmes orofaciaux ou des voies respiratoires supérieures. Ce
travail est présenté en communication orale au congres de la SNFMI & Toulouse le 19
juin 2024 par Sébastien Laburthe (interne de Médecine interne du CHU de Limoges) et

est en cours de soumission :

Manifestations orofaciales et des voies respiratoires supérieures au cours de l'artérite

a cellules géantes : résultats d'une vaste cohorte prospective

Auteurs : S Laburthe, K-H Ly, S Dumonteil, G Gondran, N Ratti, J-G Lopez, H
Bezanahary, S Palat, A-L Fauchais, E Liozon, S Parreau

Parmi 599 patients pour lesquels dix manifestations orofaciales et des voies
respiratoires supérieures étaient systématiquement recueillis, 69% présentaient au
moins un symptome (3 symptdbmes ou plus dans 30 % des cas) (Figure 4). La
claudication de la méchoire, la douleur maxillaire et la douleur a l'ouverture de la
bouche étaient les symptdomes les plus fréquents (Figure 5). Une toux seche était
rapportée dans 17 % des cas. Les patients atteints d'ACG présentant au moins un
symptome avaient davantage d'anomalies a la palpation de l'artére temporale et de

complications ophtalmologiques ischémiques, mais moins de vascularite des gros

20




vaisseaux démontrée a l'imagerie. Une artére temporale anormale a lI'examen clinique
(Odds ratio OR=4,2 [2,8-6,4], p<0,001) et la présence d'une claudication de la
machoire (OR=2,2 [1,4-3,7], p=0,002) augmentaient la probabilité d'une BAT positive
alors que la présence d'un enrouement (OR=0,5 [0,3-0,9], p=0,02) et d'une otalgie
(OR=0,54 [0,3-0,9], p=0,03) la diminuait. Une présentation « ORL » isolée (sans
céphalées ni signes visuels) représentait 5% de I'ensemble de la cohorte.

Patients (n)
200 188

150
131

101
100

75

55

50

2 2 0

o 1 2 3 4 5 6 7 8 9 1o Signs(n)

Figure 4. Répartition des patients en fonction du nombre de manifestations des voies respiratoires
supérieures et orofaciales dans une cohorte de 599 patients atteints d’ACG.

Présentation en communication orale par Sébastien Laburthe au congres de la SNFMI 2024, le 19 juin
2024.
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Figure 5. Fréquence et distribution de dix manifestations des voies respiratoires supérieures et
orofaciales parmi les 599 patients porteurs d’ACG.

Présentation en communication orale par Sébastien Laburthe au congres de la SNFMI 2024, le 19 juin
2024.
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1.1.5.4 Signes ophtalmologiques

Il s’agit d’'une des atteintes les plus redoutées a la phase aigué du diagnostic,
dictant le pronostic fonctionnel a court terme des malades. Les symptdmes sont tres
variables, pouvant étre régressifs ou permanents, unilatéraux ou bilatéraux. Les
patients peuvent rapporter une myriade de signes subjectifs : brouillard visuel, vision
trouble voire amaurose totale, scintillements, halo lumineux, objets colorés,

hallucinations visuelles, amputation du champ visuel, métamorphopsies, diplopie.

Avant l'utilisation des corticoides, de larges cohortes décrivaient des fréquences
de perte visuelle de 40 a 48% et atteignant les deux yeux dans la moitié des cas [42].
Aujourd’hui, la fréquence de l'atteinte visuelle rapportée selon les études varie de
facon importante, expliquée probablement par le service de recrutement des patients
(maximale en ophtalmologie) [43]. L’équipe de Smith s’accorde pour une fréquence
actuelle de perte visuelle de I'ordre de 12-15% des ACG [43].

Les principales affections concernées au cours de 'ACG sont (pourcentages
parmi les atteintes visuelles) [42] :
- la neuropathie optique ischémique antérieure aigue (NOIA) par atteinte des
artéres ciliaires postérieures (80-90%),

- locclusion de l'artére centrale de la rétine (OACR) (10%) ou de l'artére cilio-
rétinienne,

- la paralysie oculo-motrice par atteinte des nerfs craniens Ill, IV et/ou VI ou des
tissus orbitaires (5-10%)),

- la neuropathie optique ischémique postérieure (NOIP) par atteinte des arteres
nourriciéres du tronc du nerf optique (5%),

- les atteintes du segment antérieur par atteinte des arteres ciliaires antérieures
responsable d’hypotonie, pseudo-uvéites, anomalies pupillaires, (£1%),

- laccident vasculaire cortical par atteinte des arteres vertébrales (<1%).

Un phénomeéne ischémique est le plus souvent impliqué. Une fois installée,
I'atteinte est le plus souvent définitive, rendant I'évocation d’ACG et son traitement
urgent. Un syndrome inflammatoire important au diagnostic, la présence de fievre,
et/ou des symptomes rhumatologiques associés sont plutdét associés a un risque
moindre visuel [44,45]. En revanche le risque d’'atteinte permanente est associé a un
age avancé, des manifestations visuelles transitoires, et une claudication de la

machoire [45].

22



Nous avons étudié les caractéristigues des patients ACG avec atteinte
ophtalmologique bilatérale a partir de notre cohorte locale, présentée au congres de
la SNFMI a Marseille en décembre 2022 par le docteur Romain Foré (Médecin dans

le service de Médecine interne du CHU de Limoges) :

Artérite a cellules géantes avec atteinte ophtalmologique bilatérale

Auteurs : R Foré, S Laburthe, MF Curumthaullee, N Ratti, N Aslanbekova, E Desvaux,

S Dumonteil, H Bezanahary, S Palat, G Gondran, K-H Ly, E Liozon, S Parreau

Parmi 368 patients atteints d’ACG, 67 avaient une cécité (18%) et 17 d’entre eux
(5% au total) ont présenté une cécité bilatérale. lls avaient tous une NOIA initialement.
En comparant la cohorte entiére avec les patients atteints de cécité bilatérale, ces
derniers étaient significativement plus agés (79 vs 74 ans, p<0,01), présentaient
moins souvent un amaigrissement (0% vs 37%, p<0,01), davantage de douleurs
maxillaires (65% vs 39%, p=0,04), de dysphagie (35% vs 14%, p=0,03), et d’'anomalie
palpatoire de I'artére temporale (94% vs 61%, p<0,01). Aucun de ces 17 patients ne
présentaient d’aortite au diagnostic (0% vs 21%, p=0,03). Le délai de prise en charge
entre les patients avec cécité bilatérale ayant bilatéralisé sous traitement (n=6) et ceux
ayant une perte visuelle restant unilatérale (n=50) n’était pas significativement différent
(6,1 vs 8,5 jours, p=0,84). Le délai moyen de bilatéralisation sous traitement était de
3,3 jours apres le début du traitement. Les patients ayant bilatéralisé sous traitement,
en comparaison avec ceux ayant une perte visuelle restant unilatérale, présentaient
une CRP plus élevée (122 vs 72 mg/L, p=0,04) et étaient plus souvent diabétiques
(50% vs 10%, p=0,03). Le délai entre I'introduction de la corticothérapie et la premiere
atteinte visuelle était non significativement différent entre les deux groupes (4,2 vs
8,5 jours, p = 0,94). Tous les patients ayant bilatéralisé sous traitement étaient traités
par bolus de méthylprednisolone lors de la premiere atteinte visuelle : trois patients ont
bilatéralisé malgré des bolus de 500 mg par jour (un patient a J1, deux patients a J2)
et trois patients avec des bolus de 300 mg par jour (respectivement a J2, J5 et J8).
Aucun patient ayant bilatéralisé ne s’est amélioré sur I'atteinte visuelle de maniére

subjective.
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Nous avons également effectué un travail sur la survenue d’atteinte visuelle
secondaire, c’est-a-dire aprés le diagnostic dACG (Annexe 1). Onze patients sur 502
(2,2%) ont présenté une atteinte visuelle ischémique secondaire. Six patients ont eu
un accident visuel durant la phase d’attaque de la corticothérapie et les cing restants
lors de la décroissance. Les facteurs prédictifs d’atteinte visuelle secondaire étaient
un age avancé, une artére temporale pathologique a I'examen clinique et une
thrombocytose avant traitement. Un risque plus élevé d’un nouvel événement
ischémique visuel a été observé pendant le traitement chez les patients présentant
une atteinte visuelle ischémique initiale par rapport aux patients présentant une ACG
non compliquée au départ (10,5 % contre 1,1 %, OR=10,26, p<0,001).

Il est parfois difficile de distinguer une NOIA d’origine artéritique, c’est-a-dire liée a
'ACG, des NOIA non artéritiques (Annexe 2). A partir d'une cohorte multicentrique
francaise, nous avons comparé 94 patients présentant une NOIA non artéritique
(NOIANA) et 94 une NOIA artéritique (NOIAA). Les patients atteints de NOIAA étaient
plus agés et plus susceptibles d’avoir une hypertension artérielle. Les symptémes
céphaliques et un syndrome inflammatoire biologique étaient plus fréquents dans le
groupe NOIAA. Une perte de vision profonde et l'atteinte bilatérale étaient plus
fréquentes chez les patients atteints de NOIAA. Les occlusions de l'artére centrale de
la rétine et de l'artére ciliorétinienne n'ont été observées que dans le groupe NOIAA,
et le retard de la perfusion choroidienne a été plus fréquemment observé au cours des
NOIAA que dans les NOIANA. En utilisant un modéle de régression logistique, un age
>70 ans (OR=3,4, p=0,105), l'absence d'hémorragie en flammeches (OR=4,9,
p=0,019), un retard de perfusion choroidienne a I'angiographie (OR=7,2, p=0,003),
une CRP >7 mg/L (OR=43,6, p<0,001) et un taux de plaquettes >400 G/L (OR=27,5,
p=0,001) étaient associés au diagnostic de NOIAA. Un score, basé sur ces variables,
permet de distinguer les deux entités avec une sensibilité de 93,3 % et une spécificité
de 92,4 %
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Nous avons également étudié la diplopie au cours de 'ACG, travail présenté au
congres de la SNFMI a Paris en décembre 2023 par le docteur Anis Hariz (CHU

Limoges, Médecine interne) :

Fréquence et caractéristiques de la diplopie au cours de l'artérite a cellules géantes

Auteurs : A Hariz, S Dumonteil, E Desvaux, N Ratti, S Palat, G Gondran, H

Bezanahary, A-L Fauchais, K-H Ly, E Liozon, S Parreau

Au total, sur 665 patients porteurs d’ACG, 59 (9%) ont présenté une diplopie.
Les patients avec diplopie avaient davantage de présentation clinique a début aigué
(63 vs 43%, p=0,006), des céphalées associées (96 vs 79%, p=0,004), une
hyperesthésie du cuir chevelu (61vs 47%, p=0,04), un cedéme facial (22 vs
12%, p=0,042), des douleurs maxillaires (47 vs 28%, p=0,003), des anomalies
palpatoires de l'artere temporale (81 vs 58%, p<0,001), un taux de fibrinogéne plus
élevé (7,4 vs 6,7 g/L, p=0,014) (CRP et VS non significativement différents) et des
anomalies du bilan hépatique (41 vs 20%, p=0,011). Parmi les patients ayant eu une
imagerie aortique il n'existait pas de différence significative entre les deux groupes
concernant la fréquence de l'aortite (p=0,211). Le délai diagnostique de 'ACG par
rapport a la date du premier symptdme était plus court pour les patients avec diplopie
(65 vs 82 jours, p=0,008). Sur le plan thérapeutique, les patients avec diplopie ont recu
plus fréquemment des bolus de corticoides (37 vs 24%, p=0,039), la dose initiale de
corticothérapie orale était plus élevée (1,0 vs 0,7 mg/kg/j, p<0,001) et la durée totale
du traitement était plus courte (17 vs 22 mois, p=0,048). La mortalité durant le
traitement était similaire entre les deux groupes. La diplopie était majoritairement
intermittente et régressive, mais sept patients ont gardé une diplopie permanente
(12%). Les complications oculaires associées les plus fréquentes étaient la NOIA
(n=8), la NOIP (n=3) et ’TOACR (n=1). Vingt-trois patients avaient une atteinte visuelle
permanente et définitive (diplopie incluse).
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1.1.5.5 Accidents vasculaires cérébraux

L’ACG se complique d’un accident vasculaire cérébral (AVC) constitué dans
1,5a 7 % des cas [46-57]. Il s’agit de |la premiére cause de décés précoce au cours
de 'ACG, rendant urgent son diagnostic et sa prise en charge. Les AVC concernent le
plus souvent le systeme vertébro-basilaire provoquant des AVC dans la région

postérieure (Figure 6) [58].

Lorsque 'AVC est la premiere manifestation de 'ACG, il est parfois difficile
d’évoquer le diagnostic de vascularite. Nous avons effectué un travail qui avait pour
but de comparer des AVC usuels a ceux liés a 'ACG (Annexe 3). Au sein d’'une
cohorte monocentrique de 550 patients atteints d’ACG diagnostiquée et suivie dans
notre service de Médecine interne (384 avec une BAT positive), nous avons identifié
tous les patients ayant présenté un AVC ischémique non cardio-embolique prouvé a
limagerie et contemporain du diagnostic d’ACG (survenue entre les premiers
symptomes d’ACG et les quatre premiéres semaines de la corticothérapie). Le groupe
contréle a comporté 40 AVC usuels, non liés a une ACG, tirés au sort a partir d’'une
cohorte de patients issus du service de Neurologie du méme hoépital. Les
caractéristiques cliniques, biologiques, radiologiques et la survie a trois mois ont été
recueillies rétrospectivement pour tous les patients au moment de 'AVC.

Dix-sept patients (3,1%), avec un age moyen de 76 ans, ont présenté un AVC
en rapport avec la vascularite. Dix patients (59%) présentaient des céphalées, 12
(71%) une artere temporale anormale a la palpation, 4 (24%) une claudication de la
machoire et/ou une hyperesthésie du scalp, 6 (35 %) des manifestations visuelles
ischémiques permanentes, 15 (88 %) une BAT positive. La majorité des AVC
concernait le territoire vertébro-basilaire (82 %), avec 41 % d’atteinte du tronc
basilaire, 41 % d’'une artére cérébelleuse et 23 % de l'artere cérébrale postérieure.
Quatorze AVC (82 %) étaient diagnostiqués de facon concomitante ou dans les jours
suivants le diagnostic d’ACG. Les trois autres AVC survenaient a distance (45, 434 et
660 jours, respectivement). Cing patients (29 % du total, 36 % des AVC inauguraux)
décédaient dans les trois mois suivant le diagnostic d’AVC. En comparant les patients
atteints d’AVC lié a une ACG avec des AVC usuels, il n'existait pas de différence
significative en termes de facteurs de risque ou d'événements antérieurs
cardiovasculaires. Les patients avec AVC lié a 'ACG avaient plus fréquemment des

signes clinigues évocateurs d’artérite et des paramétres inflammatoires
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significativement plus élevés. Un syndrome cérébelleux et une atteinte visuelle
ischémique permanente étaient significativement plus fréquents au cours des AVC liés
a une ACG, contrairement au déficit sensitif focal et & la dysarthrie. A I'exploration
doppler, une anomalie carotidienne externe et/ou vertébrale était plus fréequente au
cours de 'ACG (46 et 27 % respectivement). En analyse multivariée, la présence
conjointe d’'une atteinte du systéme vertébro-basilaire, d'une CRP supérieure a
30 mg/L et d’'une anomalie carotidienne externe au doppler prédit un AVC lié a ’ACG
avec une sensibilité de 95 %, une spécificité de 76 %, une valeur prédictive positive
de 90 % et une valeur prédictive négative de 87%. La probabilité de survie a trois mois
dans le groupe des AVC liés a 'ACG était significativement inférieure a celle du groupe

témoin.

Figure 6. Iconographie d’un patient de 75 ans ayant présenté un AVC ischémique vertébro basilaire
bilatéral, par occlusion vertébrale et basilaire inflammatoire, accompagné de céphalées, hyperéesthésie
du cuir chevelu, OACR de I'ceil droit, syndrome inflammatoire biologique, hypermétabolisme des artéres
sous claviéres et BAT positive pour le diagnostic d’ACG (collection personnelle).
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[.1.6 Signes rhumatologiques

La pseudo-polyarthrite rhizomélique (PPR) est I'entité rhumatologique la plus
souvent associée a 'ACG, atteignant jusqu’a 50 % des patients porteurs d’ACG [59].
Elle peut survenir avant, pendant ou apres le diagnostic de la vascularite [60]. La PPR
se manifeste par des douleurs et un enraidissement d’horaire inflammatoire
prédominant aux épaules, et pouvant irradier au rachis cervical et dans les régions

scapulaires. L’atteinte des hanches est également souvent rapportée.

D’autres manifestations peuvent se rencontrer comme une polyarthrite

inflammatoire chronique et périphérique, mimant une polyarthrite rhumatoide.

[.1.7 Manifestations artérielles

1.1.7.1 Aortite

Bien que connue de longue date [61], la découverte d’aortite au diagnostic
d’ACG est en augmentation grace a l'utilisation des différents outils d’'imagerie
vasculaire, notamment la tomodensitométrie aortique, I'imagerie par résonnance
magneétique et la tomographie par émission de positons. Tout comme les branches
des carotides externes, la distribution des atteintes peut varier selon les patients [62].
Toutes les portions aortiques peuvent étre concernées: notamment Iaorte
ascendante, la crosse, et/ou l'aorte descendante (Figure 7). L’atteinte de l'aorte

abdominale est plus rare surtout lorsqu’elle est isolée.

Figure 7. Patiente de 68 ans présentant une aortite en tomographie par émissions de positons au 18-
FDG, avec atteinte des artéres sous clavieres et fémorales ainsi que les troncs supra aortiques
(collection personnelle).
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L’aortite est le plus souvent silencieuse sur le plan clinique. Elle peut se traduire
par un syndrome inflammatoire, un syndrome constitutionnel ou une fievre isolée.
L’atteinte aortique fait souvent le pronostic a long terme d’ACG avec un risque
d’anévrysme voire de dissection [63,64]. La prévalence d'une aortite compliquée
(anévrisme, dilatation ou dissection) serait de 18% [65]. Les patients atteints d’ACG
ont 17 a 19 fois plus de risque d’anévrisme thoracique que la population générale
(Figure 8) [66,67]. Le risque d’anévrisme ou de dilatation aortique au cours de 'ACG
est de 22% a 5 ans et 30% a 10 ans du diagnostic [68,69].

Malgré une apparente rémission clinico-biologique de la vascularite,
'inflammation aortique peut persister pendant de nombreuses années [70]. Rarement,
le diagnostic peut étre réaliser sur piece opératoire de chirurgie d’anévrisme aortique,

sans présomption cliniqgue pour une ACG [71,72].

Figure 8. Dissection aortique descendante mortelle d’un patient porteur ACG (collection personnelle).

1.1.7.2 Artérite des membres supérieurs et inférieurs
Il s’agit d’'une atteinte relativement rare [73-76]. Elle est souvent bilatérale et
touche particulierement les arteres sous claviéres et axillaires. Les atteintes fémorales

sont plus rarement rencontrées.

Ces atteintes peuvent se matérialiser par une sténose vasculaire responsable
d’'un souffle vasculaire, d’une asymétrie tensionnelle, une abolition de pouls
périphériques, des phénomeénes ischémiques d’aval comme une claudication de
membres ou des troubles cutanés perfusionnels : phénomene de Raynaud, voire

nécrose des extrémités.
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Nous avons participé a une étude décrivant I'atteinte sténosante de 'aorte et de
ses branches dans 'ACG présentée en communication orale au congrés de la SNFMI

en décembre 2023 a Paris par Bérangere Arnould (CHU de Rouen) :

Atteinte sténosante de l'aorte et de ses branches dans l'artérite a cellules géantes :

étude rétrospective multicentrique de 209 patients

Auteurs : B Arnould, G Maalouf, K Lim, H De Boysson, O Espitia, M Samson, A Hot, E
Liozon, S Parreau, V Lacombe, JF Alexandra, T Thibault, C Laurent, J Gaudric, A
Redheuil, M Groh, CA Durel, T Chazal, C Comarmond Ortoli, N Magy-Bertrand, S
Vinzio, L Martzolff, P Lozac’h, R Outh, C Jérémy, P Duffau, A Dumont, S Humbert, C
Guillaud, A Dellal, G Pugnet, V Devauchelle-Pensec, P Cacoub, L Biard, D Saadoun

Dans cette étude, 209 patients avec ACG et atteinte sténosante artérielle ont
été inclus. Au moment du diagnostic, 32% des patients présentaient une claudication
d’'un membre, 30% avaient une abolition d’un pouls, et 26% présentaient un souffle
vasculaire sur le territoire touché. La BAT avait été réalisée chez 86 % des patients et
s’est révélée positive chez 54% d’entre eux. L’atteinte sténosante, au moment du
diagnostic, prédominait dans les troncs supra-aortiques, avec 64% de sténoses sous-
clavieres, 59% carotidiennes, 25% dans I'artére temporale et 34% axillaires. La plupart
de ces sténoses était sévere, dépassant les 70%. Une atteinte sténosante aortique
était également fréquente, avec 29% au niveau de 'aorte ascendante, 26% la crosse
aortique, 37% l'aorte thoracique et 30% l'aorte abdominale, tandis que les artéres des
membres inférieurs étaient touchées dans 18% des cas pour les artéres iliaques et
29% pour les arteres fémorales. Un traitement par corticothérapie était instauré chez
99% des patients, dont 32% recevaient des bolus intraveineux, en association avec
du Méthotrexate chez 22% et du Tocilizumab chez 70%. La médiane de suivi des
patients était de 51,7 mois (35,4-57,2). Les complications vasculaires, telles que les
AVC ischémiques et I'ischémie des membres, ont affecté 51% des patients. La
majorité des AVC ischémiques étaient présents des le diagnostic, touchant un tiers de
la cohorte. La survie globale sans événement cardiovasculaire a 5 ans était de 56,4%
(49,2-64,6). Une revascularisation, qu’elle soit endovasculaire ou chirurgicale, a été
nécessaire chez 25% des patients, avec une survie globale sans chirurgie vasculaire
a 5 ans de 69,8% (62,8—77,7). La moitié des patients ont présenté une rechute au
cours du suivi, et la survie globale sans rechute majeure a 5 ans était de 70,5% (63,2—
78,7).
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[.1.8 Manifestations rares/atypiques

Certaines manifestations non classiques ont été rapportées de facon
anecdotique dans la littérature [77]. On peut distinguer les atteintes d’organes non
usuellement touchés par 'ACG mais avec preuve histologique sur tissu opératoire, et

les pathologies notées en association avec la vascularite peut étre par coincidence.

Ainsi, ont été rapportes :

- des manifestations cardiaques : péricardite, coronarite a cellules géantes [78-
83],

- des neuropathies périphérigues : mononévrite, multinévrite, polyneuropathie

sensitivo-motrice ou radiculopathie [84],

- des phénomenes ischémiqgues cutanés ou mugueux : principalement des

nécrose du scalp, de la langue ou d’'une lévre [85,86],

- des manifestations endocrinologiques : atteinte histologique thyroidienne,

dysthyroidie, diabéte insipide, sécrétion inappropriée d’hormone anti-diurétique
[87-90],

- des manifestations rénales : hématurie transitoire, atteinte des artéres rénales

au cours d’une aortite abdominale, ou liées a une amylose AA [91-93],

- des manifestations digestives : atteinte inflammatoire de branches artérielles a

visée abdominales ou par vascularite découverte sur piece de cholécystectomie
[94,95],

- des manifestations gynécologiques : atteinte mammaire, ovarienne ou utérine
[96-98].
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[.1.9 Mimickers

En cas d’absence de preuve histologique, le diagnostic d’ACG peut se révéler
particulierement difficile [99-112]. Les pathologies pouvant mimer une ACG sont
nombreuses. Un diagnostic erroné peut entrainer des conséquences graves que ce
soit par retard diagnostique alternatif ou effets indésirables sévéres de la

corticothérapie et/ou du traitement d’épargne cortisonique prescrits a tort.

Nous avons effectué un travail concernant les conséguences graves pour
diagnostics erronés de patients ayant eu une BAT, présenté en communication orale
au congres de la SNFMI a Toulouse le 19 juin 2024 par Cory Cayrou (interne de

Médecine interne au CHU de Limoges) :

Diagnostics erronés d’artérite a cellules géantes avec conséquences graves chez des
patients ayant eu une biopsie d’artére temporale

Auteurs : C Cayrou, K-H Ly, S Dumonteil, N Ratti, E Desvaux, JG Lopez, S Palat, G
Gondran, H Bezanahary, A-L Fauchais, E Liozon, S Parreau

Il s’agit d’'une étude observationnelle rétrospective monocentrique. Les patients
ont tous eu une BAT pour suspicion initiale d’ACG et ont été recrutés sur la période de
2002 a 2023. Les données clinico-biologiques, et évolutives ont été recueillies pour

tous les patients. Quatre groupes ont été définis :
A : ACG a BAT positive,

B : ACG a BAT négative : diagnostic dACG selon criteres ACR1990,
ACR/EULAR2022, ou avis d’expert,

C : diagnostics alternatifs rapides sans conséquences graves,

D : diagnostics alternatifs séveres avec conséquences graves liées au retard

diagnostique ou d’un traitement erroné (corticothérapie pour ACG présumée).

Sur la période, parmi les patients ACG, on notait 248 patients avec une BAT
positive (groupe A) et 135 avec une BAT négative (groupe B). Les diagnostics
alternatifs sont résumés dans Figure 9. On notait : PPR isolée (15%), causes
ophtalmologiques (14%), causes neurologiques (12%), fievre chronique inexpliquées
(12%), cancers (11%), vascularites autres (10%), infections (9%), causes
rhumatologiques autres (8%), causes hématologiques non cancéreuses (2%),

étiologies uniques autres (8%).
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Dix-neuf patients (dge moyen 70 ans, 53% d’hommes) ont soit présenté un
diagnostic alternatif grave ou ont soit développé des événements évolutifs séveres
(groupe D). On notait onze patients avec diagnostic grave, (cancer pulmonaire (n=3),
cancers rénal (n=2), cancer thyroidien, tumeur neuroendocrine, lymphome,
neurofiboromatose, vascularite a Anticorps anti-cytoplasme des polynucléaires
neutrophiles (ANCA), neuro-syphilis) et huit patients avec une conséquence sévere de
la corticothérapie (cing infections graves, deux déséquilibres séveres de diabéte, une
insuffisance surrénalienne aigue). Parmi ces 19 patients, 84% avaient des céphalées,
47% une palpation anormale de l'artere temporale, 57% une hyperesthésie du cuir
chevelu, 32% une claudication de la machoire, 16% une baisse brutale de la vision,
26% une raideur matinale des épaules (Tableau 2). La CRP moyenne était de 81 mg/L
[6-106] et la VS de 73 mm [32-114]. Une tomographie par émission de positons au
BEDG a été réalisée pour 6 patients (32%). Douze/19 patients (63%) avaient un score
ACR/EULAR 2022 = 6. Le délai moyen du diagnostic alternatif était de 66 jours. Au
cours du suivi, le taux de mortalité était de 68% avec délai moyen de 145 jours (Figure
10).

En comparant le groupe D avec les autres groupes, ils présentaient
significativement moins d’anomalies cliniques de l'artére temporale (47.4%) que les
patients du groupe A (75.8%) mais plus que ceux du groupe C (9%) (Tableau 3). lls
présentaient également un taux de leucocytes plus élevés que tous les autres groupes.
Les diagnostics alternatifs avec conséquences graves, avaient des criteres de
classification significativement plus élevés que ceux du groupe C (ACR 1990: 2.8 [1.9-
3.7] vs 1.8 [1.1-2.5], p<0.001 ; ACR/EULAR 2022: 6.9 [4.4-9.4] vs 4.5 [2.6-6.4],

p<0.001) mais similaires a ceux du groupe B.

Les patients avec un diagnostic alternatif mimant une ACG peuvent avoir une
évolution défavorable que ce soit en termes de retard diagnostique et de prise en
charge ou d’initiation erronée d’'une corticothérapie. Les criteres ACR/EULAR 2022
sont uniquement des criteres de classification et peuvent orienter par erreur le clinicien
vers un diagnostic d’ACG. Nous soulignons la nécessité d’une vigilance importante en
cas de suspicion initiale I’ACG, particulierement devant des tableaux cliniques mimant

fortement cette vascularite.
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Alternative diagnoses among 196 patients with temporal artery biopsy

Rheumatology (n=40) Ophthalmology/ENT (n=30)

Polymyalgia rheumatica (n=27) Non-arteritic anterior ischemic optic neuropathy (n=18)

Seronegative arthritis (n=5) Occlusion of central retinal artery (n=6)

RS3PE syndrome (n=2) Non-arteritic diplopia (n=2)

Cervical chondrocalcinosis (n=2) Age-related macular degeneration (n=1)

Fibromyalgia (n=1) Occlusion of central retinal vein (n=1)

Cervical spinal canal narrowing (n=1) Non-arteritic amaurosis (n=1)

Inflammatory myositis (n=1) ENT trouble (n=1)

Psoriatic rheumatism (n=1) T

15% -

Miscellaneous (n=8) Malignancy (n=30)
Erythroblastopenia (n=1) 21% 15% EellE e )
Amyloidosis (n=1) Lymphoma (n=5)

Neurofibromatosis (n=1) Myeloma (n=2)

Auto-immune bullous disease (n=1)

0 Acute leukemia (n=1)
Neurosarcoidosis (n=1) ¢ 4 /0 120/ Wald =1
Auto-inflammatory syndrome (n=1) 60/0 0 slaenswom (=1
Buerger disease (n=1) )
Relapsing polychondritis (n=1) 7 A 1 1 u/

9% °

Fever/inflammatory syndrome
Cardio-vascular disease (n=11) of unknown origin (n=24)

Pleuresia/Pericarditis (n=6)

Non-arteritic aortic dissection (n=3)

lliac aneurysm (n=1) Neurology (n=22)
Limb ischemia (n=1)

Headache, unspecified (n=11)

Infection (n=18) Stroke (n=4)
Other vasculitis (n=13) ENT (n=5) Nevralgia (n=2)
ANCA-assaciated vasculitis (n=7) Unspecified (resolution with antibiotic) (n=5) Cluster headache (n=1)
Primary CNS vasculitis (n=3) Pulmonary (n=4) Migraine (n=1)
Urticarian vasculitis (n=1) Digestive (n=2) Neuromyelitis optica (n=1)
Cryoglobulinemia vasculitis (n=1) Joint (n=1) Temporal artery aneurysm (n=1)
Unspecified vasculitis (n=1) Neurosyphilis (n=1) Seizures (n=1)

Figure 9. Diagnostics alternatifs des patients ayant eu une BAT pour lesquels une ACG n’était pas
retenue.

Présentation en communication orale par Cory Cayrou au congrés de la SNFMI 2024, le 19 juin 2024.
Abréviations: ANCA, Anti Neutrophil Cytoplasmic Antigen; CNS, cerebral nervous system; ENT, ear
nose and throat; RS3PE, Remitting Seronegative Symmetrical Synovitis with Pitting Edema.
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Tableau 2. Caractéristiques des patients ayant eu une BAT, avec diagnostic alternatif final retenu et

ayant présenté des conséquences graves.

Présentation en communication orale par Cory Cayrou au congrées de la SNFMI 2024, le 19 juin 2024.

Abréviations : M, male ; F, female; AT; abnormal paplpation of temporal artery ; JC, jaw claudication;
VL, visual loss; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TEP, Postiron emission
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tomography; ACR, American College of Rheumatology; EULAR, European league against rheumatism;
Diag, diagnosis; AAV, ANCA associated vasculitis; CS, corticosteroids.



Demographic
Age, years
Male

Symptoms

Morning stiffness shoulders neck

New Headaches
Temporal artery anomaly
Scalp tenderness

Jaw claudication

Sudden visual loss
Biology

ESR. mm

ESR >50 mm

CRP, mg/L

CRP =10 mg/L
Hemoglobin, g/dL
Leucocytes, G/L
Platelets, G/L
RADIOLOGY

Temporal artery US halo
Axillary involvement
Aortitis TEP

SCORES

1990 ACR criteria

2022 ACR/EULAR criteria
Follow-up

Diagnosis delay, day
Follow-up duration, month

Death during follow up

Serious mimics Usual mimics
n=19 n=177
70.1 (+10.0) 72.6 (29.5)

10 (52.6) 92 (52.0)
5(26.3) 43 (24.3)
16 (84.2) 65 (36.7)
9 (47.4) 16 (9.0)
11 (57.9) 24 (13.6)
6 (31.6) 7(4.0)

3 (15.8) 30 (22.0)
73.0 (241.2) 53.8 (£36.3)
9 (56.2) 58 (49.2)
80.5 (+75.0) 56.2 (+56.0)
16 (84.2) 125 (71.4)
123.9 (21.0) 121.3 (19.9)

11352.1 (3631.8) 8695.9 (3662.5) 89734 (3100.9) 9516.2 (3337.0)
3721 (527.7)

376.0 (148.3)

0(0.0) 1(0.9)
0(0.0) 0(0.0)
0(0.0) 0(0.0)

2.8 (20.9) 1.8 (0.7)
6.9 (£2.5) 45(21.9)
83.8 (£09.3) 31.4 (+61.4)
10.4 (8.8) 479 (248.1)
13 (68.4) 22 (12.4)

GCA TAB-

n=135

72.7 (+6.3)
53 (39.3)

55 (40.7)
113 (83.7)
48 (35.8)
56 (41.8)
21 (15.6)
18 (13.3)

77.2 (231.9)
99 (80.5)
88.3 (x64.7)
131 (97.0)
117.7 (17.6)

397 0 (138.1)

15 (14.3)
14 (13.1)
27 (69.2)

2.9 (20.8)
8.0 (22.9)

16.1 (x30.2)
65.7 (248.0)
37 (27.4)

GCA TAB+

n=248

75.6 (16.2)
88 (35.5)

60 (24.2)
191 (77.0)
185 (75.8)
122 (50.4)
93 (37.7)
50 (23.8)

82.8 (129.0)
192 (83.1)
06.1 (+60.4)
235 (95.5)
116.2 (16.9)

4501 (160.2)

67 (34.0)
38 (18.7)
33 (75.0)

4.3 (20.8)
13.4 (+2.3)

8.3 (x21.2)
46.0 (£35.3)
51 (20.6)

SENous vs
usual

0.2599
1.0000

1.0000
0.0001
<0.0001
<0.0001
<0.0001
0.7693

0.0649
0.7899
0.1137
0.3609
0.5898
0.0022
0.2202

<0.0001
<0.0001

<0.0001
0.0002

Serous vs
GCA TAB-

p-value

0.2608
0.3893

0.3391
1.0000
0.4710
0.2815
0.1622
0.7259

0.6727
0.0613
0.3734
0.0408
0.1598
0.0047
0.4035

0.4953
0.1988

<0.0001
<0.0001

Tableau 3. Caractéristiques des patients ayant eu une BAT selon le diagnostic final retenu.
Présentation en communication orale par Cory Cayrou au congrés de la SNFMI 2024, le 19 juin 2024.

0.0177
0.2122

1.0000
0.5796
0.0145
0.6966
0.7784
0.5774

0.4615
0.0194
0.2000
0.0687
0.0614
0.0224
0.0239

<0.0001
<0.0001

<0.0001
<0.0001

Serious vs
GCA TAB+

Abréviations : ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TEP, Postiron emission
tomography; ACR, American College of Rheumatology; EULAR, European league against rheumatism;
TAB, temporal artery biopsy; GCA, giant cell arteritis; US ultrasound
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Figure 10. Survie des patients selon les différents groupes.
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Présentation en communication orale par Cory Cayrou au congres de la SNFMI 2024, le 19 juin 2024.

Abréviations : TAB, temporal artery biopsy; GCA, giant cell arteritis; US ultrasound
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[.1.10 Biologie

Il existe un syndrome inflammatoire biologique dans la plupart des cas d’ACG
au diagnostic. La vitesse de sédimentation (VS) fut longtemps le marqueur
inflammatoire le plus utilisé, bien que non spécifique, et intégrée dans les critéres de
classification (valeur supérieure a 50 mm a la premiere heure) [113]. D’autres
marqueurs inflammatoires sont fréquemment rencontrés: thrombocytose,
hyperleucocytose a polynucléaires neutrophiles, anémie inflammatoire, augmentation

du fibrinogéne, de I’haptoglobine, cholestase anictérique.

L’élévation de la C-reactive protéine (CRP), dutilisation plus récente,
supplémente désormais la VS en pratique, et a été intégrée dans les nouveaux criteres
de classification de 'ACG avec une valeur seuil supérieure a 10 mg/L [114]. Il existe

une corrélation entre la CRP et les perturbations du bilan hépatique (Annexe 4).

Nous avons effectué une étude sur une cohorte de 396 patients (Annexe 5).
Parmi eux, 14 (3,5%) présentaient des valeurs initiales faibles de VS et de CRP. Tous
avaient une BAT positives. Ces patients avaient moins de claudication de la machoire
(p=0,06), mais des taux similaires de cécité permanente (p=1,0). Les patients
présentant des taux de VS et de CRP plus faibles ont également montré des
différences en ce qui concerne les éléments de la formule sanguine et le taux
d'hémoglobine moyen, mais aussi moins de positivité des anticorps anti-cardiolipines
(p=0,04) et de cholestase hépatique (p=0,03). Les patients ayant une VS et une CRP
plus basses ont eu moins de rechutes (p=0,03), moins de complications induites par
les glucocorticoides (p=0,01,), et ont réussi a arréter les glucocorticoides plus tét que

les autres patients (18 vs 34 mois en moyenne, p=0,02).

Plusieurs tentatives de biomarqueurs ont été recherché avec des résultats
intéressants, mais non pratiqués en routine [115-117]. lls concernent :

- lactivité de la maladie : calprotectine, IL-23, BAFF, ostéopontine sérique

- le pronostic : ostéopontine, MMP2, angiopoietin-2, YKL-40, IL-6
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[.1.11 Moyens diagnostiques

[.1.11.1 Histologie — Biopsie d’artére temporale (BAT)

L’ACG a une définition histologique, basée sur I'analyse anatomopathologique
d’un tissu artériel. Au vu de sa prédilection pour les branches de la carotide externe,
l'artere temporale est un site facilement accessible et privilégié pour réaliser une
biopsie afin d’obtenir la preuve certaine de la vascularite. Elle reste 'examen de
référence avec une spécificité de 100%. Nous avons élaboré un guide pratique quant

a sa réalisation (Annexe 6).
Les Iésions classiquement rencontrées sont de 2 types [118-120] :

- uninfiltrat inflammatoire granulomateux de la paroi artérielle, composé
majoritairement de lymphocytes, macrophages, parfois de quelques cellules
géantes (fusion des macrophages), polynucléaires et plasmocytes. Une
nécrose fibrinoide est rarement rencontrée. Cet infiltrat peut concerner toutes
les couches du vaisseau (intima, média, adventice), il s’agit alors d’une
panartérite (Figure 11). Toutefois, les Iésions peuvent se limiter a une ou deux

couches (Figure 12).

- un remodelage vasculaire matérialisé par une destruction de la média,
composeée de cellules musculaires lisses, et notamment une fragmentation de
la limitante élastique interne qui est un signe pathognomonique de 'ACG. Il s’y
associe fréquemment une hyperplasie de [lintima composée de
myofibroblastes, conduisant & une réduction de la lumiére du vaisseau voire a

son occlusion.
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Différents sous-types anatomopathologiques ont été décrits selon [121,122] :

- les couches de lartere temporale touchées par linfiltrat inflammatoire :
adventice seule, adventice et média, adventice et intima avec préservation de

la média (atteinte concentrique), panartérite (adventice, média et intima).

- latteinte d’autres vaisseaux que I'artére temporale elle-méme : vasa vasorum
adventitiels exclusifs, vaisseaux présents dans la péri-adventice ou le tissu
adipeux entourant l'artere temporale, vaisseaux de plus petit calibre

correspondant a des branches de I'artére temporale.

- la présence ou l'absence d’infiltrat inflammatoire mais avec des signes de
destruction de la média/limitante élastique interne ou de remodelage vasculaire

(forme cicatricielle).

Le délai de réalisation et d’obtention de la biopsie ne doit pas retarder le traitement.
Les Iésions peuvent rester présentes plusieurs semaines voire des mois sous

traitement par corticoides [123-129].

Des scores de prédiction pour la positivité d’'une BAT en cas de suspicion d’ACG
ont été proposés, permettant d’éviter éventuellement sa réalisation pour certains
patients [130,131].

D’autres sites peuvent donner la preuve histologique : artéres occipitale, piece

opératoire d’'une rupture anévrismal aortique par exemple [132-134].
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Figure 11. Aspect histologique de panartérite de I'artéere temporale en coloration Hématoxyline Eosine
Safran (HES) (Collection personnelle).
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Figure 12. Aspect histologique d’'un sous type touchant exclusivement I'adventice en coloration
Hématoxyline Eosine Safran (HES) (Collection personnelle).
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[.1.11.2 Imagerie

Les examens d’'imagerie s’imposent de plus en plus dans la stratégie
diagnostique de I'ACG. lIs s’intégrent maintenant dans les critéres de classification au
diagnostic mais aussi dans le suivi de la pathologie [135-137]. Ces différents examens
souffrent parfois de leur manque de disponibilité dans certains centres.

[.1.11.2.1 Echographie-doppler

Il s’agit d’'un examen non-invasif, permettant d’évaluer les artéres temporales
mais aussi d’autres segments comme les artéres ophtalmiques, maxillaires, faciales,
les branches principales de I'aorte. Cependant I'échographie-doppler ne permet pas

d’évaluer I'aorte thoracique de fagon opérante.
Les signes communs retrouves sont :

- Un signe du Halo correspondant a un épaississement pariétal circonférentiel et

homogéne de I'artére,
- Une incompressibilité artérielle,
- Une sténose ou une occlusion de I'artére.

Une méta-analyse récente rapporte une grande variabilité concernant le signe du
halo en terme de sensibilité (médiane de 78%) avec toutefois une bonne spécificité
(médiane de 91%) par rapport a la BAT [138]. Des unités de circuit-court avec un accés
rapide a I'échographie doppler se développent dans certains centres afin de raccourcir
le délai diagnostique I’ACG [139-142].

1.1.11.2.2 Angio-scanner

Il permet de mettre en évidence un réhaussement pariétal, circonférentiel,
continu et homogene sur un long segment aux temps artériels tardifs. Pour une valeur
seuil d’épaississement pariétal de 2.2 mm, I'angio-scanner présente une sensibilité de
67% et une spécificité de 97% [143]. En outre, il permet de détecter une dilatation, un

anévrisme, une dissection et des sténoses des grosses branches aortiques.

43



1.1.11.2.3 Angio-IRM (Imagerie par résonance magnétique)
Elle reste peu utilisée par manque d’accessibilité. D’importants progrés en
termes de résolution se sont développés permettant notamment d’accéder aux

vaisseaux craniens [144-151]. Différentes séquences sont classiquement utilisées :
- Séquences T2 « fast spin echo » montrant un cedéme pariétal avec bordure hyper-intense.
- Séquence T1 « fast suppression » : montrant un épaississement et une prise de contraste murale.

- Séquence ARM en T1/gadolinium : appréciant les irrégularités et le calibre de la lumiere artérielle.

[.1.11.2.4 Tomographie a émission de positons au 18-FDG (TEP) couplée au
scanner

La TEP couplée au scanner (TEP-scanner) permet de mettre en évidence une
atteinte des gros vaisseaux dans 75 % a 83 % des cas d’ACG et dans plus de 50%
pour l'aortite [152-154]. Sa sensibilité se situe entre 83 % et 90 %, et sa spécificité
entre 90 % et 98 % [155]. Tout comme I'angio-IRM, son acceés et le délai d’obtention
peuvent toutefois étre compliqués dans certains centres. L'image typique est un
hypermétabolisme pariétal linéaire ou segmentaire sur un long segment. Le piege
classique est la présence d’athérome pouvant également fixer le traceur [156]. Son

utilité dans le suivi de 'ACG reste encore débattue par ailleurs.

Nous avons réalisé un travail concernant la description des caractéristiques des
résultats du TEP-scanner au 18-fluorodésoxyglucose (18-FDG) avant une intervention
chirurgicale chez des patients atteints d'aortite active confirmée histologiquement
(Annexe 7). Seize patients ont été inclus (Huit ACG, quatre aortites cliniguement
isolées, deux artérites de Takayasu, une polychondrite récidivante et une polyarthrite
rhumatoide). Chez 5/16 (31%) patients, le TEP-scanner n'a pas détecté d'inflammation
aortique ; deux d'entre eux étaient traités par glucocorticoides au moment de
l'intervention. L'aorte thoracique ascendante et l'aorte abdominale présentaient la
captation de FDG la plus élevée parmi les territoires affectés. Les patients sans aortite
active au TEP-scanner étaient significativement plus agés (p=0,027), avaient un score
PETVAS (Performance of the PET vascular activity score) plus bas (p=0,007) et un
degré d'inflammation adventitielle plus bas (p=0,035). En revanche, il n'y avait pas de
différence entre les patients atteints d'aortite active et inactive en ce qui concerne le
délai entre le TEP-scanner et la chirurgie, le taux de CRP sérique (pendant le TEP-

scanner) et la captation de FDG par site d'étude.
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1.1.12 Critéres de classification

Des premiéres tentatives d’établissement de critéres de classification ont été
réalisées dans les années 1980 prenant en compte I'dge du patient (supérieur a 60
ans), les signes cliniques (signes généraux, PPR, céphalées, signes visuels,
claudication de la méachoire), biologique (VS augmentée), I'histologie et la réponse aux
corticostéroides [157]. En 1990, Hunder et al ont simplifié ces critéres en intégrant 5
items a partir de 214 patients porteurs dACG comparés a 593 contréles [113]. La
présence de 3 critéres sur 5 permettait de classer la vascularite parmi: un age
supérieur a 50 ans, des céphalées récentes et localisées, une anomalie de palpation
de I'artére temporale, une VS supérieure ou égale a 50 mm/h, une histologie artérielle
positive (artérite nécrosante, avec infiltrat de cellules mononucléées ou processus
granulomateux avec cellules géantes). Ce score permet de classer les patients avec
une sensibilité de 93.5% et une spécificité de 93.5%

En 2022, les sociétés européennes (EULAR) et américaines (ACR) de
rhumatologie ont actualisé ces critéres de classification (Figure 13) [114]. Différents
travaux ont évalué les performances de ces nouveaux criteres [158-162]. Selon
Narvaez et al, ces nouveaux criteres ont une sensibilité de 92,6 % et une spécificité
de 85,2 %. Selon les phénotypes cliniques, la sensibilité était de 98,8 % pour les
formes craniennes, 92 % pour les formes des gros vaisseaux et de 75 % pour les

formes occultes [158].

CONSIDERATIONS WHEN APPLYING THESE CRITERIA

» These classification criteria should be applied to classify the patient as having giant cell arteritis when
a di is of medi L or larg | vasculitis has been made

* Alternate di; imi should be luded prior to lying the criteria

ABSOLUTE REQUIREMENT

Age = 50 years at time of diagnosis

ADDITIONAL CLINICAL CRITERIA

Morning stiffness in shoulders/neck +2
Sudden visual loss +3
Jaw or tongue claudication +2
New temporal headache +2
Scalp tenderness +2
Abnormal examination of the temporal artery* +2

LABORATORY, IMAGING, AND BIOPSY CRITERIA

Maximum ESR = 50 mm/hour or maximurm CRP = 10 mg/liter® +3
Positive temporal artery biopsy or halo sign on temporal artery ultrasound® +5
Bilateral axillary involvement? +2
FDG-PET activity throughout aorta® +2

Sum the scores for 10 items, if present. A score of 2 6 points is needed for the classification of GIANT CELL ARTERITIS.

emission temography.
ty biopsy or halo sign on tempora 5. Abnormal fluorodeaxyglucose (FOG) uptake in the arterial wall(e.g, greater than liver uptake
criteria to define definitive vasculitis by visual inspection) throughout the descending thoracic and abdominal aorta on pasitron
on temporal artery biopsy. Presence of giant cells, mononuclear leukocyte infitration, emission tomography [PET)

and fragmentation of the int
histopathologic interpretati
defined by the presence of.

Figure 13. Critéres de classification de TACR/EULAR 2022 d’aprés Ponte [114].
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Toutefois, ces criteres ne sont pas des criteres diagnostiques et peuvent faire
porter a tort le diagnostic ACG comme illustré sur ce travail réalisé par notre équipe
(Figure 14). Les formes avec conséquences graves (Dangerous mimics), étaient
définies si un diagnostic erroné d’ACG avait entrainé soit un retard d’'un diagnostic
alternatif sévere (cancer par exemple) ou soit un traitement erroné (corticothérapie
et/ou épargne cortisonique) pour une présumée ACG finalement infirmé. On peut
constater que la majorité des formes avec conséquences graves avaient au moins 6
criteres ACR/EULAR 2022.

A5%
® Usual mimics (n=177)

®m Dangerous mimics (n=19)
m GCA TAB- (n=135)
m GCA TAB+ (n=248)

30%

| i l l
0% I [ | L I I . h . J ] I ] J -
2 3 4 5 6 7 8 9 10 1 12 13 14 15 18 17 19 20

0 1
Score according to 2022 ACR/EULAR classification criteria

Figure 14. Répartition des patients de notre cohorte du CHU de Limoges selon les critéres de
classification ACR/EULAR 2022, en intégrant des mimics usuels, mimics avec conséquences graves
(Dangerous mimics) et des patients avec diagnostic d’ACG selon le résultat de la BAT (GCA TAB+ ou
GCA TAB-)

Présentation en communication orale par Cory Cayrou au congrés de la SNFMI 2024, le 19 juin 2024.
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[.1.13 Traitements

La corticothérapie reste depuis 1948, date du premier patient traité, la pierre
angulaire de la prise en charge des patients. Elle doit étre débutée le plus tét possible
en cas de forte suspicion diagnostique, sans attendre la confirmation histologique et/ou
iconographique du fait du risque visuel inhérent a la pathologie.

Une réponse rapide, parfois spectaculaire, en quelques jours, d’un point de vue
symptomatique, est un élément important en faveur de I'ACG. A Tlinverse, un
diagnostic alternatif doit étre & considérer. La molécule de choix est la prednisone dont
I'efficacité serait supérieure aux autres classes de glucocorticoides (absence d’essai

comparatif cependant).

Le traitement se décompose en 2 phases : la phase d’attaque suivie de la phase

d’entretien.

La phase d’attaque comporte une pleine dose de corticoides sur une durée
classiquement de 3 a 4 semaines. On peut retenir de facon schématique les 2

situations suivantes en pratique clinique :

- Forme sans atteinte visuelle : corticoides a 0.7 mg/kg/jour d’équivalent

prednisone

- Forme avec atteinte visuelle ou ischémique : corticoides a 1 mg/kg/jour
d’équivalent prednisone. Les bolus de méthylprednisolone sont a considérer
mais une etude rétrospective récente n’a pas démontré leur intérét concernant

le risque visuel [163].

La phase d’entretien constitue un élément aussi important, mal codifié, et
correspond a la décroissance des doses de corticoides. Elle est le plus souvent
réalisée sur plus d'un an minimum, avec certains patients nécessitant plusieurs
années de traitement [164]. Le principal risque d’une décroissance trop rapide, est la
survenue de reprise évolutive de 'ACG ou de rechutes a l'arrét du traitement. Par
ailleurs, les doses cumulées, responsables de nombreuses comorbidités, restent un

probleme majeur pour les patients.

La surveillance clinique et biologique, a la recherche de reprise évolutive ou de
récidive, dicte une éventuelle modification thérapeutique : augmentation des doses de

corticoides et/ou introduction d’un traitement d’épargne.
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Les progrés sur la compréhension de la physiopathologie de 'ACG, ainsi que
'expérience acquise concernant d’autres affections systémiques, ont permis
d’envisager l'utilisation de traitements d’épargne cortisonique, afin d’en réduire leurs
effets indésirables. Actuellement deux molécules sont approuvées au cours de 'ACG :
le Méthotrexate, un antimétabolite inhibiteur compétitif de la dihydrofolate réductase,
et le Tocilizumab, un anticorps monoclonal humanisé bloquant I'action des récepteurs
de I'lL-6.

Les recommandations concernant la prise en charge thérapeutique ont été
réecemment mises a jour. Celles de la société américaine de rhumatologie publiées en
2021, préconisent I'adjonction immédiate du Tocilizumab a la corticothérapie [165]. Un
traitement par corticoides seuls ou avec Méthotrexate est toutefois proposé en
alternative. En cas de mauvais contrdle de la vascularite, un changement d’épargne
cortisonique est préconisé par Méthotrexate ou Abatacept. Les bolus de
meéthylprednisolone sont recommandées en cas d’atteintes visuelles ou ischémiques
craniennes. Au niveau européen, 'EULAR recommande une dose d’attaque de 40 a
60 mg/jour de corticoides avec un objectif de décroissance a 2-3 mois de 15 a 20
mg/jour et inférieur ou égal a 5 mg par jour apres 1 an [166]. Un traitement d’épargne
par Tocilizumab ou Méthotrexate est suggéré en cas de reprise évolutive ou récidive,
ou d’objectif de décroissance non atteint. Concernant les manifestations visuelles, les
bolus de méthylprednisolone sont suggérés. Le groupe d’étude francais de 'ACG
(ACG) établit également des recommendations dont la prochaine version va étre

publier courant 2024.

En dehors des traitements d’épargne cortisonique, I'aspirine parait intéressante
notamment dans la prévention des complications ischémiques [167,168]. Une étude
fondamentale de 2002 avait montré que 'acide acétylsalicylique pouvait étre efficace
dans la suppression de I'lFN-y au niveau des artéres temporales [169]. Toutefois
d’autres études cliniques n'ont pas confirmé cette tendance dans la prévention
ischémique au cours de 'ACG [170-172].

Les tableaux suivants résument les différentes études ayant évaluées les

traitements d’épargne au cours de 'ACG (Tableaux 4-7).
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Tableau 4. Etudes principales concernant le Tocilizumab au cours de 'ACG.

49



fer auFeun' Ann_ee F’e Patients (n) Type Commentaires
numero publication
. MTX vs Placebo + CTC
Jowver [188] 2001 42 Randomisee . . . .
Rechutes : 45 vs 84% a 24 mois. Epargne cortisonique
. MTX vs Placebo + CTC
Hoffman [189] 2002 98 Randomisée . .
Rechutes : 58 vs ¥7% 3 12 mois
i Durée de suivi moyen 55 semaines
Mahr [190] 2007 161 Méta-analyse . ;
Risque de 1ere rechute : 0.65, Zeme rechute : 0.49 compare au placebo
Leon [181] 2018 168 Observationnel |72% de chances en moins de rechute si MTXvs CTC seule
Koster [192] 2018 166 Observationnel |Diminution du risque de rechute si MTXvs CTC seule

Tableau 5. Etudes principales concernant le Méthotrexate au cours de I'ACG.

1er auteur/
numero

Année de publication

Nom d'étude

Commentaire

Méthotrexate versus Tocilizumab

Grazzini [193] 2023 20 TCZ vs 9 MTX. Rechutes 3 12 mois : 15vs 33%
MNCTO3892785 En cours METOGIA  |Phase 3
Tocilizumab puis Méthotrexate
NCT05623592 En cours METEQRITICS |Phase 2
MNCT05623592 En cours MTXinGCA  |Phase 2

Tableau 6. Etudes principales évaluant le Tocilizumab et le Méthotrexate (comparatif ou séquentiel) au
cours de 'ACG.
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Année de

Molécule 1er auteur/ numéro - Nom Patients Type Commentaires
publication
Sarilumab (200 vs 150mg) + CTC 26sem
Sarilumab —anti IL6 R Schmidt [194] 2023 36 Phase 3 vs CTC seul 52sem vs CTC seul 26 sem
Rechutes - 54% vs 57% vs 70% vs 100%
Secukinumab - anti IL17 Venhof [195] 2023 TitAIN 52 Phase 2 Rechutes : 30% (secukinumab) vs 80% (placebo) a 28 sem
NCT05380453 En cours GigAINt Phase 3
NCT04930094 En cours | GCAptAIN Phase 3
i Aucune rechute pendant 12 sem de traitement
Ustekinumab - anti IL12/L23 Conway [196] 2018 25 Observationnel N X
24% d'arrét des CTC a 52 sem
NCT03711448 En cours ULTRA Phase 2
Guselkumab - anti IL23 NCT04633447 En cours THEIA Phase 2
Anakinra — anti IL1 Ly [197] 2014 3 Série de cas |Efficacité pour les 3 patients
En cours GiAnT Phase 3
Abatacept — anti CLTA4 NCTO4474847 En cours | ABAGART Phase 3
i . |Infliximab vs placebo
Anti-TNFa Hoffman [198] 2007 44 Randomisé . .
Rechutes : 57 vs 50% a 22 sem. Absence d'épargne CTC
. |Adalimumab vs placebo
Seror [199] 2014 70 Randomisé i
Rechutes - 41 vs 50% a 26 sem
Inhibiteur de JAK
Baracitinib Koster [200] 2022 15 Observationnel|Rechutes - 7% a 52 sem
Upadacitinib NCTO3725202 En cours |Select-GCA| Phase 3
. Mavriimumab vs placebo
Mavrilimumab - anti GM-CSF H Cid [201] 2022 70 Phase 2 .
Rechutes - 19% vs 46% a 26 sem
Cyclophosphamide de Boysson [202] 2013 15 Série de cas |Rechutes © 40% a 43 mois de suivi moyen
Mycophenolate Mofetil Pankow [203] 2023 7 Série de cas |Aucune rechute pendant 1 an de traitement
Azathioprine Boureau [204] 2016 28 Rétrospectif |Rechutes:11% a1 an
Cyclosporine A Schaufelberger [205] 2006 60 Randomisé [90% d'effets indésirables dans bras cyclosporine A
. : L Rechutes - 40% a 2 ans. Epargne cortisonigue
Leflunomide Adizie [206] 2012 23 Série de cas L
50% d'effets indésirables
Diamantopoulos [207] 2013 11 Retrospectif |Efficacité sur syndrome inflammatoire biologigue
. Leflunomide versus placebo
Hotevar [208] 2019 76 Observationnel N
Rechutes - 13 vs 39% a 48 semaines. Epargne cortisonigue
. _ |Epargne cortisonigue
Dapsone Ly [209] 2016 70 Reétrospectif L
64% d'effets indésirables
Besentan - anti endothéline R NCT03841734 En cours CECIBO Phase 3

Tableau 7. Etudes principales évaluant les autres traitements d’épargne cortisonique au cours de

'ACG.
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[.1.14 Pronostic

Le pronostic de 'ACG se décompose en plusieurs aspects :
- Risque de reprises évolutives et de rechutes
- Pronostic vital a court et long termes

- Pronostic fonctionnel lié principalement aux conséquences des atteintes
ischémiques visuelles ou cérébrales

- Effets indésirables des thérapeutiques

l.1.1.1. Reprises évolutives, récidives

Le risque de rechutes de la maladie, que ce soit sous traitement ou a distance
de son arrét, reste une problématique importante au cours de 'ACG. Une méta-
analyse récente de 2023 a colligé les différentes caractéristiques associées aux
risques de rechutes [210]. Le risque cumulé de rechute est de 32% a 1 an, 44% a 2
ans et 47% a 5 ans. Le sexe féminin (OR 1.43) et une atteinte des gros vaisseaux (OR

2.04) étaient prédictifs de rechutes dans cette étude.

1.1.1.2. Mortalité, pronostic visuel et aortique

La survie a 5 ans est similaire a celle de la population générale, avec toutefois
une surmortalité cardio-vasculaire survenant notamment dans les 4 premiers mois
[211-214]. L’atteinte visuelle fait tout le pronostic a court terme comme évoqué
précédemment. Sur le long terme, le risque aortique prédomine a type d’anévrisme,

dilatation, ou rupture le plus souvent fatale.
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[.1.15 Physiopathologie

L'ACG est une panartérite granulomateuse constituée d'un infiltrat
inflammatoire composé de lymphocytes T CD4, de macrophages et de cellules
géantes dans 50% des cas, affectant les 3 tuniques de l'artére. Son initiation reste
actuellement indéterminée et I'étude des différents facteurs immunitaires tentent d’en
établir 'origine mécanistique. L’initiation du processus débute au niveau de I'adventice,
seule région de la paroi artérielle dont la vascularisation est assurée par les vasa
vasorum. Le développement de 'ACG se compose de plusieurs mécanismes
intriqués : un terrain génétique prédisposant, un facteur déclenchant non
spécifiguement identifié, le vieilissement du systéeme immunitaire, et une activation

d’'une réponse immunitaire innée et adaptative [215].

Terrain génétique — systeme HLA (Complexe majeur d’histocomptabilité)

La répartition géo-épidémiologique de I'ACG, prédominant dans les populations
d’origine scandinave/nordique ainsi que I'observation de cas familiaux, suggérent une
participation génétique potentielle dans sa pathogenese [216-222]. Le développement
d’études génétiques a permis d’identifier des génes cibles susceptibles d’étre associés
au développement de 'ACG. Schématiquement, deux types d’études existent : I'étude
du polymorphisme de génes ciblés et I'étude d’association a I'échelle du génome

entier.

Dans le premier cas, les études se sont concentrées sur les génes codant pour
le complexe majeur d’histocomptabilité ou Human leucocyte antigen (HLA) de classe
I, impliqués dans la présentation de I'antigéne, soulignant I'hnypothése d’une activation
immunitaire sous-jacente a linitiation de I'artérite ainsi qu’un polymorphisme associé
a différentes molécules participant a la réponse inflammatoire connues de 'ACG.
Plusieurs études ont révélé une association entre 'ACG et l'expression des alléles
HLA-DRB1*04 (haplotypes HLA-DRB1*04:01, HLADRB1*04:04 et HLADRB1*04:08)
[223-233]. Des phénotypes cliniques particuliers de la vascularite s’associent a
certaines expressions d’alléles : HLA-B*15:01, HLA-B52 (atteinte des gros vaisseaux)
[234,235]. D’autres polymorphismes sont aussi identifiés tel que rs2250889 du géne
MMP-9 [236]. Une étude a montré une potentielle association avec le gene ICAM-1

mais non confirmée par ailleurs [237,238].
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Les études de plus grande ampleur, a I'échelle du génome entier ont permis de
révéler des données plus précises. L'équipe de Carmona, a particulierement travaillé
sur le sujet. La région HLA de classe Il était fortement associée a 'ACG, contrairement
a d'autres vascularites systémiques génétiquement liees aux molécules HLA de classe
| (Takayasu, Behcget) [239,240]. Une autre étude a confirmé cette association, en plus
de lidentification du polymorphisme du gene du plasminogéne et de la sous-unité
alpha-2 de la Prolyl 4-hydroxylase (P4HA2) [241]. De plus, une méta-analyse a mis en
évidence le polymorphisme du géne IL1-2B associé au risque d’ACG [242].

Vieillissement du systeme immunitaire et ACG

Plusieurs études concernent les mécanismes associés au vieillissement
immunitaire (ou immunosénescence) qui pourrait constituer un terrain favorisant a la
survenue de 'ACG. Les principales caractéristiques de I'immunosénescence sont
marquées par des modifications épigénétiques liees a des défauts de la méthylation
de 'ADN, consécutive a un déficit en ADN méthyltransférase 1 qui apparait avec I'age,

notamment dans les lymphocytes T (LT) [215].

L'immunosénescence est marquée par une diminution des LT CD4 naifs, une
augmentation des LT CD8 perdant I'expression du CD28, une restriction du répertoire
T au profit d'une augmentation des LT mémoires oligoclonaux spécifiques d’infections
virales persistantes comme le Cytomegalovirus (CMV). Un état inflammatoire
chronique (« inflamm-aging ») résulte d’'une libération permanente, sans stimulation
immunitaire, de cytokines pro-inflammatoires IL-1(3, IL-6 et TNF-a produites par les
cellules sénescentes, monocytes, macrophages, cellules dendritiques ainsi que par
les cellules endothéliales et les fibroblastes. Une diminution de la tolérance
immunitaire notamment des LT CD8 regulateurs via un déficit en NADPH2 oxydase
favorise les lésions tissulaires, notamment vasculaires au cours du vieillissement
[243].

Une étude comparative d’arteres temporales de patients porteurs d’ACG et
saines a montré qu'une hypométhylation de I’ADN augmentait I'expression de
plusieurs genes pro-inflammatoires IL-6, TNF, IL-1[3, activant les LT (IL-2, IL-18 IFN-
Y, IL-17RA, CD40L) et les facteurs de transcription associés a leur activation et leur

polarisation en lymphocytes helper de type 1 et 17 (Thl et Th17) [244].
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Facteurs déclenchants

L’initiation de I'ACG reste mal élucidée. Les facteurs environnementaux

associés a un contexte immunitaire favorisant, lié au vieillissement, ont été évoques.

Infectieux

Les cellules dendritiques résidentes de I'adventice artérielle joueraient un role
important dans l'initiation de 'ACG. Elles expriment des récepteurs de surface ou Toll-
like récepteurs (TLR). Ces TLR réagissent a différents stimuli engendrant une
activation des cellules dendritiques [245,246]. Les patients atteints d’ACG ont des
cellules dendritiques adventitielles exprimant fortement les TLR de type 2 et 4 [247].
Les TLR-2 réagissent a des antigenes de bactéries Gram positif alors que les TLR-4
a des antigenes de bactéries Gram négatif comme le lipopolysaccharide (LPS) ou des

protéines de choc thermiques (Heat-shock protein, HSP).

Ces données évoquent une hypothése infectieuse comme initiatrice du
processus d’ACG. Par ailleurs, certaines études ont mis en avant le caractere cyclique
(mensuel ou saisonnier) de survenue de 'ACG suggérant un potentiel role infectieux
initiateur [248-255]. D’autres études sont venues cependant infirmées cette hypothése
[256-260]. De nombreux pathogenes ont été recherchés dans les artéres de patients
atteints d’ACG. Ces différentes études présentes des résultats contradictoires
(Tableau 8).

Germes Etudes positives Etudes négatives
Herpes Simplex Virus (HSV) [261] [262-267]

Virus Varicelle Zona (VZV) [268,269] [262,264,265,267,270-272]
Epstein Barr Virus (EBV) [263-267]
Cytomegalovirus (CMV) [273] [264-267,274]

Human Herpes Virus 6 (HHV6) [264,265,267,271]
Parainfluenzae 1 (HPIV1) [263]
Parvovirus B19 (PVB19) [271,274] [264,265,267]
Chlamydia Pneumoniae [275] [264,276-278]

Tableau 8. Etudes sur la présence de germes microbiens au sein de BAT de patients porteurs d’ACG.
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Il se pourrait que les infections de maniére générale, agissent comme
déclencheur de la maladie. Par ailleurs, nous avons remarqué une augmentation
d’incidence de la maladie lors de I'épidémie Covid-19 dans notre service de Médecine
interne au CHU de Limoges (Annexe 8). Toutefois les analyses de Polymerase Chain
Reaction (PCR) a la recherche du virus sur BAT n’ont pas révélé de présence de virus
Covid-19.

L'age avancé des patients a risque d'ACG complique dautant plus
I'établissement d'un lien clair entre les organismes infectieux et la vascularite, du fait
de I'hébergement d’infections chroniques comme le virus varicelle-zona (VZV) ou le

cytomégalovirus [279].

Vaccins

Notre équipe a mis en évidence pour certains patients atteints d’ACG, une
vaccination précédant la survenue de la vascularite (Annexe 9, Annexe 10). A l'instar
des infections, les vaccins pourraient aussi agir comme déclencheur de la vascularite.
Des études de pharmacovigilance ont récemment suggéré également cette hypothese
[281-283].

Inhibiteurs des points de controle immunitaire

L’utilisation croissante des inhibiteurs de points de contréle immunitaire
(Immune Checkpoint inhibitor) dans les domaines de la cancérologie ou de
’hématologie a révélé plusieurs cas de déclenchement d’ACG, et particulierement
d’aortite [284-286]. Le Nivolumab (anti-PD1), utilisé pour traiter les mélanomes, les
cancers pulmonaires non a petites cellules ou rénaux, est a l'origine de plusieurs
signalements de vascularite des gros vaisseaux dans la littérature. Une étude récente
a souligné le lien potentiel avec un autre inhibiteur de point de contréle immunitaire,
llpilimumab, un anti-CLTA4, également employé dans le cadre des mélanomes et
cancers rénaux [283,287].

Facteurs de croissance

Enfin, des cas secondaires a 'usage de facteurs de croissance médullaires (G-
CSF) ont été rapportés [288-291].
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Mécanismes physiopathologiques de ’'ACG

Les progrés concernant la compréhension des mécanismes de 'ACG ont

permis de proposer un modele physiopathologique dynamique en plusieurs étapes

[279,292-294]. Le Professeur Cornelia Weyand a récemment résumé ces différents

mécanismes (Figure 15) [279].

Loss of self-tolerance / Autoimmunity Loss of tissue tolerance ||Vasculitis
A
T Granulomatous inflammation

5 Defective PD1/PD-L1 checkpoint
© MMP-9* monocytes - unopposed T cell activation
£ activated neutrophiles
e - digestion of vasa vasora |Multiple cytokine-producing
© NOTCH1* CD4 T cells basement membrane effector T cell lineages
“E - abnormal expansion and differentiation
— NOTCH1* T cells Multiple macrophage lineages
& NOTCH4* CD8 T cells - tissue invasion
= | - failure of exosome-releasing Treg cells Tissue-resident memory T cells
8 PMR == GCA - self-sustained inflammation
© Increased myeloid cell output/activation
> - acute phase response, PMR Vessel wall remodelling

Risk determinants

Genetic polymorphisms; HLA-DR

Low blood glucose, low triglycerides, low cholesterol, low body mass index

Figure 15. Phase temporelle et mécanismes principaux de 'ACG d’aprés Weyand [279].

Facteurs déterminants :

Prédisposition génétiqgue HLA-DR.

Phénotypes métaboliques : faible indice de masse corporelle, hypoglycémie,
hypotriglycéridémie, hypocholestérolémie.

Point de contrble 1 - perte de tolérance immunitaire :

Expansion des lymphocytes T CD4* NOTCH1".

Echec de protection par les lymphocytes T CD8" NOTCH4" régulateurs en raison de
'hypersignalisation NOTCH.

Augmentation de I'hématopoiése, avec libération de cellules myéloides activées
(neutrophiles, monocytes), déclenchant une réponse hépatique et des symptémes
cliniques de PPR.

Point de contrble 2 - perte de tolérance tissulaire :

Franchissement de la barriere endothéliale par les monocytes et les neutrophiles.

Envahissement de la paroi des vaisseaux par les lymphocytes T.

Point de contrble 3 — établissement de la vascularite :

Formation de granulome par les lymphocytes T et macrophages.
Environnement permissif par défaut PD1/PD-L1 et prolifération cellulaire
Auto-entretien et autonomie de l'infiltrat sous I'effet des lymphocytes T mémoires

Remodelage vasculaire avec néo-angiogenese et hyperplasie intimale.
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Initiation de 'ACG

L’initiation de la vascularite débute par I'activation de 'hématopoiése myéloide
qui augmente la population des cellules innées (monocytes, macrophages et
polynucléaires) au contact des cellules endothéliales des vasa vasorum. Les
propriétés intrinséques de la cellule endothéliale adventitielle facilitent 'adhérence et
le passage transendothélial des cellules immunitaires. Une rupture de la tolérance

tissulaire et immunitaire représente le mécanisme sous-jacent a I'atteinte artérielle.

1) Hématopoiése excessive et role des cellules myéloides

Au cours de 'ACG, la réponse inflammatoire systémique est orchestrée par les
cellules de la lignée myéloide [279]. Elles sont principalement composées de
polynucléaires, de monocytes, de macrophages, et de cellules dendritiques [295]. Ces
cellules sont dérivées de la moelle osseuse, recrutées en réponse a des signaux de
danger ou inflammatoires, s'associent aux macrophages tissulaires (histiocytes) et
participent au maintien des tissus sains [296]. Les différents stimuli provenant de la
moelle osseuse ou de I'environnement tissulaire périphérique permettent d’orienter et
réguler les fonctions de ces cellules myéloides. Leur rble de cellules présentatrices
d’antigénes aux lymphocytes T (LT) est fondamental dans la tolérance immunitaire.
Cette tolérance peut se rompre dans certains états pathologiques notamment au cours
de I'ACG [279].

En cas de signaux de danger, la moelle osseuse augmente sa capacité de
renouvellement et de production de cellules myéloides. Ces signaux sont variés tels
gue des motifs moléculaires associés aux dommages cellulaires (Damage Associated
Molecular Pattern, DAMPS) de nature microbiennes ou mitochondriales, des facteurs
de croissance (GM-CSF, G-CSF, M-CSF, IL-3), des interleukines pro-inflammatoires
(IL-1), des métabolites, des facteurs sécrétés associés a la sénescence (Senescence-
associated secretory phenotype SASP), des cellules produisant de I'lL-17 (qui
recrutent les neutrophiles, dénommés « LT régulateurs des neutrophiles » ou Tn)
(Figure 16) [279]. De plus les récepteurs a I'lL-27 sont également impliqués dans
I'activation des cellules souches hématopoiétiques quiescentes vers la différenciation
de cellules myéloides matures en réponse a un stress. Ces cellules myéloides
s’accumulent au niveau des parois artérielles ou elles contribuent a la composante

inflammatoire [279,297,298].
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Au cours de 'ACG, cet « état d’'urgence » de 'hématopoiese se traduit par une
augmentation du nombre de monocytes et de neutrophiles circulants, possédant un
phénotype moins différencié [299]. Cette activation anormale reste présente au cours

de 'ACG, et persiste malgré le traitement par corticoides [279].

Bone Marrow

Lo I d bers of:
Steady-state hematopoiesis riereased numbers o

Band neutrophils

Colony stimulating factors CD66b+ CD15+ CD10neg
(M-CSF, G-CSF, IL-3, GM-CSF) CD64neg

IL-1

Microbial DAMPs

Mitochondrial DAMPs M‘é%ggg:eg&estftgﬁgﬁztes
Metabolites CDeA+ g

SASP factors
Neutrophil-regulatory T cells
IL-27 receptor signaling

Etc

Intermediate monocytes
CD14+ CD16+

l

Emergency hematopoiesis
INFLAMMATION

high myeloid cell output

Figure 16. Activation des cellules myéloides au cours de 'ACG d’apres Weyand [279].

Les polynucléaires neutrophiles immatures produisent des especes réactives
de l'oxygene (Reactive oxygen species, ROS), affectant la fonction des cellules
endothéliales. lls liberent aussi des enzymes lytiques ainsi que des piéges
extracellulaires (Neutrophil extracellular traps, NETS). Les NETs sont signalés prés
des vasa vasoum adventitiels d’artéres temporales atteintes par I'ACG [300].

Les monocytes dérivés de la moelle osseuse sont schématiquement de 3 types
(Figure 16) : classiques pro-inflammatoires (CD14*CD16°), pouvant se différencier en
macrophages tissulaires, intermédiaires (CD14*CD16*) et non classiques anti-
inflammatoires (CD14-CD16") avec des fonctions encore débattues [301]. Les patients
atteints d’ACG ont un nombre plus élevé de monocytes intermédiaires CD14*CD16*
[299]. Ces monocytes circulants produisent des métalloprotéinases de type 2 et 9
(MMP2 et MMP9), responsables d’une digestion tissulaire. Les monocytes se
différencient en macrophages producteurs de chimiokines [302,303].
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2) Perte de la tolérance tissulaire

Les arteres sont normalement protégées d’une inflammation inappropriée,
phénomene appelé le « privilege immunitaire ». Leur protection contre les attaques
repose principalement sur l'intégrité de la barriere endothéliale. La voie d’accés des
cellules infiltrant les artéres de gros et moyens calibres, dépend de I'adventice, couche

la plus externe de l'artére, contrairement a la lumiére principale de I'artére [247,279].

Au cours de 'ACG, l'infiltrat cellulaire envahit I'artére a partir des vasa vasorum
de l'adventice, puis se répand vers la média et 'intima. Il se produit ainsi initialement
une perte de tolérance tissulaire par rupture de la barriere endothéliale des vasa
vasorum [279]. Les LT producteurs d’IFN-y sont initialement présents dans I'adventice

et les cellules dendritiques au niveau de la bordure adventice-média [308].

Les mécanismes entrainant la rupture de cette barriere protectrice ont été
décryptés. Comme cités précédemment, la production médullaire excessive de
polynucléaires neutrophiles entraine une sécrétion accrue de ROS qui peuvent oxyder
la paroi endothéliale [309]. Egalement, les monocytes circulants au cours de 'ACG
produisent des métalloprotéinases (MMP-2 et -9) capables de digérer la membrane
basale des cellules endothéliales [302,310]. Les vasa vasorum ont un phénotype
anormal, marqué par la production d’une seule sous unité de I'IL-23, I'lL-23p19
dépourvue de la sous-unité d’IL-12p40, normalement présente dans les macrophages
et les cellules dendritiques qui sécrétent de I'lL-23 [311]. L’expression endothéliale de
'IL-23p19 est intracellulaire et s’associe a une autre sous-unité, la gp130 (sous-unité
commune aux cytokines de la famille de I'lL-6), pour activer STAT3 qui augmente
I'expression des molécules d’adhérence ICAM1 et VCAM1 au niveau des capillaires

adventitiels ce qui favorise I'adhérence des leucocytes [311].

De plus, les cellules endothéliales des vasa vasorum expriment de facon
aberrante le ligand de NOTCH, Jagged, qui peut ainsi interagir avec les LT CD4
exprimant NOTCHL1. Cette interaction permet leur différenciation en LT effecteurs pro-

inflammatoires et leur migration au sein de I'artére [305].

Enfin ces cellules endothéliales sont stimulées par le facteur de croissance de
I'endothélium vasculaire (Vascular endothelial growth factor, VEGF). Il est
effectivement présent de fagon abondante dans les sérums de patients atteints d’ACG
[312,313].
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3) Les cellules dendritiques

Elles sont présentes au niveau de la paroi vasculaire et initient le processus
inflammatoire. Initialement présentes sous la forme de cellules dendritiques myeloides
immatures, leur activation résulte de I'interaction des TLR qu’elles expriment par des
ligands non actuellement identifiés (exogenes ou endogenes). Une variabilité
d’expression des TLR a été décrite selon la distribution anatomique des arteres
suggérant une répartition d’origine embryologique [247]. Cette activation induit leur
maturation par expression des molécules de co-activation CD80/86 et HLA de classe
I, la production de chimiokines (CCL18, CCL19, CCL20 et CCL21) et de cytokines (IL-
1,1L-6, IL-12, IL-18 et IL-33). Ces facteurs recrutent les LT CD4* dans la paroi artérielle
et les polarisent en Th1 (produisant de I'lFN-y) et en Th17 (produisant I'lL-17). L’IFN-y
activent les cellules musculaires lisses et les cellules endothéliales qui produisent du
VEGF et des chémokines (CCL2, CXCL9, CXCL10 and CXCL11), conduisant a la
formation d’'une néo angiogenese et au recrutement d’autres monocytes et

lymphocytes T vers le site de I'inflammation [294].

4) Perte de la tolérance immunitaire

L’ACG se caractérise par la présence de LT CD4* circulants et infiltrant les
tissus. Ces lymphocytes ont un seuil abaissé de réponse aux stimuli antigéniques
[304].

Il existe une sous-population particuliere de LT CD4* exprimant de facon
inappropriée le récepteur NOTCH1 [305]. La fonctionnalité de NOTCH résulte de son
clivage successif par des métalloprotéinases puis une gamma secrétase qui libére le
fragment intracellulaire actif et permet son passage au niveau nucléaire. Cette
activation protéolytique du récepteur NOTCH est induite par la stimulation du récepteur
par ses ligands (Jaggedl, deltal) qui sont surexprimeés par les cellules dendritiques
lors de leur présentation de I'antigéne. Une surexpression de NOTCH1 et de ses
ligands a été détectée dans les artéeres de patients atteints d’ACG [304]. Cette
activation entraine une expansion lymphocytaire T, leur migration du sang
périphérique vers la paroi artérielle et des modifications métaboliques [305].
L'expression aberrante des ligands de NOTCH au niveau des vasa vasorum permet
aux LT NOTCH* de pénétrer dans I'adventice normalement protégée, et ainsi rompre

le « privilege immunitaire » [279].
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De fagon intéressante, l'inactivation de NOTCH par un inhibiteur de gamma
secrétase ou de son ligand Jagged, inhibe l'activation des LT, marquée par une
diminution de I'lFN-y et de fagon plus importante de I'lL-17, démontrées in vitro lors de
la diminution de la co-activation des cellules dendritiques et des LT de patients.
Parallélement, ceci est corrélé a la régression des Iésions d’artérite dans un modele
d’ACG expérimentale (souris chimériques immunodéficientes SCID avec greffe
d’artere  humaine, et reconstituées par de cellules mononucléaires
périphériques [PBMC] de patients ACG) [304].

Par ailleurs, un autre récepteur de la famille des récepteurs NOTCH, NOTCH4
est exprimée de facon aberrante par certains LT régulateurs (LTreg) au cours de
I'ACG, conduisant a un défaut de leur fonction anti-inflammatoire [306]. Normalement,
les LTreg CD8* permettent une régulation de la réponse immunitaire nhotamment en
supprimant 'activation et I'expansion des LT CD4* pro-inflammatoires, par libération
d’exosomes contenant 'enzyme NADPH oxydase 2 (NOX2) [305]. Cette fonction
régulatrice est perturbée au cours de 'ACG. Il existe un déficit quantitatif et qualitatif
des LT reg dans le sang périphérique et au sein du tissu artériel, lié a un défaut de
production d’exosomes (Annexe 11) [306]. Une signalisation aberrante du récepteur
NOTCH4 perturbe la sécrétion exosomale de NOX2 par les LTreg CD8*, leur
empéchant d’effectuer une réponse immunitaire adaptative efficace. La perte de cette
fonction est dépendante de l'dge mais se produit aussi prématurément chez les
patients atteints d’ACG [279,305].

62



Formation de l'infiltrat granulomateux

L’ACG est caractérisée par un infiltrat artériel granulomateux composé de
lymphocytes et de macrophages. Ces derniers peuvent parfois fusionner et former des
cellules géantes multinucléées (signant le nom de la maladie), situées notamment au

niveau de la limitante élastique interne fragmentée [279].

1) Lymphocytes T

Les LT CD4* sont les lymphocytes prédominants avec une majorité activée et
en division. La plupart exprime des marqueurs phénotypiques de LT mémoires
résidants [314]. lls sont dépendants de la co-stimulation CD28 et du métabolisme du
glucose concernant leur différenciation en LT effecteurs. lls produisent de nombreuses
cytokines comme I'lFN-y, les IL-2, IL-17, IL-21, IL-22, et IL-9 [315]. La prolifération est
de nature oligoclonale avec la coexistence de plusieurs lignées T, remettant en
guestion une réponse spécifique d’'un seul et unique antigéne [279].

Plusieurs profils principaux de T effecteurs sont décrits :

- LT helper de type 1 (LTh1), qui produisent principalement de I'lFN-y, situés au niveau
de I'adventice, et volontiers résistants a la corticothérapie [308,316].

- LT helper de type 17 (LTh17) sécrétant de [I'lL-17 et disparaissant sous
corticothérapie [316,317].

- LT folliculaires auxiliaires (LTfh) produisant de I'lL-21 et permettant une coopération
avec les lymphocytes B et la formation de structures lymphoides tertiaires [279]. La
sécrétion d’IL-21 joue un rble de soutien a la survie des LThl et LTh17 [318].

- LT helper de type 9 (LTh9) sécrétant de I'lL-9 [319].

Déréqulation de la voie STAT

Une analyse transcriptomique d"artéres temporales a montré une augmentation
d’expression des génes STAT1, STAT2 et STAT4, compatible avec une signalisation
dominante et dépendante de I'lFN-y et de I'lL-12 [320]. Il n’existe pas de différence de
régulation concernant les genes dépendants de STAT3 [279]. Cependant ces données
concernant STAT3 ont été obtenues avec des modeéles de souris chimériques
immunodéficientes (en LB, LT et NK, souris NSG) greffées avec des arteres humaines
et reconstituées avec des PBMC de patients porteurs d’ACG. Elles ne sont pas
confirmées dans une autre étude effectuée par analyse transcriptomique d’aortes et
de LT circulants de patients ayant une ACG [321]. Cette étude montre une
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augmentation de I'expression de STATS3, en lien avec l'activation de genes associés a
l'IFN-a. L’activation de STAT 3 est aussi décrite dans d’autres voies associées a la
physiopathologie de 'ACG, par exemple lors de l'orientation des LT vers la voie des
Th17 [322]. De plus, comme décrit précédemment, STAT3 est également activé dans
les cellules endothéliales adventitielles via I'lL-23 [311], ce qui implique son activation

a différentes étapes de l'artérite et notamment dés la phase d’initiation.

Déréqulation de la voie PD-1 PD-L1

Au cours de I'ACG, les LT des lésions artérielles surexpriment PD-1, a l'inverse de
ce qui est observé chez les contréles ou dans le sang circulant des patients [323]. En
revanche, une diminution de I'expression du ligand de PD-L1 est observée dans les
cellules dendritiques. Ceci concerne PD-L1 et non PD-L2. Ainsi, la répression de PD-
1 par les cellules dendritiques n’est pas effective, ce qui est associé a une activation
non régulée des LT. Ce mécanisme observé dans les Iésions artérielles de 'ACG
s’oppose aux cellules cancéreuses dont le systeme immunitaire est réprimé par
hyperactivation de la voie PD-1-PD-L1, permettant 'usage de biothérapies bloquant
cette voie. Au cours de 'ACG, ce sont des LT exprimant PD-1 qui sont a l'origine de
linfiltration artérielle et des lésions vasculaires. L’'inhibition de PD-1 par un anticorps
bloquant aggrave les Iésions vasculaires et favorise la redistribution et I'activation des
LT sécrétant de I'lFN-y, de I'lL-21, et de I'lL-17 sans affecter les LT régulateurs FoxP3
ni ceux qui sécrétent de 'lL-4. Globalement, ces LT surexprimant PD-1 favorisent
I'activation de LT pro-inflammatoires ayant un phénotype de LT mémoires CCR5*. Ces
LT PD-1 entrainent des lésions vasculaires en favorisant le remodelage vasculaire
avec activation des cellules endothéliales, prolifération des myofibroblastes et
expression du facteur de transcription TWIST associé a la transition endothélio-
mésenchymateuse. L’expression de TWIST suggere un état de transition des cellules
endothéliales vers des myofibroblastes, montré dans les modéles de souris

chimériques [323].
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2) Lymphocytes B et formation de structures lymphoides tertiaires

Des structures lymphoides tertiaires ont été identifiées dans la média d’ACG a
proximité des granulomes (indépendamment de la présence de lésions
athéromateuses). Elles sont constituées de lymphocytes B (LB), de LT dont la
répartition est caractéristique des structures lymphoides, autour d’'une zone centrale
constituées de cellules dendritiques folliculaires (CD21*) (Figure 17). Au cours de
'ACG, Les LB sont peu nombreux et essentiellement localisés dans ces structures
tertiaires, situées a proximité de formations vasculaires endothéliales et de
néovaisseaux lymphatiques témoignant d’'une activation de ces formations. La
migration des LB est liee aux chemokines CXCL9 et CXCL13, largement exprimées
dans les trois couches artérielles et dont les LB expriment les récepteurs respectifs
CXCRS3 et CXCR5 [325]. L’activation et la migration des LB permet ainsi I'organisation
de ces structures lymphoides tertiaires. L'activation lymphocytaire B est également
liée a la sécrétion de BAFF qui a été mise en évidence dans les coupes d’arteres ACG
par analyse transcriptomique et immunomarquage [326]. De facon intéressante, ce
sont les myofibroblastes et les cellules musculaires lisses vasculaires qui sécretent
BAFF et CXCL13 [326].
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Figure 17. Représentation schématique de structures lymphoides tertiaires dans la média d’artére de
patients atteints d’ACG montrant la répartition distincte des LT et des LB autour des cellules dendritiques
folliculaires et la présence d’'une néo angiogenese formée par les cellules endothéliales (HEV, High
endothelial venule) [327].
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Dans une autre revue récente de 2022, I'équipe de Maxime Samson du CHU
de Dijon a résumé les différentes étapes de 'ACG (Figure 18) [294] :
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Figure 18. Modéle physiopathologique de 'ACG d’aprés Greigert [294].
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Résumé de la pathogenése de 'ACG (Figure 18)

Etape 1 : Un signal de danger non défini active les cellules dendritiques vasculaires
qui acquiérent un phénotype mature (CD83*CD80/86*CCR7*CMH-11"d") et produisent
des chimiokines (CCL18, CCL19, CCL20 et CCL21), conduisant au recrutement de
cellules T CCR6"CD161*CD4".

Etape 2 : Les cellules T CD4* sont activées par les cellules dendritiques et se
polarisent en cellules Thl et Th17 sous l'effet des IL-12, IL-23, IL-6 et IL-1[3, produites
par les cellules dendritiques activées. Les lymphocytes Thl et Thl7 libérent

respectivement de I'lFN-y et de I'lL-17.

Etape 3 : L'IFN-y induit I'activation des cellules musculaires lisses vasculaires (CMLV)
dans le milieu et leur permet de produire des chimiokines (CCL2, CXCL9, CXCL10,
CXCL11), qui déclenchent le recrutement de cellules T supplémentaires (CD4" et
CD8") et de monocytes. Les monocytes se différencient en macrophages et fusionnent

en cellules géantes multinucléées, caractéristique de I'ACG.

Etape 4 : Le remodelage vasculaire est caractérisé par la destruction de la couche
élastique interne et par la prolifération et la migration des CMLV dans l'intima. Les
macrophages jouent un role clé dans ce processus en libérant plusieurs facteurs tels
gue le PDGF, les especes réactives de I'oxygene (ROS), la MMP-9, I'lL-6, I'IL-1B, le
GM-CSF et le TNF-a, qui contribuent aux lésions tissulaires et a I'hyperplasie de
l'intima. De méme, les CMLYV et les cellules endothéliales libérent de I'endothéline 1
(ET-1), qui stimule la migration et la prolifération des CMLV et induit ainsi une
hyperplasie intimale. De plus, les macrophages et les CMLV produisent également le
VEGF, qui est responsable de la néo angiogenese et favorise une réponse
inflammatoire locale. Une transition cellulaire des CMLV vers un phénotype
myofibroblastique est observeée, et I'accumulation de ces cellules dans la néo-intima
conduit & une occlusion vasculaire, responsable des complications ischémiques de
I'ACG.
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(A-E) Mécanismes impliqués dans le maintien de l'inflammation vasculaire.

(A) Le défaut du PDL-1 a la surface des cellules présentatrices d'antigénes entraine
une activité persistante des lymphocytes T et contribue a I'hyperplasie et a la néo
angiogenese.

(B) L'IL-6 altére la fonction des LTregs, diminue leur fréquence et favorise le passage
a une déficience des LTregs dans I'exon 2 de FoxP3 qui est enclin a produire de I'lL-
17.

(C) Outre leur réle dans le recrutement des monocytes et le remodelage vasculaire,
les CMLV se différencient en myofibroblastes, qui participent également au maintien
des polarisations Thl et Tcl. De plus, les myofibroblastes ont une capacité importante
a produire des protéines de la matrice extracellulaire (collagene, fibronectine) qui
contribuent a la rigidification de la paroi vasculaire.

(D) Le GM-CSF est produit par les LT CD4, les macrophages, les CMLYV et les cellules
endothéliales. Le récepteur-a du GM-CSF est fortement exprimé dans les lésions
d'ACG et une boucle d'amplification autocrine se met en place. Le GM-CSF est
impliqué dans la différenciation cellulaire, l'inflammation vasculaire et le remodelage
vasculaire.

(E) Les LT et les cellules résidentes de la paroi artérielle, comme les cellules
endothéliales, communiqguent par la voie NOTCH. Le lien de NOTCH1 a Jagged 1
diminue la polarisation Th1/Th17. Par ailleurs, dans les LTreg CD8", la signalisation
aberrante de NOTCH4 entraine la suppression de RAB7A impliquée dans la libération

exosomale de NOX2.
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Remodelage vasculaire
Il aboutit a l'occlusion artérielle et résulte de I'action de différents acteurs
cellulaires, les macrophages, les fibroblastes et les cellules musculaires lisses sous

I'action des cytokines et facteurs de croissance environnants.

1) Macrophages

Les macrophages sont les principales cellules immunitaires pathogenes au
cours de I'ACG. lls ont de nombreuses fonctions dans la détection et la phagocytose
d’éléments pathogénes, apoptotiques et des débris tissulaires. lls peuvent aussi agir

comme cellules présentatrices de I'antigéne.

Schématiguement leurs propriétés démontrées dans I'ACG sont les suivantes

[279,327] :

- Expression de chimiokines impliquées dans le recrutement de cellules

inflammatoires [324]. Cette fonction se traduit par une importante activité
mitochondriale, la production de facteurs de croissance et d'angiogenese,

entrainant le processus de remodelage vasculaire [327-331].

- Production de métalloprotéinases (notamment MMP-9), qui engendrent une
destruction tissulaire [302,310].

- Co-stimulation immunitaire par I'intermédiaire du CD28 [314].

- Défaut d’expression du ligand PD-L1 se traduisant par I'absence de
rétrocontrole des LT [323].

Au cours de 'ACG, les macrophages produisent des espéces réactives de
I'oxygene (ROS) qui entrainent une destruction de la média par apoptose des cellules
musculaires lisses vasculaires (CMLV) [292]. Par ailleurs la production des
meétalloprotéinases et la diminution de leurs inhibiteurs participent a cette destruction
[332].

69



Les macrophages sécretent également des facteurs de croissance tels que le
PDGF et le VEGF, contribuant a la formation de néovaisseaux au niveau de la média.
Cette néovascularisation (ou néo angiogenese) est corrélée a I'lhyperplasie intimale et
les phénomenes ischémiques de la maladie [329,330]. L'agression des CMLV
entraine, outre leur apoptose, la possibilité d’'une dédifférenciation en myofibroblastes,
leur prolifération et leur migration vers I'intima pour contribuer a I’hyperplasie intimale
[245].

Néanmoins, les fonctions des macrophages varient selon leur localisation dans
la paroi artérielle au cours de I'ACG et est inhérente a leur plasticité. Selon
'environnement cytokinique et les facteurs de croissance environnants, différents
sous-types de macrophages ont été identifiés dans la paroi artérielle au cours de 'ACG
[333].

Classiquement, 2 types de macrophages ont été identifiés in vitro :

- les macrophages de type 1 (M1) pro-inflammatoires (CD68, CD64 [ou FcyRl],
INOS) induits principalement par I'lFNy.

- Les macrophages de type 2 (M2) anti-inflammatoires (CD68, CD163, CD206
et YKL-40), induits principalement part I'lL-4 et I'lL-13.

Une plus grande hétérogénéité a cependant été décrite dans la paroi artérielle
au cours de 'ACG. Des macrophages CD206*YKL-40"MMP-9* (induits par le GM-
CSF) sont situés dans la média le long des zones lésées de la limitante élastique,
tandis que des macrophages exprimant le Folate Receptor 3 (FRB*) CD206" (induit par
le M-CSF) sont situés dans les zones d'hyperplasie intimale facilitant la prolifération
des fibroblastes.

Cette hétérogénéité est propre a 'ACG et n’a pas été observée dans des artéres
athéromateuses. L'induction des macrophages par le GM-CSF favorise la production
de YKL-40 qui est pro-angiogénique in vitro. L’inactivation de YKL-40 réduit la
production de MMP-9 par les macrophages. Ainsi, le ciblage du GM-CSF ou du
récepteur de YKL-40 ou de son récepteur (IL-13 Ra2) pourrait étre une piste

thérapeutique pour limiter le remodelage vasculaire dans 'ACG [331].
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2) Formation de cellules géantes

Les cellules géantes multinucléées sont formées et localisées a la jonction de
'intima et de la média, au contact de la limitante élastique qui est fragmentée. Elles
participent a la formation du granulome qui est dispersé dans la média. L’origine de
cette formation est inexpliquée dans 'ACG. Expérimentalement, I'activation des TLR4
par le LPS induit I'activation des cellules dendritiques et des macrophages aboutissant

a la formation de granulomes dans la paroi artérielle [334].

La formation de ces cellules géantes a été étudiée dans un modéle d’athérome
expérimental chez la souris. Elles résultent de la fusion des macrophages, suite a une
activation des macrophages par I'lL-4. De facon intéressante, ces cellules géantes
sont localisées au niveau des fibres d’élastine dégradées, qui facilite ainsi I'invasion.
Les produits de dégradation de I'élastine notamment le fragment de 67 kDa activent
les cellules dendritiques et les macrophages, notamment par le biais d’un récepteur
spécifique, « 67kDa elastin receptor » codé par le géne ELN exprimé par les
macrophages. L’activation de ce récepteur induit la fusion des macrophages et la

formation de cellules géantes [335].

D’autres études ont montré I'implication des tétraspanines CD9 et CD63 dans
la fusion des monocytes en cellules géantes multinucléées [336]. Récemment, des
études transcriptomiques ont montré que les monocytes circulants de patients ACG
avaient une hypométhylation des génes codant pour CD63, renforgant I'hypothése de

la fonction de cette tétraspanine dans la formation des cellules géantes [337].

3) Les cellules musculaires lisses vasculaires

Outre les cellules immunitaires, les cellules musculaires lisses localisées dans
la paroi artérielle (CMLV) contribuent au remodelage conduisant a Il'occlusion
vasculaire [222]. Les CMLV sont activées par les cytokines environnantes sécrétées
par les macrophages et les LT. Le GM-CSF produit par les macrophages active ces
cellules qui produisent des métalloprotéinases, MMP-2 et principalement MMP-9, qui
participent a la destruction de de la limitante élastique interne [310]. De plus elles
participent a I'activation de I'inflammation. En effet, sous I'action de I'lFN-y secrété par
les LTh1, elles sécretent des chemokines CXCL9, CXCL10, CXCL11, et CCL2 qui

activent linfiltration des monocytes et des LT. L’inhibition de I'lFN-y supprime cette
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invasion cellulaire en bloquant la production de chemokines par les CMLV [338]. L'IFN-
y active également les CMLV pour induire la sécrétion de PDGF qui augmente leur
prolifération et migration dans l'intima, de VEGF qui active la néo angiogenése et
d’endothéline-1 qui favorise leur différenciation en myofibroblastes [339]. L’inhibition
des récepteurs de I'endotheline-1 exprimés a la surface des CMLYV, par le Macitentan,
supprime leur migration ex vivo [340]. De méme, I'inhibition du récepteur du PDGF

inhibe leur migration in vitro [341].

Dans notre équipe, Ly et al ont montré que d’autres facteurs de croissance telles
gue les neurotrophines (NT), le NGF (Nerve Growth Factor) et le BDNF (Brain-Derived
Neurotrophic Factor) ainsi que son récepteur TrkB sont surexprimés dans la média et
'intima des arteres ACG [342]. Ces facteurs neurotrophiques activent la prolifération
et la migration des CMLYV in vitro. Dans cette méme étude, la sortiline qui est une
protéine de transport des NT et de cytokines (IL-6, IFN-y) est également surexprimée
dans les artéres ACG. De facon intéressante, I'inhibition de la sortiline diminue son
interaction avec I'lL-6 et 'lFN-y et réduit les lésions athéromateuses dans un modele
expérimental murin [343]. Ces données suggérent que la sortiline pourrait également

contribuer a la composante inflammatoire des Iésions artérielles de 'ACG.

4) Fibroblastes

Les fibroblastes artériels sont localisés dans la couche la plus externe de
lartére, l'adventice, constituée également de matrice extra cellulaire (MEC),
d’adipocytes, de cellules dendritiques, de macrophages, de vasa vasorum, de nerfs
périvasculaires [307]. lls assurent la production de MEC et présentent une plasticité
associée a cette fonction [343]. lls occupent un réle majeur dans le développement et

le remodelage du tissu cicatriciel [344,345].

Il existe une grande diversité de sous-types fibroblastiques, que ce soit dans
différents organes et au sein d'un méme tissu. Leur hétérogénéité et leur capacité
adaptative leur conférent de nombreuses fonctions dans divers processus biologiques
[346,347]. Plusieurs marqueurs ont été attribués aux différents types de fibroblastes
[348-351].

Fibroblastes et ACG
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Les fibroblastes ont été peu étudiés au cours de 'ACG. Une étude récente décrit
leur hétérogénéité au sein de la paroi d’artéres temporales de patients atteints d’ACG
[352]. lls expriment tous le marqueur CD90. Leur activation s’associe a I'expression
de la protéine alpha de fibroblaste (Fibroblast alpha protein, FAP). Ces fibroblastes
activés sont détectés dans I'adventice en association avec les fibroblastes exprimant
la podoplanine (marqueur des immunofibroblastes) présents dans les structures
lymphoides tertiaires adventitielle. De plus les fibroblastes adventitiels CD90*
expriment I'lL-6 et MMP-9 suggérant un réle actif dans le développement d'un milieu
pro-inflammatoire et destructeur de la paroi artérielle de 'ACG.

Des fibroblastes exprimant /'alpha-smooth muscle actin (aSMA) correspondent
a des myofibroblastes et sont essentiellement détectés dans lintima, zone de
I'hyperplasie intimale associée a la réduction de la lumiére artérielle. Ces derniéres
données rejoignent nos propres observations (Article 1). Il est a noter que 'aSMA est
également exprimée par les CMLV, cette protéine étant impliquée dans les propriétés
contractiles des myofibroblastes et des CMLV associées a leur migration.

La plasticité de ces fibroblastes est liée a leur activation par les facteurs de
croissance TGFB, FGF et PDGF [352]. La fonction des LT dans l'activation des
fibroblastes a été montrée avec les travaux de Zhang et al. [323]. Dans le modéle de
souris SCID chimérique, le blocage de PD-1 induit une importante activation des
fibroblastes qui expriment 'aSMA et migrent dans l'intima, en association avec les
cellules endothéliales (marquées par le facteur de von Willebrand). L’expression dans
les myofibroblastes du facteur de transcription TWIST évoque une possible transition
endo-mésenchymateuse [339].

Des travaux récents ont montré la fonction des CMLV et des fibroblastes dans
le remodelage vasculaire et le maintien de I'activation lymphocytaire T, notamment
Thl et Th17 [353].

Par ailleurs, le lien entre CMLV et fibroblastes est étroit et associé au
remodelage conduisant a la sténose artérielle. Il a été montré au cours de ce
mécanisme que des modifications phénotypiques des CMLV les transforment en
myofibroblastes [339]. La migration et la prolifération des myofibroblastes dans I'intima
et leur sécrétion de composants de la matrice extra cellulaire (collagene 1 et 3,

fibronectine) sont un des éléments essentiels de ce remodelage.
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La distinction phénotypique des myofibroblastes et des CMLV repose sur
I'expression de certains marqueurs. Le CD90 est le marqueur des fibroblastes et des
myofibroblastes, tandis que la desmine et la chaine lourde de la myosine (MYH11)
sont exprimées par les CMLV ainsi que par les myofibroblastes. Ces différents
marqueurs permettent de distinguer la localisation et la prolifération de ces cellules au
cours du remodelage.

C’est la sécrétion d’endothéline-1 et de PDGF par les monocytes qui active la
transformation des CMLV en myofibroblastes et leur migration dans [intima.
L’activation des myofibroblastes de I'intima est marquée par leur sécrétion cytokinique
en IL-1B, IL-6, IL-12 and IL-23, au contact des lymphocytes qui sont polarisés en Thl
et Th17 [349].

Certains myofibroblastes de l'intima expriment HLA-DR [353]. Leur fonction
potentielle de présentation de I'antigéne reste cependant débattue. Néanmoins, la
fonction activatrice des réponses immunes par des fibroblastes a été démontrée par
'expression de récepteurs de DAMPS dont l'un des ligands correspond a des

fragments de la matrice extra cellulaire qui activent TLR4 [343, 354].

Fibroblastes et artérite de Takayasu

L’artérite de Takayasu (TAK), est une autre vascularite des gros vaisseaux,
touchant les sujets de moins de 50 ans. Au cours de la TAK, I'adventice présente un

épaississement, et la fibrose vasculaire est plus importante que dans I'ACG [355]
(Figure 19).
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Figure 19. Coupes histologiques d’aortite de TAK et d’ACG montrant un épaississement adventitiel plus
marqué au cours du TAK, d’aprés Watanabe [355].

Les fibroblastes adventitiels quiescents de la TAK peuvent étre activés par des
facteurs solubles : TGF-B, PDGF, GPNMB, IL-17 et IL-6 [356]. Dans I'adventice des
artéres de TAK, il existe une augmentation de I'expression de I'lL-6, de I'lL-6R, des
collagénes de type 1 et 3, de la fibronectine, de I'aSMA et du TGF-§ par rapport aux
adventices de sujets sains [357]. L'IL-6 jouerait un réle crucial non seulement dans
l'inflammation vasculaire mais aussi dans la fibrose vasculaire au cours de la TAK.

Le couple IL-6/IL-6R augmente la production de MCP-1 par les fibroblastes
adventitiels d'aorte  humaine, pouvant favoriser le recrutement de
monocytes/macrophages. D’autre part, I'lL-6 et le TGF-B peuvent orienter les
lymphocytes T vers un profil Th17, amplifiant la cascade pro-inflammatoire. L'IL-6/IL-
6R active aussi les voies JAK2/STAT3 et JAK2/Akt qui favorisent la transcription des
collagénes de type 1 et 3, de la fibronectine, de 'aSMA et du TGF-§ par les fibroblastes
adventitiels aortiques. Ces effets pro-fibrosants sont réduits en cas de traitements
inhibiteurs [357]. La protéine 3 de liaison aux acides gras (FABP3) est augmentée
dans les adventices de patients TAK, ce qui est en corrélation avec l'expression
sérique de la fibronectine 1, de collagene de type 1, de la MMP-3 et de la MMP-9,
tandis que son blocage inhibe la prolifération et la production de matrice extra cellulaire

par les fibroblastes adventitiels aortiques [358].

Fibroblastes comme cible thérapeutique
Le ciblage des processus pathologiques médiés par les fibroblastes pourrait

représenter une nouvelle approche thérapeutique intéressante au cours de 'ACG.

Une premiere piste consisterait en I'élimination des fibroblastes pathologiques,
c'est-a-dire les fibroblastes qui présentent une activation, une prolifération et une
surproduction aberrantes et permanentes de matrice extracellulaire. La déplétion des
fibroblastes associés au cancer FAP* a I'aide d'immunotoxines, d'anticorps, de vaccins
ADN ou de lymphocytes T chimériques s'est avérée efficace pour inhiber la croissance
des tumeurs [359-363]. Dans un modele murin de polyarthrite, la suppression sélective
des cellules stromales FAP* a atténué l'inflammation [364]. En outre, la délétion des
immunofibroblastes PDPN* empéche ['établissement d'une structure lymphoide
tertiaire et diminue la réaction immunitaire locale dans le syndrome de Sjégren [365].

Le ciblage des fibroblastes inflammatoires peut s’avérer aux patients échappant aux
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anti-TNFa dans les maladies intestinales inflammatoires [366]. Une alternative pourrait
consister a moduler la différenciation des fibroblastes. Des thérapies anti-TGF-3 sont

en cours de développement et font I'objet d'essais cliniques [367].

Etant donné que les fibroblastes peuvent produire de grandes quantités de
cytokines inflammatoires, le blocage de ces cytokines et chimiokines peut également
s'averer utile. Il reste a déterminer si ces chimiokines seront des cibles thérapeutiques

efficaces pour les patients atteints de 'ACG.
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Partie Il. Travaux de these

Objectifs et plan d’étude

Le remodelage vasculaire a finalement été peu étudié au cours de 'ACG. Notre
objectif est de mieux caractériser ce processus, notamment I'implication des
fibroblastes artériels. Nous souhaitons mettre en évidence de nouvelles pistes
physiopathologiques et potentiellement thérapeutiques concernant le remodelage

vasculaire de 'ACG.

1. Tout d’abord nous avons étudié la répartition des fibroblastes au sein des
arteres temporales ainsi que leur marqueur d’activation par

immunohistochimique (Article 1).

2. Une étude de certaines fonctions des fibroblastes issus de la dissection
d’adventice d’artéres temporales par analyse in vitro a été réalisée (Travail

complémentaire 1).

3. Nous avons ensuite effectué une analyse des signatures transcriptomiques
couche par couche (intima, média, adventice, tissu périvasculaire) a partir de
biopsies d’artéres temporales (Article 2).

4. Une analyse visant a évaluer le retentissement clinique et les caractéristiques
associées au degré d’hyperplasie de l'intima a enfin été réalisée (Travail

complémentaire 2).
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Article 1.

An immunohistochemical analysis of fibroblasts in giant cell arteritis.
Simon Parreau, Nicolas Vedrenne, Alexis Regent, Laurence Richard, Philippe Sindou,

Luc Mouthon, Anne-Laure Fauchais, Marie-Odile Jauberteau, Kim-Heang Ly

Ann Diagn Pathol. 2021 Jun:52:151728.

Les complications ischémiques de 'ACG sont liées a une hyperplasie intimale
par une prolifération de myofibroblastes. Ces myofibroblastes proviendraient de
'agression des CMLV de la média qui se dédifférencieraient pour ensuite migrer et

proliférer vers l'intima, responsable de I'occlusion de l'artére.

Dans certains modéles animaux d’athérosclérose ou post angioplastie, il a été
démontré que les fibroblastes de I'adventice jouaient un réle initiateur et influenceur
sur le comportement de l'intima [369-372]. Toutefois ces fibroblastes adventitiels n’ont

été que peu étudié durant 'ACG.

Dans ce premier travail, nous avons souhaité caractériser les fibroblastes des
patients avec ACG en étudiant leur répartition au niveau des 3 tuniques d’artéres

temporales de patients porteurs d’ACG et de contrdles.

Dans notre étude, a partir de 29 patients atteints d’ACG et 36 contréles, nous
avons effectué une analyse immunohistochimique des coupes d’artéres temporales.
Nous avons identifié une population cellulaire exprimant le CD90, augmentée dans
'adventice et l'intima au cours de '’ACG par rapport aux controles. Le CD90 est une
protéine ancrée a la membrane, impliquée dans I'adhésion focale et la formation des
fibres de stress. Elle s’exprime quel que soit le stade d’activation des fibroblastes. La
répartition spatiale, concentrique et homogéne des cellules CD90* et leur aspect
morphologique correspondent a des fibroblastes. La vimentine, autre filament
intermédiaire, exprimée par les cellules d’origine mésenchymateuse comme les
fibroblastes, cellules musculaires lisses et osseuses, était significativement plus
important au sein des 3 tuniques pour les patients porteurs d’ACG. La desmine et la
vimentine sont utilisée pour identifier les fibroblastes qui sont vimentine* et desmine-
[368]. Ces résultats suggerent que les cellules CD90* de I'intima et adventice ne sont

pas des cellules musculaires lisses vasculaires mais des fibroblastes.
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Par la suite, nous avons étudié I'expression de marqueurs d’activité de
fibroblastes, correspondant au stade myofibroblastes. La prolyl 4 hydroxylase (P4H)
est une enzyme impliquée dans la synthése des chaines a du procollagene.
L'hydroxylation des résidus prolines par la P4H facilite la formation de la triple hélice
de collagéne mature. L'expression de P4H est élevée dans les fibroblastes et
myofibroblastes qui produisent de la MEC a niveau élevé [368]. En outre, I'étude pan
génomique sur sang périphérique des patients atteints dACG a montré que le géne
de la sous unité a2 de la P4H (P4HA2) était associée a un surrisque de développer la
maladie [241]. Son expression fait suite a I'hypoxie, et est régulée par le facteur 1
inductible par 'hypoxie (HIF-1). D’autres génes sont induits par HIF-1 dont un inhibiteur
de l'activation de la plasmine de la famille de la serpine, le VEGF, la MMP-9 impliquée
dans la dégradation de la MEC et I'lL-6 [368].

Au cours de notre étude, le marquage pour la P4H était présent au niveau des
adventices et intimas selon la méme répatrtition que le CD90. Ce résultat est confirmé
par la co-expression de ces deux cibles par les mémes cellules au cours de I'étude
fluorimétrique. D’autre part, le marquage au trichrome de Masson était augmenté au
niveau de I'adventice et de l'intima pour les patients porteurs d’ACG suggérant une
production accrue de collagene au cours de 'ACG au sein de ces 2 tuniques Les
épaisseurs de l'intima et de I'adventice étaient par ailleurs augmentées au cours de
'ACG, témoin de cette surproduction de collagéne.

L’a smooth muscle actine (aSMA) est une fibre de stress exprimée par les
myofibroblastes, leur permettant d’exercer une force contractile. Il s’agit d’'un marqueur
clé d’activation des fibroblastes quelle que soit leur origine [368]. Dans notre étude,
son marquage était augmenté pour les 3 tuniques au cours de I’ACG. Par ailleurs il
existait une co-expression de 'aSMA avec le CD90 au sein des 3 tuniques suggérant
que I'ensemble des fibroblastes sont activés en myofibroblastes au cours de 'ACG.

La chaine lourde de la myosine (SMMHC), est également exprimée par les
myofibroblastes leur conférant une capacité contractile. Les cellules CD90 de l'intima
et adventice avaient une co-expression avec la SMMHC plus marquée au cours de

I’ACG confirmant le caractéere actif des fibroblastes.
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Background: Giant cell arteritis (GCA) is a systemic vasculitis of large and medium vessels characterized by an
inflammatory arterial infiltrate. GCA begins in the adventitia and leads to vascular remodeling by promoting
proliferation of myofibroblasts in the intima. The morphology of the fibroblasts in the adventitia in GCA is
unclear. Access to temporal artery biopsies allows morphological studies and evaluation of the microenviron-
ment of the arterial wall. We evaluated the distribution of vascular fibroblasts and of markers of their activation
in GCA.

Methods: Formalin-fixed paraffin-embedded tissue sections from 29 patients with GCA and 36 controls were
examined. Immunohistochemistry was performed for CD90, vimentin, desmin, alpha-smooth muscle actin
(ASMA), prolyl-4-hydroxylase (P4H), and myosin to evaluate the distribution of fibroblasts within the intima,
media, and adventitia.

Results: Temporal arteries from patients with GCA showed increased levels of CD90, vimentin, and ASMA in the
adventitia and intima compared to the controls. Desmin was expressed only in the media in both groups. P4H
was expressed similarly in the adventitia and intima in the two groups. Adventitial and intimal CD90™ cells co-
expressed P4H, ASMA, and myosin at a high level in GCA.

Conclusion: The results suggest a role for adventitial fibroblasts in GCA. Inhibiting the differentiation of

adventitial fibroblasts to myofibroblasts has therapeutic potential for GCA.

1. Introduction

Giant cell arteritis (GCA) is the most common systemic vasculitis
after the age of 50 years. The disease preferentially affects large- and
medium-sized arteries, especially the thoracic aorta and its branches
including the external carotid branches (e.g., the temporal and occipital
arteries), and the ophthalmic, vertebral, subclavian, and axillary arteries
[1]. Vasculitis leads to luminal occlusion and thus ischemic complica-
tions such as ischemic optic neuropathy, which causes vision loss in 10%
to 15% of patients [2]. Aortitis can be complicated by dissection and
aneurysm formation [3]. Biopsy of the temporal artery, which is
frequently affected, is the gold standard procedure for diagnosis of GCA
[4].

In GCA, histopathological lesions involve the three layers of the
arterial wall (adventitia, media, and intima). GCA lesions are composed
of fragmented internal elastic lamina and polymorphic cellular

infiltrates, including CD4" lymphocytes, macrophages, and multinu-
cleated giant cells generated by fusion of macrophages [5-9]. The initial
trigger could be activation of adventitial dendritic cells by an unknown
stimulus [10-12]. Activated dendritic cells selectively activate antigen-
specific T lymphocytes, which release interferon-y and so regulate
macrophage function and differentiation. Macrophages promote
inflammation of the arterial wall by producing interleukin (IL)-1, IL-6,
and tumor necrosis factor-«. This event initiates vascular remodeling
by triggering the release of cytokines, growth factors, reactive oxygen
species, and matrix metalloproteinases, which contribute to tissue injury
and intimal hyperplasia [13]. In GCA, vascular smooth muscle cells from
the media differentiate into myofibroblasts, which migrate through
disrupted elastic fibers towards the intima [14-16]. The proliferation of
myofibroblasts within the intima leads to an increase in the thickness of
the intimal layer and thus to occlusion of the artery. Myofibroblasts,
which are responsible for intimal hyperplasia in atherosclerosis, can
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differentiate from several cell types, including resident tissue vascular
smooth muscle cells, fibroblasts, pericytes, resident or medullary
mesenchymal stem cells, and endothelial cells [17].

There are two hypotheses concerning the mechanism of intimal hy-
perplasia. The first is ‘inside-out;’ ie., from the arterial lumen, to the
endothelium, to the outer portion of the vessel. This hypothesis involves
leukocyte extravasation from the bloodstream through the endothelium,
stimulating the arterial microenvironment [18]. An alternative mecha-
nism, from the outside to the inside (adventitia to intima), has also been
proposed. In this mechanism, adventitial fibroblasts trigger a signaling
cascade, influencing the intima [18]. Animal models of atherosclerosis
or post-angioplasty arterial stenosis report differentiation of adventitial
fibroblasts into myofibroblasts, which migrate to the intima and so
contribute to intimal hyperplasia [19-22]. Fibroblasts acquire the
characteristics of myofibroblasts by expressing alpha-smooth muscle
actin. They then secrete extracellular matrix components, including
collagen, as well as growth factors, such as transforming growth factor
B1. Autocrine stimulation by transforming growth factor p1 induces the
differentiation of fibroblasts into myofibroblasts, promoting their
migration to the intimal layer [20]. The secretion of extracellular matrix
is responsible for fibrosis and occlusion of the vessel lumen.

No data are available on the distribution and activation of adventitial
fibroblasts in GCA. We evaluated the characteristics and involvement of
adventitial fibroblasts in the arteries of patients with GCA by performing
immunohistochemical staining of fibroblasts.

2. Patients and methods
2.1. Cohort selection

Patients with a histopathologic diagnosis of GCA were enrolled from
2013 to 2017 in the Internal Medicine department of Dupuytren’s
University Hospital (Limoges, France). The accepted diagnostic criteria
for arteritis included the presence of a medial inflammatory infiltrate
with mononuclear or granulomatous features in the temporal artery.
Inflammation restricted to the intima or adventitia was not considered
active arteritis, nor was perivascular inflammation restricted to the vasa
vasorum. Patients with a negative temporal artery biopsy (TAB) without
a clinical diagnosis of arteritis were defined as controls. All temporal
artery fragments analyzed were from biological collection DC-2010-
1079 and their use was approved by the Ethics Committee. All pa-
tients provided informed consent.

2.2. Clinical and laboratory methods

At the first and subsequent visits, medical histories were taken,
physical examinations performed, and relevant laboratory tests con-
ducted. Clinical and laboratory findings at the initial and follow-up visits
were recorded. Standard clinical laboratory test methods were used. The
dose of prednisone received prior to TAB was also recorded.

2.3. Biopsy, processing, and histopathologic examination

Biopsies were performed under local anesthesia on an outpatient
basis by a surgeon in the Ophthalmology Department. The most clini-
cally suspicious temporal artery was biopsied. All biopsies were unilat-
eral. A 2-4 cm temporal artery specimen was removed and sent for
pathologic analysis. The temporal arteries were handled using standard
clinical specimen-handling protocols. The specimens were grossly
evaluated and serially cross-sectioned. Eight to ten complete cross-
sections (representing the entire submitted length of the vessel} were
frozen and cut (10 pm thickness) using a freezing microtome, stained
with toluidine blue, and intraoperatively evaluated for arteritis. The
remaining sections of the vessel were formalin-fixed, paraffin-
embedded, sectioned (5 pm thickness), stained with hematoxylin and
eosin, and reviewed by a pathologist.
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2.4. Immunohistochemistry

Because arterial involvement in GCA may be segmental, two frag-
ments of the temporal artery were analyzed. The fragments were
embedded in paraffin blocks according to the tissue microarray method.
From this block, 4-pm-thick slices were cut and dewaxed by successive
immersion in pure toluene (Prolabo). Rehydration, membrane per-
meabilization, and unmasking of antigens were carried out by immer-
sion in absolute ethanol (Prolabo), phosphate-buffered saline (PBS;
Gibco), and citrate buffer (200 pM citric acid in 9.8 mM sodium citrate).
Inhibition of endogenous peroxidases was performed by immersion in
methanol and 5% HsO» (Prolabo). Saturation of nonspecific antigenic
sites was achieved by incubation in PBS containing 3% bovine serum
albumin (BSA) (Euromedex). The primary antibodies were diluted in 3%
BSA and incubated overnight at 4 °C. The antibodies used were as fol-
lows: CD90 (1:100, rabbit; Abcam) and vimentin (dilution recom-
mended by the supplier, mouse; Ventana) for fibroblasts; desmin (1:200,
mouse; Dako) for vascular smooth muscle cells; alpha smooth muscle
actin (1:1000, mouse; Sigma) for myofibroblasts; prolyl-4-hydroxylase
(1:30, mouse; Acris) for collagen secretion; and myosin smooth muscle
heavy chain (1:100, mouse; Abcam) for cell contraction. The sections
were subsequently incubated with a secondary antibody coupled to
Alexa Fluor 594 or 488 (Molecular Probes) for 90 min. After washing
with PBS, nuclear counterstaining was carried out with 4',6-diamidino-
2-phenylindole (Sigma) and the sections were mounted in an aqueous
medium (Dako). For co-staining, two primary antibodies from different
animal species, and the two corresponding secondary antibodies, were
used.

2.5. Primary antibodies

CD90 is a membrane-anchored protein involved in focal adhesion
and stress fiber formation. It is expressed by fibroblasts of all activation
states (quiescent fibroblasts, proto-myofibroblasts, and myofibroblasts)
as well as by other cell types such as endothelial cells, neurons, and
hematopoietic cells [24-26].

Desmin, an intermediate filament of the cytoskeleton, is specific for
muscle cells. Vimentin, another intermediate filament, is expressed by
cells of mesenchymal origin such as fibroblasts, smooth muscle cells, and
bone cells. Desmin and vimentin are used to identify fibroblasts, which
are vimentin™/desmin~ [24,27].

Alpha-smooth muscle actin is a stress fiber expressed by myofibro-
blasts, allowing them to exert a contractile force. It is a key marker of
myofibroblasts, irrespective of their origin [24,28]. Expression of
smooth muscle myosin heavy chain by myofibroblasts gives them a
contractile capacity. Prolyl-4-hydroxylase (P4H) is involved in the
synthesis of procollagen « chains. Hydroxylation of proline residues by
P4H facilitates the formation of the mature collagen triple helix.
Expression of P4H is high in fibroblasts and myofibroblasts, which
produce components of the extracellular matrix [24,29,30].

2.6. Quantification

The relative surface area of each tunica and its thickness at several
locations were measured by two double-blinded observers. Staining
intensity was assessed by optical microscopy (NanoZoomer 2.0RS
Hamamatsu) in at least three zones of each tunica (adventitia, media,
and intima). Image analysis was performed using ImageJ v. 1.48
software.

2.7. Statistical analysis

Results are expressed as percentages or as medians + range. Com-
parisons of categorical variables were performed using Fisher’'s exact
test. Student’s t-test or the Mann-Whitney test was conducted to
compare laboratory parameters between the two groups.
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3. Results
3.1. Cohort

From 2013 to 2017, 29 patients with a histopathologic diagnosis of
GCA on TAB agreed to participate in this study. Thirty-six patients with a
negative TAB and without a clinical diagnosis of GCA were included as
controls. The diagnoses of the 36 controls are detailed in Table 1. The
infection sites were bronchopulmonary tract (n = 5), urinary tract (n =
2), digestive tract (n = 2), teeth (n = 1), hip prosthesis (n = 1), and skin
(n = 1). The rheumatic conditions were atrophic polychondritis (n = 1),
chondrocalcinosis (n = 1), reactive arthritis (n = 1), autoimmune
myositis (n = 1), autoinflammatory disease (n = 1), and undetermined
peripheral inflammatory rheumatism (n = 3). Neurological illnesses
were atypical headache (n = 4), stroke (n = 2), and facial vascular algia
{n =1). The cancers were colonic (n = 2), renal (n = 1), pulmonary (n =
1), and glioblastoma (n = 1). The ophthalmological disorder was non-
arteritic anterior ischemic optic neuropathy (n = 4). The epidemiolog-
ical characteristics and co-morbidities of the patients are listed in
Table 2. The proportion of females was higher in the GCA group than the
control group. There were no significant differences in age, cardiovas-
cular history of diabetes, and smoking between the two groups.

3.2. Clinical and laboratory findings

The clinical manifestations of GCA and the results of laboratory tests
performed on the day of TAB in patients with proven GCA and controls
are shown in Table 3. The patients with GCA had typical symptoms of
GCA, such as headache, scalp tenderness, jaw claudication, and tem-
poral artery changes. The causes of ischemic optic neuropathy in the
controls were nonarteritic. The systemic symptoms; i.e., fever, asthenia,
weight loss, and anorexia, were similar in the two groups. The patients
in the GCA group had significantly more markers of inflammation than
the controls. Treatment with prednisone on the day of TAB is detailed in
Table 3. The patients with GCA were more frequently treated with
prednisone on the day of or the day before TAB and received higher
doses. There was no difference in the number of treatment days prior to
completion of TAB between the groups.

3.3. Histopathologic findings

The mean thickness of the three arterial tunicae and the proportion
of each in relation to the others are reported in Table 4. Example mea-
surements are shown in Fig. 1. The distribution of the three tunicae
differed between the GCA and control groups, with more intimal hy-
perplasia during GCA. The thickness of the adventitia was greater in the
GCA group; by contrast, the media is destroyed in GCA and was there-
fore thinner in the patients with GCA than the controls.

Table 5 shows the immunohistochemical analysis of temporal artery
sections from patients with GCA and controls. Each arterial layer was
assayed separately. CD90 is expressed by fibroblasts at all stages of
activation but also by other cell types, such as endothelial cells. The
spatial, concentric, and homogeneous distribution of CD90™ cells did
not correspond to the anatomical distribution of those other cell types,
such as endothelial or hematopoietic cells or neurons, but rather to fi-
broblasts (Fig. 2). CD90 staining was significantly greater in the

Table 1

Diagnoses of controls (n = 36).
Diagnosis n (%)
Infectious disease 12 (33)
Rheumatologic disease 8 (22)
Neurological disease 7(19)
Cancer 5014
Ophtalmological disease 4(11)
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Table 2

Epidemiological and comorbidities at initial temporal artery biopsy.
Characteristics Arteritis (n = 29) Control (n = 36) p-Value
Age (years) 75 (71-79) 73 (68-79) 0.4226
Female 9/29 (31%) 20/36 (56%) 0.0480
Cardiovascular past event 9/29 (31%) 15/36 (42%) 0.3772
Diabetes mellitus 3/29 (10%) 8/36 (22%) 0.3200
Tabagism 4/29 (14%) 6/36 (17%) 1.0000

Table 3

Clinical, laboratory findings and treatment at initial temporal artery biopsy.
Characteristics Arteritis (n = Control (n = p-Value

29) 36)
Clinical finding
Headache 21/29 (72%) 16/36 (44%) 0.0236
Scalp tenderness 13/29 (45%) 3/36 (8%) 0.0011
Jaw claudication 14/29 (48%) 5/36 (14%) 0.0053
Temporal artery changing 10/29 (35%) 2/36 (6%) 0.0038
Ischemic optic neuropathy 5/29 (17%) 4/36 (11%) 0.4973
Aortitis 3/29 (10%) 0/36 (0%) 0.0837
Systemic symptoms 18/29 (62%) 21/36 (58%) 0.7599
Laboratory finding
Erythrocyte sedimentation rate 79 (52-102) 32 (13-51) <0.0001
(mm/h)*
C-reactive protein (mg/L)" 61 (18-103) 20 (6-49) 0.0029
Hemoglobin (g/d1)* 12.8 121 0.4565
(11.8-13.6) (11.2-12.9)

Platelet count (x10%/pl)* 408 (314-461) 260 (232-342) 0.0015
Treatment
Prednisone 23/29 (79%) 9/36 (28%) <0.0001
Days of treatment before TAB 1.5 (1.0-6.0) 1.0 (0.0-10.0) 0.8287
Prednisone dose (mg/day)" 65 (60-72.5) 30 (15-40) 0.1178

Abbreviations: TAB, temporal artery biopsy.

2 Median value (range).

Table 4

Inflammation and vascular remodeling of arteritis in the arteritis group.

Characteristics

Arteritis (n — 29)

Inflammatory pattern
Granulomatous
Non-granulomatous

Inflammatory cell type
Lymphocytes
Macrophages

Giant cells

Medial inflammation grade’
0
1
2
3

Non-medial inflammation
Adventitial

Peri-vasa vasorum
Intimal

Vascular remodeling
Medial fibrosis
Medial calcification

Abnormality of internal elastic membrane

Intimal fibroplasia

26 (90%)
3 (10%)

29 (100%)
28 (97%)
26 (90%)

0 (0%)
1 (3%)
0 (0%)
28 (97%)

29 (100%)
29 (100%)
29 (100%)

1 (3%)

1 (3%)

27 (93%)
29 (100%)

2 0 = no medial inflammation; 1 = inflammation limited to the internal elastic
membrane; 2 = inflammation beyond internal elastic membrane, but <50% of
medial thickness; 3 = inflammation >50% of medial thickness.

adventitia of GCA patients. The other stains showed the same homoge-
neous and concentric distribution in the tunicae. Vimentin, a filament of
the cytoskeleton, is expressed by smooth muscle cells and fibroblasts and
is overexpressed in the adventitia during arteritis. Desmin, another
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Fig. 1. Photomicrographs of (a) a temporal artery with granulomatous arteritis (white arrow) and (b) a temporal artery of a control (hematoxylin and eosin staining).
Tunicae (external = adventitia, intermediate = media, internal = intima) are separated by dotted lines.

Table 5

Measurements of arterial layers.
Characteristics Arteritis (n = 29) Control (n = 36) p-Value
Tunica thickness (pm)
Adventitia 308 (286-331) 228 (175-279) 0.0002
Media 251 (184-319) 363 (312-414) <0.0001
Intima 481 (441-537) 318 (242-341) <0.0001

Tunica proportion

Adventitia 37% 33%
Media 23% 38%
Intima 40% 29%

intracellular filament, is not expressed by fibroblasts and was not
detected in the adventitia of patients with GCA. We assayed the fibro-
blast activation marker alpha-smooth muscle actin, a stress fiber
expressed by myofibroblasts. In patients with GCA, its expression was
elevated in the three layers, and especially in the adventitia. However,
there was no difference between the groups in the levels of smooth
muscle myosin heavy chain and P4H in the adventitia (Tables 6, 7).

Next, we co-labelled CD90 and the activation markers alpha-smooth
muscle actin and smooth muscle myosin heavy chain (Fig. 3). Adventi-
tial cells strongly co-expressed CD90 and these activation markers in
GCA. The CD90 distribution indicated invasion of the destroyed media
by CD90" cells (Fig. 4).

4. Discussion

This is to our knowledge the first study of the distribution of
adventitial fibroblasts and of markers of their activation in patients with
GCA. Although the different stages of inflammatory infiltrate formation
and its consequences during GCA have been investigated, there are few
data on adventitial fibroblasts.

4.1. Clinical considerations

We evaluated the distribution of fibroblasts in patients with histo-
logically confirmed GCA. The patients with GCA had clinicobiological
characteristics typical of sufferers of the condition as well as clinical
signs of GCA [31] and high biological inflammatory parameters.

Glucocorticoids, the reference treatment for GCA, were started shortly
before biopsy so as not to interfere with the TAB results. However,
Maleszewski showed that arterial inflammatory lesions in GCA persisted
for several months despite treatment with glucocorticoids [32].

The controls had a different disease; ie., a negative TAB without
signs of arteritis and a well-established differential diagnosis. Given the
absence of differences between the two groups in cardiovascular risk
factors, we can exclude confounding of the histopathologic analysis.

4.2. Histopathologic considerations

The temporal arteries of patients with GCA show active disease with
inflammatory cell infiltrates forming a granuloma in most cases, and the
onset of vascular remodeling with destruction of the media and severe
intimal hyperplasia. A variety of patterns of histological lesions have
been described in patients with GCA [8,16]. Here, we report only
transmural inflammation, the most frequently described manifestation.

Arterial inflammatory disease is characterized by destruction of the
media with a reduction in its thickness compared to controls. The
macrophages and giant cells recruited during GCA produce reactive
forms of oxygen that destroy vascular smooth muscle cells in the media
[1]. Also, there is an imbalance between the matrix metalloproteinases
(MMP)-2, MMP-9, and MMP-14 and the tissue metalloproteinase in-
hibitors TIMP-1 and TIMP2 [33-35]. We found severe intimal hyper-
plasia and increased adventitial thickness in all patients with GCA. This
intimal hyperplasia could result from the differentiation of vascular
smooth muscle cells from the media into myofibroblasts that migrate
into the intima [14,15]. Finally, the increase in adventitial thickness in
GCA has not been explained. In a model of vascular remodeling after
coronary arterial injury, adventitial fibroblasts proliferate and transform
into myofibroblasts, which could explain the adventitial hyperplasia
[19,20,36,37].

We analyzed several factors not previously explored in GCA—CD90,
vimentin, desmin, P4H, and smooth muscle myosin heavy chain. We
identified fibroblasts (CD90~, vimentin~, desmin ™) and three markers of
their activation (actin, myosin, and hydroxylase). The number of CD90™
and vimentin™ cells was increased in the adventitial layer of the patients
with GCA compared to the controls, suggesting that adventitial hyper-
plasia is related to proliferation of fibroblasts in this tunica. We also
noted an increase in the level of alpha smooth muscle actin, confirming
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Fig. 2. Photomicrograph of a temporal artery with granulomatous arteritis. White arrowheads show elongated cells in the adventitia corresponding to fibroblasts
(CD90 in red, DAPI in blue). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 6
Staining of arterial layers.

Median staining (range) p-Value

Arteritis (n = 29) Control (n = 36)
CD90
Adventitia 85 (63-109) 56 (45-72) <0.0001
Media 37 (25-54) 42 (30-77) 0.0513
Intima 59 (45-75) 51 (38-72) 0.0932
Vimentin
Adventitia 57 (46-82) 26 (23-40) <0.0001
Media 130 (99-150) 112 (81-117) 0.0358
Intima 92 (77-113) 58 (41-73) <0.0001
Desmin
Adventitia 0 0
Media 96 (81-111) 92 (82-112) 0.0011
Intima 0 0
Alpha-smooth-muscle actin
Adventitia 44 (31-67) 22 (18-25) <0.0001
Media 181 (167-197) 157 (117-171) 0.0015
Intima 111 (95-129) 75 (55-85) <0.0001
Smooth muscle myosin heavy chain
Adventitia 2.2(1.7-3.3) 1.4 (0.9-2.5) 0.5024
Media 3.6 (2.0-4.5) 6.6 (5.0-8.5) 0.0579
Intima 3.3(2.04.0) 2.9(2.34.5) 0.6825
Prolyl-4-hydroxylase
Adventitia 81 (66-98) 94 (70-107) 0.3757
Media 90 (55-121) 94 (76-116) 0.2333
Intima 75 (58-91) 40 (25-66) <0.0001

Table 7
Correlation between CD90 adventitia staining and clinical, bio-
logical and histological characteristics in the arteritis group.

Characteristics p-Values
Age 0.3328
Female 0.7355
Cardiovascular past event 0.3470
Diabetes mellitus 0.6291
Tabagism 0.6435
Headache 0.1226
Scalp tenderness 1.0000
Jaw claudication 0.1184
Temporal artery changing 0.0072
Ischemic optic neuropathy 0.4835
Aortitis 0.7259
Systemic symptoms 0.3816
Erythrocyte sedimentation rate 0.3050
C-reactive protein 0.2369
Hemoglobin 0.1477
Platelet 0.5036
Adventitia thickness 0.0223
CD90 intima 0.0548
Arterial thrombosis 0.5661
Granulomatous pattern 0.1062

Pearson correlation test for quantitative variables.
Mann Whitney for qualitative variables.

that the adventitial fibroblasts are at the active myofibroblast stage. This
is highlighted by the co-expression of CD90 and alpha smooth muscle
actin by most adventitial cells. Fibroblasts are usually undifferentiated
and quiescent. When subjected to stress or injury, they activate,
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Fig. 3. Photomicrographs of temporal arteries with giant cell arteritis (A1, B1) and controls (A2, B2). Two co-stainings were performed (yellow): CD90 (red) with
alpha smooth muscle actin (green) (A1, A2) and CD90 (red) with smooth muscle myosin heavy chain (green) (B1, B2). The square corresponds to the area shown at
higher magnification. Scale bar, 100 pm. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

proliferate, and secrete extracellular matrix components, cytokines,
chemokines, and adhesion molecules. Activated fibroblasts transform
into myofibroblasts and vascular smooth muscle cells [18,38-40]. Co-
expression of CD90 and alpha smooth muscle actin in the intima layer
suggests that some intima cells are derived from fibroblasts (Fig. 3A).
Indeed, at certain locations in the media, fibroblasts of the adventitia
formed invasion wells. The ability to migrate through the destroyed
media via platelet-derived growth factor-BB [41] or high expression of
NADPH oxidase-4 [42] has been suggested in other diseases.

There was no correlation between adventitial fibroblastic infiltration

(CD90 staining) and the clinicobiological parameters of GCA. Only
temporal artery alterations were correlated with CD90 expression.
Others have reported a correlation between clinicobiological features
and several histological abnormalities on TAB, such as a higher fre-
quency of cerebrovascular accident and permanent blindness when the
artery has a large and diffuse inflammatory cell infiltrate (ter Borg,
Cavazza). However, no study has demonstrated a link between fibro-
blastic infiltration and the clinical or biological abnormalities charac-
teristic of GCA [8,43,44].
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Fig. 4. Photomicrographs of a temporal artery with active giant cell arteritis (CD90 in red and actin in green; original magnifications, x200). White arrowheads
show adventitial CD90™ fibroblasts penetrating the destroyed media. (For interpretation of the references to color in this figure legend, the reader is referred to the

web version of this article.)
4.3. Study limitations

This study had several limitations. First, it was of a transverse design,
included a small number of patients, was descriptive, and was based on
immunohistochemistry. Further work is needed to understand the role
of adventitial fibroblasts in the pathophysiology of GCA. However, this
is the largest study of adventitial fibroblasts in GCA, although some of
the results did not reach statistical significance.

4.4. Conclusions and future directions

We showed that adventitial fibroblasts are involved in all layers of
the arteries of patients with GCA. These cells showed quiescent and
activated states, suggesting migration from the adventitia to the media
and intima. Further studies are needed to understand how these
adventitial fibroblasts contribute to the development of GCA.
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Travail complémentaire 1. (non publié)

Etude des capacités fonctionnelles des fibroblastes adventitiels.

Afin d’étudier les capacités fonctionnelles des fibroblastes adventitiels nous
avons isolé et mis en culture des adventices d’artéres temporales (Figure 20).

Ces fibroblastes exprimaient la SMMHC en analyse immunocytochimique et
western-blot de fagon plus importante pour les patients atteints d’ACG (Figure 21),
confirmant 'augmentation du pouvoir contractile décrit précédemment (Article 1). La
prolifération des fibroblastes adventitiels en culture était augmentée au cours de 'ACG
par rapport aux contréles sur test au BrdU. Par ailleurs, I'analyse du Ki67 sur
immunohistochimie montrait une augmentation mais non significative de la
prolifération au sein de I'adventice pour les patients atteints d’ACG. Les fibroblastes
adventitiels avaient également des propriétés migratoires augmentées en présence de
SVF ou de PDGF. En revanche il n’existait pas de différence entre le groupe ACG et
le groupe controles.

En condition normale, la paroi artérielle présente un faible taux de prolifération
notamment de cellules endothéliales et de CMLV. Soumis a une blessure ou a un
stress, les 3 couches présentent une augmentation des capacités prolifératives.
Plusieurs résultats suggerent que la prolifération et migration des CMLV de la média
favorisaient I'hyperplasie intimale dont les cellules expriment fortement des marqueurs
de CMLV. Néanmoins au cours de ces dernieres années, ce point de vue a été
fortement remis en question [307]. Les cellules résidentes de I'adventice sont en effet
capables de proliférer et de migrer dans l'intima et contribuer a I’hyperplasie intimale
apres un stress. Les fibroblastes adventitiels qui sont capables d’'une transformation
phénotypique en myofibroblastes seraient donc la principale source de I'hyperplasie
intimale. Cette théorie est appelée « outside-in », c’est-a-dire que l'initiation Iésionnelle
provient de I'extérieur (I'adventice) engendrant des conséquences a l'intérieur (I'intima)
[307].

Nos résultats suggerent qu’il existe un phénomeéne « outside-in » au cours de
I'ACG. Les fibroblastes adventitiels seraient donc impliqués au cours du remodelage
vasculaire notamment en s’activant en myofibroblastes, se dotant de capacité
proliférative et migratoire vers I'intima mais aussi sécrétoire de collagéne participant a

I'hyperplasie intimale.
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Le processus d’activation excessive des myofibroblastes et de leur sécrétion
accrue de collagéne engendrant une fibrose irréversible est rencontré dans d’autres
pathologies comme les cicatrices hypertrophiques, la sclérodermie, la maladie de
Dupuytren, les fibroses pulmonaires, hépatiques, rénales ou cardiaques. lls sont aussi
impliqués dans la progression cancéreuse en créant un micro-environnement
favorable aux cellules tumorales épithéliales [374]. A Tlorigine, le remodelage
vasculaire a été décrit dans I'athérosclérose. Dans les premiers stades de cette
pathologie, une dilatation compensatoire artérielle a lieu pour maintenir un deébit
constant malgré la présence de la plaque d’athérome. Cette adaptation dépend des
interactions dynamiques entre des facteurs de croissances, des substances
vasoactives et des stimuli hémodynamiques (cisaillement, étirement) pour engendrer
des modifications de la composition relative de la paroi du vaisseau, appelé
remodelage positif (phénoméne de Glagov). En cas de mauvais contréle pour auto-
limiter le remodelage, une réduction de la lumiere du vaisseau survient entrainant un
remodelage négatif ou constrictif contribuant a la pathogenése des principales
maladies cardiovasculaires [375]. Le remodelage positif est principalement lié a
I'activité des métalloprotéases présentes de part et d’autre des plaques d’athérome.
Ce phénomene induit une perte de collagéne et de CMLV engendrant une réduction
en épaisseur de la média et de I'adventice. L’activation des fibroblastes résidents en
myofibroblastes n’a pas été observée au cours du remodelage positif. Aprés ce
phénoméne « positif », survient un remodelage artériel négatif. Des lésions
coronariennes induites par ballonnet ont montré que le remodelage négatif était
principalement induit par une prolifération rapide de fibroblastes adventitiels et leur
passage a lI'état de myofibroblastes. Ce phénomeéne aboutit a la formation d’'une
adventice épaissie, riche en myofibroblastes et en fibres de collagéne comme observé
au cours de 'ACG [375].

Le fibroblaste adventitiel semble jouer un réle clé dans la physiopathologie du
remodelage vasculaire de 'ACG. Nos résultats suggerent que ce type cellulaire est

présent au sein dans la néo-intima de 'ACG.
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Figure 21. Etude de I'activité fonctionnelle des fibroblastes en culture primaire, issus d’adventices de
patients porteurs d’ACG et de contréles.

Abréviations : Densité optique (Optical density), moyenne d’intensité (Mean intensity), % de
recouvrement (% Relative area). *P<0.05, **P<0.01, ***P<0.001 (test de Student). La barre d’échelle

correspond a 100um.

P4H SMMHC

Controles ACG Controdles

Adventice
(Fibroblastes)

Media-Intima

(CMLV)
ACG Ctrl ACG Cirl
P4H (70KD) *= = SMMHC (227KD)
Actin (40KD) s Actin (40KD)

Comparaison de marqueurs d’activité, prolyl-4-hydroxylase (P4H) et myosine de chaine légere
musculaire lisse (SMMHC) en immunofluorescence directe et Western blot sur fibroblastes issus
d’adventice et de cellules de média-intima. Il existe une expression de la P4H et du SMMHC pour les
fibroblastes adventitiels avec marquage plus important concernant les ACG (n=2) par rapport aux
contrdles (Ctrl) (n=2).
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Etude de la prolifération des fibroblastes adventitiels par incorporation de la bromodésoxyuridine
(BRDU) sous différentes conditions, DMEM, enrichissement en sérum de veau foetal 10% (SVF),
facteur de croissance plaquette-dérivé a 40 ng/mL (PDGF) et par marquage histologique au Ki67. Il
existe une augmentation de la prolifération des Fa d’ACG (n=8) par rapport aux Ctrl (n=6) pour les 3
conditions. La prolifération est aussi augmentée sur test Ki67 mais seulement au sein de la média et

une tendance dans I'adventice pour les ACG (n=20) par rapport aux contrbles (n=18).
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mémes conditions décrites. Il n’existe pas de différence entre le groupe ACG (n=7) et contrdles (n=7).
Le SVF et le PDGF stimulent la migration des fibroblastes adventitiels a 24 heures par rapport au DMEM

dans le groupe ACG.
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Etude de I'envahissement des fibroblastes adventitiels par méthode de chambre d’invasion avec les
mémes conditions décrites. |l existe une augmentation de linvasion aprés stimulation au PDGF
concernant les 2 groupes par rapport au SVF. Le PDGF stimule plus les fibroblastes adventitiels du

groupe contréle (n=5) par rapport aux ACG (n=>5).
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Article 2.

Use of high-plex data provides novel insights into the temporal artery processes
of giant cell arteritis.

Simon Parreau, Elsa Molina, Stéphanie Dumonteil, Radjiv Goulabchand, Thomas
Naves, Melanie C Bois, Hussein Akil, Faraj Terro, Anne-Laure Fauchais, Eric Liozon,

Marie-Odile Jauberteau, Cornelia M Weyand, Kim-Heang Ly

Front Immunol. 2023 Sep 6:14:1237986

Les mécanismes sous-jacents de 'ACG sont principalement liés a une réponse
inflammatoire et un remodelage vasculaire. Aucun des médicaments anti-
inflammatoires actuellement utilisés ne limite efficacement I'évolution de la maladie. Il
a été démontré préecédemment que les Iésions histopathologiques impliquent les trois
couches de la paroi artérielle (adventice, média et intima). Notre hypothese est que
chaque couche de l'artére, y compris le tissu périvasculaire (4™ couche impliquée),
présente une signature transcriptomique unique qui pourrait définir et expliquer les
différents événements moléculaires au cours de 'ACG. L’objectif était de découvrir les
geénes codants clés pour définir de nouveaux biomarqueurs ou voies associés a 'ACG
en réalisant la premiere caractérisation par profilage spatial in situ des acteurs
moléculaires impliqués dans les artéres temporales de patients atteints d’ACG par

rapport aux artéres normales.

A partir de BAT fixées au formol et incluses en paraffine (ACG n =9 ; contrbles
n = 7), nous avons effectué une analyse du transcriptome entier en utilisant le
NanoString GeoMx Digital Spatial Profiler. Un total de 59 régions d’intérét (ROI)
individuelles ont été créées, dans chacune des 4 couches pour chaque artére. Les
échantillons ont été séquencés sur la plateforme lllumina NovaSeq 6000 puis
quantifiées numériquement et normalisées a l'aide du logiciel d’analyse de données
GeoMx DSP. Les genes exprimés de maniere différentielle (Differential Expressed
Gene, DEG) (fold change >2 ou <-2, p-ajustée < 0,01) ont été comparés pour chaque

couche, afin de construire un réseau spatial et pharmacogénomique dans 'ACG.

Parmi le transcriptome étudié (12 076 genes), 282, 227, 40 et 5 DEG ont éte
trouvés respectivement dans l'intima, la média, I'adventice et le tissu périvasculaire,
pour la plupart surexprimés (fold change >2). L’analyse d’enrichissement montrait que

les fonctions liées a l'inflammation/réponse immunitaire et le remodelage vasculaire
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étaient significativement limités aux couches internes (intima et media). Les fonctions
immunitaires concernaient la différenciation des macrophages, les activations des
lymphocytes T et B et du complément. En ce qui concerne les voies de remodelage
vasculaire, nous avons constaté une augmentation du processus métabolique du
collagéne, de la prolifération des fibroblastes, de I'angiogenése, de la prolifération des
cellules musculaires lisses et de l'ossification dans l'intima & la média. Notre analyse
du réseau pharmacogénomique a permis d’identifier les génes qui pourraient
potentiellement étre ciblés par les médicaments immunosuppresseurs/modulateurs

actuellement approuvés ou par de nouvelles immunothérapies.

Nos résultats fournissent la premiéere caractérisation par profilage spatial in situ
des acteurs moléculaires impliqués dans I'ACG, essentiel pour la découverte de
nouvelles cibles thérapeutiques potentielles pour traiter cette vascularite. La régulation
spatiale différentielle des génes impliqués dans le processus inflammatoire et le
remodelage vasculaire suggére une implication chronologique de chaque couche de

I'artere.
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Use of high-plex data
provides novel insights into
the temporal artery processes
of giant cell arteritis
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Limoges, Limoges, France, 'Stem Cell Genomics Core, Stem Cell Program, University of California,
San Diego, La Jolla, CA, United States, *Next Generation Sequencing Core, Salk Institute for Biological
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University of Montpellier, Nimes, France, ‘Division of Gastroenterology, Department of Medicine,
University of California, San Diego, San Diego, CA, United States, ®Division of Laboratory Medicine
and Pathology, Mayo Clinic, Rochester, MN, United States, °Cell Biology, Dupuytren University
Hospital, Limoges, France

Objective: To identify the key coding genes underlying the biomarkers and
pathways associated with giant cell arteritis (GCA), we performed an in situ spatial
profiling of molecules involved in the temporal arteries of GCA patients and
controls. Furthermore, we performed pharmacogenomic network analysis to
identify potential treatment targets.

Methods: Using human formalin-fixed paraffin-embedded temporal artery
biopsy samples (GCA, n = 9; controls, n = 7), we performed a whole
transcriptome analysis using the NanoString GeoMx Digital Spatial Profiler. In
total, 59 regions of interest were selected in the intima, media, adventitia, and
perivascular adipose tissue (PVAT). Differentially expressed genes (DEGs) (fold-
change > 2 or < -2, p-adjusted < 0.01) were compared across each layer to build
a spatial and pharmacogenomic network and to explore the pathophysiological
mechanisms of GCA.

Results: Most of the transcriptome {12,076 genes) was upregulated in GCA
arteries, compared to control arteries. Among the screened genes, 282, 227,
40, and 5 DEGs were identified in the intima, media, adventitia, and PVAT,
respectively. Genes involved in the immune process and vascular remodeling
were upregulated within GCA temporal arteries but differed across the arterial
layers. The immune-related functions and vascular remodeling were limited to
the intima and media.

01 frontiersin.org



Parreau et al.

10.3389/fimmu.2023.1237986

Conclusion: This study is the first to perform an in situ spatial profiling
characterization of the molecules involved in GCA. The pharmacogenomic
network analysis identified potential target genes for approved and
novel immunotherapies.

KEYWORDS

giant cell arteritis, vasculitis, transcriptomic analysis, temporal artery biopsy,

gene expression

Introduction

Giant cell arteritis (GCA), also called temporal arteritis or
Horton’s disease, is the most common systemic large-vessel
vasculitis; it primarily affects the aorta and its major branches in
individuals aged over the age of 50s (1). This inflammatory disease is
related to immune system aging (2) and a high risk of arterial
occlusion, which can lead to irreversible blindness, strokes, and
death (3, 4). Despite advances in understanding the underlying
disease mechanisms of GCA over the past three decades, the
treatment options are still limited. Furthermore, a high proportion
of patients relapse during treatment with corticosteroids,
methotrexate, or tocilizumab, which are the current recommended
treatments for this vasculitis (5-8). In almost half of the patients,
arterial inflammation persists even 1 year after corticosteroid
treatment (9).

The management of GCA is challenging owing to its
histopathological complexity, which occurs because it involves
three arterial layers, from outer to inner: adventitia, media, and
intima. Despite the potential significance of perivascular adipose
tissue (PVAT) in the development of GCA, its role has not been
thoroughly investigated (10). The disease process begins in the
outer layer of the vessel, the adventitia, where resident dendritic
cells are stimulated by an unknown trigger. This initiates an
inflammatory response that involves infiltration by lymphocytes,
macrophages, and giant cells, which damage the elastic tissue
through release of metalloproteases and reactive oxygen species.
As a result, vascular smooth muscle cells differentiate into
myofibroblasts, migrate, and eventually cause intimal hyperplasia,
leading to vessel obstruction (11).

Although the characterization of GCA through immunoprofiling
of arterial tissue sections is essential for understanding immune cell
interactions and evaluating the effects of immunosuppressive and
anti-inflammatory drugs, previous studies had some limitations such
as tissue heterogeneity or small sample sizes (12-15). Multiple studies
have analyzed the transcriptomic profile of the entire artery without
considering the anatomical characteristics of GCA lesions. As a result,
transcriptional events specific to a particular arterial layer may have
been missed when the entire artery was analyzed. Therefore, we used
NanoString GeoMx® Digital Spatial Profiler (DSP) technology to
explore the molecular events involved in inflammatory and vascular
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remodeling in each sub-layer of GCA (16). Thanks to this technology
that allows complex RNA profiling and quantification of the
transcripts in specific regions within a tissue, we were able to study
spatially the transcriptome of GCA and non-GCA areas of human
temporal arteries using formalin-fixed, paraffin-embedded tissues.
Whole tissue spatial transcriptomic analyses can better elucidate
functional mechanisms and gene pathways in pathological tissues
with complex organization, such as human temporal artery, which is
the main artery involved in patients with GCA.

The present study is the first to provide in situ spatial
transcriptomic analyses for the identification of layer-specific
genes and cellular functions related to GCA, potentially leading to
the identification of novel therapeutic targets. Here, we proposed a
model in which spatiotemporal transcriptomic analysis can be used
to identify previously unknown pathways and new drug targets for
GCA. Therefore, our results can be useful for drug development
strategies and may improve patient outcomes.

Patients and methods
Study design and participants

In this retrospective observational study, we recruited non-
consecutive patients referred to the internal medicine department of
the Limoges University Hospital Dupuytren, France, between
January 1, 2014, and December 31, 2018. The participants
underwent temporal artery biopsy (TAB) for suspected GCA,
which was diagnosed based on the 2022 ACR/EULAR criteria
(17) and histologically confirmed based on the presence of
panarteritis with an inflammatory infiltrate (e.g., macrophages
and lymphocytes) and fragmentation of the internal elastic
lamella, corresponding to the most common histological pattern
described by Hernandez-Rodriguez et al. (18, 19). This study
included patients who were treated with glucocorticoids for 1-10
days before TAB as this treatment does not affect the
histopathological findings of TAB (20, 21). Participants with a
negative TAB and a final diagnosis other than GCA were
considered controls. We recorded the age, sex, symptoms,
treatments, and outcomes of each participant at the time
of diagnosis.
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Tissue collection and preparation

Unilateral TABs were performed under local anesthesia by an
ophthalmologic surgeon using standard techniques (22). A 1-4-cm-
long specimen of the temporal artery was obtained for histological
analysis. The temporal artery specimens were analyzed using
standard protocols. The specimens were subjected to gross
evaluation and were cross sectioned serially. Tissues were fixed in
10% neutral buffered formalin for 24 h, followed by transfer to 70%
ethanol before paraffin embedding. For each patient and control,
the most representative segments were grouped into formalin-fixed
paraffin-embedded (FFPE) temporal artery blocks using the tissue
microarray method. Tissue microarrays were constructed from 2-

mm-diameter cores punched from each FFPE tissue block.

NanoString GeoMx Digital Spatial Profiler

The NanoString GeoMx DSP platform quantifies RNA
abundance by counting unique indexing oligonucleotides assigned
to each target of interest. Those oligonucleotides are covalently
attached to mRNA hybridization probes with an ultraviolet-
photocleavable linker (16). First, FFPE temporal artery blocks
from GCA and control patients were sectioned to a thickness of 5
um. The sections were mounted on an adhesive or positively
charged slides (cat# $21.2113.A; Bond Plus slides; Leica
Biosystems, Richmond, VA, USA) with a maximum of 24
individual tissues per slide at the San Diego Pathology
Department (San Diego, CA, USA). Some slides were stored at 4°
C, while others were deparaffinized and used for hematoxylin &
eosin (H&E) staining (San Diego Pathology Department) for
subsequent microscopy imaging (Keyence BZ-X800). A
cardiovascular pathologist (M.C.B.) and two GCA specialists (S.P.
and C.M.W.) reviewed all H&E-stained tissues. Overall, one GCA
patient was classified as healed and excluded from this study
because the artery exhibited no inflammatory infiltrate, and one
control sample was also excluded because it showed tertiary
lymphoid structure in the adventitia.

The freshly cut sections were stained with fluorescently labeled
imaging reagents and mRNA markers as described previously (16).
Briefly, sections were labeled with the cell markers, o:-smooth
muscle actin, CD3, and CD68, and the nuclear stain SYTO 13.
The NanoString commercial Human Whole Transcriptome Atlas
(GeoMx WTA) panel (18,000 protein-coding genes) was selected.
Four slides (two with GCA patients and two with controls) were
scanned on a GeoMx DSP instrument (NanoString Technologies
Inc., Seattle, WA, USA) and individual regions of interest (ROIs)
with a maximum diameter of 400 m were created within each of
the four arterial layers in GCA and controls.

In this study, we considered a sample as a control where no
inflammatory infiltrate was observed, and the 4 artery layers
(intima, media, adventitia, and PVAT) were distinguished on the
basis of H&E staining as well as internal elastic lamina between
intima and media; concentric smooth muscle cells in the media
unlike the adventitia, and, finally, the presence of adipocytes in the
PVAT unlike the adventitia. A representative portion of each layer
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was selected by two GCA specialists (S.P. and R.G.) and confirmed
by a pathologist (M.C.B.) (Supplemental Figure 1). Once each ROI
was compartmentalized, ultraviolet-cleaved indexing
oligonucleotides were collected into a 96-well plate. Libraries were
prepared according to the manufacturer’s instructions (protocol 01/
2019). The library quality and quantity were assessed using the
Bioanalyzer DNA High Sensitivity Analysis. Samples were
sequenced on the NovaSeq 6000 platform (Illumina, San Diego,
CA, USA) and reads were digitally quantified and normalized using
GeoMx DSP Data Analysis software (Merritt).

Data processing and analysis

Data obtained from the NanoString GeoMx DSP platform were
analyzed using a dedicated software (GeoMx Analysis Suite 2.3).
The quality control analysis showed that all ROIs had raw read
counts above 1 million and good alignment rate and sequencing
saturation. The local outliers were negative control probes and were
removed from the ROIs. ROIs with deduplicated probe counts Q3
(upper quartile) < 2 were excluded. Furthermore, ROIs were
removed if < 1% of their genes had read counts higher than the
limit of quantification (LOQ). LOQ was defined as geomean
(NegProbe) x geoSD(NegProbe)® for each ROIL Target filtering
was applied to retain gene targets with read counts above LOQ in at
least 10% of ROIs. Q3 normalization was applied on the filtered
ROIs and gene targets.

The raw data were deposited at the NCBI Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE237441) under the accession
number GSE237441.

Differential gene expression across groups was analyzed using
linear mixed effect models; differentially expressed genes (DEGs)
were defined as fold-change > 2 or < -2, and Benjamini-Hochberg-
adjusted p < 0.01. Analyses were conducted using R software
(version 3.2.2; R Foundation for Statistical Computing,
Vienna, Austria).

The upregulated and downregulated DEGs were analyzed using
DAVID Bioinformatics Resources software (version 2021; https://
david.nciferf.gov/) for functional annotations and gene set
enrichment analysis. DAVID was used to obtain statistically
enriched Gene Ontology (GO) terms for biological processes
(GOTERM_BP_FAT). GO terms with EASE score < 0.05 were
considered statistically enriched. Based on the known mechanisms
in GCA, pathways of interest, signaling cascades, and molecules
were selected from among the dysregulated GO terms. These
selections are presented as dot plots using ggplot2 package of R
software (version 3.2.2).

Dysregulated genes per layer with a fold-change > 2 or < -2
were organized according to the STRING network (https://string-
db.org/). The one or two main networks were represented for each
layer. Genes disconnected from the main network were removed.
An interaction score with the highest confidence (0.900) was used.
The interaction sources excluded text mining. Using networks
generated by the STRING network, a pharmacogenomic network
was constructed by targeting existing druggable genes (https://
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www.dgidb.org/). Drugs with Food and Drug Administration
(FDA) approval were selected.

Fluorescence immunohistochemistry

From block, 4-pm-thick slices were cut and dewaxed by
successive immersion in pure xylene (Sigma). Rehydration and
unmasking of antigens were carried out by sequentially immersion
into 100%, 90%, 80% and 70% ethanol baths (Sigma), phosphate-
buffered saline (PBS; Gibco), and citrate bufter (pH 7). Saturation of
nonspecific antigenic sites was achieved by incubation in PBS
containing 3% bovine serum albumin (BSA). The primary
antibodies were diluted in 3% BSA and incubated overnight at 4°
C. The antibodies used were as follows: anti-CD74 (1:50, mouse,
Abcam), anti-CD90 (1:50, rabbit, Abcam), anti-CD3 (dilution
recommended by the supplier, rabbit, Ventana). The sections
were subsequently incubated with a secondary antibody coupled
to Alexa Fluor 594 or 488 (Molecular Probes) for 60 min. After
washing with PBS, nuclear counterstaining was carried out with
4’,6-diamidino- 2-phenylindole (Sigma) and the sections were
mounted in an aqueous medium (Vectashield, Sigma). Images
were acquired with Leica microscope (DMi8, Leica).

Role of the funding source

The funders of the study had no role in study design, data
collection, analysis, or interpretation, or in writing the manuscript.

Ethics

The study protocol (87RI21_0065) was approved by the Ethics
Committee of the University Hospital of Limoges, France (23).
Temporal artery tissues were obtained from the biological collection
DC-2010-1079. All participants provided informed consent.

Results
Participant characteristics

The characteristics of GCA patients (n = 9) and controls (n = 7)
are presented in the Supplemental Table 1. Among the controls, the
final diagnoses were non-arteritic ischemic visual impairment (n =
4), peripheral seronegative polyarthritis (no argument for
polymyalgia rheumatica) (n = 2), and infection-related
encephalopathy (n = 1). Three controls had an inflammatory
syndrome related to an acute infection. Among the entire cohort,
one patient had diabetes (control), one had a previous
cardiovascular complication (control), and two patients were
active smokers (one control and one GCA). Corticoids were used
before TAB for 8/9 GCA patients (mean 4.3 days before TAB, mean
dose of 0.85 mg/kg/d) and 3/7 controls (mean 18.3 days before TAB,
mean dose of 0.7 mg/kg/day).
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All GCA patients had panarteritis involving the three arterial
layers with destruction of the internal lamella on histological
examination. The histological sections of the artery are presented
in Supplemental Figure 1. Then temporal arteries from the 16
participants were subjected to transcriptional analysis for each
arterial layer (intima, media, and adventitia) and the PVAT
following technical pipeline indicated in Figure 1. Because the
control arteries did not present CD3 and CD68 staining, layers
were selected under the control of a senior pathologist depending
on their macro characteristics. Four ROIs involving the media,
adventitia, and PVAT were excluded from analysis due to poor
quality, respectively. Altogether, we analyzed 59 ROIs, checked for
quality and correspondence to each layer, from 16 participants to
conduct our spatial transcriptomic study.

Temporal artery whole transcriptome
analysis exhibits different profiles
depending on layers in giant cell arteritis

As attempted, correlation analysis demonstrated that disease
status (GCA and control) only differentiated samples (Figure 2A).
Interestingly, Pearson correlation coefficient showed that GCA
transcriptome remains more homogeneous than in controls as
illustrated by increasing intensity of blue reflecting correlation
index tending toward 1.

A total of 12,076 genes were detected and 337 different genes
(2.8%) were dysregulated between GCA and control participants (fold-
change < -2 or > 2, p-adjusted < 0.01). Venn diagram presents unique
and common DEGs for the intima, media, and adventitia (Figure 2B).
The number of DEGs increased from external layer, adventitia with 40
genes, to media and intima with respectively 227 and 282 genes. In
total, 32 common DEGs were significantly identified among the three
layers (intima, media and adventitia), corresponding to the major
histocompatibility complex (CD74, B2M, HLA-DRBI, HLA-A, HLA-B,
HLA-C, and HLA-DRA), macrophages (CD68), immunoglobulins
(IGKC and IGHGI-4), apolipoprotein (APOCI), cathepsins (CTSB
and CTSZ), and tissue remodeling (ADAM1I5 COLIA2, COL3Al,
TMSB10, and ARHGDIB). The other common genes were NPIPBG,
PABPCI, and those associated with ribosomes (RPL23, RPL28, RPL31,
RPL37, RPS12, RPS28, RPS29, RPS3, and RPS4X). Patterns for the four
layers in each participant are shown in Figure 2C. Principal component
analysis (PCA) highlighted that only intima present a distribution
profile more homogeneous and reproducible than other GCA layers
and control samples.

Altogether, these results highlight that the intima is the layer
where the transcriptome is the most dysregulated depicting a gradient
of decreased DEG from the internal to the periphery of the artery.

Top differentially expressed genes across
layers in giant cell arteritis compared to
control temporal arteries

Overall, most DEGs were upregulated in ROIs from GCA
compared to controls. The top 20 upregulated and top 5
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Schematic summary of the protocol study. Tissue microarrays (TMA) are prepared from a cohort of human temporal artery biopsies. Freshly cut
sections of TMA are run through NanoString GeoMx DSP instrument. Synthetic DNA oligonucleotide barcodes are attached to in situ probes for
MRNA detection via a UV photocleavable linker. A single tissue section is labeled with a cocktail of these probes and fluorescently labeled
morphology markers. Regions of interest (ROI) for molecular profiling are selected based on the fluorescent images, and UV light illuminates each
region independently, which releases the barcodes from that region for subsequent counting using Next-Generation sequencing.

downregulated genes per arterial layer in GCA patients compared to
the controls are shown in Figure 3A. The highest numbers of DEGs
were observed in the media and intima.

Figure 3B presents the top 30 dysregulated genes across arterial
layers between both studied groups. In the media and intima,
CD74 was the most upregulated gene between GCA and
control specimens. Healthy temporal arteries do not exhibit
CD74 staining on immunofluorescence analysis (Supplemental
Figure 2). In contrary, GCA arteries has CD74+ cells, particularly
within the intima, close to the media border, as well as in the media
and the adventitia. Also, cells expressing CD74 are also CD90+;
however, they do not express CD3, marker for lymphocytes. Finally,
migration inhibitory factor (MIF), a receptor for CD74, was
significantly overexpressed in the intima of GCA compared to
controls (p-adj = 0.0031).

Altogether, these results unveiled that most dysregulated genes
in the three arterial layers belong to the antigen presentation gene
family and vascular remodeling functions.

Immune related functions and vascular
remodeling pathways are predominant in
media and intima

We classified the top 30 DEGs by arterial layers according to
their main functions (Figure 4A). Most top DEGs per layer were
associated with immune or remodeling functions. Immune
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function-related genes were associated with macrophages (CD68
and cathepsins), major histocompatibility complex, complement
system, and immunoglobulins. Remodeling-related genes were
mainly associated with metalloproteases, reactive oxygen species,
cytoskeleton organization, and collagen.

Using the DAVID tool, remodeling-related pathways of interest
with gene dysregulation were selected (Figure 4B). PVAT was
excluded due to the low number of dysregulated genes between
GCA and control specimens. Remodeling pathways associated with
GCA primarily involve the intima and media and include the
reactive oxygen species and collagen metabolic process, fibroblast
proliferation, muscle cell differentiation, ossification, and
angiogenesis. The dysregulated genes for each signaling pathway
are detailed in Supplemental Figure 3.

Altogether these results suggest that activated immune cells are
actively and mainly present in the intima and the media layers.
Likewise, vascular remodeling process following a gradient from the
outside to inside part of the vessel.

Meta-analysis studies similar expression
profiles among genes of interest across
arterial layers

The DEGs among the four layers were compared (Figure 5A).

The meta-analysis identified 412 upregulated genes and 101
downregulated genes. Genes whose expression profiles were
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similar to CD74, the top DEG, are shown in Figure 5B. These genes
were mainly involved in antigen presentation, including the major
histocompatibility complex (B2M, HLA-B, HLA-DRA, and HLA-
DRBI), cathepsin (CTSB), ferritin (FTHI), immunoglobulin
(IGHG2), and lysozyme (LYZ).

As macrophages are the key immune cells in GCA, we
presented the genes with a similar expression profile within the
four layers like CD68, a marker for macrophages (Figure 5C). The
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Temporal Artery Whole Transcriptome Analysis across layers. (A} Hierarchical clustering according to the correlation between the 59 ROIs studied
with identification of status {Giant Cell Arteritis or Control), gender {Male or Female) and layers (Intima, Media, Adventitia, Perivascular adipose tissue).
(B) A total of 337 differentially expressed genes (DEGs) were identified for the intima, media, and/or adventitia of GCA compared with controls (fold
change < -2 or > 2, adjusted p-value < 0.01). Some genes are only dysregulated in one layer and others are shared by two or three arterial layers.

(C) Hierarchical clustering of patients by DEGs and principal component analysis on gene expression profiles (12,076 genes in total) from temporal
artery biopsy samples in both patient groups (Giant Cell Arteritis and control temporal arteries) for each different layer. GCA, giant cell arteritis; F,
female; M, male; PVAT, perivascular adipose tissue; DEGs, differential expressed genes; PC, principal component.
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DEGs included those related to cytokines (TNF), chemokines
(CCL5, CXCL9, and CXCR4), YKL40 (CHI3LI), metalloproteases
(MMP2 and MMP9) secreted by macrophages, membrane receptors
(CD63 and CD206), and iron metabolism-related molecules (FTH1
and SOD2). Similarly, we evaluated vascular remodeling during
GCA based on the two mains associated DEGs: MMP2 (Figure 5D)
and collagen COL3A I (Figure 5E). We identified the top genes with
the same expression profile across the layers.
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Potential novel drug-targeted pathways for
GCA treatment

Transcriptomic profiling is an efficient and essential tool for
drug target discovery. Several studies have combined gene
expression profiling with systematic approaches for drug re-
repurposing or biomarker discovery (24, 25). Among strategies
for novel drug target identification, the network-based framework
uses curated biological network topology to investigate the
association across genes, diseases, and drugs (26). We constructed
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a pharmacogenomic network by integrating DEGs from each artery
layer, a high-confidence protein-protein interaction network, and
drug-gene interactions. Then, the top dysregulated genes are
presented as a STRING analysis to highlight their relationships.
The significantly connected genes are shown in Figure 6. Networks
show the strong relationships between several genes. Two mains
separate networks exist for each layer corresponding to global
immune function (yellow) and vascular remodeling (blue). Key
genes are present at nodes of those interactions and connected to

other genes.
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FIGURE 4

Approved therapies targeting these genes are presented, of
which have not been evaluated in relation to GCA previously.
The spatial approach highlights therapies targeting top DEGs
common to the intima and the media (red). Therapies
targeting a gene only present in one network layer are also
represented (black).

Discussion

In the present study, we performed a spatial transcriptome-wide
expression analysis to identify key genes and biomolecular
processes involved in temporal arteritis. By comparing gene
expression patterns within the different layers of the temporal
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arteries among GCA and non-GCA patients, we saw a significant
upregulation - rather than down-regulation - of genes in all arterial
layers from GCA in comparison to controls. This could suggest
some insufficient regulatory mechanisms occurring during GCA,
and overriding of regulatory functions. Intima and media layers
were particularly affected by gene expression dysregulation in GCA
in comparison to the other layers, as well as compared to controls.
Differences between gene expressions were less obvious in the
adventitia, which may be due to the low number of inflammatory
cells in the adventitia from the two TABs of GCA patients (GCA#4
and GCA#5). Furthermore, the initial mechanism of GCA involves
adventitial damage and stimulation of resident dendritic cells via
toll-like receptors by an unknown stimulus (27). As TABs are often
performed at an advanced stage of GCA when vascular remodeling
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has already occurred, the adventitia may be less affected by
dysregulation than the media and intima at this stage. The PVAT
did not show major transcriptomic differences between the groups
which might be due to the low number of cells present within the
ROIs compared to the other layers. Although the perivascular layer
has been poorly studied in GCA, it may be involved in the
inflammation of the adjacent artery like it has been shown in
other vascular diseases (28, 29). A previous study has suggested
the involvement of the periadventitial tissue in a subgroup of GCA
(30), however, in our study, all the GCA patients did not exhibit the
histological pattern they described.
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CD74 was the most dysregulated gene across layers in GCA.
This gene encodes a cell transmembrane receptor of the
macrophage migration inhibitory factor (31), which is expressed
on antigen presenting cells (dendritic cells, macrophages, and B
lymphocytes) and non-immune cells (epithelial and endothelial
cells). CD74 is known to be involved in apoptosis, immune
response, and cell migration. Notably, CD74 plays a role in tissue
repair and wound healing. For instance, CD74 deficiency protects
against glomerulonephritis in lupus (32). Interestingly, CD74 is a
ligand for the macrophage migration inhibitory factor (MIF), which
is over-expressed in the serum of patients with GCA (33).
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In the present study, most genes with the same pattern as CD74
expression across different layers were involved in the immune
response and belonged to the major histocompatibility complex
classes I (B2M, HLA-A, and HLA-B) and I (HLA-DRA and HLA-
DRBI) (34).

Next, we focused on macrophages, as they are the main immune
cells involved in GCA. Macrophages can form granulomas and fuse
together to produce giant cells. Lymphocytes recruit and activate
macrophages in arteries through secretion of cytokines and growth
factors (IL-6, IL-17, TNF-¢, IFN-y, and GM-CSF). Two main
populations of CD68+ macrophages have been identified in GCA:
adventitial macrophages, which are involved in TGE-B1, IL-6, and
IL-1P secretion, and intimal and medial macrophages, which are
involved in reactive oxygen species, nitric oxide, and

metalloproteases secretion (13). They can also produce PDGF and
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VEGE. Under the combined action of MMP, PDGF, and VEGEF, the
internal elastic lamella of the media is destroyed, and vascular
remodeling occurs. In the present study, the main DEGs with the
same expression pattern as CD68 were related to antigen
presentation. The FTHI and SOD2 genes, related to Ml
macrophage polarization, exhibit the same expression pattern as
CD68 among the arterial layers, as compared to CD163, CD206, and
CHI3LI, which are linked to M2 macrophages (35). Previous
studies have demonstrated heterogeneity among CD68
macrophages in GCA temporal arteries (36, 37). Interestingly, the
expression profiles of CTSB and TMSBI0 are similar to the one of
CD68, which is related to the promotion of M2 macrophages (38,
39). On the other hand, FTH! encodes the major intracellular iron
storage protein (ferritin heavy chain 1) and is expressed abundantly

by M1 macrophages (35). We note that lymphocytic activation was
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less marked than that of macrophages. As most of the GCA patients
in our study had glucocorticoids before TAB, the Th17 population
was probably reduced, which could explain a small lymphocyte
activation as demonstrated by Deng et al. (40).

Vascular remodeling plays a key role in GCA. Intimal
hyperplasia is the main cause of arterial occlusion and leads to
often-irreversible ischemic complications, which depend on
vascular muscle cell differentiation and fibroblast proliferation, as
described previously (24). No significant differences were observed
between GCA patients and controls in terms of the expressions of
IL-1 and IL-6 genes, although these cytokines are produced in the
temporal arteries (19). These findings suggest that vascular
remodeling has already started when TAB was performed. In this
study, dysregulated remodeling is mainly correlated with the intima
and media layers. The metalloproteinase genes MMP2 and MMP9
were overexpressed, which was also shown in previous studies (41).
The release of reactive oxygen species by macrophages leads to lipid
peroxidation of the membrane phospholipids of vascular smooth
muscle cells, resulting in their combination with MMP and
apoptosis (42). Furthermore, PDGF secreted by macrophages and
giant cells participate in intimal hyperplasia (43). Neoangiogenesis
comes from the action of VEGF secreted by macrophages. Our
study demonstrated that angiogenesis occurs in the intima and
media as previously published (43). Interestingly, ossification and
calcification have never been thoroughly studied in GCA. Here, we
demonstrated that these processes are present within the intima and
the media, and are likely to play a role in the pathophysiology of
GCA (44). Moreover, ossification cluster data are consistent with
the overexpression of COL1A1, MMP9 and COL2A1, which have
been previously found in GCA (45-47).

Finally, we built a pharmacogenomic network based on DEGs
and Food and Drug Administration (FDA) approved drugs
targeting these genes. By providing a system-wide view of
mechanistic gene interactions, our spatial pharmacogenomic
network can facilitate the design of novel pharmacologic
intervention strategies. Our results suggest that macrophages are
a promising target in GCA. In particular, granulocyte-macrophage
colony-stimulating factor can be blocked by mavrilimumab, a
growth factor for macrophage maturation (48, 49). Our
pharmacogenomic network shows the potential benefit of
blocking several macrophage-related genes using MMP2/MMP9-
and CXCR4-targeting drugs. CD74 being, in this study, the top DEG
common to the three arterial layers in GCA, this gene could be
another potential drug target to consider. Interestingly, the anti-
CD74 drug milatuzumab has been evaluated in hematological
diseases with promising results so far (50).

The present study has several strengths. First, we used an
innovative technique for human artery spatial analysis. Second, this
is the first whole-transcriptome analysis of TABs in GCA using the
NanoString GeoMx DSP. Third, we identified a large number of
DEGs, even after multiple hypothesis correction, indicating that,
despite the limited number of patients studied here, the gene
expression differences between GCA and control temporal arteries
are robust and reliable (fold-change < -2 or > 2 with p-adjusted value
< 0.01). There were a few limitations to this study. First, the study had
a relatively small sample size (9 GCA patients and 7 controls)
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compared to what it is commonly conducted in GCA research.
Also, all GCA patients exhibited panarteritis but no other
histological patterns were observed. Because of the sample size,
clinical characteristics of patients (large-vessel vasculitis, cranial
disease, relapse, or remission) could not be significantly analyzed.
Some controls had an inflammatory background (2 peripheral
seronegative arthritis and 1 infection related encephalopathy), but
these 3 controls had a negative TAB with no inflammatory infiltrate.
Finally, our study used FFPE samples from TAB specimens but did
not analyze cells within circulation.

In conclusion, we uncovered the transcriptomic signatures of
GCA arteries on a regional scale spatially according to the arterial
layers for the first time using the GeoMx DSP. This novel technique
allows to better understand GCA and identify new therapeutic
targets. For that, we used a pharmacogenomic network-based
approach to highlight the targeted genes and therapeutics for a
potential multimodal treatment of GCA. We hope our findings will
be useful for further whole-tissue and single-cell multiomics
profiling studies investigating the biomolecular pathways,
networks, and biomarkers in GCA.
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arteries. (A): In healthy artery, cells do not express CD74. (B): In GCA arteries,
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the media. CD3+ cells do not express CD74. GCA, giant cell arteritis, A,
adventitia, M, media, NI, necintima
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Supplementary Figure 1. Sections of arteries with selected region of interest (intima,
media, adventitia, perivascular adipose tissue) from each study participant: left
hematoxylin eosin staining; right CD68 (yellow) CD4 (red) alpha-smooth muscle actin
(green) SYTO 13 (blue) staining. GCA, giant cell arteritis; A, adventitia; M, media; |,
intima; PVAT, perivascular adipose tissue.
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Supplementary Figure 2. Immunofluorescence analysis by microscopy of healthy
and GCA temporal arteries. (A): In healthy artery, cells do not express CD74. (B): In
GCA arteries, CD90+ cells express CD74, particularly in the outer part of the neointima
near the media. CD3+ cells do not express CD74. GCA, giant cell arteritis, A,

adventitia, M, media, NI, neointima.
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Supplementary Figure 3. Dysregulated genes associated with remodeling pathways
across layers in Giant Cell Arteritis compared to control temporal arteries. GCA, giant

cell arteritis.

saumizp0szEe . . M“ R | MI .v L .VI

NOG-_ 18401 dWAL stz

........ s o o ¢ i =, H493 i
= R e pe - 200S [l -—
\\w ot - e o LYE102
4 o (W . ogldl &
\.x/ ;= OE .. IXdD —
M- z8911 m f".m_wmm ps | .M CYXNY
S =R . -r. I Ixayd
= ol
9v001S
e e R Y
oo @B TN N Vau j7Xa}e]
sisauabolbuy uonelsyljold ysejqoiqi
Pemg- : o : P emg-
o o R A A z4 B
gl n ' ' dill] Zv1102 N J
E ; _‘%Mgwm J m ' s> [ €182
\zmzm i 291100 i m VL1100
N , ! we100 R c¢diAlN ;
P SLAvVay
SN e 6dINI
o I 4a1s9
e | ss1o |
84830 e
uoneolIssQO ssao0.d oljogejaw uabe|on

sBumopo 0o

exqo \\\Luz i m” Em Nl

...........,“.m.m.d.u..:.....E.
(Eu% Eﬁ& IH_ONM_ .- - - U
mmu./—/, ./.m/aua YaAD
BOYAL r d80dAL
| IXQxd
waos” 9 ZIYND |
L4ON
¥.0310
LovY
exdo W

sl
LE

(pecigubor

GdOV
¢aos
2891l

LXdO

$s9004d J1j0ge}1BaW SOY
jojuod |
voo
aseasiq CIP9IN

128



abueuIPOIZB0l
3

]

w94

_sx0a, . o[ ~-94839

1
Eum/zwzm/@,;

W00 /Ffuﬂuu k

o’ \ Vzh AL
BN

/
BHNGD

vBuP 2061

ALY, 1198447 ,610X0)

1o18

TOHMS ‘/XQ.E

WO 2008

IXd9—== \nni L1

LX8A

o]

T——NdNENH

aa

oa

uonenuaIayIp |82 8j9sSn\

(g o

pedion tor-

* lorchoyor

e
sLvay |
alyis

sisauabolbuy
Premg-

YOIV
§xaa - L
Jelyie]
NdNHENH
Jizelaiore]
gd4830
PINdL
ONL
[Alee] -
345 (eze]
Gl8dy
HOd
NOYs
Ldds
ELLEDS]
EL

- ="

uoneolIssO
Cemg-

aBueygpiosol
z

[ z

" ...@.h.z_m\/.&.n_mw...:..
/ 1y 4HOW

WEI00s Wl

NQOm\/ ovaols
Asaw ZvxNy

ﬂ cm_m_H
LHLd

LY

v2a0 :

sbueyopioizbol
z

::::r«mm_ww:i. (A

WA :

BN
~<joo\.\uo/ i
/ siwvay

SsS10

8s1o

P em G
, ovools | ]
Nl | |
1XQ¥d
oeldl m
. IXdD

zdos
i INd |
H ¥E100
£ TUXNY
4N — |
9LdIS 1 ]
H1d

uonesajijoid 1se|qo.qi4

peag-
gs1o
SS10
6dININ
SLAvay
WIA
€180
. 2¥L102
lvi100 ||

(Tpec)o1 Bor-

ssa00.d oljogejow usbe|j0)

sbueyopR4Zio|
z o z

viliag

ZIVNS

LXa¥d

Bl v
V40N ¥V ./

za0s~* \NdEONAL  EOHd

VAL

jonuod
voo
aseasig

gwmg-

€9ud |} I

vEAD | -
LXadd
: Uv140
1XdD
140N
zaoll |
zaos
dEOYAL
. ZIVND

+11aa -
ssa20.4d J1j0gelew SOY

(lped)g)Bor-

ewnu|

129



Travail complémentaire 2. (non publié)

Etude du retentissement de I’hyperplasie intimale sur les caractéristiques,

cliniques, biologiques, évolutives de patients atteints d’ACG.

A partir de notre cohorte de patients porteurs d’ACG, diagnostiqués dans le
service de Médecine interne du CHU de Limoges, une relecture histologique détaillée
a été effectuée par Sébastien Decourt, interne du service d’anatomopathologique, en
mesurant le pourcentage d’occlusion vasculaire afin d’évaluer les conséquences de la
sévérité de I'hyperplasie intimale. Par ailleurs, le degré d’intensité de Tlinfiltrat
inflammatoire au sein de la paroi artérielle a été mesuré. Une relecture a été réalisée

pour 423 patients.

Nous avons comparé les patients avec une occlusion inférieure ou supérieure
a 50% (Tableau 10). Les patients avec occlusion supérieure a 50% étaient
significativement plus agés, avaient un délai entre le début des symptbmes et le
diagnostic d’ACG plus long, moins fréquemment une PPR associée. lls avaient plus
souvent une anomalie palpatoire de l'artéere temporale, de signes ORL, de
complications ischémiques visuelles notamment de NOIA. Egalement des taux de

plaquettes et une VS plus élevés, contrairement au fibrinogene et CRP.

Il existe une corrélation entre le degré d’occlusion et l'intensité globale de
linfiltrat inflammatoire c6té en quatre degrés (Figure 22). La comparaison du degré
d’occlusion avec les valeurs continues suivantes montrait une forte corrélation : I'age,
le nombres de signes ORL, le taux de plaquettes, l'intensité de linfiltrat en globale

mais également individuellement au niveau de I'adventice, la média ou l'intima.

Plusieurs études se sont intéressées au lien entre le degré d’hyperplasie de
I'intima et les caractéristiques cliniques de 'ACG avec des résultats contradictoires. A
partir de 30 patients, Makkuni et al ont mis en évidence un lien entre le degré
d’hyperplasie intimale et le risque de complications visuelles [376]. Ces résultats ont
eté confirmés en analyse univariée comparant 29 patients avec complications visuelles
et 362 patients sans [377]. En analyse multivariée, seule la présence de cellules
géantes restait associée a la perte visuelle. Un travail plus récent vient infirmer la
corrélation entre hyperplasie intimale et risque visuel [378]. Il existerait une corrélation
entre I'hyperplasie intimale et le signe du Halo de l'artére temporale a I'’échographie

doppler, plutdt que la présence d’inflammation transmurale [379].
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<50% >50% p-value
Patients (n) 216 207
Démographie et comorbidités
Age (années) 74.0 (7.6) 76.1(7.8) 0.0047
Poids (kg) 64.8 (13.0) 62.4 (12.0) 0.0756
Sexe masculin 79 (36.6) 67 (32.4) 0.4194
Hypertension artérielle 98 (45.4) 100 (48.5) 0.5786
Dyslipidemie 23 (10.6) 27 (13.1) 0.5284
Diabete avec TRT 33(15.3) 19 (9.2) 0.0813
Critéres de classification de I'ACG
Critéeres ACR 1990 3.7(0.9) 4.2(0.9) <0.0001
Critéres ACR/EULAR 2022 8.0 (2.6) 8.9 (2.9) 0.0006
Forme de I'ACG
Delai début des symptémes - diagnostic de I'ACG 45.0 [21.0, 90.0] 55.0[30.0, 95.0] 0.0395
Forme aortitique 47 (21.8) 58 (28.2) 0.1596
Forme aortitique pure 18 (8.3) 16 (7.7) 0.9605
Forme cranial pure 165 (76.4) 147 (71.0) 0.2520
Forme cranial mixte 194 (89.8) 194 (93.7) 0.2003
Clinique
Fievre 89 (41.6) 66 (32.4) 0.0639
Asthénie 140 (67.0) 136 (66.7) 1.0000
Perte de poids >5% 91 (42.7) 67 (33.5) 0.0678
Pseudopolyarthrite rhizomélique 76 (35.2) 48 (23.2) 0.0092
Palpation de l'artére temporale anormale 97 (45.1) 157 (76.2) <0.0001
Induration 64 (41.6) 95 (61.7) 0.0006
Douleur a palpation 40 (26.0) 35(22.7) 0.5954
Absence Battement 58 (37.7) 100 (64.9) <0.0001
Céphalées récente 180 (83.3) 161 (77.8) 0.1862
Hyperesthésie du cuir chevelu 104 (48.8) 100 (48.5) 1.0000
Présence de signes ORL 131 (60.6) 156 (75.4) 0.0017
Nombres de signes ORL 1.6(1.9) 2.2 (2.0) 0.0001
Claudication de la méachoire 50 (24.5) 80 (41.5) 0.0005
Douleur maxillaire 60 (29.4) 76 (39.4) 0.0471
Douleur pharyngée 36 (17.6) 51 (26.4) 0.0464
Dysphagie 20(9.8) 35(18.1) 0.0241
Toux 38 (18.6) 56 (29.0) 0.0206
Complication ischémique visuelle 26 (12.0) 55 (26.6) 0.0002
Diplopie 10 (5.1) 22 (11.9) 0.0286
Amaurose 25 (13.3) 50 (27.9) 0.0008
Neuropathie optique ischémique antérieure 17 (9.1) 37 (20.8) 0.0029
Complication ischémique neurologique 7 (3.4) 12 (5.9) 0.3255
Atteinte vasculaire peripherique 12 (5.7) 9(4.7) 0.8113
Aortite au diagnostic 25 (11.6) 34 (16.4) 0.1939
Aortite en rechute 10 (5.1) 13(7.0) 0.5750
Complication aortique 7(3.3) 11 (5.3) 0.4323
Patients (n) 216 207
Biologie
Leucocytes 9303.9 (2878.4) 9329.2 (3567.4) 0.2329
Plaquettes 411.0 (153.2) 454.7 (154.3) 0.0009
Vitesse de sédimentation 80.9 (27.5) 86.8 (27.4) 0.0361
Fibrinogéne 7.1(1.7) 7.2(1.5) 0.8797
CRP 97.4 (67.5) 93.9 (63.0) 0.8400
Traitement
Dose initiale de corticoides (mg/kg/jour) 0.8 (0.2) 0.8(0.1) 0.0094
Bolus initiaux de méthylprednisolone 46 (21.3) 66 (31.9) 0.0184
Traitement d'épargne dans les 30 jours 14 (6.5) 24 (11.7) 0.0922
Dose de corticoides au 3¢éme mois (mg/jour) 17.9 (5.5) 17.9 (5.8) 0.6872
Dose de corticoides au 6éme mois (mg/jour) 12.2 (4.7) 11.9 (4.6) 0.3184
Dose de corticoides au 12éme mois (mg/jour) 7.2 (4.5) 6.8 (4.2) 0.3665
Initiation d'une épargne secondairement 19 (17.0) 27 (18.9) 0.8173
Délai de l'initiation de I'épargne (jours) 420.0 [210.0, 720.0] 253.5[180.0, 595.0] 0.2812
Evolution
Rechute ou récidive 128 (60.7) 120 (59.7) 0.9214
Durée de suivi (mois) 55.0 [28.0, 86.0] 45.0 [24.0, 76.5] 0.0699
Nombres de consultations ou d'hospitalisation 12.9(7.7) 12.8 (8.0) 0.7105
Déces pendant traitement 28 (13.0) 29 (14.0) 0.8629
Complications liées au traitement 132 (61.7) 122 (59.8) 0.7696

131



Occlusion intimale

<50% >50% p-value

Patients (n) 216 207
Histologie
Biopsie d'artére temporale positive 95 (44.0) 198 (95.7) <0.0001
Biopsie d'artére temporale réalisée sous corticoides 84 (67.7) 100 (68.0) 1.0000
Taille de la biopsie d'artére temporale (mm) 23.0 (10.9) 22.3(9.4) 0.8816
ACG finale avec artérite temporale active 129 (59.7) 205 (99.0) <0.0001
Intima inflammatoire 102 (47.2) 202 (97.6) <0.0001
Média inflammatoire 108 (50.0) 204 (98.6) <0.0001
Adventice inflammatoire 121 (56.0) 203 (98.1) <0.0001
Panartérite (3 couches inflammatoire) 94 (43.5) 200 (96.6) <0.0001
1 couche atteinte 21(9.7) 1(0.5) <0.0001
2 couches atteintes 14 (6.5) 4(1.9) 0.0281
Atteinte des petits vaisseaux 36 (16.7) 117 (56.5) <0.0001
Atteinte de la periadventice 94 (43.5) 185 (89.4) <0.0001
ACG cicatricielle seule sans inflammation 15 (6.9) 0(0.0) <0.0001
Atteinte segmentaire 77 (35.6) 30(14.5) <0.0001
Atteinte sectorielle 67 (31.0) 39 (18.9) 0.0060
Intensité de l'infiltrat inflammatoire globale <0.0001

0 89 (41.2) 3(1.4)

1 47 (21.8) 12 (5.8)

2 66 (30.6) 88 (42.5)

3 14 (6.5) 104 (50.2)
Granulome 36 (16.7) 107 (51.7) <0.0001
Cellules géantes 45 (20.8) 163 (78.7) <0.0001
Nécrose fibrinoide 21(9.8) 61 (29.5) <0.0001
Destruction de la média 75 (34.7) 164 (79.6) <0.0001
Calcification de la limitante élastique interne 54 (25.0) 77 (37.2) 0.0091
Destruction de la limitante élastique interne 91 (42.1) 194 (94.2) <0.0001
Médiacalcose <0.0001

1 115 (68.9) 10 (16.4)

2 8(4.8) 1(1.6)

3 44 (26.3) 50 (82.0)

Tableau 99. Comparaison de patients atteints d’ACG selon le degré d’hyperplasie intimale.
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Figure 22. Comparaison au sein de BAT de patients porteurs d’ACG entre le degré d’occlusion
vasculaire et l'intensité de Il'infiltrat inflammatoire.

Le degré d’occlusion vasculaire était défini selon le rapport entre la surface de I'hyperplasie intimale et
celle de la lumiere vasculaire. L’intensité de linfilirat inflammatoire était gradée sur une échelle de 0 a
3 apprécié par le nombre de cellules inflammatoires présent dans les 3 couches artérielles.
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Discussion générale

L’ensemble de ces travaux s’est attaché a étudier le remodelage vasculaire au
cours de 'ACG. L'hyperplasie intimale est la principale cause d'occlusion artérielle et
entraine des complications ischémiques souvent irréversibles, qui dépendent de la
différenciation des cellules musculaires lisses vasculaires et de la prolifération des
fibroblastes. Il existe cependant peu de données dans la littérature concernant ce
remodelage vasculaire et notamment sur le réle potentiel des fibroblastes artériels.

Dans la premiére partie, nous avons évalué la répartition des fibroblastes au
niveau des artéres temporales de patients ainsi que certains de leurs marqueurs
d’activation par immunohistochimie. Une étude in vitro a partir de fibroblastes
adventitiels a également été réalisée. Nous avons ensuite effectué une analyse
transcriptomique correspondant aux différentes couches artérielles. Enfin une étude
de corrélation entre le degré d’hyperplasie intimale et les caractéristiques clinico-

biologiques des patients a été réalisée.

Nous avons tout d’abord constaté une augmentation de ['épaisseur de
'adventice dans I'ACG. Ce phénomene pourrait étre lié a une prolifération
fibroblastique. Dans des modeles de remodelage vasculaire apres lésion artérielle
provoquée, les fibroblastes adventitiels proliferent et se transforment en

myofibroblastes, ce qui pourrait expliquer I'hyperplasie adventitielle [370-372,375].

Nous avons analysé plusieurs facteurs qui n'avaient pas été explorés
auparavant dans I'ACG : le CD90, la vimentine, la desmine, la prolyl 4 hydroxylase et
la chaine lourde de la myosine. Nous avons identifié une population de fibroblastes
CD90*, vimentine*, desmine". Cette population était augmentée dans la couche
adventitielle des patients atteints d’ACG par rapport aux témoins, suggérant que
I'nyperplasie adventitielle est liée a la prolifération des fibroblastes dans cette tunique.
Nous avons également noté une augmentation du taux d'aSMA, confirmant que les
fibroblastes adventitiels sont au stade de myofibroblastes actifs. Ceci est mis en
evidence par la co-expression du CD90 et de 'aSMA par la plupart des cellules

adventitielles.
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La présence de ces fibroblastes adventitiels activés, suggere par ailleurs
I'hypothése d’'une migration de ces cellules de I'adventice vers la média et l'intima. La
coexpression de CD90 et daSMA dans la couche de lintima peut suggérer que
certaines cellules de l'intima sont dérivées de fibroblastes adventitiels. En effet, nous
avons constaté des « puits d'invasion » formés de fibroblastes au sein de la média. La
capacité a migrer a travers la média détruite via le PDGF ou une forte expression de

NOX4 a été suggéreée dans d'autres maladies [380,381].

Dans I'étude transcriptomique, nous avons effectué une analyse d'expression
spatiale a I'échelle du génome afin d'identifier les génes clés et les processus
biomoléculaires impliqués dans les arteres temporales de 'ACG. En comparant les
profils d'expression génique dans les différentes couches des arteres temporales entre
les patients atteints d'’ACG et les témoins, nous avons détecté une augmentation
significative de l'activité des genes dans les trois couches artérielles, ce qui suggere

des mécanismes de régulation insuffisants au cours de I'ACG.

Les couches de l'intima et de la média étaient particulierement touchées par la
dérégulation de I'expression génique dans I'ACG. Il est intéressant de noter que nous
avons montré une bonne capacité de discrimination des génes sélectionnés dans les
couches de lintima et de la média entre les patients de I'ACG et les témoins.
Cependant, les différences entre les expressions géniques étaient moins évidentes
dans l'adventice, ce qui peut étre di au faible nombre de cellules inflammatoires dans
l'adventice pour 2 patients porteurs d’ACG dans notre étude. En outre, le mécanisme
initial de I'ACG impliqgue des lésions adventitielles et la stimulation des cellules
dendritiques résidentes via les TLR par un stimulus inconnu. Comme les BAT sont
souvent réalisées a un stade avancé de I'ACG, lorsque le remodelage vasculaire a
déja eu lieu, I'adventice peut étre moins affectée par la dérégulation que la média et

I'intima a ce stade.

Par ailleurs le tissu périvasculaire n'a pas montré de différences majeures entre
les deux groupes en termes de dérégulation transcriptomique par rapport aux
contréles. Bien que la couche périvasculaire n'ait pas été étudiée en détail dans 'ACG,
elle peut étre impliquée dans l'inflammation présente dans l'artére adjacente, comme
cela a été démontré dans d'autres maladies vasculaires [382,383]. Une étude

histologique a montré une implication du tissu péri-adventitiel, suggérant son role dans
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un sous-groupe d'ACG [384]. Dans notre étude, les neuf patients atteints d'ACG ne

présentaient pas ce type d'histologie.

Le CD74 était le géene le plus dérégulé dans les couches artérielles d’ACG.
Cette protéine invariante participe a [l'assemblage du complexe majeur
d’histocompatibilité¢ (HLA) de classe Il, lui conférant ainsi un réle important dans le
processus de présentation de I'antigéne [385]. Hormis son réle de structuration du HLA
de classe I, il influence également le traitement des antigenes, leur maturation
endocellulaire, la migration cellulaire (notamment des cellules dendritiques), et la
transduction des signaux intra cellulaires. Il est également impliqué dans la
présentation croisée d’antigénes peptidiques viraux en s’associant aux molécules du
du HLA de classe | lors de leur trafic vers les compartiments endolysosomaux pour le
chargement de peptides exogenes et le recrutement de lymphocytes T cytotoxiques
[386]. De plus, CD74 est également le récepteur d’'une cytokine pro-inflammatoire, le
MIF, impliqué dans l'activation endothéliale associée a I'’hypertension artérielle

pulmonaire, ainsi qu’aux lésions vasculaires liées a I'athéromatose [387,388].

Dans notre étude, les cellules CD90* expriment également le CD74, ce qui
suggere que les fibroblastes CD90* pourraient agir comme des cellules présentatrices
d'antigénes dans I'ACG. D’autre part, la plupart des génes présentant le méme profil
que l'expression du CD74 dans les différentes couches étaient impliqués dans la
réponse immunitaire et appartenaient aux classes | (B2M, HLA-A et HLA-B) et Il (HLA-
DRA et HLA-DRB1) du complexe majeur d'histocompatibilité.

Nous nous sommes ensuite concentrés sur les macrophages, qui sont les
principales cellules immunitaires impliquées dans '’ACG. Les macrophages peuvent
former des granulomes et fusionner pour produire des cellules géantes. Les
lymphocytes recrutent et activent les macrophages dans les artéres par la sécrétion
de cytokines et de facteurs de croissance (IL-6, IL-17, TNF-a, IFN-y et GM-CSF). Deux
populations principales de macrophages CD68* ont été identifiées dans I'ACG : les
macrophages adventitiels, qui sont impliqués dans la sécrétion de TGF-1, IL-6 et IL-
18, et les macrophages intimaux et médiaux, qui sont impliqués dans la sécrétion de
ROS, d'oxyde nitrique et de métalloprotéases [389]. lls peuvent également produire du
PDGF et du VEGF. Sous l'action combinée des MMP, du PDGF et du VEGF, la

limitante élastique interne de la média est détruite et le remodelage vasculaire se
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produit. Dans la présente étude, les genes FTH1 et SOD2, liés a la polarisation des
macrophages de type M1, présentaient le méme profil d'expression que CD68 dans
les couches artérielles, contrairement a CD163, CD206 et CHI3L1 (codant YKL-40),
qui sont liés aux macrophages de type M2 [390]. Des études antérieures ont démontré
I'hétérogénéité des macrophages CD68 dans les arteres temporales de I'ACG [333]. Il
est intéressant de noter que les profils d'expression de CTSB et TMSB10 sont
similaires a ceux de CD68, qui sont liés a la promotion des macrophages de type M2
[391,392]. D'autre part, FTH1 code pour la principale protéine intracellulaire de
stockage du fer (chaine lourde de ferritine 1) et est exprimée en abondance par les

macrophages de type M1 [392].

Les génes des métalloprotéinases MMP2 et MMP9 sont surexprimes,
conformément a des études antérieures [310]. La libération d'especes réactives de
l'oxygene par les macrophages entraine une peroxydation lipidique des
phospholipides membranaires des CMLV, ce qui entraine leur combinaison avec la
MMP et I'apoptose. De plus, le PDGF sécrété par les macrophages et les cellules
géantes participe a I'hyperplasie intimale [328]. Notre étude a également montré que
l'angiogenese se produit dans l'intima et la média, ce qui est en accord avec des
études antérieures [328]. La néo angiogenese résulte de I'action du VEGF sécrété par
les macrophages. Il est intéressant de noter que l'ossification (ou calcification) n'a pas
été évaluée en détail dans I'ACG. Dans la présente étude, nous avons démontré que
ce processus est présent dans l'intima et la média et susceptibles de jouer un réle

dans la physiopathologie de I'ACG.

Nous avons également noté que l'activation lymphocytaire était moins marquée
gue celle des macrophages. Comme la plupart des patients ACG de notre étude
avaient pris des glucocorticoides avant la BAT, la population Th17 était probablement
réduite, ce qui pourrait expliquer une faible activation lymphocytaire comme l'ont
démontrée Zeng et al [392]. Par ailleurs, aucune différence significative n'a été
observée entre les patients atteints d’ACG et les témoins en termes d'expression des
genes IL-1 et IL-6, bien que ces cytokines soient produites dans les arteres
temporales. Dans la présente étude, la dérégulation concernant le remodelage était
en effet principalement présente dans l'intima et la média. Ces résultats suggerent que

le remodelage vasculaire a déja commence lorsque la BAT est pratiquée.
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Enfin, nous avons construit un réseau pharmacogénomique basé sur les genes
dérégulés et les médicaments approuvés par la Food and Drug Administration qui
ciblent ces genes. En fournissant une vision systémique des interactions géniques et
mécanistiques, notre réseau pharmacogénomique spatial peut faciliter la conception
de nouvelles stratégies d'intervention pharmacologique. Nos résultats suggerent que
les macrophages sont une cible prometteuse dans I'ACG. En patrticulier, le GM-CSF
un facteur de croissance pour la maturation des macrophages, peut étre bloqué par le
mavrilimumab [201]. Notre réseau pharmacogénomique montre la potentialité du
blocage de plusieurs génes liés aux macrophages a l'aide de médicaments ciblant les
MMP2/MMP9 et le CXCR4. Le CD74, principal gene dérégulé dans les trois couches
artérielles des ACG, constitue une autre cible médicamenteuse potentielle. Le
milatuzumab, un médicament anti-CD74, a été évalué dans des maladies

hématologiques avec des résultats prometteurs [393].

La présente étude présente plusieurs points forts. Tout d'abord, nous avons
utilisé une technique innovante pour l'analyse spatiale des différentes tuniques
artérielles. Deuxiemement, il s'agit de la premiére étude transcriptomique spatiale des
BAT dans I'ACG. Troisiemement, nous avons identifié un grand nombre de génes avec
une expression dérégulée, indiqguant malgré la taille limitée de I'échantillon que les
différences d'expression génique entre les artéres temporales de I'ACG et les artéres
temporales de contrdle étaient robustes (fold-change <-2 ou >2 avec une valeur

ajustée p <0,01).

Cette étude présente quelques limites. Tout d'abord, I'échantillon était de petite
taille (9 patients atteints d'ACG et 7 témoins). Nous n’avons pas pu réaliser d’analyse
en groupes cliniques (vascularite des gros vaisseaux versus atteinte cranienne pure),
évolutive (rechute ou remission) ou histologique (panartérite versus atteinte
inflammatoire plus limitée). Certains témoins avaient un terrain inflammatoire (2
arthrites périphériques séronégatives et 1 encéphalopathie infectieuse), mais ces 3
témoins avaient une BAT négative, sans infiltrat inflammatoire. Enfin, notre étude a
utilisé des échantillons provenant de BAT mais n'a pas analysé les cellules dans la

circulation.
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Conclusion et perspectives

En conclusion, nous avons analysé la signature transcriptomique a I'échelle
régionale artérielle en fonction des couches artérielles au cours de 'ACG. Cette
nouvelle technique peut étre utilisée pour comprendre 'ACG et identifier de nouvelles
cibles thérapeutigues. Une approche pharmacogénomique a été utilisée pour
déterminer des cibles et des thérapeutiques potentiellement utiles pour le traitement
de I'ACG. Nos résultats seront utiles pour de futures études multi-omiques portant sur

les voies biomoléculaires, les réseaux et les biomarqueurs dans I'ACG.

Nous émettons I'hypothése que les fibroblastes notamment présents dans
'adventice jouent un rble clé dans la physiopathologie de 'ACG. Nos données
suggerent une participation dans le recrutement des lymphocytes tissulaires via une
fonction présentatrice de I'antigéne. Egalement ils pourraient agir directement sur les

phénomeénes ischémiques en migrant vers l'intima.

Nous souhaitons ainsi poursuivre ce travail en caractérisant plus en détail les
meécanismes sous-jacents du remodelage vasculaire, impliguant notamment les
fibroblastes, les facteurs associés a leur activation ainsi que leur fonction potentielle
de présentation de I'antigéne et de stimulation/entretien de linfiltrat inflammatoire

artériel.

Ces perspectives pourront étre développées a partir des techniques réalisées
dans 'UMR 1308 a laquelle nous sommes associés. Ces techniques concernent
'isolement et la caractérisation des exosomes, les dosages cytokiniques par
cytométrie en flux, le tri cellulaire, les cultures en 3 dimensions, ainsi que les analyses
transcriptomiques en lien avec nos collaborations avec le Dr Elsa Molina (Salk
Institute) et la Mayo Clinic (Pr Weyand).

Des travaux a court terme vont étre effectués :

- une étude single cell transcriptomique complémentaire, en cours de projet
avec Elsa Molina (Salk Institute, San Diego, CA). Elle aura pour but d’identifier la
répartition des sous types cellulaires immunitaires de fagon détaillées (fibroblastes,
CMLV, lymphocytes, macrophages, cellules endothéliales) au sein des artéres
temporales. Secondairement un profilage transcriptomique cellule par cellule sera

effectué sur des génes d’intérét préalablement sélectionnés, basés sur le travail décrit
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précédemment. En particulier, nous prévoyons d’étudier les différents types de
fibroblastes, et étudier leur profil d’expression transcriptomique notamment les génes

liés a la fonction présentatrice d’antigéne.

- 'étude de la plasticité et de la différenciation phénotypique des CMLV et des
fibroblastes par analyse ex vivo de ces cellules a partir de BAT de patients atteints
ACG. Nous souhaitons mieux caractériser les fibroblastes et le réle potentiel de
cellules présentatrices de I'antigéne en utilisant des co-cultures en 3 dimensions avec

des monocytes/macrophages ou lymphocytes.

- une étude des modifications de la polarisation in vitro des macrophages de
type M1 et M2 en lien avec la sortiline, protéine de transport de neurotrophines et de
cytokines, et le facteur de transcription ATF3 qui inhibe son expression. Cette étude
sera couplée a une étude de leur expression au niveau des BAT de patients porteurs
d’ACG comparées a des sujets sains. Sébastien Laburthe, interne de Médecine
interne au CHU de Limoges réalise actuellement ce travail au sein de ’TUMR 1308 dans

le cadre de son stage de Master 2.

- des études complémentaires pourront étre aussi effectuées a partir des
prélevements sanguins des patients ayant eu en parallele une BAT a différents stades
de 'ACG : pour études phénotypiques par cytométrie en flux des populations Th1
Th17, Treg, et monocytes. Pour chaque patient, I'isolement des exosomes circulants
pourra étre réalisé a partir du sérum pour caractérisation, étude fonctionnelle au niveau
de la polarisation des macrophages et de I'activation des fibroblastes isolés de sujets
contréles (BAT négative). Des analyses protéomiques et transcriptomiques du contenu

des exosomes pourront étre ensuite effectuées.
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BACKGROUND/AIMS: To identify characteristics that can distinguish AAION from NAAION in emergency practice.

METHODS: This is a multicentre retrospective case-control study. Ninety-four patients with AAION were compared to ninety-four
consecutive patients with NAAION. We compared the clinical, biological, and ophthalmological characteristics at baseline of
patients with AAION and those with NAAION.

RESULTS: Patients with AAION were older and more likely to have arterial hypertension. Cephalic symptoms and acute-phase
reactants were more frequent in AAION. Profound vision loss and bilateral involvement were more frequent in AAION at baseline.
Central retinal and cilioretinal artery occlusions was only observed in AAION, and delayed choroidal perfusion was more frequently
observed in AAION than in NAAION. Using logistic regression, an age >70 years (OR = 3.4, 1C95% = 0.8-16.1, p = 0.105), absence of
splinter haemorrhage (OR = 4.9, IC95% = 1.4-20.5, p = 0.019), delayed choroidal perfusion (OR = 7.2, IC95% = 2.0-28.0, p = 0.003),
CRP > 7 mg/L (OR =43.6, 1C95% = 11.6-229.1, p < 0.001) and platelets >400 x G/L (OR = 27.5, IC95% = 4.6-270.9, p = 0.001) were
independently associated with a diagnosis of AAION. An easy-to-use score based on these variables accurately distinguished AAION
from NAAION with a sensitivity of 93.3% and specificity of 92.4%.

CONCLUSION: In patients presenting with AION, a set of ophthalmological and laboratory criteria can efficiently discriminate
patients with AAION and NAAION and can identify which patients would benefit from high-dose glucocorticoids. External validation

of our results is required.
Eye; https://doi.org/10.1038/541433-022-02295-w

INTRODUCTION

Anterior ischaemic optic neuropathy (AION) is one of the most
common causes of blindness among the elderly. It is characterized
by a sudden, but painless decrease in visual acuity due to
ischaemia of the anterior part of the optic nerve head, which is
mainly supplied by short posterior ciliary arteries. Ischaemia leads
to optic disc swelling followed by optic disc atrophy about
6 weeks after the acute injury. Roughly 90% of AION cases are
non-arteritic (NAAION), and the disease is multifactorial with
various risk factors [1, 2]. The key risk factor is anatomical
crowding of the optic disc. Arteritic AION (AAION} is most
frequently related to giant cell arteritis (GCA), a large vessel
vasculitis that can affect individuals >50 years of age [1]. GCA is
characterized by cranial (i.e., headaches, scalp tenderness and jaw
claudication) and/or constitutional symptoms (i.e., fever, anorexia,
fatigue, and weight loss), and is typically associated with increased
levels of acute-phase reactants. Histological analysis of temporal
artery biopsy (TAB) can confirm the diagnosis of GCA, by showing
inflammatory infiltrates with a predominance of mononuclear cells
or granulomatous inflammation [3]. However, skip lesions may

occur.  Noninvasive imaging techniques, mainly '® F-
fluorodeoxyglucose-positron emission tomography (FDG-PET),
temporal artery ultrasound and magnetic resonance imaging
(MRI), help to confirm the diagnosis according to the EULAR
recommendations [4].

Arteritic AION is a medical emergency because of the risk of
imminent vision loss involving the 2nd eye, as even with prompt
intervention the vision loss may be irreversible. Because it is
related to inflammatory thrombosis of the short posterior ciliary
arteries, the treatment is based on high-dose glucocorticoids
(GCs), whereas there is no evidence-based treatment for vision
loss NAAION, and management focuses on modification of
possible risk factors, aiming to try and reduce risk of similar
involvement of the 2nd eye [5]. Distinguishing AAION and
NAAION is therefore critical in the early phase of visual
manifestations to ensure appropriate treatment. However, distin-
guishing these two entities can be problematic, especially when
cranial or systemic symptoms suggestive of GCA are inconsistent.
Systemic manifestations have been reported to be absent in 21%
of GCA cases associated with vision loss, which have been called

"Department of Internal Medicine, Paris Descartes University, Referral Center for Rare Autoimmune and Systemic Diseases, Hopital Cochin, Paris, France. “Department of Internal
Medicine, Hopital Dupuytren, Limoges, France. 3Departmem of Ophthalmology, Fondation Adolphe-de-Rothschild hospital, Paris, France. “Université de Paris, Department of
Ophthalmology, Hopital Cochin, Paris, France. *Department of Internal Medicine, Fondation Adolphe-de-Rothschild hospital, Paris, France. ®email: simon.parreau@hotmail.com

Received: 26 April 2022 Revised: 27 September 2022 Accepted: 13 October 2022

Published online: 22 October 2022

SPRINGER NATURE

FRVE



S. Parreau et al.

occult GCA [6]. To date, only few large-scale studies have directly
compared AAION and NAAION [7-22].

In this case-control study, we compared the characteristics of
patients with NAAION and AAION to identify diagnostic features
that could be useful for discriminating the two entities in daily
practice.

MATERIALS AND METHODS

Study design

We conducted a multicentre retrospective case-control study including
consecutive patients diagnosed with AION between 2005 and 2021 at the
Ophthalmology Departments of three French tertiary-care teaching
hospitals (Cochin Hospital [lle de Francel, Ophthalmological Adolphe de
Rothschild Foundation Hospital [lle de France], and Dupuytren Hospital
[Nouvelle-Aquitaine]). Anterior ischaemic optic neuropathy was defined as
a sudden decrease in visual acuity associated with a typical visual field
defect and optic disc swelling, progressing to optic disc atrophy within
2 months. AAION was defined as AION associated with a diagnosis of GCA
according to the American College of Rheumatology (ACR) classification
[23]. The diagnosis of GCA was retained when the TAB showed an active
arteritis with an inflammatory parietal infiltrate composed of lymphocytes,
macrophages + giant cells. A diagnosis of GCA was retained in biopsy-
negative cases if at least three of the ACR criteria were fulfilled, or if only
two criteria were fulfilled but FDG-PET scans showed greater circumfer-
ential FDG vascular uptake compared to liver uptake in at least one of the
following eight vascular segments: thoracic, abdominal aorta, subclavian,
axillary, carotid, iliac/femoral, and upper and lower limb arteries [24],
temporal artery ultrasound revealed a halo sign [25], or high resolution MRI
of the cranial arteries demonstrated mural inflammation [26]. If the
erythrocyte sedimentation rate (ESR) was not available, C-reactive protein
(CRP) was used as a surrogate diagnostic criterion with a positivity
threshold of >20 mg/L as described in a recent study [27]. We also included
patients with a diagnosis of NAAION during the same period and in the
same centres, with a 1:1 ratio. Diagnosis of NAAION was based on the
presence of fewer than three ACR criteria, a negative TAB and/or
noninvasive imaging tests not suggestive of large-vessel vasculitis, and
the absence of progression to GCA at least 1 year after AION onset.

Data collection
All clinical, laboratory, and radiological data at the time of diagnosis of
AION were collected retrospectively using a standardized case report form.
Cardiovascular (CV) risk factors were collected, as well as use of anti-
platelet agents, anticoagulants and statins at the time of AION onset. The
CHA,DS,-VASc score was calculated based on the clinical information
available at the time of diagnosis [28]. The temporal artery was considered
abnormal if any of the following features were present: weak or absent
pulse, beaded and/or indurated artery, and local redness or tenderness.
Constitutional syndrome was defined as a temperature of >38°C for
>1 week associated with asthenia and/or weight loss of >5%.
Ophthalmological data were collected by ophthalmologists. Amaurosis
fugax was defined as temporary loss of vision in one or both eyes before
diagnosis of AION. Visual acuity was measured at 3 m and expressed as a
decimal before being converted into logMAR. Unquantifiable low acuity
was defined in decreasing order as follows: counting fingers, hand motion,
light perception, and no light perception. Intraocular pressure was
measured using a Goldmann applanation tonometer on presentation.
Delayed choroidal perfusion was demonstrated by fluorescein angiogra-
phy and defined as a delay in choroidal perfusion (sectorial or global) of
>20s or a difference of 20s in choroidal filling between the two eyes.

Statistical analysis

Continuous variables are expressed as medians and interquartile ranges,
and categorical variables are expressed as frequencies with percentages.
Variables were compared by the Pearson’s chi-square, Fisher's exact, or
Wilcoxon's test, as appropriate.

For missing data (~10%, evenly distributed), multiple imputation
chained equation was used with four matrices [29]. To determine the
profile of patients with GCA, logistic regression was carried out on baseline
variables with p values <0.25. The Box-Tidwell transformation adds the
neperian logarithm of the selected continuous variables to the logistic
regression. These terms have a significant p value, indicating a non-linear
relationship with the variable of interest. The graphs of the partial residuals
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show a hyperbolic type of relationship. To meet the assumptions of
linearity of the model, these variables are discretized to obtain a simple
score to be used in the current practice. The thresholds are obtained using
a supervised method (decision tree). The initial multivariate model was
simplified by the backward stepwise elimination method, and the final
model included only variables significantly associated with AAION. Model
calibration was assessed using the Pearson residual. Receiver operating
characteristic (ROC) analysis was performed, where an area under the
curve (AUC) of 1.0 reflects the highest possible reliability. All were two-
sided and a p value < 0.05 was considered indicative of significance.
Calculations were performed using R software (version 3.2.2; R foundation
for Statistical Computing, Vienna, Austria).

Patient involvement
Patients and the public were not involved in the design, conduct, reporting
or dissemination of this research.

Ethics

The study was conducted in compliance with good clinical practice
guidelines and the Declaration of Helsinki and was approved by the local
Institutional Review Board of Cochin-Port Royal Hospital, Paris, France
(approval number: AAA-2021-08061). All patients were informed that their
anonymized clinical data could be used for research purposes, and they
give their written consent for such use/none opposed their use.

RESULTS
Characteristics of the patients
In total, 110 patients with AAION were initially screened. Twelve
patients with missing data and four with an incorrect diagnosis of
AAION were excluded. Thus, 94 patients with AAION (and 94
consecutive recent patients with NAAION; controls) were included
in the final analysis (Supplementary Fig. 1). The demographics, CV
risk factors, visual characteristics, and extra-ocular manifestations
of the participants are summarized in Tables 1-3, respectively.
Among the 94 AAION cases, 72 underwent TAB, which showed
evidence of temporal arteritis in 61 (85%) patients. Forty-nine
patients had doppler ultrasound of the temporal arteries, which
revealed a halo sign in 31 (63%). For the 33 AAION cases with
negative TAB or TAB not performed, 20 patients had at least 3 ACR
criteria. Among the 13 patients who did not meet at least three
ACR criteria, 2 had a positive TAB, 4 had temporal artery
ultrasound showing a halo sign, and 7 had a CRP level >20 mg/L
with no other plausible cause. Seventy-seven (81.9%) AAION
patients had a typical GCA. The seventeen (18.1%) remaining
AAION patients had atypical features of GCA (Supplementary
Fig. 2). Among atypical AAION patients, eight patients (8.5%) had a
typical clinical presentation of GCA, without an increase in acute-
phase reactants, but an abnormal TAB was seen in five patients
and a bilateral positive halo sign was revealed by temporal artery
ultrasound in four. Seven patients (7.4%) had an atypical
presentation of GCA but increased acute-phase reactants and a
positive TAB for GCA in all cases. Finally, two patients (2.1%) had
neither clinical symptom of GCA nor increased acute-phase
reactants, but did show evidence of vasculitis on TAB.

Factors associated with the diagnosis of AAION
Tables 1-3 show the results of univariate analyses of patients with
AAION and NAAION. Patients with AAION were older (median age,
78 [75-84] vs. 72 [65-78] years, P < 0.001) and more likely to have
hypertension (63.8 vs. 44.7%, P=0.013), and had a higher mean
CHA,DS,-VASc score (3.0 [3.0-4.0] vs. 2.5 [1.0-4.0], P =0.001).
Amaurosis fugax (39.4 vs. 5.3%, P <0.001), bilateral AION (24.5
vs. 6.4%, P=0.0012) and a profound decrease in visual acuity
(LogMAR > 1.0) (75.3 vs. 43.0%, P=0.001) were significantly more
frequent in AAION patients. Patients with AAION also had a lower
rate of splinter haemorrhage (37.2 vs. 57.8%, P=0.012), higher
rate of central retinal artery occlusion (13.8 vs. 0.0%, P = 0.001)
and delayed choroidal perfusion on fluorescence angiography
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Table 1.

Demaographics and cardiovascular risk factors of the AAION and NAAION groups.

n (%) or median [interquartile range]

Non-arteritic AION n =94 Arteritic AION n =94 Total n =188 p value
Demographics
Age, years 72 [65, 78] 78 [75, 84] 76 [70,81] <0.001
Age 270 years 58 (61.7%) 84 (89.4%) 142 (75.5%) <0.001
Female 40 (42.6%) 52 (55.3%) 92 (48.9%) 0.110
CV risk factors
Current smoking 13 (13.8%) 16 (17.0%) 29 (15.4%) 0.686
Dyslipidaemia 30 (31.9%) 32 (34.0%) 62 (33.0%) 0.877
Obesity 6 (6.4%) 5 {5.3%) 11 (5.9%) 1.000
Atrial fibrillation 2 (2.1%) 9 (9.6%) 11 (5.9%) 0.058
Congestive heart failure 7 (7.4%) 13 (13.8%) 20 (10.6%) 0.237
Hypertension 42 (44.7%) 60 (63.8%) 102 (54.3%) 0.013
Diabetes mellitus 16 (17.0%) 12 (12.8%) 28 (14.9%) 0.539
Stroke, TIA, or TE 5 (5.3%) 7 (7.4%) 12 (6.4%) 0.766
Vascular disease* 9 (9.6%) 17 (18.1%) 26 (13.8%) 0.139
CHA.DS:VASc score 25[1.0, 4.0] 3.0 [3.0, 4.0] 3.0 [2.0, 4.0] <0.001
Antiplatelet agent 28 (29.8%) 26 (27.7%) 54 (28.7%) 0.872
Anticoagulant 4 (4.3%) 9 (9.6%) 13 (6.9%) 0.250
Statin 22 (23.4%) 32 (34.0%) 54 (28.7%) 0.147
AION anterior ischaemic optic neuropathy, T/A transient ischaemic attack, TE thromboembolism.
*Prior myocardial infarction, peripheral arterial disease, or aortic plaque.
Table 2. Visual characteristics of the AAION and NAAION groups.
Non-arteritic AION n =94 Arteritic AION n =94 Total n—=188 p value
n {%) or median [interquartile range]
Amaurosis fugax 5 (5.3%) 37 (39.4%) 42 (22.3%) <0.001
Initial bilateral AION 6 (6.4%) 23 (24.5%) 29 (15.4%) 0.001
LogMAR <0.3 33 (35.5%) 12 (13.5%) 45 (24.7%) <0.001
LogMAR >1.0 40 (43.0%) 67 (75.3%) 107 (58.8%) 0.001
Count fingers 13 (13.8%) 18 (19.1%) 31 (16.5%) 0.432
Hand movement 9 (9.6%) 34 (36.2%) 43 (22.9%) <0.001
Light perception 2 (2.1%) 6 (6.4%) 8 (4.3%) 0.278
No light perception 0 (0.0%) 2 (2.1%) 2 (1.1%) 0.497
Splinter haemorrhage 52 (57.8%) 29 (37.2%) 81 (48.2%) 0.012
Associated CRAO 0 (0.0%) 13 (13.8%) 13 (6.9%) <0.001
Associated CLRAO 0 (0.0%) 4 (4.3%) 4 (2.1%) 0.121
Intraocular pressure, mmHg 15 [13,16] 14 [12,15] 14 [12,16] 0.004
Delayed choroidal perfusion 12/59 (20.3%) 54/66 (81.8%) 66/125 (52.8%) <0.001

AION anterior ischaemic optic neuropathy, CRAO central retinal artery occlusion,

(81.8 [54/66] vs. 20.3% [12/59], P < 0.001). Finally, besides cranial,
and constitutional symptoms, which were more frequent in AAION
patients, as expected, the mean (sd) platelet count (443 [345-536]
vs. 270 [198-300] G/L, P < 0.001) and monocytes (0.8 [0.5-1.0] vs.
0.5 [0.4-0.6] G/L, P < 0.001) were higher in the AAION compared to
NAAION group.

Several variables were independently associated with AAION: an
age over 70 years (+10 points), delayed choroidal perfusion (+17
points) on fluorescein angiography, absence of splinter haemor-
rhage (+13 points) on fundoscopy, blood platelet count >400 G/L
(+28 points), and CRP > 7 mg/L (+32 points) (Table 4). A score >
48 points accurately identified patients with AAION, with a
sensitivity of 93.3%, specificity of 92.4%, positive predictive value

Eye

CLRAO cilioretinal artery occlusion.

of 94.4%, and negative predictive value of 91.0% (Supplementary
Fig. 3). Considering only AAION patients with a positive TAB, a
score >48 points identified patients with AAION, with a sensitivity
of 93.4%, specificity of 93.0%, positive predictive value of 91.8%,
and negative predictive value of 94.3%.

DISCUSSION

We assessed the ability of baseline characteristics to distinguish
AAION related to GCA and NAAION cases among subjects
presenting with AION. We identified several variables associated
with AAION and established a score to help for distinguishing
AAION cases in ophthalmological emergency practice. The score
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Table 3. Extra-ocular manifestations of the NAAION and AAION groups.

n (%) or median [interquartile range]

Non-arteritic AION n =94

Headache 8 (8.5%)
Abnormal temporal artery 0 (0.0%)
Jaw claudication 1 (1.1%)
Scalp tenderness 2 (2.1%)
Dry cough 1 {1.1%)
Fever 0 (0.0%)
Constitutional symptoms 4 (4.3%)
Distal arthritis 1 (1.1%)
Polymyalgia symptoms 1(1.1%)
CRP (mg/L} 1101, 4]
ESR, mm/h 13 [8, 22]
Leucocytes, G/L 7.9 [6.1, 10.9]

Haemoglobin, g/dL
Platelets, G/L

13.4 [12.6, 144]
270 [198, 300]

Fibrinogen, g/dL 3.5 [2.7, 3.8]
Lymphocytes, G/L 15011, 2.0]
Monocytes, G/L 0.5 [0.4, 0.6]

AION anterior ischaemic optic neuropathy, CRP C-reactive protein.

Table 4. Factors associated with AAION.

B OR 1€95% p value

Absence of splinter 1.6 49 14-205 0.019
haemorrhage

Delayed choroidal 2.0 72  2.0-280 0.003
perfusion

Age > 70 years 1.2 34 0.8—16.1 0.105
CRP >7 mg/L 3.8 43.6 11.6—229.1 <0.001
Platelets > 400 G/L 33 27.5 4.6-270.9 0.001

included older age, delayed choroidal perfusion, absence of
splinter haemorrhage, CRP level, and platelet count.

Accurate identification of patients with suspected AAION is
critical because untreated GCA carries a high risk of bilateral
involvement, and such event is preventable by high-dose GCs.
Conversely, high-dose GCs could be detrimental in elderly people
with NAAION. We aimed to identify AAION at onset in emergency
department patients who could benefit from rapid initiation of
high-dose intravenous methylprednisolone, and the present study
is one of the largest studies to address this question [10]. Prior
studies were either small or used only one imaging test [7-22]
(Table 5). In addition, Ing et al. also developed multivariate
predictive models for the diagnosis of GCA based on routine
clinical and biological variables [30-33]. However, these models
did not compare GCA with AAION and NAAION as in our study.

Patients with AAION were older and had a higher mean
CHA’DS?*VASc score, the latter being partly explained by frequent
coexisting arterial hypertension. The CHA’DS?VASc score is
predictive of CV disease in patients with and without atrial
fibrillation. Czihal et al. showed that the risk of permanent vision
loss in GCA was positively associated with a high CHADS2 score
[34]. However, no previous study has directly compared these
scores between AAION and NAAION.

Some ophthalmological variables were strongly associated with
AAION, including the lack of splinter haemorrhage and the
presence of delayed choroidal perfusion. More severe initial visual

SPRINGER NATURE

Arteritic AION n =94 Total n =188 p value
71 (75.5%) 79 (42.0%) <0.001
32 (34.0%) 32 (17.0%) <0.001
58 (61.7%) 59 (31.4%) <0.001
50 (53.2%) 52 (27.7%) <0.001
10 (10.6%) 11 (5.9%) 0.001
9 (9.6%) 9 (4.8%) 0.003
51 {54.3%) 55 (29.3%) <0.001
10 (10.6%) 11 (5.9%) 0.001
14 (14.9%) 15 (8.0%) <0.001
70 [31, 108] 16 [1, 73] <0.001
86 [57, 101] 48 [15,92] <0.001
10.2 [8.4, 11.8] 96 (7.6, 11.7] 0.004
11.8 [10.9-12.9] 12.3 [11.0-13.5] <0.001
443 [345, 536] 357 [274, 462] <0.001
6.4 [5.2, 7.6] 5.7 [4.1-7.2] <0.001
1.6 [1.3, 2.0] 1.6 [1.2, 2.0] 0.503
0.8 [0.5, 1.0] 0.7 [0.5, 0.9] <0.001

impairment observed in AAION in comparison to NAAION, as
identified in univariate analysis, has long been known [35]. Also, it
is not surprising that amaurosis fugax was seen in AAION more
than in NAAION. We provide here strong evidence that delayed
choroidal perfusion during fluorescein angiography is an impor-
tant feature suggestive of AAION, as indicated by previous small
studies [15, 16, 36]. However, delayed choroidal perfusion is not
pathognomonic of AAION, because it is also observed in about
20% of patients with NAAION [37]. The cupping sign, i.e. acquired
excavation of the optic nerve head, which also suggests AAION,
appears at a late stage and is therefore of limited relevance to the
emergency setting [22]. Other ocular examinations that assist the
differential diagnosis of AION include Goldmann visual field
testing, colour Doppler imaging of the ophthalmic artery [20], and
MRI of the head of the optic nerve [21]. However, such procedures
can be difficult to perform in the setting of emergency
management.

As expected, increased acute-phase reactants, which are a
hallmark of GCA, were more frequent in AAION than NAAION
patients. Although potentially misleading, an elevated CRP level
may also be seen in patients with NAAION and multiple comorbid
conditions. Platelet count was also independently associated with
AAION in our study. Whether thrombocytosis is an independent
risk factor for permanent visual loss in patients with new-onset
GCA has been disputed [9, 10]. Consistent with our results,
Costello et al. reported that patients with GCA-related AION had
significantly higher platelet counts, ESR, and CRP levels compared
to patients with NAAION. Furthermore, the combination of a high
platelet count and CRP level increased the likelihood of GCA in the
setting of AION [10].

Finally, about 10% of our patients with AAION did not display
clinical symptoms suggestive of occult forms of GCA. Hayreh et al.
reported that occult forms accounted for 21% of 85 visually
complicated GCA cases confirmed by TAB [6], similar to the work
of Chen et al. [38]. Only two patients in our series had occult GCA
without an increased CRP level. Both patients had bilateral visual
impairment, with a sudden decrease in vision and delayed
choroidal perfusion suggestive of AAION, and were biopsy-
proven GCA. Other signs suggestive of AAION included chalky

Eye



Summary of studies comparing AAION and NAAION.

Table 5.

Eye

Significantly different variables between AAION compared to NAAION

Patients (n)

Design

Year

First author (ref)

Ophthalmo. Imaging Main results

Biological

Clinical

AAION

121

NAAION
287

1ESR 1 CRP 1 Platelet count

Retrospective
Retrospective

2004
2017

Costello [10]
Inanc [8]
Kogak [7]

tNeutrophil/lymphocyte

12
16
16
13
42

33

TAge 1ESR 1 Neutrophil/lymphocyte tMonocyte/high-density lipoprotein

tAge 1ESR 1 Cup/disc |Choroidal filling times 1Disk pallor frequency

1Optic disc area

Retrospective

2020

Retrospective

1992
2006
2001

Siatkowski [16]
Monteiro [12]

24

Prospective

TCupping frequency

32

Retrospective

Danesh-Meyer [29]

TAge tVisual acuity 1Cup/disc |MD | NFL thickness

1Optic disc area

Retrospective 53 18

2010

Danesh-Meyer [13]

Jonas [11]

Retrospective 33

1988
2006
15985
2008
2019

Ilntraocular pressure

16 16

Retrospective

Huna-Baron [19]

IChoroidal filling times

Prospective

Valmaggia [17]
Jonas [18]

JCRA collapse pressure

Retrospective
Retrospective
Retrospective

Prospective

TAge 1Visual acuity |MD | Peripapillary CVI
|Blood flow in the posterior ciliary arteries
1Central Bright Spot Sign frequency

20

20

Pellegrini [15]

1996
2017

Ghanchi [20]

15

15

Remond [21]

Ophthalmo ophthalmological, £SR erythrocyte sedimentation rate, CRP C-reactive protein, MD visual field mean deviation, NFL nerve fibre layer, CRA central retinal artery, CVI choroidal vascularity index

S. Parreau et al.

white papilloedema and occlusion of the central retinal or
cilioretinal artery [36].

The strengths of this study are that it is a large case-control
study comparing the clinical, biological and ophthalmological
characteristics of AAION versus NAAION. It is one of the largest
existing series in the literature. We propose an easy-to-use score
with common parameters to help the clinician to quickly diagnose
AAION. For the first time, a threshold level of age and CRP are
highlighted. In addition, the absence of splinter haemorrhage in
favour of AAION is reported for the first time.

Limitations of our study include its retrospective design, which
may have introduced referral bias. Also, the inclusion of GCA not
confirmed by abnormal TAB or large-vessel imaging may have
resulted in sampling bias. Moreover, although this was a multi-
centre study, the final sample size was relatively small, which may
have obscured potentially relevant variables. Several patients did
not have a fluorescein angiogram. Detailed data on the cup/disc
ratio, which assists discrimination between AAION and NAAION
[11, 12], were lacking. Nevertheless, this is one of the first study
that directly compares the features of patients with AAION and
NAAION, enabling development of an algorithm to identify AAION
cases at admission to the emergency room or ophthalmological
department. Finally, we excluded major ACR criteria for GCA from
the statistical analysis since they were directly involved in AAION
and NAAION classification and allowed the development of our
model that correctly classified clinically doubtful cases. However,
some rare cases remain incorrectly diagnosed by our model.

Overall, distinguishing AAION and NAAION is a challenge in
daily practice, but is crucial because the two conditions require a
different approach in terms of work-up and treatment. We
identified several clinical, ophthalmological, and laboratory
features strongly associated with the arteritic form of AION. This
model can help to discriminate of AAION and NAAION, thus
ensuring prompt and appropriate treatments for both patient
populations.

SUMMARY

What was known before

® Differentiation of arteritic and non-arteritic anterior ischaemic
optic neuropathies can be challenging.

What this study adds

® A set of ophthalmological and laboratory criteria can
efficiently discriminate patients with arteritic and non-
arteritic anterior ischaemic optic neuropathies.

DATA AVAILABILITY
Authors confirm that the data supporting the findings of this study are available
within the article.
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Features and risk factors for new (secondary)
permanent visual involvement in giant cell arteritis

M_.F. Curumthaullee!, E. Liozon?, S. Dumonteil?, G. Gondran?,
A .-L. Fauchais?, K.-H. Ly?, P.-Y. Robert!, S. Parreau?

"Department of Ophthalmology, *Department of Internal Medicine, Dupuytren University Hospital,
Limoges, France.

Abstract
Objective
New permanent visual loss (PVL) in treated patients with giant cell arteritis (GCA) is a rare but worrisome occurrence.
In this study, we aimed to describe the frequency and main features of new PVL occurring after the beginning of
glucocorticoid therapy in patients with newly diagnosed GCA.

Methods
We included in an inception cohort all consecutive patients newly diagnosed with GCA in the internal medicine
department of a tertiary-care hospital between 1976 and May 2020. The study population comprised all the patients
without bilateral PVL before treatment who were followed for at least one year. Only well-documented visual events
that set after the initiation of glucocorticoid treatment were regarded as new PVL.

Results
Eleven out of 502 patients (2.2%) experienced a new PVL including 6 occurrences during the initial therapeutic phase
and 5 during the tapering phase. Patients with new PVL during treatment had higher mean age, more often displayed
temporal artery abnormalities on physical examination, and had higher mean platelet counts at GCA onset. There was
a strong excess risk of contralateral recurrence during treatment in patients with unilateral loss at GCA onset compared
with patients with uncomplicated GCA (10.5% vs 1.1%, OR=10.26, p<0.001).

Conclusion
New PVL in treated GCA is a rare, but significant occurrence. Older patients and patients who already had unilateral
PVL at diagnosis have higher risk of new ischaemic visual loss during treatment compared to the other patients.
Close clinical, laboratory, and eye monitoring of these high-risk patients is of paramount importance.

Key words
giant cell arteritis, visual, risk factors, cohort studies, glucocorticoids
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Introduction

Giant cell arteritis (GCA) is the most
common vasculitis in people aged fifty
or more and preferentially affects the
thoracic aorta and its main branches
including temporal arteries (1). Treat-
ment is based on long-term high-dose
corticosteroid therapy, which is fraught
with frequent side-effects (2). Moreo-
ver, relapses occur in half of the pa-
tients during tapering and discontinua-
tion of treatment (3). Efforts have been,
therefore, made for several decades to
better understand the pathophysiology
of GCA thereby determining new ther-
apeutic targets aimed at corticosteroid
sparing (4).

The primary cause of disability in GCA
is permanent visual impairment, which
occurs in 14-18% of patients (5-12).
Given the high risk of unforeseeable,
sudden blindness, sometimes bilater-
al, GCA remains an absolute medical
emergency. Visual loss most often oc-
curs in untreated subjects with new on-
set GCA, the visual risk decreasing dra-
matically after initiation of high dose
GC treatment. Any delay in initiating
treatment may, therefore, be detrimen-
tal to the patient’s sight.

Conversely, new permanent visual loss
in treated patients is regarded as a rare
occurrence, although it has been de-
scribed to occur in the first few days
of GC treatment or, exceptionally later,
during the GC tapering (5-8, 13, 14).
Although the fear of secondary visual
events obviously has represented a
major constraint on building rapidly
decreasing GC protocols, there is still
little medical research on this topic. The
present study aimed to describe the fre-
quency and main features of, and risk
factors for, permanent visual loss oc-
curring after the beginning of therapy
in patients with newly diagnosed GCA.

Methods

Patients and data collection

Inception GCA cohort. From 1976
through May 2020, we included all
consecutive patients diagnosed in the
internal medicine department of a
tertiary-care teaching hospital for the
diagnosis and treatment of GCA and
regularly followed up these patients
until they were recovered. GCA was

diagnosed based on the criteria of the
American College of Rheumatology
(15) and was considered present in
biopsy-negative cases if at least three
of these criteria were fulfilled or if only
two criteria were fulfilled but fluoro-
deoxyglucose (FDG)-positron emis-
sion tomography (PET) scans showed
strong uptake of the large vessel walls
(16). In biopsy-proven cases, GCA was
pathologically confirmed on temporal
artery biopsy using currently accept-
ed criteria. Clinical, laboratory, and
pathological data were prospectively
recorded at the time of first admission
using a specifically designed 176-item
questionnaire of detailed history and
log data. All study data were stored in
computerised files and regularly up-
dated (17).

Visual impairment

We included in the study all perma-
nent visual impairments that were con-
firmed by the Ophthalmology staff and
resulted from anterior ischaemic optic
neuropathy (AION), posterior ischae-
mic optic neuropathy (PION), central
retinal artery occlusion (CRAO), or
occipital stroke. Amaurosis fugax, di-
plopia and oculomotor paralysis were
excluded because they do not result in
permanent visual impairment. Patients
who already had bilateral visual im-
pairment from GCA before initiation
of corticosteroid therapy also were
excluded from study. Likewise, wors-
ening of an already established visual
complication at the beginning of GC
treatment was not regarded as a new
visual event; only ischaemic visual
events that started after the initiation of
corticosteroid therapy were eligible to
the study.

Clinical variables and definitions

Clinical variables extracted from the
computerised files were associated pol-
ymyalgia rheumatica, new onset of lo-
calised headache, scalp tenderness, jaw
claudication, visual ischaemic impair-
ment. Temporal artery was considered
abnormal if any among the following
features was present: decrease or ab-
sent pulse, beaded and/or indurated
artery, local redness, or tenderness.
Constitutional syndrome was defined
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by a temperature of more than 38°C
for more than a week associated with
severe asthenia and/or a weight loss of
more than 5%.

Treatment

Patients were treated using standardised
protocols with prednisone at a starting
dose of 0.6-1 mg/kg/d, according to
clinical severity of the disease. Patients
without ischaemic visual symptoms re-
ceived a dose of 0.6-0.8 mg/kg/d pred-
nisone until they became asymptomatic
and the C-reactive protein level has
fallen below 0.5mg/dl. Then the dose
was gradually decreased to 0.35 mg/
kg/d over 4 to 6 weeks. Patients with
ischaemic visual impairment or visual
threat (amaurosis fugax, abnormal eye
fundus or altered ophthalmic artery
ultrasound Doppler) initially received
a starting dose of 0.9-1mg/kg/d pred-
nisone, often preceded by pulse high
dose methylprednisolone, and then
the dose was decreased similarly. The
initial therapeutic phase comprised
the duration of treatment at the initial
dose including days on methylpredni-
solone pulses while the tapering phase
represented the duration of GC treat-
ment from the first dosage decrement to
planned cessation.

Statistical analysis

Data were extracted and analysed ret-
rospectively from information initially
collected prospectively from the pa-
tients’ charts. We compared the clini-
cal and laboratory variables of patients
with new visual impairment with those
of the rest of the cohort. We also com-
pared the frequency of occurrence
of new PVL, according to the initial
eye status of the patient (e.g. unilat-
eral PVL versus both spared eyes).
Quantitative variables were expressed
as medians and standard deviation.
Qualitative variables were expressed
as frequencies with percentages. Com-
parisons were made by Pearson’s Chi-
2 test, Fisher’s exact test, or Wilcoxon
test as appropriate for each variable. A
p-value less than 0.05 was considered
to be significant. All calculations were
performed using R software v. 3.2.2 (R
foundation for statistical computing,
Vienna, Austria).
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Table I. Characteristics of the cohort with comparison between patients with new isch-
aemic visual loss and patients without that event.

Patients, n Absence of new New permanent Total p-value®
permanent visual visual (n=502)
impairment impairment
(n=491) (n=11)
numbers (%) or median |interquartile|
Clinical characteristics
Male gender 174 (35.4) 3 (27.3) 177 (35.3) 0.7541
Body weight (kg) 629 (124) 61.5 (12.7) 62.8 (124) 0.7099
Age (y) 74.0 (7.8) 794 (9.0) 74.1 (79) 0.0138
Abnormal temporal artery 277 (57.2) 10 (90.9) 287 (58.0) 0.0293
Polymyalgia rheumatica 161 (32.8) 2 (182) 163 (32.5) 05161
Headache 405 (82.5) 10 (90.9) 415 (82.7) 0.6987
Scalp tenderness 230 (48.4) 8 (72D 238 (49.0) 0.1344
Jaw claudication 154 (314) 6 (54.5) 160 (31.9) 0.1938
Fever 207 (42.6) 3 27.3) 210 (42.3) 0.3699
Constitutional syndrome 364 (74.7) 6 (54.5) 370 (74.3) 0.2432
Amaurosis fugax 43 (8.8) 0 0.0 43 (8.7) 0.6105
Unilateral permanent visual loss 51 (104) 6 (54.5) 57 (114) <0.0001
Positive TAB 346 (72.5) 9 (81.8) 355 (72.7) 0.7350
Number of ACR criteria met 4.0 (0.9 4.6 (0.7) 4.04 (09) 0.0656
Laboratory characteristics
ESR, mm/h 86.4 (29.5) 85.1 (30.0) 86.4 (29.5) 09373
CRP, mg/dl 95.8 (67.6) 1029 (40.0) 96.0 (67.1) 0.3415
Fibrinogen, g/l 6.8 (1.7) 7.7 (14) 6.8 (1.7) 0.1293
Albumin, g/l) 33.8 (5.7) 314 4.5) 33.8 (5.7) 0.2238
Haemoglobin, g/l 115.6 (17.2) 119.0 (16.9) 157 (17.2) 05175
White blood cells, g/l 9289.8 (3123.2) 9901.8 (2880.7)y 9304.0 (3116.3) 04239
Platelets, G/l 436.0 (156.9) 537.3 (159.5) 438.1 (157.5) 0.0116
Treatment
Pulse methylprednisolone 109 (22.2) 7 (63.6) 116 (23.1) 0.0043
Prednisone initial dose (mg/kg/d) 0.8 (0.2) 09 (0.1) 0.8 (0.2) 0.0030
Duration of initial treatment (d) 19.1 (10.0) 219 (7.5) 19.1 (10.0) 0.1550
Dose at 3 months (mg/d) 18.3 (6.3) 18.0 (5.5) 18.3 (6.2) 0.9505
Dose at 6 months (mg/d) 123 (4.8) 103 (5.2) 122 (4.8) 04562
Dose at 12 months (mg/d) 7.0 44) 12.0 (7.9 7.1 (4.5) 0.0531
Duration of treatment (mo.) 342 (26.3) 302 (25.6) 34.1 (26.3) 0.8631
Outcome issues
Duration of follow-up (mo.) 95.0 (66.5) 68.6 (66.5) 94.4 (66.5) 0.1332
Relapses 301 (61.3) 8 (72.7) 309 (61.6) 0.5430
Death during treatment 32 (6.5) 4 (364) 36 (7.2) 0.0051

* Comparisons were made using Pearson’s Chi-2 test, Fisher’s exact test, or Wilcoxon test as appropri-

ate for each variable.

TA: temporal artery; PMR: polymyalgia rheumatica; TAB: temporal artery biopsy: ACR: American
college of rheumatology: ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.

Ethics board approval

and informed consent

All data concerning these elderly pa-
tients with GCA were retrospectively
collected. This study was conducted
in compliance with the Good Clini-
cal Practice and Declaration of Hel-
sinki principles. In accordance with the
French law, formal approval from an
ethics committee and written informed
consent were not required for this type
of retrospective study, provided the pa-
tient has not exercised the right to re-
ject his participation to study.

Results

Characteristics of the cohort

From 1976 through May 2020, 584
patients were included in the inception
cohort. Seventeen patients with initial
bilateral PVL from GCA before the ini-
tiation of glucocorticoid therapy were
excluded, as were 65 other patients, for
various reasons, mainly early death or
inadequate follow-up. A total of 502
GCA patients (355 biopsy-proven) met
the entry criteria and were included in
the study (Fig. 1). Fifty-seven (11.4%)
patients had unilateral permanent vis-
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n =584

Inception cohort (1976 —2020)

17 patients with bilateral vision

loss from GCA before treatment

n =567

Patients with either unilateral vision loss or
no visual complication before treatment

65 patients with inadequate

follow-up or early death

n =502

Patients included in the study

Fig. 1. Flow chart of the
study.

ual loss occurrence at GCA onset. The
502 patients were followed for 7.9 (5.5
SD) years.

New visual impairment
In all, 11 patients (2.2%) developed
new ischaemic visual impairment after

the initiation of corticosteroid therapy.
Nine (82%) had biopsy-proven GCA.
Table 1I depicts the main characteris-
tics of these patients. Six (55%) had
a visual event during the initial thera-
peutic phase (median=6 days) while
the remaining 5 (45%) patients includ-

ing 4 with biopsy-proven GCA expe-
rienced visual loss during the tapering
phase (median=11 months). Of the
11 patients, 6 had contralateral AION
prior to corticosteroid treatment, four
of whom developed contralateral loss
during the early phase of GC treatment.
New visual impairments during treat-
ment were mainly AION (73%). Other
impairments included CRAO (n=1),
PION (n=1) and, occipital stroke (n=1).
One patient had two consecutive epi-
sodes AION occurring after the start of
treatment (2 and 9 days respectively).
During the period of tapering, all the
patients with secondary visual impair-
ment also showed an increase in their
biological inflammatory parameters.
No patients had a visual relapse after
planned treatment discontinuation.

Among-groups comparisons

Table T shows the comparison between
both groups of patients. Patients with a
new visual event were older and more
often displayed abnormality on tem-
poral artery palpation compared with
patients without a new event. Other
symptoms characterising GCA were
not different between the two groups.
Among the inflammatory parameters,
only platelet levels were higher in the
group with new visual event. Regard-
ing treatment issues, patients with a

Table II. Characteristics of the 11 patients with new visual impairment (e.g., event occurring after initiation of treatment).

Case  Sex/Age Initial Associated CRP TAB Initial Pulse Duration of New visual Time of onset  Prednisone

visual symptoms (mg/dl) corticoste-  MP initial impairment® dose during

impairment* roid treatment new visual

treatment (days)? impairment

(mg/kg/day) (mg/d)

1 F/79 AION Headache 9.7 + 1 + 11 AION 4 days 50
2 F/85 - IC,CS 9.1 + 1 + 16 Bilateral ATON 2 + 9 days 60
3 M/90 AION - - + 0.85 - 23 AION 6 days 50
4 F/91 AION - 6.6 + 1 + 30 AION 7 days 60
5 F/78 AION - 14.1 + 1 + 32 AION 8 days 80
6 F/78 - Headache, JC 12.0 + 0.7 - 21 CRAO 11 days 85
7 M57 AION Headache 1.9 - 1 + 23 PION 6 months 17
8 F/78 @ Headache, PMR 12.0 + 1 & 30 AION 8 months 9
9 M/77 - Headache, CS 8.9 + 0.7 - 14 ATON 11 months 11
10 F/78 - Headache, PMR 15.7 + 0.7 - 13 Occipital stroke 13 months 7
11 F/82 AION - 1.29 - 1 + 28 AION 15 months 3

AION: anterior ischaemic optic neuropathy; JC: jaw claudication; CS: constitutional syndrome: PMR: polymyalgia rheumatica: CRP: C-reactive protein;
TAB: temporal artery biopsy; CRAO: central retinal artery occlusion; PION: posterior ischaemic optic neuropathy: MP: methylprednisolone.

*Before initial corticosteroid therapy.
ISince the diagnosis of GCA.
fAfter initial corticosteroid therapy.
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Table III. Review of published studies both focusing on early and late ischaemic visual

events in patients with giant cell arteritis.

Study (year) Numbers of  Visual events Visual events Total,

patients occurring during  occurring during GC n (%)

initial GC treatment, tapering or after
n (%) discontinuation,
n{%)

Beevers (1973) 36 0 2 (5.5) 2 15.5)
Jonasson (1979) 136 429 4 (29 8 (5.9)
Myles (1992) 96 0 1 (D 1 (1)
Kyle (1993) 35 0 1 (2.8) 1 (28
Ailello (1993) 327 3 (0.9 2 (0.6) 5 (1.5)
Liu (1994) 185 3 (1.6) 6 (3.2) 9 (4.9)
Font (1997) 146 1 (0.7) 1 (0.7) 2 (14
Gonzalez gay (1998) 239 4 (1.6) 0 4 (1.6)
Hoffman (2002) 98 0 8 (8) 8 (8)
Hayreh (2003) 144 1 (0.7) 0 1 (0.7)
Nesher (2004) 166 0 8 (4.8) 8 (4.8)
Salvarani (2005) 136 0 1 (0.7) 1 (0.7
Hoffman (2007) 44 0 7 (16) 7 (16)
Nesher (2008) 116 0 5 (4.3) 5 (4.3)
Alba (2014) 106 0 1 (09) 1 (09
Hogevar (2016) 68 0 1 (1.5) 1 (1.5)
Restucia (2017) 157 0 1 (0.6) 1 (0.6)
Leon (2018) 168 0 1 (0.6 1 (0.6)
Unizony (2021) 60 0 2 «(3.3) 2 (3.3)
Total 2463 16 (0.7) 52 (2.1) 68 (2.8)

new visual event more often had re-
ceived pulse methylprednisolone and
an initial dose of prednisone of 1 mg/
kg/d. In contrast, the duration of treat-
ment of the initial and tapering phases
did not differ, nor did the doses at 3, 6
and 12 months. In addition, there was
an excess risk of contralateral recur-
rence during treatment in patient with
unilateral loss at GCA onset compared
with the rest of the cohort (10.5% vs.
1.1%, Fisher’s exact test, OR=10.26,
CI: 2.51-44.08, p<0.001).

Discussion

In patients with newly diagnosed GCA,
the risk of permanent visual event after
initiation of treatment is a key element
of the disease management. In this large
comparative study, we found 2.2% of
permanent visual loss after the begin-
ning of corticosteroid therapy, making
it a rare event. Pooling the results of
18 clinical studies including a total of
2463 patients (5-8, 11-13, 18-29), we
found that secondary permanent visual
loss occurred in 2.8% of the cases in
average (Table 1lI). Noteworthy, the
proportion of patients experiencing a
visual event during the initial phase of
GC treatment is higher in the present
study (55%) than in the literature re-
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view (25%). In a recent meta-analysis
by Bugdayli et al. (30), the incidence
of secondary permanent visual dam-
age was lower (1.5%), but the authors
excluded events occurring less than
4 weeks after starting GC treatment.
The highest rate of secondary visual
events was found in the clinical trial
of methotrexate by Hoffmann et al.
in which 16% of the patients suffered
a secondary permanent visual loss
(21). Use of an aggressive GC taper-
ing best explains late visual events be-
ing observed at such a high frequency.
In fact, patients included in this study
were planned to receive a prednisone
dose less than 10mg/d at 3 months,
which may prove risky. On the contra-
ry, of 174 patients with biopsy-proven
GCA uniformly treated and followed
with prudent corticosteroid tapering,
74 experienced relapses or recurrenc-
es, none of whom suffered visual loss
(31). Thus, blindness following disease
relapses in GCA patients adequately
treated is very uncommon.

The predictive factors of new visual
event after the beginning of corticos-
teroid therapy still are not well estab-
lished. In an epidemiologic study, the
best predictive model of biopsy-proven
GCA included an abnormal temporal

artery on physical examination (OR
=3.2), and the presence of visual com-
plications (OR = 4.9) (32). Although
patients included in the present study
displayed either of these features in
100% of the cases, the too small sam-
ple precludes any statistical confirma-
tion of a relationship between biopsy-
proven GCA and late visual loss. In the
present study, most patients (4 in the
early group and 2 in the tapering group)
who experienced visual loss during GC
treatment already had unilateral PVL
from AION and there was strong excess
risk of contralateral recurrence during
treatment in such patients. Accordingly,
Nesher et al. found a strong association
between ischaemic visual impairment
at GCA onset and subsequent cranial
ischaemic events including perma-
nent visual loss and stroke (OR=8.3,
p=0.001) (11). In the study by Aiello et
al. in case of an initial ischaemic visual
damage, the probability of developing a
new PVL was 13% at 5 years, whereas
it was only 1% in its absence (5). In a
study of 67 GCA-related AION, Chan
et al. found 7 ischaemic eye recurrenc-
es (10%), occurring between 3 and 36
months (33). In this study, no predictive
factors for recurrence were identified.
In a meta-analysis of 39 studies includ-
ing 1296 patients, Loddenkemper er
al. found a highly significant correla-
tion (Pearson’s correlation coefficient
0.604, p<0.0001) between the percent-
age of patients with visual loss on pres-
entation and visual loss under corticos-
teroid therapy (34). Thus, patients with
permanent loss of vision of one eye at
GCA onset should be closely monitored
during corticosteroid therapy until re-
covery to detect any disease flare early.
This should lead to readjust the treat-
ment in a timely manner, thereby avoid-
ing a devastating ischaemic recurrence
on the fellow eye.

Secondary visual impairment in GCA
appears biphasic. The first peak of fre-
quency is during the first week of the
treatment and the second peak during
the tapering phase. In most patients,
visual loss is due to AION. The optic
nerve head is vascularised primarily by
the short posterior ciliary arteries (35).
Angiographic (36) and histological
(37) studies showed that these arter-

Clinical and Experimental Rheumatology 2022



New visual involvement in GCA / ML.F. Curumthaullee et al.

ies are completely occluded in AION.
According to Hayreh, there is also a
decrease in choroidal perfusion in the
unaffected controlateral eye, despite
normal visual acuity, in patients with
ATON (38). The progression of visual
loss in these patients may be due to the
delay in initiating corticosteroid thera-
py and its progressive onset of action.
In complicated GCA, the short poste-
rior ciliary arteries present granuloma-
tous inflammation with giant cells,
intimal thickening, and thrombotic oc-
clusion of the arterial lumen (39). Even
aggressive corticosteroid therapy will
take time or might be ineffective to
stop the threatening vasculitic process,
especially the vascular remodelling
that has already occurred. Neverthe-
less, the earlier the treatment is started,
the better the chances of preventing
blindness (7, 26).

Hypoperfusion of the optic nerve head
may be another factor precipitating
early recurrence. Ocular perfusion de-
pends on mean arterial blood pressure,
intraocular pressure and blood flow
resistance (40). Any decrease in mean
arterial blood pressure or increase in
intraocular pressure or a combination
of both can compromise the blood sup-
ply to the papilla and accelerate visual
loss (41). Visual decline often occurs
in the morning upon awakening, as
in non-arteritic AION (42), suggest-
ing that nocturnal arterial hypotension
could either contribute to completing a
thrombotic stasis occlusion or decrease
the perfusion pressure below the critical
threshold of partially occluded ciliary
arteries, compromising circulation for
a period long enough to cause ATION
(43). It is therefore legitimate to prevent
hypotensive overmedication during this
critical period. Overall, other tradi-
tional cardiovascular risk factors (44,
45) and the CHADS,-VASc score (46)
may increase the risk of PVL in GCA
patients. Whether these factors also ap-
ply to the risk of developing new visual
loss during treatment is unknown, how-
ever, owing to the rarity of this event.
Although most reversible manifesta-
tions of GCA improve within hours
or days of initiation of corticosteroid
therapy, vascular parietal inflammation
persists for a long time. Histological

Clinical and Experimental Rheumatology 2022

analysis of temporal artery biopsies
months after treatment demonstrated
the persistence of inflammatory lesions
in situ several months after the diagno-
sis of GCA even under corticosteroid
therapy (47). This may explain late
PVL recurrences, especially if corticos-
teroid therapy is reduced too quickly,
as the methotrexate and the infliximab
prospective trials highlighted (21, 23),
or stopped prematurely. Whether the
addition of antiplatelet agents to GCs
therapy in GCA would improve the
visual prognosis is disputed (48-50).
The role of tocilizumab in compli-
cated GCA deserves discussion. Inter-
leukin-6 blockade has been shown to
decrease significantly the risk of GCA
relapses during corticosteroid tapering,
along with a favourable safety profile,
both in randomised controlled trials
and a retrospective study (51). In a
real-life observational study, Unizony
et al. recently demonstrated that To-
cilizumab significantly decreases the
rate of ischaemic visual recurrences
including amaurosis fugax, transient
diplopia, blurred vision and PVL in pa-
tients with inaugural ischaemic visual
manifestations in GCA (29). Offering
to patients with complicated GCA a
targeted therapy such as tocilizumab
early could have a beneficial effect on
the ultimate visual prognosis. Further
studies are needed to confirm this hy-
pothesis. Moreover, the early addition
of tocilizumab in complicated forms of
GCA could have a positive impact on
survival. Indeed, we recorded more fa-
talities occurring during GC treatment
in patients with secondary visual im-
pairment compared to other patients. A
higher mean patient’s age and heavier
burden of GC treatment may best ex-
plain this finding, since these patients
more often received initially pulse
methylprednisolone and/or prednisone
at 0.9 mg/kg/day or more and might
thus have been overexposed to serious
therapeutic complications.

New permanent visual loss in treated
GCA patients is a rare, but serious oc-
currence. There is an increased risk of
developing permanent visual loss dur-
ing treatment after a first loss at disease
onset and such patients could also have
decreased survival. Besides the com-

pelling need for closer monitoring and
thorough management of disease flares
in patients with initial unilateral visual
loss, both pathophysiological back-
grounds of ischaemic visual deteriora-
tion and recent data supporting the use
of IL-6 blockade in uncomplicated (52)
or complicated (29) GCA call for pro-
spective studies aimed at determining
to which extent tocilizumab prevents
further visual deterioration and has
steroid-sparing effect in patients with
unilateral visual loss at GCA onset.
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ABSTRACT

Objective: Stroke caused by giant cell arteritis (GCA) is a rare but devastating condition and early recognition is of
critical importance. The features of GCA-related stroke were compared with those of GCA without stroke and
atherosclerosis-related or embolic stroke with the aim of more readily diagnosing GCA.

Methods: The study group consisted of 19 patients who experienced GCA-related strokes within an inception
cohort (1982-2021) of GCA from the internal medicine department, and the control groups each consisted of 541
GCA patients without a stroke and 40 consecutive patients > 50 years of age with usual first ever stroke from the
neurology department of a French university hospital. Clinical, laboratory, and imaging findings associated with
GCA related-stroke were determined using logistic regression analyses. Early survival curves were estimated
using the Kaplan-Meier method and compared using the log rank test.

Results: Amongst 560 patients included in the inception cohort, 19 (3.4%) developed GCA-related stroke. GCA-
related stroke patients had more comorbid conditions (p = 0.03) and aortitis on imaging (p = 0.02), but less
headache (p < 0.01) and scalp tenderness (p = 0.01). Multivariate logistic regression analysis showed that
absence of involvement of the anterior circulation (OR = 0.1 — CI: 0.01-0.5), external carotid ultrasound (ECU)
abnormalities (OR = 8.1 — CI: 1.3-73.9), and C-reactive protein (CRP) levels > 3 mg/dL (OR = 15.4 - CI: 1.9-
197.1) were independently associated with GCA-related stroke. Early survival of GCA-related stroke patients
was significantly decreased compared with control stroke patients (p = 0.02) and GCA patients without stroke (p
< 0.001).

Conclusions: The location of stroke and assessment of ECU results and CRP level could help improve the prognosis
of GCA-related stroke by bringing this condition to the clinician’s attention more quickly, thus shortening
diagnostic delay.

Introduction

factors for GCA-related stroke include male sex (8,10), ischemic heart
disease [5], concurrent presence of ischemic ophthalmic symptoms [3,

Giant cell arteritis (GCA) is the most common systemic vasculitis in
patients > 50 years of age. This disease affects medium and large arteries
and is characterized by granulomatous involvement of the aorta and its
main branches with a predilection for the extracranial branches of the
carotid artery [1]. The inflammatory process in the artery walls causes
narrowing, stenosis, and sometimes occlusion, which are responsible for
the disease symptoms.

GCA-related stroke is a serious but rare complication occurring in
2.7-7.4% of GCA patients based on retrospective studies [2-8]. Risk

# Correspondence author.
E-mail address: eric.liozon@chu-limoges.fr (E. Liozon).

5-7,9,11], and lower acute phase reactants [11]. In contrast to strokes
caused by atherosclerosis, GCA-related strokes most often involve the
vertebrobasilar system [5,6,11] and is the leading cause of GCA-related
death with most fatalities occurring in the first 3 months after the stroke
[12,13]. However, making a diagnosis of GCA early can be challenging
when the initial manifestation of GCA is stroke. To date, GCA-related
strokes have not been compared in previous studies with usual strokes
without GCA in terms of short term prognosis. Therefore, in the present
study, the initial characteristics of GCA patients with or without a stroke
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and stroke patients with or without GCA were compared as well as the
3-month survival of patients in the three groups.

Patients and methods
Patients and data collection

GCA inception cohort

From 1982 through May 2020, all consecutive patients diagnosed
and treated for GCA in the internal medicine department of a tertiary-
care teaching hospital were included in the study cohort. Starting in
1990 GCA was diagnosed based on the criteria of the American College
of Rheumatology [14]. Of 60 patients diagnosed before 1990, 54 had a
positive result of temporal artery biopsy, the 6 remaining patients
meeting retrospectively three or four 1990 criteria. GCA was considered
present in biopsy-negative cases if at least three of the criteria were
fulfilled or if only two criteria were fulfilled but fluorodeoxyglucose
(FDG)-positron emission tomography (PET) scans or CT angiography
were strongly suggestive of occult large-vessel vasculitis [15]. Of 22
such patients, 18 had a positive biopsy and/or suggestive large-vessel
imaging while 4 had treated polymyalgia rheumatica at the time of
GCA occurrence. All GCA diagnoses were pathologically confirmed
using currently accepted criteria. Clinical, laboratory, and pathological
data were prospectively recorded at the time of first admission using a
specifically designed 176-item questionnaire of detailed history and log
data. All study data were stored in computerized files and regularly
updated [16].

GCA-related strokes

All GCA patients with strokes belonged to the inception cohort. GCA-
related stroke was defined as ischemic stroke occurring at the time of
diagnosis of vasculitis or within 4 weeks of starting GCA treatment. In
several patients, the neurological event preceded GCA diagnosis for a
certain time, up to 5 months. In these patients, a thorough review of
neurovascular imaging charts allowed to recognize retrospectively the
arteritic nature of the stroke Strokes without concurrent atrial fibrilla-
tion occurring during a well-documented GCA flare were also regarded
as associated with vasculitis. In these patients, the relevant findings
were posterior location of the stroke and concurrent re-emergence of
more suggestive cranial manifestations with elevated acute phase re-
actants and a favorable outcome upon resuming prednisone treatment or
increasing the daily dose. GCA-related stroke was not considered in the
following circumstances: (i) isolated ophthalmic ischemic symptoms or
a transitory cerebrovascular ischemic event; (ii) strokes with concurrent,
untreated atrial fibrillation (unless there was concurrent evidence of
vasculitic involvement of the cerebral circulation); (iii) strokes that
occurred more than 1 month prior to the onset of signs/symptoms
suggestive of GCA or polymyalgia rheumatica (PMR); or (iiii) strokes
that occurred more than 4 weeks after treatment initiation in patients
with well-controlled GCA.

Usual strokes

The control group consisted of 40 consecutive patients > 50 years of
age from the neurology department of the same hospital recruited from
January through June of 2020 and retrospectively included. These pa-
tients had ischemic or embolic strokes without GCA or primary angiitis
of the central nervous system and were retrospectively included.

Study variables and clinical definitions

At GCA diagnosis, the clinical items extracted from the charts or
computerized files included PMR symptoms, new-onset headache, scalp
tenderness, jaw claudication and/or other jaw/mouth/throat problems
(e.g., reductions or difficulties in jaw opening, maxillary or tooth pain,
lingual discomfort or ischemia, sore throat, carotidynia, dysphagia,
hoarseness, and/or dry cough), and visual ischemic manifestations; only
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visual events that developed prior to therapy or within the first 2 weeks
of therapy were included in the analyses. Ischemic visual symptoms
were categorized as transient symptoms or permanent visual loss as
follows [16]: transient ischemic visual symptoms included amaurosis
fugax, intermittent blurred vision, and transient diplopia; permanent
visual loss included anterior ischemic optic neuropathy, central retinal
artery occlusion, and posterior ischemic optic neuropathy. Temporal
arteries were considered abnormal if the pulse was low or absent and/or
if nodules, redness, thickening, or tenderness was apparent in at least
one artery. Constitutional syndrome was defined as a temperature >
38°C lasting for at least 1 week in conjunction with severe asthenia
and/or weight loss > 5%. Upper limb artery involvement was defined on
a clinical basis followed by confirmation using echo-Doppler and/or
angiographic scans.

Starting in 2005, subclinical aortitis was diagnosed using FDG-PET
scans, computed tomography (CT) scans, or both. A vascular territory
was considered affected in aortic CT angiography if circumferential and
homogeneous thickening of the vascular wall of > 2.2 mm was present.
In FDG-PET and/or CT scans, all vascular uptakes that exhibited equal or
superior intensity to the liver physiological uptake were considered
positive. Circumferential and homogeneous vascular uptakes were
indicative of vasculitis [15]. Biopsy-proven GCA patients with persistent
fever of unknown origin and/or isolated elevated acute phase reactants
met the diagnostic criteria for the systemic form of GCA, irrespective of
the presence of subclinical aortitis. Medical history including cardio-
vascular events and risk factors (e.g., smoking, hypertension, hyper-
cholesterolemia, diabetes mellitus) was also collected.

At the time of stroke, symptoms associated with stroke, the delay
between GCA diagnosis and neurological symptoms, and the results of
brain imaging were noted. All enrolled patients were examined for
cardioembolic disease using electrocardiography and echocardiogra-
phy. All patients in whom stroke was diagnosed had lesions on CT and/
or magnetic resonance imaging (MRI). In all cases, a retrospective re-
view of the lesions observed in CT and MRI scans was performed by an
experienced neurologist (FMM) who confirmed the presence, number,
and locations of brain ischemic lesions (e.g., anterior circulation, pos-
terior circulation, or both). Doppler ultrasound data on supra-aortic
arteries, including the V2 segment of the vertebral arteries, were
collected by an independent vascular physician. The presence of
vascular stenosis, atheromatous plaques, and calcifications of each ter-
ritory (subclavian, internal carotid, external carotid, vertebral,
ophthalmic, and temporal arteries) were recorded for most patients.
Assessment of temporal arteries was not routinely performed in usual
stroke patients.

Treatments

All GCA patients but 9 were treated using standardized protocols.
Patients lacking ischemic manifestations received 0.6-0.8 mg/kg/day of
prednisone until their symptoms disappeared and their CRP levels were
< 5 mg/L; then, the prednisone dose was progressively tapered to 0.35
mg/kg within 4-6 weeks [15]. Patients with permanent ischemic man-
ifestations including GCA-related strokes received initial prednisone
doses of 0.9-1.1 mg/kg/day, which was often preceded by pulse
methylprednisolone; then, the dose was similarly tapered. Heparin
treatment was only prescribed on an individual basis. Strokes unrelated
to GCA were managed according to the latest international recommen-
dations [17].

Outcome measures

Mortality data at 3 months were obtained from each patient’s
computerized record or by calling the respective city hall of each pa-
tient; information on final outcomes was obtained for all patients. In the
event of a reported death, the data was ascertained by cross-referencing
with the national death register managed by the Institut National de la
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Statistique et des Etudes Economiques (INSEE). Survival was measured
based on the date of stroke for both patients and usual stroke controls,
whereas it was measured based on the date of GCA diagnosis for GCA
patients without a stroke.

Statistical analyses

Continuous variables are expressed as the means and standard de-
viations or medians and interquartile ranges, and categorical variables
are presented as frequencies with percentages. Variables were compared
for GCA patients with or without stroke using Pearson’s chi-square test,
Fisher's exact test, or the Wilcoxon test as appropriate. Missing data
were processed using multiple imputations by chained equations with
four matrices [18]. Regarding the comparative features of GCA-related
stroke patients and usual stroke patients, after univariate logistic
regression analyses of the diagnostic predictive factors, variables with a
p-value < 0.25 were included in the multivariate logistic model.
Box-Tidwell regressions were performed [19]. A non-linear relation
appeared for CRP which was discretized in order to linearize it. Quan-
titative variables included for testing the logit linearity hypothesis were
integrated without modification. Three-month survival curves were
constructed using the Kaplan-Meier method and compared statistically
using the log rank test between stroke controls and patients with
GCA-related stroke, and between GCA-related stroke patients and GCA
patients without stroke. Tests were two-sided and a p-value < 0.05 was
considered to indicate statistical significance. All calculations were
performed using R software version 3.2.2 (R Foundation for Statistical
Computing, Vienna, Austria), with the mice (multiple imputation), rms
(Box-Tidwell regressions), and survival (survival analyses) packages.

Ethics board approval and informed consents

All data concerning patients of both groups were retrospectively
collected using the prospective questionnaire for GCA patients or the
neurological patient’s chart for usual stroke patients. This study was,
therefore, conducted in compliance with the Good Clinical Practice and
Declaration of Helsinki principles. In accordance with the French law,
formal approval from an ethics committee and written informed consent
were not required for this type of retrospective study, provided the pa-
tient has not exercised the right to reject his participation to study.

Table 1
Main characteristics of the 17 patients with GCA-related stroke.
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Results
GCA-related stroke patients

Nineteen strokes occurred in 560 GCA patients (3.4%). All the pa-
tients had their first ever stroke. Table 1 summarizes the demographics,
GCA-related clinical characteristics, stroke territory, and mortality of
the patients. The NIHSS score was 9.3 (1-22) for 17 assessed patients.
The mean ESR at the time of stroke was 75 mm/h (12-124) and was less
than 30 mm/h in four patients. Doppler ultrasound data, CT-scan data,
and MRI data were available in 18 patients, 19 patients, and 12 patients,
respectively.

Mean age was 76.2 (5.3 SD) years. Among 16 patients with early
strokes, 13 (81%) were untreated for GCA and three patients were
already receiving glucocorticoid treatment for less than 1 week at stroke
onset. Most patients (79%) had a stroke in the vertebrobasilar system,
and three patients (18%) had a stroke during a late relapse of GCA,
marked by the reappearance of cranial symptoms and elevated acute
phase reactants. Six patients (32%) with early strokes developed at least
one more severe ischemic complication, five of whom had visual loss
from anterior ischemic optic neuropathy or central retinal artery oc-
clusion and the latter one, from occipital stroke (bilateral occipital
infarction). Six patients (32%) died within the first 3 months, including
three patients who died in the days following a brainstem stroke. All six
deaths were regarded as directly associated with the stroke.

Comparison of GCA-related stroke patients with other GCA patients

As Table 2 depicts, patients with GCA-related stroke had more co-
morbid conditions, more often aortitis on imaging studies, but less often
headache and scalp tenderness compared to GCA patients without
stroke. Permanent visual loss occurred twice more often in the stroke
group, although the difference was not significant statistically.
Regarding treatment and outcome issues, GCA patients with stroke
received more intensive GC treatment initially, but not thereafter, and
more often died during treatment.

Control stroke patients

The mean NIHSS score was 6.3 (1-28) for 39 assessed patients.

Sex Headache ATA JC ST PMR TAB PVL Timing of occurrence Location of stroke Death delay* Survival with RNI

1 M 1 1 0 0 0 pos 0 At onset (U) brainstem 0 0
2 M 1 0 0 1 0 pos 0 At onset (T) brainstem 1 (66)

3 F 1 1 g i 1 pos 0 At onset (T) brainstem 1(6)

4 F 1 1 0 0 0 pos 1 At relapse cerebellum 1(2) s
5 F 1 1 1 0 0 pos 0 At relapse posterior parietal + occipital lobes 0 0
6 F 1 1 0 0 1 pos 0 At relapse posterior parietal lobe 0 0
7 F 1 0 0 1 0 neg 0 At onset (U) cerebellum 0 0
8 M 0 0 0 0 (4] pos 1 At onset (U) internal capsule 0 1
9 M 0 1 1 0 [4] pos 1 At onset (T) brainstem 1(8) <
10 F 0 1 ] 0 0 pos 1 At onset (U) brainstem — cerebellum 0 il
11 F 0 0 0 0 0 neg 0 At onset (U) brainstem — cerebellum — caudate 0 1

nucleus + occipital lobe

12 M 1 1 0 0 0 pos 1 At onset (U) cerebellum 0 0
13 M 1 1 0 1 1 pos 0 At onset (U) occipital lobe + temporal lobe 0 1
14 F 0 1 0 0 0 pos 0 At onset (U) brainstem — cerebellum — thalamus 1 (50)

15 M 0 1 0 0 0 pos 0 At onset (U) internal capsule + lentiform nucleus 0 1
16 F 0 1 0 0 1 pos 0 At onset (U) internal capsule 0 0
17 M 1 0 0 0 0 pos 1 At onset (U) brainstem — cerebellum 0 1
18 E 0 1 0 0 0 n.p. 0 At onset (U) Brainstem + left CBZ and ACA 1 (62)

19 F 1 0 0 0 0 pos 0 At onset (U) Brainstem + left cerebellum 0 1

GCA, giant cell arteritis; ATA, (clinically) abnormal temporal artery; JC, jaw claudication; ST, scalp tenderness; PMR, polymyalgia rheumatica; TAB, temporal artery
biopsy; PVL, permanent visual loss; pos, positive; neg, negative; n.p., not performed; T, treated (stroke in the early course of GCA treatment); U, untreated (stroke
revealing GCA); RN, residual neurological impairment; CBZ, cerebral border zone; ACA, anterior cerebral artery.

" Delay (days) between diagnosis of GCA and death
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Table 2
Characteristics of GCA patients with stroke versus other GCA patients: results of
univariate analysis.

Stroke- GCA- All GCA p-

free GCA related value
stroke

(N =541) (N=19) (N =560)

N (%) or mean (SD)

Age 74.8 (8.1) 76.1 (5.3) 74.8 (8) 0.74
Male sex 184 (34) 8 (42.1) 192 0.63
(34.3)
Delay in diagnosing GCA 80 (88) 81 (63) 80 (88) 0.34
ACR criteria (N) 4.0 (0.9) 4.0 (0.9) 4.0 (0.9) 0.86
CVasc comorbid conditions 317 (59.1) 13 (68.4) 330 0.57
(59.5)
All comorbid conditions (N) 1.2(1.1) 1.8(1.3) 1.20 0.03
1.11)
Hypertension 250 (46.6) 11 (57.9) 261 0.46
(47.0)
Diabetes 61 (11.4) 5(26.3) 66 (11.9) 0.11
Dyslipididemia 52(9.7) 5 (26.3) 57 (10.3) 0.05
Peripheral arterial disease* 34 (6.3) 2 (10.5) 36 (6.5) 0.35
Ischemic heart disease 50 (9.3) 1(5.3) 51 (9.2) 1.00
Acute onset of GCA 236 (44) 8 (42) 244 (44) 1.00
Abnormal temporal artery 310(58.2) 14 (73.7) 324 0.27
(58.7)
Polymyalgia symptoms 172(31.8) 3(15.8) 175 0.21
(31.2)
Masked (systemic) GCA 54 (10.0) 2 (10.5) 56 (10.0) 1.00
Aortitis on imaging 61 (11.3) 6 (31.6) 67 (12.0} 0.02
Limb artery involvement 53 (9.8) 1(5.3) 54 (9.7) 1.00
Headache 446 (82.4) 10 (52.6) 456 <
(81.4) 0.01
Scalp tenderness 264 (50.7) 4 (21.1) 267 0.01
(49.8)
Facial/orbital swelling 76 (14.2) 1(5.3) 77 (13.9) 0.50
Jaw claudication 181(33.5) 4(23.5) 185 0.45
(33.2)
Constitutional symptoms 392(73.1) 15 (78.9) 407 0.79
(73.3)
Fever (:>38") 192(36.0) 8 (42.1) 200 0.76
(36.2)
Visual ischemic symptoms 188(34.8) 8 (44.4) 196 0.55
(35.1)
Transient visual ischemic 132(24.5) 1(5.6) 133 0.09
synmiptoms (23.9)
Permanent visual loss 83 (15.3) 6 (31.6) 89 (15.9) 0.11
Positive TAB 368 (70.8) 16 (88.9) 384 0.11
(71.4)
Hepatic cholestasis 179(39.3) 3(18.8) 182 0.12
(38.6)
ESR (mm/h) 84 (28.5) 74.5 (34.2) 83.7 0.30
(28.7)
CRP (mg/dL) 9.4 (6.6) 6.8 (5.7) 9.3 (6.6) 0.07
Hb (mean (SD)) 115.7 119.8 115.9 0.30
(17.1) (18.3) (17.2)
Leukocyte count (G/L) 9290 10143 9321 0.50
(3072) (3,737) (3098)
Platelet count (G/L) 430 (154) 453 (196) 431 (155) 0.75
Pulse methylprednisolone 136(25.1) 11 (57.9) 147 <0.01
(26.2)
Initial daily GC dose (mg/kg) 0.79 0.94 (0.13) 0.79 <0.01
(0.16) (0.16)
Daily GC dose at 3 months 18.27 12.29 18.26 0.95
(6.29) (4.63) (6.31)
Daily GC dose at 6 mo. 12.3 7.22 (4.36) 12.20 0.09
(4.63) (4.65)
Daily GC dose at 12 months 7.22 98 (18.1) 7.16 0.11
(4.36) (4.36)
Use of steroid-sparing drugs 98 (18.1) 18.27 101 1.00
(6.29) (18.0)
Relapses or recurrences 314 (60.2) 5(38.5) 319 0.20
(59.6)
Numbers of relapses or 1.13 0.77 (1.24) 1.12 0.21
recurrences per patient (1.31) (1.30)
GC-associated side effects (N) 1.16 1.16 (1.26) 1.16 0.99
(1.25) (1.24)
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Table 2 (continued)

Stroke- GCA- All GCA p-
free GCA related value
stroke
(N = 541) N=19) (N =560)
N (%) or mean (SD)
Treatment duration 30.7 (27) 14.3 (13.5) 30.13 <0.01
(26.80)
Recovered patients 309(57.1) 8(42.1) 317 0.29
(56.6)
Death 215(39.7) 7(36.8) 222 0.99
(39.6)
Death during GC treatment 62 (11.5) 6 (31.6) 68 (12.1)  0.02
Follow-up (mo.) 82.5 47.5 (54.9) 81.3 <0.01
(67.7) (67.5)

N, numbers. GCA, giant cell arteritis. ACR, American College of Rheumatology.
CVasc, cardiovascular. TAB, temporal artery biopsy. Hb, hemoglobin. GC, glu-
cocorticoids (prednisone).

" including lower limb arterial disease, past ischemic stroke, symptomatic
internal carotid stenosis

Doppler ultrasound data, CT-scan data, and MRI data were available in
39 controls, 20 controls, and 37 controls, respectively.

Comparison of GCA-related strokes with usual strokes

The results of univariate analyses are listed in Table 3 for de-
mographic and baseline characteristics and, Table 4 for neurological
measures in patients with GCA-related stroke compared to control pa-
tients with usual stroke. The ESR was excluded from analysis since it was
almost never performed in control patients. Significant differences were
not observed regarding past history of cardiovascular events and the
presence of traditional cardiovascular risk factors. Compared with
controls, patients with intracranial GCA exhibited more constitutional
symptoms such as fever, temporal artery abnormalities, headache, scalp
tenderness, jaw claudication, permanently impaired vision, PMR
symptoms, and higher mean CRP, fibrinogen, and platelet counts. Sig-
nificant differences were also observed between the two groups
regarding the clinical neurological presentations of stroke and the
involved brain territories (Table 4). Four patients with GCA-related
stroke had vertebral artery stenosis. Stenosis was the most reported
external carotid artery abnormality and was found in seven GCA pa-
tients (41.2%).

Predictive model of GCA-related stroke

Multivariate logistic regression analysis showed that absence of
involvement of the anterior circulation, external carotid ultrasound
abnormalities, and a CRP level > 3 mg/dL were independently associ-
ated with GCA-related stroke (Table 5, Fig. 1).

Survival analysis

Three-month survival from the date of stroke was significantly
decreased in GCA-related stroke patients both compared with the sub-
jects in the control stroke group (Fig. 2A). In addition, the survival rate
was lower when patients with GCA-related stroke were compared with
other GCA patients from the date of GCA diagnosis (Fig. 2B).

Discussion

Cerebrovascular accidents are uncommon in GCA, although they
probably are the leading cause of early death [12]. In the present study,
among all patients included from a large, hospital-based, inception
cohort, the frequency of GCA-related stroke occurrence was 3.4%,
consistent with results reported in other studies [2-8]. Although the
prevalence of GCA-related stroke among all strokes in the Limousin
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Table 3
Characteristics of patients with usual strokes versus patients with GCA-related
strokes: results of univariate analysis.
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Table 4
Neurological characteristics of patients with usual strokes versus patients with
GCA-related strokes: results of univariate analysis.

Number of cases Usual GCA-related All strokes  p- Numbers of cases Usual strokes ~ GCA-related All strokes
strokes(40) strokes (19) (59) value (40) strokes(19) (59)
Female sex 18 (45) 11 (57.9) 29 (49.2) 0.52 Neurological
Age (v) 73.4 (11.6) 76.2 (5.3) 74.3 0.32 symptoms
(10.1) Dizziness 4 (10) 5(27.8) 9 (15.5) 0.12
Previous ischemic stroke 6 (15) 1(5.3) 7 (11.9) 0.41 Focal motor deficit 29 (72.5) 10 (52.6.1) 39 (66.1) 0.23
Myocardial infarction 9 (22.5) 2 (10.5) 11 (18.6) 0.48 Focal sensory deficit 29 (72.5) 4(21.1) 33 (55.9) E
Atrial fibrillation 3(7.5) 1(5.3) 4(6.8) 1.00 0.01
Valvular heart disease 1(2.5) 3(15.8) 4(6.8) 0.09 Dysarthria 28 (70) 8(42.1) 34 (61.4) 0.08
Peripheral arterial 1(2.5) 1(5.3) 2(3.4) 0.54 Facial palsy 17 (42.5) 6 (31.6) 23 (39) 0.60
disease* Impaired vigilance 6 (15) 4(21.1) 10 (16.9) 0.71
Obesity 9 (22.5) 2 (10.5) 11 (18.6) 0.48 Acute cognitive 2 (5) 4(21.1) 6(10.2) 0.08
Hypertension 21 (52.5) 11 (57.9) 32 (54.2) 0.91 disorder
Diabetes mellitus 12 (30) 3 (15.8) 15 (25.4) 0.34 Cerebellar 3(7.5) 6 (31.6) 9 (15.3) 0.03
Hypercholesterolemia 14 (35) 5(26.3) 19 (32.3) 0.71 syndrome
Current smoking 5(12.5) 2 (10.5) 7 (11.9) 1.00 Transient visual 1(2.5) 2111 3(5.2) 0.22
Previous smoking 8 (20) 6 (31.6) 14 (23.7) 0.51 trouble
Body mass index 27.2 (6.1) 23.9 (4.6) 26.0 (5.8) 0.06 Permanent visual 0(0) 4(21.1) 4 (6.8) <
Systolic pressure 163 (31) 162 (21) 163 (28) 0.91 loss 0.01
(mmHg) Impaired 2 (5) 3(15.8) 5(8.5) 0.32
Diastolic pressure 86 (14) 79.5 (11) 84 (14) 0.12 swallowing
(mmHg) Territory
Constitutional 1(2.5) 14 (73.7) 15 (25.4) & involvement
syniptoms 0.01 Carotid system 30 (75) 4(21.1) 34 (57.6) <
Fever 0(0) 5 (26.3) 5(8.5) < 0.01
0.01 Middle cerebral 28 (70) 2(10.5) 30 (50.8) <
Abnormal temporal 0 (0) 15 (78.9) 15 (25.4) < artery 0.01
artery 0.01 Anterior choroidal 2(5) 2(10.5) 4 (6.8) 0.59
Headache 1(2.5) 7 (36.8) 8(13.6) < artery
0.01 Anterior cerebral 1(2.5) 1(5.3) 2(3.4) 0.54
Scalp tenderness 0(0) 4(21.1) 4(6.8) < artery
0.01 Vertebrobasilar system 11 (27.5) 15 (78.9) 26 (44.1) <
PMR symptoms 0(0) 3 (15.8) 3(5.1) 0.03 0.01
Jaw claudication 0 (0) 4(21.1) 4(6.8) & Posterior cerebral 6 (15) 4(21.1) 10 (16.9) 0.71
0.01 artery
CRP (mg/L) 11.3 (18.6) 45.5 (55.9) 21.9 < Basilar artery 3(7.5) 8 (42.1) 11 (18.6) <
(37.7) 0.01 0.01
Fibrinogen (g/dL) 4.0(1.1) 6.5(2.1) 4.8 (2.9) 2 Cerebellar artery 5(12.5) 8(42.1) 13 (22.0) 0.03
0.01 Multiple lesions 8 (20) 8(42.1) 16 (27.1) 0.14
Platelet (G/L) 250 (85) 389 (206) 291 (146) < Bilateral lesions 2 (5) 3(15.8) 5(8.5) 0.32
0.01 Permanent damage 8 (20) 3(17.6) 11 (19.3) 0.99
Hemoglobin (g/dL) 132 (28) 126 (20) 130 (26) 012 Embolic mechanism 8 (20) 0O 8(14) 0.09
Triglycerides (g/L) 1.3 (0.6) 1.0 (0.2) 1.205) 0.07 Ultrasound
HDL cholesterol (g/L) 0.5 (0.2) 0.6 (0.2) 0.5 (0.2) 0.11 abnormality
LDL cholesterol (g/L) 1.0 (0.4) 1.0 (0.3) 1.0 (0.4) 0.62 Subclavian artery 0(0) 2(14.3) 2(4.4) 0.09
Glycemia (mmol/L) 7.0 (2.8) 10.2 (13.7) 8.0 (7.8) 0.88 Internal carotid 20 (51.3) 10 (58.8) 30 (53.6) 0.82
- . K ) - K External carotid 2(5.1) 7 (41.2) 9(16.1) <
GCA, giant cell arteritis; PMR, polymyalgia rheumatica; CRP, C-reactive protein; 0.01
HPL, high-density lipoprotein; LDL, low-density lipoprotein. Vertebral artery 2 (5.1) 4(23.5) 6 (10.7) 0.06
" of the lower limbs Ophthalmic artery 0(0) 2(18.2) 2(5.7) 0.09
Temporal artery 0 (0) 6 (60) 5 (54.5) 0.45

population cannot be derived from our hospital-based cohort study, in
other populations, GCA-related stroke represented 0.14% of all first-ever
strokes including hemorrhagic strokes [20] and 0.17% of all ischemic
strokes [21]. In a well-defined French urban population, the incidence of
GCA-related stroke was 0.76/10° people/year, with a strong male pre-
dominance [8]. Therefore, GCA-related stroke is a very infrequent
occurrence in the general population compared with atherosclerotic and
embolic strokes, and may not be suspected, especially when the stroke is
a revealing complication of vasculitis.

Generally, strokes occurring within 4 weeks preceding or following
GCA diagnosis are considered to be caused by the vasculitis process [5,
6]. In the present study, stroke most often exposed GCA or complicated
its very early course, which is in agreement with other studies [11].
Vertebrobasilar and internal carotid vasculitis can be detected at an
asymptomatic stage during the diagnosis process of suspected GCA [22].
This finding could account for strokes occurring at a few days following
glucocorticoid treatment initiation due to insufficient control of a severe
vasculitis process and/or delayed clot formation at the level of the
injured beds. In contrast to other studies, 3 of 19 (16%) cerebrovascular
events in the present study occurred late in the course of GCA, up to 21

Table 5
Results of logistic regression analyses: predictive model of GCA-related stroke.
B OR 95% CI p-value
Vertebrobasilar system -2.2 0.1 0.01-0.5 0.01
External carotid abnormality on US 2.1 8.1 1.3-173.9 0.04
CRP level > 3 mg/dL 2.7 15.4 1.9-197.1 0.02

GCA, giant cell arteritis; US, ultrasound; CRP, C-reactive protein; OR, odds ratio;
CI, confidence interval.

months after diagnosis. Such latency before a cerebrovascular GCA flare
has been previously reported, although rarely [23-25]. There is a
significantly increased risk of cerebrovascular accidents caused by
atherosclerosis among patients with GCA [26]. Therefore, the detection
of vasculitis as the cause of a late stroke in these patients can be
particularly challenging. Although direct evidence of vasculitis affecting
extra- or intracranial arteries was lacking, the probable diagnosis was
late complicated GCA in all three reported patients.
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Fig. 1. Receiver Operative Curve analysis of the model including absence of
involvement of the anterior circulation, external carotid abnormality on ultrasounds,
and CRP level > 3 mg/dL.

Legend to Figure 1 Sensitivity, specificity, as well as positive and negative
predictive values of the model and score were 97.4%, 56.3%, 84.4%, and
90.0%, respectively with an accuracy of 0.85.

There are also reports of stroke being the main inaugural manifes-
tation of GCA [27-31]. In this setting, early diagnosis of underlying
vasculitis can be difficult because the often serious, neurological mani-
festations can mask the main symptoms of GCA, particularly when the
patient has become aphasic, dysarthric, confused, or lethargic [23,32].
Furthermore, the patients included in the present study seldom exhibi-
ted PMR symptoms, often lacked headache and/or gross temporal ab-
normalities, and demonstrated relatively low mean levels of acute phase
reactants, rendering the GCA diagnosis even more challenging. Consis-
tent with the latter finding, an inverse association exists between an
inflammatory response and the risk of developing visual loss and other
cranial ischemic complications in GCA [33]. Conversely, our patients
often experienced concurrent sudden ischemic visual loss, which is
infrequent in usual ischemic stroke but has been found to be signifi-
cantly associated with stroke among patients with incident GCA [3,5-7,
9,11,34]. Therefore, synchronous or sequential occurrence of ischemic
stroke and ischemic visual loss should raise suspicion of an inflamma-
tory vascular process causing both events. Very infrequently,
GCA-related stroke can present without an elevated erythrocyte sedi-
mentation rate and/or CRP [35,36]. This confusing occurrence was
observed three times (16% of the cases) in the present study. In such
instances, the early GCA diagnosis only relies on the patient’s history,
either self-reported or by interviewing relatives, a careful physical ex-
amination including palpation of temporal arteries and a search for limb
arterial bruits, as well as a critical review of brain and vascular imaging
results.

Significantly, in most previous studies, strokes predominated in the
posterior circulation [5,6,11,21,32,37-39,40] in sharp contrast with the
prominent involvement of the carotid system in cerebrovascular acci-
dents caused by atherosclerosis [41]. This finding was confirmed in the
present study, with strokes occurring in the posterior circulation four
times as often as in the carotid system. However, severe internal carotid
involvement in GCA can also occur, combined with vertebrobasilar
involvement or alone, most often in its distal segments [2,3,9,21,32,40,
42,43].

Color-duplex Doppler (CDD) examination is important for the diag-
nosis of GCA [44] and helpful for detecting GCA in cervical segments of
the main cerebral arteries when observing multiple segmental narrow-
ing affecting multiple vessels, in the absence of proximal changes
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Fig. 2. Kaplan-Meier analyses comparing the three-month cumulative survival
curves of 19 GCA patients with stroke and (a) 541 GCA patients without a stroke,
(b) 40 patients with usual (ischemic) stroke.
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suggestive of atherosclerosis [32,37]. CDD examination can reveal
concentric, homogeneous, and smooth hypoechogenic mural thick-
ening, the so-called halo sign, of vertebral arteries, as regarding tem-
poral arteries [39,45]. However, because the intracranial portions of
vertebral arteries and the basilar artery are often not covered by ultra-
sound imaging, other vascular imaging procedures such as CT angiog-
raphy or magnetic resonance angiography are critical for optimizing the
diagnostic workup of those patients [25,32,34,37].

In the present study, multivariate logistic regression analyses
consistently showed that absence of involvement of the anterior cerebral
circulation, external carotid ultrasound abnormalities, and a CRP level
> 3 mg/dL were independently associated with GCA-related stroke
compared with usual ischemic strokes. GCA-related stroke represents a
major neurologic emergency but is often difficult to recognize. Our re-
sults could help physicians more quickly distinguish between GCA-
related stroke and usual ischemic strokes, thus promptly ensuring
appropriate treatment for both patient populations. Moreover, we
cannot exclude the influence of traditional cardiovascular risk factors as
an additional predisposing factor in the development of stroke. In this
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sense, a study in a series of 210 biopsy-proven GCA patients indicated
that the presence of traditional risk factors of atherosclerosis at the time
of GCA diagnosis significantly increased the risk of developing one of the
serious ischemic complications associated with GCA [46].

The results of the present study confirm the serious prognosis of
GCA-related stroke reported in previous studies [10,11,21,32,34,37,40].
Patients experiencing this event had significantly decreased early sur-
vival compared with both stroke-free GCA patients and control stroke
patients. In most instances, death occurred due to the devastating con-
sequences of a brainstem infarction and/or an uncontrollable wide-
spread GCA course. Similarly, Ruegg et al. found that bilateral vertebral
artery occlusion (BVAO) from GCA resulted in much higher mortality
(75% vs. 19%) compared to BVAO of atherosclerotic origin (37).
Multimodal therapeutic approaches for life-threatening intracranial
GCA may be needed and have involved combined high-dose glucocor-
ticoid and cyclophosphamide or methotrexate, therapeutic anti-
coagulation, and emergency endovascular treatment [24,25,32,34,37,
42,46], with mixed outcomes. The severe cases included in the present
study only received high-dose glucocorticoid treatment and heparin,
which might have been inadequate for quickly controlling a severe
mural inflammation of the vertebral arteries.

Our study had several other limitations. The retrospective design and
protracted period of inclusion precluded homogeneous imaging pro-
cedures for the brain arteries and parenchyma, hence diminishing the
validity of the case-control study design. Notably, the low number of CT
or magnetic resonance angiographies performed in this study likely
hindered the identification of radiological criteria for intracranial GCA
[37,40]. In addition, the results of temporal artery ultrasound exami-
nation were excluded from logistic regression analysis because the
controls were not routinely assessed using this method. Another source
of bias, data on the control stroke group was collected retrospectively,
while it was collected prospectively in the GCA group. Nevertheless, all
19 GCA-related stroke patients were part of a well-defined, large
inception cohort, which enhanced the accuracy of the data. Further-
more, detailed information on GCA features and available data on the
treatments and outcomes in most cases enabled detailed description of
the reported cases. Finally, this is the first comparison of the features and
prognosis of GCA-related stroke with those of usual ischemic strokes.
Using this strategy, we identified several quick variables allowing ac-
curate distinction between the two conditions.

In summary, stroke complicates the course of GCA in 3-4% of cases,
either revealing vasculitis or complicating its early course. Very infre-
quently, stroke can occur during a late GCA relapse. GCA-related stroke
can be difficult to recognize and has a poor prognosis: Whether earlier
diagnosis of vasculitis and prompt salvage therapy could reduce the
extent of neurologic complications deserve further studies. Neverthe-
less, our practical findings can aid in early diagnosis by bringing the
likelihood of GCA to the clinician’s attention in a timely manner.
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Frequency and Significance of Hepatic
Involvement in New-Onset Giant Cell Arteritis:
A Study of 514 Patients

To the Editor:

Abnormalities of liver function in giant cell arteritis (GCA) have
long been described' and are present at the acute phase of the
disease in 30% to 60% of cases.>* Hepatic involvement is mostly
anicteric cholestasis (g, clevated alkaline phosphatase [ALP] and
gamma-glutamyl transferase [GGT), and, more rarely, cytolytic
hepatitis (eg, elevated aspartate aminotransferase [AST] and/or
alanine aminotransferase [ALT]). Pathologic documentation of
hepatic involvement is seldom required in patients with GCA
and is mostly normal, or shows various specific or nonspecific
changes.>* Although a positive association between hepatic
cholestasis (HC) and higher acute-phase response at GCA
onset is plausible, so far, only 1 study has specifically addressed
this issue.” In this study,” raised ALP (> 2 times above the upper
limit of normal [ULN]) was associated with age, more frequent
constitutional syndrome and fever; higher mean erythrocyte
sedimentation rate (ESR), hemoglobin, and platelet count; and
lower mean albumin. Patients in both groups (raised/normal
ALP) had similar rates of ischemic complications. However,
C-reactive protein (CRP) was measured in only 40% of cases,
and no other hepatic enzymes were studied, nor was any infor-
mation on the prognostic value of HC available.”

We therefore conducted a study aimed at determining the
frequency of occurrence, patterns, and disease associations of
hepatic involvement in untreated, new-onset GCA. We also
looked at the prognostic effect of HC. All data concerning these
elderly patients with GCA were retrospectively collected. This
study was conducted in compliance with Good Clinical Practice
guidelines and the Declaration of Helsinki. In accordance with
French law, approval from an ethics committee and written
informed consent were not required for this type of retrospective
study, provided the patient has not exercised the right to refuse
participation in the study.

We sclected from a large, single-center inception cohort of
patients with GCA® all those who had complete liver enzyme tests
(including ALP, GGT, AST, and ALT) performed before gluco-
corticoid (GC) treatment. Using univariate analyses, we deter-
mined which baseline and outcome variables were associated
with the presence of HC ac GCA onset. Among 655 patients,
514 (78.5%, 347 biopsy-proven) met the entry criteria and were
included. GCA was diagnoscd based on the 1990 American
College of Rheumatology (ACR) criteria. Of 59 patients diag-
nosed before 1990, 52 had a positive temporal artery biopsy, and
the 7 remaining patients retrospectively met 3 or 4 of the 1990
ACR criteria. At least 1 liver enzyme abnormality was present
in 219 (42.6%) patients, 3 (1.4%) of whom had elevated amino-
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transferase levels only, 18 (8.2%) had elevated ALP level only,
161 (73.5%) had raised ALP and GGT levels, and 37 (16.9%)
had mixed hepatitis (eg, both cholestasis and clevated AST and
ALT levels). Most enzyme elevations were mild, at < 3 cimes
above the ULN. The highest ALP, GGT, AST, and ALT values
were 879 TU/L, 1028 TU/L, 251 TU/L, and 641 IU/L, respec-
tively. No patients with liver involvement developed jaundice or
liver pain or cniargerncnt, and all assessed patients quickiy cleared
their hepatic enzyme abnormalities upon GC treatment, making
it unnecessary to investigate other causes of liver dysfunction or
perform a liver biopsy. During follow-up, only 2 patients had a
subsequcnt diagnosis of autoimmune hepatitis made. Among
the studied variables (Table), mean levels of blood acute-phase
reactants and serum albumin level, as well as blood cell counts,
were the strongest predictors of liver abnormalities; HC was
associated with higher mean ESR, CRP, fibrinogen, leukocyte
and platelet values, and lower hemoglobin and albumin levels.
The strongest correlations, as assessed by Spearman p test, were
between ALP, ESR, and CRP. In addition, patients with HC
had fewer ischemic complications overall, but they had similar
rates of permanent visual loss compared to the other patients.
The presence of aortitis was negatively associated with HC,
which might point to a distinct immuno-inflammatory pattern
in large-vessel vasculitis. Finally, patients of either group shared
similar late GCA outcome issues and prognosis, although those
with HC had higher prednisonc burden in the first 6 months.
The higher death rate observed in the HC group may rely on
longer median duration of follow-up (76 vs 64 months); rates
of death occurring during GC treatment were similar in both
groups.

The present study confirms and expands on previous data on
liver enzyme abnormalities in new-onset GCA. Silent HC is a
frequent finding, whereas cytolytic hepatitis is rare. HC is associ-
ated with a strong systemic inflammatory response but not with
a reduced ischemic visual risk, and is mostly fully reversible with
adequate GC treatment. Our finding of similar ischemic visual
risk in patients with or without HC at disease onset highlights
the unclear boundaries existing between the vascular component
and the inflammatory component of GCA. Indeed, vascular and
systemic inflammation may be discordant in GCA, so much so
that 2 opposing subgroups of patients may be identified. The
first subgroup is characterized by severe systemic inflammation
and a low frequency of ischemic complications, whereas in the
second subgroup, there is less systemic inflammation but prom-
inent neuro-ophthalmic ischemic complications.”'® The finding
of HC being associated with higher GC doses in the first 6
months could reflect more prudent prednisone tapering related
to a low-level, persistent acute-phase reaction. Raised ALP levels
have been reported to mirror a higher state of inflammation in
patients with clinically isolated polymyalgia rheumarica (PMR)
as well.!! Whether liver involvement in patients with PMR can
represent a risk factor for overlapping GCA deserves further
investigation.'”

l © 2024 The Journal of Rheumarology l
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Table. Characteristics of the cohort with comparison between patients with and without hepatic cholestasis.

No Hepatic Cholestasis, Hepatic Cholestasis, Tortal, i
n=298 n=216 N=514
Demographic and clinical characteristics
Male sex, n (%) 106 (35.6) 74 (34.3) 180 (35.0) 0.83
Age, yrs 74.5 (7.5) 74.8 (8.1) 74.6 (7.8) 0.46
Body weight, kg 62.8 (12.1) 64.4(13.2) 63.5(12.6) 0.29
Hypertension, n/N (%) 129/295 (43.7) 97/215 (45.1) 226/510 (44.3) 0.82
Diabctes, n/N (%) 37/296 (12.5) 28 (13.0) 65/512 (12.7) 0.98
Dyslipidemnia, n/N (%) 35/295 (11.9) 22(10.2) 57/511(11.2) 0.66
Delay to diagnosis, d 87.4(92.1) 76.2(80.3) 82.7 (87.5) 0.12
No. of ACR criteria met 4.0 (1.0) 4.1{0.9) 4.0(0.9) 0.14
Acute disease onset, n/N (%) 123/294 (41.8) 93/211 (44.1) 216/505 (42.8) 0.68
Fever,n/N (%) 115/294 (39.1) 91/214 (42.3) 206/508 (40.6) 0.52
Weight loss > 5%, n/N (%) 110/291 (37.8) 101/210 (48.1) 211/501 (42.1) 0.03
Polymyalgia symptoms, n (%) 88 (29.5) 69 (31.9) 157 (30.5) 0.62
Systemic (masked) GCA, n (%) 34(11.4) 25 (11.6) 59(11.5) >0.99
Headache, n (%) 239 (80.2) 174 (80.6) 413 (80.4) >0.99
Scalp tenderness, n/N (%) 137/286 (47.9) 110/212 (51.9) 247/498 (49.6) 0.43
Facial/orbital edema, n/N (%) 41 (13.8) 29/214 (13.6) 70/512 (13.7) >0.99
Jaw claudication, n/N (%) 86(29.1) 81(37.5) 167/512 (32.6) 0.06
Permanent visual loss, n (%) 40 (13.4) 29 (13.4) 69 (13.4) >0.99
Ischemic stroke, n (%) 15 (5.0) 5(23) 20(3.9) 0.18
Limb artery involvement, n (%) 31(10.4) 17 (7.9) 48 (9.4) 0.42
Mean ENT symptoms’, n 1.7 (1.7) 2.0(2.0) 1.8 (1.8) 0.08
Imaging and pathological findings
Imaging of the aorta, n/N (%) 113/283(39.9) 74/200 (37.0) 187/483 (38.7) 0.58
Presence of aortitis, n (%) 55(18.5) 19 (8.8) 74 (14.4) <0.01
Positive TAB result, n/N (%) 190/281 (67.6) 157/212 (74.1) 347/493 (70.4) 0.15
Laboratory results
Mean ESR, mm/l 785 (28.8) 94.9 (25.9) 85.2 (28.8) <0.001
Mean CRP, mg/L 79.2(57.2) 119.6 (72.1) 96.1 (66.8) <0.001
Mean fibrinogen level, g/L 6.6(L5) 7.3 (1.8) 6.9(1.7) < 0.001
Mean hemoglobin, g/L 1165 (16.4) 112.1(17.7) 114.6 (17.1) 0.01
Mean leukocyte count, G/L 8.7 (2.5) 9.8 (3.7) () < 0.001
Mean platelet count, G/L 398 (133) 479 (176) 432 (157) < 0.001
Mean serum albumin, g/L 34.9 (5.3) 32.6(5.9) 33.9(5.7) < 0.001
Positive IgG aCL, n/N (%) 47/234(20.1) 33/158 (20.9) 80/392 (20.4) 0.95
Treatment and outcomes
Pulse methylprednisolone, n (%) 78 (26.2) 59 (27.3) 137 (26.7) 0.85
Initial prednisone dose, mg/kg/d 0.79 (0.17) 0.78 (0.16) 0.78 (0.16) 0.22
Dose at 3 mos, mg/d 17.2(5.9) 18.6(5.8) 17.8(5.9) <0.01
Dose at 6 mos, mg/d 11.1(4.1) 12.5 (4.8) 11.7 (4.4) <0.01
Dose at 12 mos, mg/d 6.7 (4.1) 7.4 (4.4) 6.94(4.2) 0.08
Use of GC-sparing treatment, n (%) 64(21.5) 43(19.9) 107 (20.8) 0.75
Treatment stopped, n/N (%) 181/297 (60.9) 134/215 (62.3) 315/512 (61.5) 0.82
Treatment duration, mos 27.2.(25:2) 27.8(23.9) 27.5 (24.6) 0.97
Treatment duration in recovered patients, mos 27.9(15.3) 31.7 (20.4) 29.5(17.7) 0.41
No. of relapses/patient® 1.0 (1.2) 1.1(1:3) 1.0 (1.3) 0.58
Recovered patientst, n (%) 165 (55.4) 120 (55.6) 285 (55.4) 1.00
Death, n (%) 93 (31.2) 95 (44.0) 188 (36.6) <001
Death during GC treatment, n (%) 29(9.7) 26 (12.0) 55(10.7) 0.64
Valucs arc expressed as mean (SD) unless indicated otherwise. * Proportions were analyzed using Pearson chi-square tests; comparisons of continuous variables

were performed with ¢ tests. *ENT includes jaw claudication, difficulty opening mouth, toothache, earache, tongue pain, sore throat, dry cough, and carotido-
dynia."Before 2003, relapse was defined as the recurrence of clinical symptoms or inflammatory variables that were attributable to GCA and required increased
medication. Thereafter, only events involving clinical symptoms, or persistently raised acute-phasc reactants wicth demonstration of new large-vessel involvement,
were labeled as relapses. © Patients free of relapse for at least 12 months following the cessation of GC treatment. aCL: anticardiolipin antibody; ACR: American
College of Rheumatology; CRP: C-reactive protein; EN'T: ear, nose, and throat; ESR: erythrocyte sedimentation rate; GC: glucocorticoid; GCA: giant cell
arteritis; TAB: temporal artery biopsy.
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Abstract

Introduction Biopsy-proven giant cell arteritis (GCA) occasionally presents without acute-phase reaction. In this setting,
GCA may be initially overlooked and glucocorticoid treatment unduly delayed, potentially increasing ischemic risk.
Patients and methods From an inception cohort of patients with newly diagnosed, biopsy-verified GCA, we retrieved all
cases without elevation of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level before starting gluco-
corticoid treatment. We compared the baseline features and outcomes of these patients and two additional patients recruited
after GCA diagnosis with those of 42 randomly selected patients with high baseline ESR and CRP.

Results Of 396 patients, 14 (3.5%) had lower baseline values of both ESR and CRP. Lower baseline ESR and CRP were
associated with fewer American College of Rheumatology criteria met (p <0.001, 95% CI — 1.1; — 0.9), and less jaw clau-
dication (p=0.06, 95% CI 0.8; 44.9), but similar rates of permanent blindness (p =1.0). Patients with lower ESR and CRP
also showed obvious differences regarding mean blood cell counts and mean hemoglobin level, but also less anti-cardiolipin
antibody positivity (p=0.04, 95% CI 0.8; *°) and hepatic cholestasis (p =0.03, 95% CI 1.0; 422). Patients with lower ESR
and CRP had fewer GCA relapses (p=0.03, 95% CI — 1.1; — 0.1), fewer glucocorticoid-induced complications (p =0.01,
95% CI — 2.0; — 0.1), and successfully stopped glucocorticoids sooner than the other patients (18.3 months vs 34 months
in average, p=0.02,95% CI — 27;— 0.9).

Conclusion Biopsy-proven GCA presenting with lower ESR and CRP is not an exceptional occurrence. It is clinically less
typical but carries similar ischemic risk to other forms of the disease. Conversely, the late GCA prognosis of these patients
is excellent.

Keywords Giant cell arteritis - Erythrocyte sedimentation rate - C-reactive protein - Case control study

Giant cell arteritis (GCA) is a chronic, systemic, large-vessel
vasculitis with marked female predominance and restriction
to older age [1]. Substantially increased erythrocyte sedi-
mentation rate (ESR) and C-reactive protein (CRP) level are
hallmarks of GCA at the acute stage, and both represent core
diagnostic findings in older subjects with recent-onset head-
ache. ESR > 50 mm/h is one of the five American College
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of Limoges, Limoges Cedex, France

2 Service de Médecine Interne A, CHRU Dupuytren, 16, Rue
Bernard Descolttes, 87042 Limoges, France

of Rheumatology (ACR) criteria for GCA [2]. Occasionally,
GCA may present without elevated ESR and/or CRP, with a
reported frequency of such features ranging widely from < 1
to 24%. Discrepancies between studies were mainly due to
considerable heterogeneity in the cut-oft ESR value chosen
for normality, additional CRP measurement and its related
cut-off value, as well as inclusion of patients previously or
currently treated for GCA or polymyalgia rheumatica (PMR)
[3-8].

In a literature review of incident GCA presenting with
low ESR in 1986, Wong et al. reported a high frequency of
severe visual complications (6/22 patients) in these patients
[9]. More recently, authors from the Mayo Clinic disputed
this finding along with presentation of their own experi-
ence in nine patients with very low baseline ESR, none of

@ Springer
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whom suffered permanent vision loss [ 10]. However, neither
study compared the main features and outcome issues of
GCA patients presenting with normal ESR and CRP in a
controlled manner to clarify several major issues, includ-
ing delay in diagnosis, its associated risk of severe ischemic
events, and the late GCA prognosis in such patients. This
report presents personal experience based on a large GCA
series included in an inception cohort, with comparison of
baseline features and outcomes of patients with both lower
ESR and CRP, with those of patients with overt acute-phase
reaction at presentation.

Patients and methods
Patients and data collection

The study population included all consecutive patients
referred to the department of internal medicine of one ter-
tiary care teaching hospital for diagnosis and treatment of
GCA since 1980 until December 2021. GCA diagnosis was
based on the ACR criteria [2]. All GCA diagnoses were
pathologically confirmed using currently accepted crite-
ria [11], and polymyalgia rheumatica (PMR) was defined
by at least 2 weeks of moderate-to-severe pain and morn-
ing stiffness lasting more than 30 min in at least two areas
that included the neck, shoulders, and pelvic girdle [12].
We retrieved all data on GCA features, treatments, and out-
come issues. Clinical, laboratory, and pathological data were
recorded prospectively at the time of first admission using
a specifically designed 176-item questionnaire of detailed
history and log data. All study data were stored electroni-
cally and regularly updated [13]. We extracted all reported,
biopsy-verified GCA cases showing both ESR (Westergren
method) <35 mm/h and CRP <10 mg/L (e.g., the lower
limit for CRP to qualify as a positive item in the 2022 Ameri-
can College of Rheumatology/EULAR classification criteria
for GCA) [14] in the absence of prior glucocorticoid (GC)
treatment, and compared their features and outcomes with
those of 42 randomly selected, biopsy-verified patients from
the same inception cohort, after excluding negative biopsy
cases and biopsy-proven cases lacking baseline ESR and/
or CRP data, as well as cases with too incomplete records.

Study variables and clinical definitions

Details of the demographic characteristics, date of diagnosis,
clinical features, levels of acute-phase reactants and liver
enzymes at disease onset (prior to steroid treatment), tempo-
ral artery biopsy (TAB) status, starting dose of prednisone,
number of relapses during prednisone tapering, use of
steroid-sparing agents, and total duration of treatment were
retrieved for each patient. The clinical items extracted from

@ Springer

the electronic medical records included PMR symptoms,
new-onset headache, scalp tenderness, jaw claudication and/
or other jaw/mouth/throat problems, and visual ischemic
manifestations, as described previously [13]. Temporal arter-
ies were considered abnormal if the pulse was low or absent
and/or at least one artery showed nodules, redness, thicken-
ing, or tenderness. Constitutional syndrome was defined as
temperature > 38 °C lasting for at least 1 week in conjunc-
tion with severe asthenia and/or weight loss > 5%. Upper
limb artery involvement was defined clinically followed by
confirmation using echo-Doppler ultrasound and/or angiog-
raphy. Starting in 2005, subclinical aortitis was diagnosed
by fluorodeoxyglucose-positron emission tomography
(FDG-PET) and/or computed tomography (CT) according
to current diagnostic standards [15]. Patients with persistent
fever of unknown origin and/or isolated raised acute-phase
reactants were classified as having the systemic form of
GCA regardless of the presence or absence of subclinical
aortitis. We defined typical cranial arteritis as the presence
of at least two of new-onset headache, clinically abnormal
temporal artery, and/or jaw claudication. Liver involvement
was defined by the presence of elevated serum levels of
phosphatase alkaline and gammaglutamyl-transpeptidase,
in the absence of prior GC treatment.

Outcome measures

Relapse was defined as the recurrence of clinical symptoms
and/or inflammatory parameters attributable to GCA and
requiring increased medication. PMR relapses were defined
based on a combination of patient self-assessment, eryth-
rocyte sedimentation rate (ESR), C-reactive protein (CRP)
level, shoulder pain/limitations during clinical examination,
and response to steroid dose adjustments; if these events
occurred after cessation of the planned treatment, it was
considered as recurrence [16]. Relapsing patients in whom
prednisone doses could not be reduced below 20 mg/day at
6 months, 10 mg/day at 12 months, and/or 7.5 mg/day at
2 years were considered steroid-dependent cases. We also
evaluated total treatment duration, recovery from GCA (i.e.,
free of relapse for at least 12 months following cessation of
GC treatment), duration of treatment in recovered patients,
duration of clinical follow-up, date of death, or patient clini-
cal status at the end of the study (March 31, 2021). Ster-
oid-induced complications, including infection (any event
leading to antibiotic prescription and/or hospitalization),
osteoporotic fractures, diabetes mellitus, venous thrombo-
embolism, and disabling myopathy, were recorded.

Treatments

Most patients with GCA were treated using standardized
protocols. Patients lacking ischemic manifestations received
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prednisone at 0.6—0.8 mg/kg/day until their symptoms dis-
appeared and CRP levels were <5 mg/L, after which the
prednisone dose was progressively tapered to 0.35 mg/kg
within 4-6 weeks. Patients with permanent ischemic mani-
festations received an initial prednisone dose of 0.9-1.1 mg/
kg/day, which was often preceded by pulse methylpredni-
solone, and the dose was then similarly tapered. Relapses
without ischemic symptoms were managed by temporarily
increasing the prednisone dose to a previously effective dose,
whereas severe relapses involved more consistent increases
conducted on an individual basis. Patients with relapsing/
steroid-dependent GCA or those who experienced serious
steroid-related side effects often received steroid-sparing
drugs, such as methotrexate, dapsone [17], or tocilizumab.

Statistical analysis

For each case (e.g., biopsy-proven GCA with lower ESR
and low CRP), three controls (e.g., biopsy-proven GCA
with baseline ESR > 35 mm and/or CRP > 10 mg/L) were
randomly selected from the inception cohort. Continuous
variables are expressed as the mean and standard deviation
or median and interquartile range, and categorical variables
are given as the frequency and percentage. Variables were
compared for GCA patients with or without lower ESR and
CRP using Pearson’s chi-square test, Fisher’s exact test, or
Wilcoxon’s test as appropriate. Tests were two-sided and
p<0.05 was taken to indicate statistical significance. All
calculations were performed using R version 3.2.2 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Literature review

We searched for published cases in the English Language
indexed in Pubmed /Medline, Scopus and Directory of Open
Access Journals performed with the following Key words in
combination with Medical Subject Headings (MeSH) terms:
[giant cell arteritis or temporal arteritis—AND low eryth-
rocyte sedimentation rate (ESR) or normal ESR or normal
inflammatory markers or normal C-reactive protein]. We
also manually screened reference lists of selected retrieved
articles to identify further papers that both databases may
have missed. For cases published up to 1983, we used the
data collected by Wong et al. in a thorough literature review

[9].

Ethics board approval

All data concerning these older patients with GCA were
collected retrospectively. This study was conducted in com-
pliance with good clinical practices and the principles of
the Declaration of Helsinki. In accordance with French law,

formal ethics committee approval was not required for this
type of retrospective study.

Results
Characteristics of low ESR and CRP GCA patients

Of 587 patients newly diagnosed with GCA between Janu-
ary 1980 and May 2021, 396 met the entry criteria (e.g.,
biopsy-proven disease and both ESR and CRP measured at
least once before GC treatment). Fourteen patients (3.5%)
both had lower baseline ESR (mean 20.4 + 8.9 mm/h) and
CRP level (mean 5.4+3 mg/L), 10 of whom (2.5%) had
both ESR <30 mm/h and CRP <8 mg/L. Table 1 shows the
demographic, clinical, and laboratory characteristics of these
14 patients and two additional patients who were recruited
after diagnosis and were therefore not included in the incep-
tion cohort. The mean age of the patients was 74.4 years
(range 67-85 years) with a female/male ratio of 2.5. GCA
had an abrupt onset in half of the cases, and the delay to
diagnosis averaged 113 days (range 18-350 days). The mean
latency from the first hospital presentation to diagnosis was
19 days (range 0-225 days, average 2 days). Ten patients
met four ACR criteria, four met three criteria, and two met
two criteria. Nine (56%) patients had typical features of cra-
nial arteritis and 12 (75%) had abnormal temporal artery
findings. Two patients had concurrent polymyalgia symp-
toms and two other patients had a prior history of PMR.
Four patients reported jaw claudication and/or or difficulty
in mouth opening, and two reported low-grade fever. Eight
patients (50%) reported visual or central nervous system
ischemic symptoms, which were permanent in four (25%,
two cases of permanent vision loss from anterior ischemic

optic neuropathy [AION], one case of stroke, and one case of

both ATON and stroke). In addition, two patients (14%) had
severe limb ischemia. Thus, six patients (37.5%) presented
with permanent ischemic manifestations due to GCA. Mean
ESR was 20.1 +8.9 mm/h, mean CRP 5.5 +3 mg/L, mean
fibrinogen was 440 + 93 mg/dL (normal range 200-400 mg/
dL) with 6 (50%) values > 450 mg/dL, mean haptoglobin
207 £ 36 mg/dL with two (25%) elevated values, mean
hemoglobin 132.9 +13.6 g/LL with two values (14%) below
120 g/L, and mean platelet count 309 +81 x 10°/L with two
(15%) values above 400 x 10°/L. None of the patients died
during treatment, and twelve (75%) recovered after a mean
18.3-month course of GC administration.

Among group comparisons
Mean ESR was 92.5 +24 mm/h and mean CRP was

114 + 68 mg/L in controls. The mean follow-up duration was
52.9+31.2 months in patients with lower ESR and CRP and
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Table 1 Characteristics and outcomes of 16 patients with low ESR/low-CRP GCA

Patient ~ Sex/age (yr) Delay in Typical cranial

Ischemic complications ~ Aortitis on  ESR (mm/h)/ GC duration/outcome

diagnosis arteritis* (ACR imaging CRP (mg/L)
(d) criteria)
Casc 1 F/74 30 Yes (4) Nonc N.A. 35/5 26 mo, rccovered
Case2  F/80 60 Yes (4) None N.A. 11/5 17 mo, recovered
Case3  M/75 18 No (4) None N.A. 6/2 17 mo, recovered
Case4  F/80 350 No (3) Limb ischemia Yes 22/3 > 60 mo® (lost to follow-up)
Case 5  M/68 175 No (2) Limb ischemia Yes 29/10 34 mo, recovered
Case 6  F/67 105 Yes (4) PVL (AION) N.A. 22/9 15 mo, recovered
Case 7  F/67 85 Yes (4) None No 14/8 16 mo, recovered
Case 8 M/79 25 Yes (4) None No 21/4 16 mo, recovered
Case 9 F/73 60 No (4) None No 32/8 15 mo, recovered
Case 10 F/80 170 Yes (4) None N.A. 112 > 23 mo®, relapsed
Case 11 M/76 235 No (3) Stroke/PVL (AION) Yes 12/4 18 mo, recovered
Casc 12 F/77 175 No (3) Stroke Yes 20/10 16 mo, recovered
Casc 13 F/68 21 Yes (4) Nonc No 30/8 14 mo, rccovered
Case 14 F/64 180 Yes (4) None Yes 29/6 > 19 mo?, relapsed
Case 15 F77 25 No (2) PVL (AION) N.A. 12/3 22 mo, recovered
Case 16 M/85 155 No (2) None N.A. 25/1 > 20 mo* (lost to follow-up)

AION anterior ischemic optic neuropathy, CRP C-reactive protein, ESR erythrocyle sedimentation rate, GC glucocorticoid, N.A. not assessed,

PVL permanent vision loss

?Ongoing glucocorticoid treatment (e.g., > 60 mo, patient still undergoing treatment after a 60-month course of glucocorticoid)

90+ 71.9 months in controls. Tables 2 and 3 summarize the
results of statistical analysis comparing the clinical features
and outcomes of patients with lower baseline ESR and CRP
with those of controls. Lower baseline ESR and CRP were
associated with fewer ACR criteria met, a lower frequency
of jaw claudication, more frequent use of aortic imaging
with higher frequency of visualized aortitis, but similar rates
of permanent ischemic complications, including permanent
vision loss. We also found significant differences between
the two groups regarding the elevation of liver enzymes
and anti-cardiolipin IgG antibody presence, both variables
being less frequent in patients with lower ESR and CRP.
Patients in both groups had similar mean prednisone doses
at diagnosis, 3 months, 6 months, and 1 year, but patients
with lower ESR and CRP showed fewer GCA relapses, fewer
GC-related complications, and earlier successful withdrawal
of prednisone.

Literature review—pooled results

In a review of the literature up to 1983, Wong et al. extracted
22 patients with sufficient clinical information for analy-
sis and comparison with reported series of patients with
biopsy-proven GCA with elevated ESR. Visual symptoms
were present in 36% of these cases. Headache and jaw clau-
dication were present less often in the patients with a low
ESR [9]. Pooling our 16 patients with 61 previously pub-
lished patients, including the 22 patients reviewed by Wong

@ Springer

et al. and subsequent single-case reports or case-series |9,
10, 18-44], we found a high (56%) frequency of reported
ischemic symptoms related to GCA, which were perma-
nent in 30 patients (39%). Notably, permanent vision loss
occurred in 20 (26%) patients. Other permanent ischemic
complications included stroke (rn =6), limb ischemia (scalp
necrosis (n=2), and third nerve palsy (n=2).

Discussion

In the large, tertiary hospital-based, unselected series of
newly diagnosed GCA patients described here, the frequency
of biopsy-verified disease with lower ESR and CRP was
3.5%. Researchers from the Mayo Clinic found a similar
proportion of patients (4%) with both low ESR and low
CRP among untreated, biopsy-verified GCA patients [45],
whereas in another study only one patient (0.8%) presented
with normal ESR and CRP [46]. These discrepancies can be
explained, in all likelihood, by the variation in definitions of
normal ESR and normal CRP between studies. Indeed, if we
had used a lower cutoff for normal CRP <6 mg/L instead
of 10 mg/L, the proportion of patients without increased
acute-phase reaction in our cohort would have been reduced
to 2%. We made the pragmatic choice of 35 mm/h as the
cut-off value of a lower ESR based on our personal obser-
vations (ESR <35 mm/h in less than 5% of biopsy-proven
cases) and in accordance with the relevant literature on GCA
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Table 2 Comparison of Low-ESR/low CRP n=16 Elevated ESR  Total n=58  p-value

demographics and baseline and CRP n=42

characteristics of patients with

low ESR/low-CRP GCA with a n (%) or mean (SD)

sample of control GCA patients g1 cex 12 (75.0) 27 (64.3) 39 (67.2) 0.541
Age 74.38 (6.03) 76.43 (8.58) 75.86 (7.96) 0.385
Comorbid conditions® 1.44 (1.41) 1.49 (0.95) 1.47 (1.09) 0.691
Delay in diagnosis 116.81 (94.64) 76.92 (78.19) 88.53 (84.41) 0.191
In-hospital 18.69 (55.35) 10.05 (26.03) 12.52 (36.49) 0.257
ACR criteria met 3.56 (0.73) 4.55(0.71) 4.28 (0.83) <0.001
Acute GCA onsel 6 (37.5) 15 (38.5) 21 (38.2) 1.000
Typical cranial arteritis 9 (56.2) 32 (76.2) 41 (70.7) 0.243
Abnormal temporal artery 12 (75.0) 32 (76.2) 44 (75.9) 1.000
PMR 2 (12.5) 10 (23.8) 12 (20.7) 0.479
GCA after PMR 2(12.5) 6(14.3) 8 (13.8) 1.000
Tmaging study of aorta 8(53.3) 7(17.1) 15 (26.8) 0.018
Aortitis on imaging 5(31.2) 3(7.DH) 8 (13.8) 0.030
Limb artery involvement 3(18.8) 4(9.5) 7(12.1) 0.381

Symptomatic 2(12.5) 0 (0.0) 2 (3.6) 0.078

Headache 14 (87.5) 34 (81.0) 48 (82.8) 0.711
Scalp tenderness 5(33.3) 22 (56.4) 27 (50.0) 0.224
Jaw claudication 2 (12.5) 16 (39.0) 18 (31.6) 0.064
Difficulty opcning mouth 2(12.5) 9(23.1) 11 (20.0) 0478
Buccal/ENT symptoms 1.44 (1.31) 1.97 (1.91) 1.82 (1.76) 0.442
Fever > 38 °C 2(13.3) 16 (38.1) 18 (31.6) 0.109
Weight loss > 5% 2 (13.3) 15 (38.5) 17 (31.5) 0.106
Fatigue 8(57.1) 27 (65.9) 35 (63.6) 0.792
Tschemic manifestations® 9(56.2) 17 (40.5) 26 (44.8) 0.433
Permanent vision loss 3(18.8) 10 (23.8) 13 (22.4) 1.000
Stroke 2 (12.5) 3(7.D) 5(8.6) 0.610
Hemoglobin (g/L) 134.07 (13.15) 113.05 (17.46) 118.68 (18.81) <0.001
Leukocytes (10°/L) 7674 (1379) 9843 (3606) 9291 (3317) 0.009
Platelets (10%L) 306.1 (78.9) 440.8 (131.9) 406.5 (133.8) <0.001
Elevated liver enzymes 1(8.3) 16 (45.7) 17 (36.2) 0.034
IgG anti-cardiolipin antibody ~ 0/10 (0.0) 11(33.3) 11 (25.6) 0.043

ACR Amcrican College of Rheumatology, CRP C-rcactive protein, ENT car-nosc-throat, £SR crythrocyte
sedimentation rate, GCA giant cell arteritis, PMR polymyalgia rheumatica

“Including notable hypertension, diabetes, hypercholesterolemia, ischemic heart discase, peripheral vascu-
lar disease, chronic pulmonary diseases, and osteoporosis

PIncluding transient ischemic visual problems (amaurosis fugax, blurred vision, diplopia), transient
ischemic attack, permanent vision loss, stroke, and limb ischemia

presenting with a low ESR. We chose 10 mg/1 as the cut-off
value for a lower CRP based on the 2022 American College
of Rheumatology/EULAR classification criteria for giant
cell arteritis [14].

Elevated ESR and CRP are well-established aids in the
diagnosis of GCA. When combined, the two markers pro-
vide a sensitivity of 80.8% [46] to 99% [45], once again
depending on the definitions of normality for both mark-
ers. Interestingly, the negative predictive value of normal
ESR and CRP at GCA diagnosis was 87.7% in the study by
Kermani et al., meaning that using ESR <22 mm/h in men

or <29 mm/h in women and CRP <8 mg/L, GCA would
be overlooked biologically in 12% of cases [45]. Consider-
ing the potential catastrophic complications of GCA, this
negative predictive value is unsatisfactory. Although the
additional measurement of platelet count may serve as a sur-
rogate marker, it has not been shown to increase the perfor-
mance of the ACR criteria, nor was it included in the 2022
classification criteria for GCA [14]. In the present study, we
assessed additional laboratory markers, such as fibrinogen,
haptoglobin, hemoglobin, and platelet count in 14 (88%)
patients, which were helpful in detecting inflammation in
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Table3 Comparison of Low-ESR/low-CRP  Elevated ESR and CRP  Total p-value
trcz.ttmcnts. and outcomes of Y pd sy
patients with low ESR/low-CRP
GCA with control patients n (%) OR mean (SD)
Pulse methylprednisolone 4(25.0) 10 (23.8) 14 (24.1) 1.000
Initial Pred dose (mg/d) 0.82 (0.15) 0.81 (0.17) 0.81 (0.17) 0.752
Pred dosc (mg/d)
At 3 mo 21.27 (9.03) 18.95 (5.62) 19.45 (6.47) 0.765
At 6 mo 13.30 (5.98) 12.97 (4.95) 13.04 (5.11) 0.871
At 12 mo 5.78 (2.77) 7.27 (3.74) 6.95 (3.58) 0.316
GC-sparing treatment(s) 3(18.8) 7(16.7) 10 (17.2) 1.000
No. of relapses/recurrences  0.43 (0.65) 1.24 (1.51) 1.04 (1.39) 0.026
1schemic complications® 7 (43.8) 12 (29.3) 19 (33.3) 0.466
GC-induced complications  0.42 (0.79) 1.57 (1.55) 1.31 (1.49) 0.012
Duration of treatment 18.19 (18.41) 34.31 (34.93) 29.86 (31.93)  0.022
Recovered patients 12 (75.0) 22 (52.4) 34 (58.6) 0.145

Treatment duration in recov- 18.33 (8.97)

ered patients

Death 1(6.2)

34.05 (20.22) 29.48 (18.98)  0.022

19 (45.2) 20 (34.5) 0.005

CRP C-reactive protein, ESR erythrocyte sedimentation rate, GC glucocorticoid, Pred prednisone

*Early and/or late complications of giant cell arteritis

5 cases (36%). Therefore, performing additional laboratory
investigations, especially analysis of blood counts and fibrin-
ogen, may assist in the early diagnosis of GCA in patients
with low ESR and CRP. Consistent with the study by Wong
et al. [9], our results showed that lack of acute-phase reac-
tion was associated with fewer typical cranial features and
consequently fewer ACR criteria met, further complicating
diagnosis. However, careful physical examination of our
patients revealed relevant abnormalities of temporal artery
beds in 75% of cases. Therefore, thorough history taking and
clinical examination are keys in diagnosing GCA without
elevated acute-phase reactants. This first step in the diagno-
sis of GCA is crucial in patients presenting with visual or
cerebrovascular ischemic manifestations but no acute-phase
response [47]. While ultrasound can enhance diagnostic sus-
picion, temporal artery biopsy should always be performed,
as it remains the only way to unequivocally confirm GCA in
cases without an acute-phase response.

Our findings, that patients with either low or high base-
line ESR and CRP had similar rates of permanent ischemic
complications, notably permanent vision loss, were consist-
ent with those of Wong et al. [9] but at odds with a study
by Salvarani et al. in which no patients with low baseline
ESR and CRP suffered vision loss [10]. This discrepancy
may be explained by the differences in study settings (i.e.,
hospital-based vs. population-based). The even higher fre-
quency (39%) of permanent ischemic complications in our
literature review probably involves case selection and publi-
cation bias. Nevertheless, several studies showed an inverse
relationship between irreversible cranial complications of

@ Springer

GCA and the intensity of acute-phase response [48, 49], sup-
porting our finding of a significant ischemic risk in patients
without elevated ESR and CRP. Moreover, the results of the
present study go against a longer diagnostic process in GCA
cases with lower ESR and CRP than in usual cases as the
main explanation for the significant rate of ischemic compli-
cations. These events may, rather, pertain to prominent IFN-
y-producing Th1 responses inducing vascular damage but no
or minimal systemic manifestations of the disease [50]. Our
report of higher frequency of aortitis may be not reliable in
patients with lower baseline ESR and CRP, since numbers of
assessed cases were low. Moreover, a much greater propor-
tion of patients with lower ESR and CRP (53% vs 17%) had
a CT-scan or a PET-CT performed at baseline suggesting a
bias in the diagnostic workup according to the clinical pat-
tern, rather than a true association between a lower ESR/
CRP and aortitis. Nevertheless, the present study highlights
that aortitis and lower acute-phase reactants at GCA onset
are not mutually exclusive.

The finding of less frequently elevated liver enzymes
in patients without overt inflammation is in keeping with
previous observations of a positive association between
hepatic cholestasis and severity of acute-phase reaction [51],
whereas the finding of less anti-cardiolipin antibody positiv-
ity is more difficult to explain. However, the low number of
such tested patients limits the scope of this result.

Finally, we found that overall prognosis of GCA with low
ESR and CRP at diagnosis was good in our patients, consist-
ent with the results of a previous population-based study
[10]. This was also consistent with the opposite finding of
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longer GC requirements for patients with GCA and a strong
inflammatory response [52, 53]. Such a favorable response
to GC treatment could rely on a more sensitive immune pro-
file of GCA. Otherwise, the absence of biological markers
may have encouraged physicians to follow a more linear GC
tapering schedule.

The present study had several limitations. We may have
missed some relevant clinical features due to the retrospec-
tive study design and the small sample size. Imaging study
of the aorta was lacking in many patients, precluding any
firm conclusions regarding the frequency of silent aortitis in
this rare GCA subset. The very long period of case inclusion
(1980-2021) could have distorted the result of the study.
However, time is unlikely to have had impact on completing
the fixed items included in the prospective questionnaire, at
least for the main clinical and laboratory data. Likewise, GC
regimen were standardized since 1982, avoiding significant
distortion of the results, although recent GCA cases might
have benefit from current recommendations not to increase
the glucocorticoid dose on the sole basis of elevated acute-
phase reactants, in contrast to older cases. Nevertheless,
most patients with lower ESR/lower-CRP GCA were part
of a well-defined, large inception cohort, which enhanced
the accuracy of the data. Moreover, detailed information
on GCA features, available data on treatment and outcomes
in all cases and controls, and a consistent follow-up period
enabled detailed description of reported cases. Finally, this
was the first comparison of the features and prognoses of
lower ESR/lower-CRP GCA with usual GCA. Using this
strategy, we identified several variables that distinguish both
subsets of patients, and clarified the issue of whether GCA
without an acute-phase reaction carries a lower risk of visual
ischemic complications.

GCA with normal baseline ESR and CRP occurs in
approximately 4% of biopsy-proven cases. Despite the lack
of a major ACR criterion, the diagnosis of GCA can be made
easily in most cases upon thorough history taking, meticu-
lous physical examination, ultrasonography, and unilateral
TAB. Patients with either lower or high initial ESR and CRP
share the same rate of early ischemic complications, but late
prognosis is better in the former. Follow-up is essentially
clinical, quite similar to GCA patients who undergo tocili-
zumab treatment.
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Surgery

Temporal artery biopsy (TAB) is a surgical procedure that enables the histological diagno-
sis of giant cell arteritis (GCA). Performing a TAB requires expertise and a precise approach.
Nevertheless, available data supports the value of tissue diagnosis in managing GCA. The
current therapeutic recommendation for GCA is long-term glucocorticoid therapy, with an
increasing emphasis on the addition of immunosuppressants/biotherapies. Though effec-
tive, immunosuppressants and other such biotherapies may put the patient at more risk.
Optimizing the diagnosis through tissue evaluation is therefore important in weighing the
risks and benefits of initiating therapeutic intervention. We evaluate the evidence support-
ing the importance of TAB and its indications. We also describe what technical approaches
should be used to maximize sensitivity and to avoid possible complications during the pro-
cedure.

© 2022 Elsevier Inc. All rights reserved.

1. Introduction

the optimal time during patient evaluation. TAB should be
carried out by experienced surgeons using precise surgical
techniques.

We shall describe the indications, technical procedures, and
pitfalls of temporal artery biopsy (TAB). The advice presented
here is based upon a comprehensive review of the avail-
able literature, as well as the personal experience of 3 physi-
cians who regularly perform this procedure. TAB requires
skill to perform and has potential complications. There-
fore, TAB should be carefully planned and performed at

We review: 1) the indications for TAB and possible alterna-
tives, 2) the optimal timing to perform TAB, 3) the anatomy
of the temporal artery and adjacent structures, 4) the surgi-
cal technique for TAB and possible pitfalls, 5) post procedural
complications and their management, and 6) how to appro-
priately interpret pathology results.

* Corresponding author: Simon Parreau, MD, Department of Rheumatology, Mayo Clinic, 200 1st St SW, Rochester, MN, 55902.

E-mail address: simon.parreau@hotmail.com (S. Parreau).
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1.1.  Why recommend a TAB?

1.1.1. Suspected giant cell arteritis

TAB is mostly requested for patients who are suspected to
have giant cell arteritis (GCA). GCA is a vasculitis of the large
and medium arteries affecting patients over 50years of age.
The definition of GCA is based upon the histological descrip-
tion of an inflammatory infiltrate within the arterial wall and
destruction of the elastic tissue.? The temporal artery branch
of the external carotid artery is frequently involved in this dis-
ease, and therefore the typical biopsy site for histological di-
agnosis. The first two TABs proving GCA were performed at
the Mayo Clinic in Rochester, Minnesota, US, and published by
Bayard Horton in 1934.28.30

TAB positivity is one of the 5 classification criteria pub-
lished by the American College of Rheumatology (ACR), but
is not a mandatory criterion.?? The sensitivity of TAB is es-
timated at 77%, while its specificity is close to 100%.%6:5¢ One
must be cautious, however, as this sensitivity of the TAB could
potential be contributed to the heterogeneity among meta-
analyses.*

Even so, several authors have determined factors that
predict the positivity of a TAB for GCA diagnosis. Younge
and coworkers showed that the presence of jaw claudica-
tion and new headache, scalp tenderness, or decreased vi-
sion were associated with a positive TAB, while Gonzalez-Gay
and coworkrs described visual symptoms and a clinically ab-
normal temporal artery as predictive factors.?>7° Jaw clau-
dication is usually listed as the risk factor with the highest
odds ratio; age and platelets have the highest predictive value
when treated as continuous variables. Although their odds ra-
tio seems small, the additive risk as these continuous vari-
ables increase becomes very useful **

As a result, predictive models have been developed to de-
termine which patients with suspected GCA are most likely
to have a positive TAB, allowing patients with a low prebiopsy
likelihood to avoid the procedure.?>-**#! As such, Hussain and
coworkers proposed to biopsy only patients with: less than 3
ACR criteria, an atypical GCA presentation, or in those whom
high dose glucocorticoids are particularly risky.*! The British
Society of Rheumatology proposes a decisional algorithm with
as a first step an estimation of the probability of GCA accord-
ing to symptoms, signs, and laboratory tests. Depending on
the probability, a doppler ultrasound of the temporal artery
or a TAB is performed;* however— because of the significant
side effects of long-term glucocorticoids and the severe con-
sequences of missing a diagnosis of GCA—we endorse a TAB
for any patient with a suspicion of GCA, as recommended by
the ACR guidelines.>?

The most challenging patients to determine TAB eligibility
for are those that are treated for GCA in the absence of having
a biopsy and are resistant to therapy. These patients typically
accumulate side effects, and it may become almost impossible
to establish a diagnosis.

1.1.2. Others diagnoses made using TAB

On rare occasions, the pathologist may identify a diagno-
sis other than GCA on the temporal artery specimen; such
diagnoses include amyloidosis, small vessel vasculitis, peri-
arteritis nodosa, vasculitis associated with cryoglobulinemia,

lymphoma, and calciphylaxis.!':21.26,32,67.75 A superficial
temporal artery aneurysm has also been described.®> These
diseases may mimic the clinical presentation of GCA and
would be difficult to differentiate by ultrasonography alone.
Therefore, on occasion, the clinician may misclassify a patient
as having GCA until the correct histopathologic diagnosis
is identified by the pathologist. Rarely, temporal arteritis is
diagnosed in young adults. In most cases, the ACR criteria
do not apply since juvenile temporal arteritis is a localized
illness without a systemic response. In this vasculitis, the
removal of the affected temporal artery often results in reso-
lution of headache, making further treatment unnecessary.>®
In patients with clinically isolated aortitis diagnosed postop-
eratively or on imaging, TAB can be considered to evaluate
for temporal artery involvement by vasculitis; however, the
utility of TAB in this specific clinical scenario is unknown.

1.1.3. Alternative ways to diagnose GCA

The utility of less invasive diagnostic alternatives to TAB for
the diagnosis of GCA remains an open debate.'® EULAR 2018
guidelines suggests that the diagnosis of GCA should be con-
firmed by imaging or histology.?’ Doppler ultrasound (DUS),
computed tomography angiography CTA), magnetic res-
onance angiography (MRA), and !8F-fluorodeoxyglucose
positron-emission tomography/computed-tomography
(18FDG-PET/CT) are the most frequently used alternative
procedures.

The preference for doppler US versus TAB differs in North
America versus Europe.®® Using clinical diagnosis as the stan-
dard, a recent meta-analysis studies showed that temporal
artery DUS has a sensitivity of 67% and a specificity of 95%.”*
DUS is recommended as a first line test by the EULAR guide-
lines;”” however, this examination is operator dependent and
requires specific training to be accurate.** One must also be
careful with false positives—especially with the GCA mimics
mentioned above—as well as prominent atherosclerosis, all of
which can give a “halo” sign.>® The methods of DUS perfor-
mance varies between countries.*®:>> This examination can
also be used to guide the TAB procedure by identifying the
path of the artery, which side of artery should be harvested,
and if the involvement is unilateral or asymmetrical.

High resolution MRA of the temporal arteries is also a reli-
able means to diagnose cranial GCA with a sensitivity of 88.7%
and specificity of 75.0%;°**> however, timely access to MRA
can be problematic in some centers and the specificity re-
mains inferior to a TAB. Though the DUS and MRA methods
may be less effective than a TAB, there are tools are available
to calculate the probability of GCA according to the results of
both tests. DUS and MRA results can also guide the indications
for TAB.*

18FDG-PET/CT of the cranial arteries has been proposed to
assist the diagnosis of GCA.™.%0 Extra-cranial vasculitis, such
as aortitis, can also be identified by ®FDG-PET/CT and would
help confirm the diagnosis of GCA; however, like MRI, access
and cost may limit its use in some centers.

1.2.  When is the optimal time to perform a TAB?

TAB should be performed as soon as possible; however, it
should not delay the initiation of glucocorticoid treatment
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in patients with suspected cranial GCA.1-¢! Suspected GCA is
an ophthalmologic and neurologic emergency, and therefore
high dose steroids should be initiated immediately to avoid is-
chemic complications such as blindness or stroke. A fast-track
pathway with easy access to examinations and collaboration
between rheumatologists, internists, and surgeons are essen-
tial for establishing a prompt diagnosis.

Whether steroid initiation could affect the histopathologic
findings of a TAB has been thoroughly evaluated. Ideally the
TAB should be performed within 2 weeks of GC initiation. One
reference suggests that the yield of TAB may be unaffected 4
weeks after GC treatment.>® Other investigators reported that
TAB can remain positive with the presence of an inflammatory
infiltrate in about 40% of patients that have been treated for
12months.*°

1.3.  Should a contralateral biopsy be performed?

Several investigators have evaluated the value of performing a
TAB on both sides, and some recommend performing a bilat-
eral TAB.>:%¢ The additional yield of a synchronous, contralat-
eral biopsy ranges between 3% and 13%.”:1%-°* The recommen-
dation to perform a second biopsy also differs according to the
referring specialties.”® In our practice, we typically perform a
unilateral TAB on the more symptomatic side, but will some-
times biopsy the contralateral side in patients with high sus-
picion for GCA that are negative on the unilateral TAB. With
expanding life expectancy and the possibility of disease flares
decades after the initial diagnosis, preserving the other side of
the temporal artery for a second biopsy many years after the
first instance may be an advantage.

1.4.  What to do if the patient has already had a TAB?

If a unilateral biopsy is negative, consideration can be given
to performing a contralateral biopsy, even if the patient has
been treated; however, no studies have evaluated the impact
of steroid or immunosuppressive treatment on the result of a
second TAB if the first TAB was negative. In the unlikely event
that a patient has already had bilateral TAB, and there is a
strong clinical indication to proceed with another biopsy, an
additional biopsy can be performed using another portion of
the temporal artery; in such a case, the biopsy would be lo-
cated at the bifurcation or the posterior temporal branch. In
this scenario, some have proposed biopsy of other branches of
the external carotid artery such as the occipital artery or the
magxillary artery, but such an approach would be difficult and
could be a source of complications, especially nerve injury.

1.5.  What information should be given to patients?

It is important to give clear information to patients about the
potential benefits of performing a TAB and to explain the pro-
cedure with its potential complications. The patient should
be aware that while the biopsy may be negative, this does not
necessarily abrogate a GCA diagnosis, and it may be that an
additional biopsy may be necessary in the future. The dura-
tion of the procedure typically ranges from 20minutes to an
hour. There are very few contraindications to performing TAB.
A potential contraindication would include an allergy to local

anesthetics; another contraindication would be lack of patient
cooperation while undergoing the surgical procedure. Since
the biopsy is performed under local anesthesia, itis not neces-
sary for the patient to fast. Likewise, prophylactic antibiotics
are unnecessary. The question as to whether a patient should
come off anticoagulants before the procedure is up to the sur-
geon’s preference. We often do perform TAB while patients are
on anticoagulants because of the potential risks of holding an-
ticoagulation.

1.6.  Who should perform a TAB?

Only a trained operator should perform a TAB. Various spe-
cialists may be asked to perform the biopsy, depending on
the center. A few potential options include: ophthalmologists,
ENT specialist, and vascular, plastic, and general surgeons.>*
One study compared the performance of different special-
ties in performing TAB and found that ophthalmologists per-
formed the longest TAB based on the length of the artery frag-
ment harvested;?° however, this heterogeneity may just re-
flect the local expertise in the hospital where the study was
performed. We encourage our readers to consider which spe-
cialty is best equipped to perform a TAB in their own hospital.

1.7.  Anatomy of the temporal artery

The temporal artery is a terminal branch of the exter-
nal carotid artery. Various autopsy and angiography studies
have described the course and relationships of the temporal
artery.*:°0 A major point to be aware of is the relationship be-
tween the temporal artery and the temporal branch of the fa-
cial nerve. As the facial nerve passage is found near the tem-
poral artery, it is of the upmost importance to be aware of
the temporal artery’s anatomy to prevent any injury of the fa-
cial nerve during the dissection.”® An illustration depicting the
anatomic variations and distinguishing features of the tempo-
ral artery is shown in Fig. 1.

1.8. How to perform TAB?

TAB should be performed in a sterile operating room. The
room must be equipped with lights of adjustable intensity. In
addition, a hand-held cautery is required. The patient should
be placed in supine position on a height-adjustable operat-
ing table. Reverse Trendelenburg aids in hemostasis. For their
comfort, the patient’s head should be turned away from the
site of the biopsy and placed on comfortable pillow.

1.8.1. Locating the artery

The identification of the artery is an important step before
starting the incision. A preliminary DUS can help to locate
the site that appears to be the most affected;®**° however,
some authors have shown that Doppler results did not corre-
late with arterial palpation abnormalities.?®° The side of the
TAB is also guided by the patient’s clinical signs (e.g., unilat-
eral headache or ophthalmic involvement). We recommend a
careful palpation of both sides of the patient’s head to deter-
mine which branch of the temporal artery is the most symp-
tomatic. In our practice, we privilege the thickest or the most
painful temporal artery. Even so, if an option, we advise that
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Fig. 1 - lllustration depicting anatomic variations of the temporal artery according to Marano®°.

the side where the pulse is felt less should be selected. A loss
of pulse may indicate arterial occlusion, which could lead to a
greater diagnostic yield. It should be noted that the patient’s
hair may mask any local inflammatory signs and could pre-
vent palpation of the artery. We usually shave the hair on the
side where the artery seems to be more affected and recom-
mend this practice be done if one is struggling to find an ideal
location. After shaving, it is necessary to repeat the palpation
to look for inflammatory signs and to locate the path of the
temporal artery. Once the temporal artery path has been lo-
cated, make sure it is marked with a marking pen. A hand-
held Doppler is often used to confirm the exact path of the
artery.

1.8.2.  Preparation of the operating site

The surgical site should then be disinfected using a skin
preparation solution. Next, a sterile drape with a central open-
ing must be placed over the site.

A local anesthetic should then be injected around the
artery; we recommend the use of epinephrine-containing
anesthetic to limit local bleeding. A repeat anesthetic injec-
tion during the procedure is sometimes necessary, and there-
fore sterile local anesthesia should be available. In addition,
to reduce pain related to the injection of local anesthetic, pre-
medication with a systemic analgesic and the local applica-
tion of an anesthetic gel may be performed.

1.8.3. Recommended materials for the TAB

- #15 blade for incision

- Retractors / forceps for exposition

- Bipolar cautery for superficial coagulation

« Fine mosquito for dissection

« Scissors to cut the artery

- Resorbable sutures for artery ligation / non-resorbable su-
tures for skin closure

1.8.4. Incision site
In general, the initial scalpel incision depth should not exceed
1 mm to avoid cutting the artery. Several incision techniques

have been described in the literature. One describes an inci-
sion at the level of the bifurcation of the temporal artery into
anterior and posterior branches.”” This technique has the ad-
vantage of being based on a path of the artery that does not
vary; therefore, it is easy to find the artery. Because the facial
nerve passes through this area, we do not routinely utilize this
technique.

Another technique— called the "Book-Flap"— describes a
wide incision with the removal of a rectangle of skin to locate
the artery.’> The closure is done by bringing the skin together.
Though it has its benefits, we do not use this technique and
do not recommend it because of the risk of skin damage.

Markose and coworkers described the "Gillies temporal
incision" that consists of directly approaching the anterior
branch of the temporal artery, thus avoiding the tripod and
potential lesion of the facial nerve.>! For this reason, this is
the most common technique and where we typically perform
the TAB. We recommend using surface landmarks to avoid in-
jury to the facial nerve. Most surgeons stay above the line con-
necting the tragus of the ear to the lateral canthus of the eye.
While using this technique, if the anterior branch of the tem-
poral artery cannot be identified, we will sometimes harvest
the parietal branch of the temporal artery instead. We recom-
mend that our readers utilize this practice as well.

If an assistant is helping to retract the wound, they should
retract with equal pressure on both sides of the wound so that
dissection occurs at the proper location. Self-retaining retrac-
tors are useful for the latter part of the procedure when there
are no assistants.

1.8.5. Dissection

The surgeon must ensure careful and regular hemostasis
throughout the procedure. The adjacent tissues, especially the
adipose tissue, bleed frequently. The use of a double-pronged
retractor or 2 strabismus hooks during the proximal and distal
dissection will increase specimen length. Please see detailed
dissection pictures in Fig. 2. The first layer is the adipose tis-
sue. Underneath this tissue is the superficial temporal fascia
that has a different color. The temporal artery is located at the
level of this fascia. Sometimes the superficial temporal vein is



108 SURVEY OF OPHTHALMOLOGY 68 (2023) 104-112

Fig. 2 - Temporal artery dissection, A: adipose tissue (arrow), B: fascia (arrow), C: temporal artery (arrow) after incision of the
fascia, D: temporal artery before (upper arrow) and after (lower arrow) incision of the fascia; E: path of temporal artery

(arrows), F: after temporal artery biopsy.

Fig. 3 - Color difference between temporal artery (A) and vein (B).

in contact with or near the artery. It is important to know how
to distinguish the artery from vein. The vein is darker, bluer,
and softer than the artery. An example note the anatomic vari-
ations of the temporal artery that are also shown in Fig. 3.
While performing the dissection, we recommend that the
operator incises the fatty tissue down to the superficial tem-

poral fascia. The artery will be located underneath the fascia.
To access the artery, the fascia must then be lifted with for-
ceps, after which a small incision should be made. Once acces-
sible, the artery is then separated from the adjacent tissues.
One end of the artery should then be isolated and ligated. The
most critical part of TAB is the proximal ligation. We usually
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place 2 sutures on the proximal side of the artery. The operator
then dissects the artery along the length of the incision, mak-
ing sure to take care not to injure the artery and to identify its
branches. After the branches have been identified, each one
must be ligated. Once the artery is completely isolated, a sec-
ond suture should applied on the distal part. The artery can
then be harvested for analysis.

1.8.6. What to do if you can’t find the artery?

Sometimes the artery can be difficult to locate. It is advisable
to avoid trying to incise too deeply as the artery may have been
pushed to the side during dissection of the fatty tissue. In such
a case, the skin can be reincised proximally or distally, and
the dissection repeated layer by layer until the artery is found.
Intraoperative ultrasound can also be used to help identify the
artery in difficult cases.

1.8.7. What length of artery should be harvested?

The optimal length of artery to be harvested has long been a
subject of debate. Indeed, GCA is a segmental vasculitis which
means that some portions of the artery may be healthy be-
cause of skip lesions.®® Different studies have evaluated the
ideal length of artery required to minimize risk of a ‘false neg-
ative’ biopsy. Several different minimum lengths have been
proposed: at least 5 mm,*® 1 cm,*° 2 cm,%?* 3 cm.'* Another
study did not show any influence on the size of the sam-
ple.? In addition, the British Society of Rheumatology currently
recommends a minimum specimen length of 1 cm.* We
routinely obtain at least 2 cm of fixed artery, as this length
accounts for the contraction of the artery.

1.8.8. Does the shrinking of the artery after incision matter?
Several studies have investigated the phenomenon of arterial
shrinking after excision.>®%® After cutting the artery, the mean
contraction is 12% for positive TAB and 22% for negative TAB.”*
As such, surgeons must harvest a larger length of artery to
combat any potential shrinkage. Please note that our recom-
mended sample size—and the sample sizes mentioned in the
referenced studies— are the measurements of the artery after
it has contracted, or fixed.

1.8.9. Does the appearance of the artery matter?

In a study by Cetinkaya and coworkers there was a good corre-
lation between the appearance of the artery described by the
operator and the biopsy results.’? Although this is a subjec-
tive finding, we find that the gross appearance during surgery
often does correlate with the biopsy results. Based on our ex-
perience macroscopic aspects, such as the thickness, color,
consistency of the artery, how hard it is to cut, pain on trac-
tion, and bleeding during the incision and at the incision after
ligation—which can indicate whether the artery is occluded
or not— can all suggest a positive or negative biopsy. Never-
theless, it is advisable to avoid manipulating the artery as do-
ing so could induce an arterial spasm and cause a histologi-
cal artifact.? Though artery appearance can factor in getting
conclusive biopsy results, the health and safety of the patient
should be prioritized above obtaining the best specimen.

1.8.10. What to do if there is significant local bleeding? What
to do if the artery bleeds?

To prevent excessive bleeding, we recommend a careful dis-
section that goes layer by layer. It is advisable to use an anes-
thetic with epinephrine as this will limit local bleeding. A bipo-
lar cautery can also be used superficially and carefully to help
with coagulation; however, this tool should be used as little as
possible—and at a distance from the artery— as misuse could
create greater risk and injury the temporal artery.

In case of bleeding from the temporal artery itself, suturing
can be problematic. If bleeding obscures visualization, the
proximal artery should be immediately compressed by the
assistant. Ensure the patient is in reverse Trendelenburg. Ad-
ditional local anesthetic with epinephrine with wound com-
pression may be useful. Likewise, topical hemostatic agents
may also be used. In some cases, the incision may need to be
enlarged so the artery can be ligated upstream. In patients
who bleed during TAB or who remain on anticoagulants, a
compressive headband is useful to prevent hematoma.

1.9.  Potential complications

Although they are extremely rare, several complications have
been reported. One such complication includes temporary
or permanent paralysis of the temporal branch of the facial
nerve. Other local complications such as injury to the parotid
gland, hematoma of the operative site, local infection or sep-
sis, superinfection of the wound, and suture dehiscence may
also occur. Cases of necrosis of the scalp have also been re-
ported, but these cases are exceptional and may be due to the
underlying disease rather than the actual biopsy procedure.
Strokes from lack of sufficient collaterality are another poten-
tial complication, but are also exceptionally rare.™

1.9.1. How to avoid facial nerve palsy?

Facial nerve palsy is one of the most feared complications.
Murchison and coworkers described a 16% incidence of fa-
cial nerve damage in a prospective cohort of 75 TAB with a
fully recovery in 58% of cases (average of 4.4 months).”’ This
complication may occur after TAB because of a dissection that
goes too deep or if there was excessive use of the electrocoag-
ulation forceps during the procedure.’’ In any case, to avoid
causing facial nerve palsy, the surgeon must know path of the
nerve before the performing the procedure. Likewise, the prox-
imal part of the artery— especially the area downstream of the
bifurcation— must be avoided.*17-57.72.78 1t is also important
to avoid a deep dissection, as going too deep could expose the
facial nerve to damage beneath the superficial temporal fas-
cia.

1.10. How to interpret the TAB result?

Post procedure, the surgeon should provide the pathologist
with the patient’s clinical information and treatment history
along with the collected specimen. Histopathologic examina-
tion of the TAB should be comprehensive and include many
cuts to avoid skip lesions.*? Banz and coworkers explained
that a TAB of 1.5 cm in length consisting of 6 sections of 3-
pm thickness equates to only 0.12% of the entire sample.®
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A positive TAB will show a panarteritis consisting of lym-
phocytes and macrophages, often with fragmented internal
elastic lamina. Multinucleated giant cells are only seen in
50% of positive biopsies, so it is important to look for other
signs of disease. Ultimately, the importance of inflammatory
changes within the vasa vasorum and periadipose tissue are
debatable.**:>%.2% Indeed, there are many different patterns of
GCA.”? For example, though a common indication, one study
showed that lymphocytic inflammation of small blood vessels
alone was not associated with the diagnosis of GCA.*” It s of-
ten necessary to look for subtle signs of GCA, such as intimal
thickening, focal lymphocyte and macrophage infiltration or
localized scarring in the arterial wall; however, disruption of
the elastic lamina alone is not specific to GCA as atheroscle-
rosis can also cause intimal hyperplasia and lead to fragmen-
tation of the elastic laminae.®® This makes it difficult to in-
terpret the finding of “healed arteritis”, which may be a non-
specific finding.’® In this scenario the results of TAB must be
interpreted in the clinical context.

1.10.1. Does a negative biopsy call into question the diagnosis
of GCA?

While most patients with cranial GCA will have a positive TAB,
patients with large vessel involvement may have a negative
TAB in about 40% of cases.® Temporal artery involvement is
not always present in autopsy studies of patients with re-
cently diagnosed GCA, and other arteries may be involved.?
A clinical diagnosis of GCA can still be made in the setting of
a negative TAB if the clinical suspicion is high.

2. Conclusion

TAB remains an important tool for the diagnosis of GCA. With
increasing interest in substituting immunosuppressive treat-
ment for long-term glucocorticoids, clinicians should abso-
lutely encourage seeking out formal histological diagnostic
proof before initiating therapeutic intervention. Given the 5%
risk of false positive ultrasound and the side effects of long-
term glucocorticoids, we strongly advocate TAB as a vital di-
agnostic tool. Although noninvasive techniques to investigate
GCA are being increasingly described, these modalities should
be correlated with the results of TAB.

3. Methods of literature search

We searched the PubMed, Web of Science, Google Scholar, and
Cochrane Library databases. This search was performed on
November 1, 2021, and the search terms used were tempo-
ral artery biopsy and giant cell arteritis. We selected the most
relevant clinical trials, cohort studies, high-quality review ar-
ticles, guidelines and case reports. Parts of the discussion were
also supplemented with the authors’ clinical (SP, EL, ALF, KHL,
KJW, CMW) and surgical (SP, JJC, FMC) experience and exper-
tise on the topic.

4. Disclosures

The authors are responsible for the content of this
manuscript. The authors declare that they have no known
competing financial interests or personal relationships that
could have appeared to influence the work reported in this

paper.

Funding

This research did not receive any specific grant from any
funding agencies in the public, commercial, or not-for-profit
sectors.

Acknowledgments

None to report.

REFERENCES

1. Achkar AA, Lie JT, Hunder GG, O’Fallon WM, Gabriel SE. How
does previous corticosteroid treatment affect the biopsy
findings in giant cell (temporal) arteritis? Ann Intern Med.
1994;120(12):987-92.

2. Akiyama M, Ohtsuki S, Berry GJ, Liang DH, Goronzy JJ,
Weyand CM. Innate and adaptive immunity in giant cell
arteritis. Front Immunol. 2021;11:621098.

3. Al-Sibassi AN, Ethunandan M. Superficial temporal artery
aneurysm: case report and review of literature. J Oral
Maxillofac Surg. 2020;78(7):1147-50.

4. Albertini JG, Ramsey ML, Marks V]. Temporal artery biopsy in
a dermatologic surgery practice. Dermatol Surg.
1999;25(6):501-8.

S. Banz Y, Stone JH. Why do temporal arteries go wrong?
Principles and pearls from a clinician and a pathologist.
Rheumatology (Oxford). 2018;57(suppl_2):ii3-ii10.

6. Beckman RL, Hartmann BM. The use of a Doppler Flow Meter
to identify the course of the temporal artery. ] Clin
Neuroophthalmol. 1990;10(4):304.

7. Boyev LR, Miller NR, Green WR. Efficacy of unilateral versus
bilateral temporal artery biopsies for the diagnosis of giant
cell arteritis. Am ] Ophthalmol. 1999;128(2):211-15.

8. Brack A, Martinez-Taboada V, Stanson A, Goronzy JJ,
Weyand CM. Disease pattern in cranial and large-vessel giant
cell arteritis. Arthritis Rheum. 1999;42(2):311-17.

9. Breuer GS, Nesher R, Nesher G. Effect of biopsy length on the
rate of positive temporal artery biopsies. Clin Exp Rheumatol.
2009;27(1 Suppl 52):510-13.

10. Cahais J, Houdart R, Lupinacci RM, Valverde A. Operative
technique: superficial temporal artery biopsy. ] Visc Surg.
2017;154(3):203-7.

11. Cavazza A, Muratore F, Boiardi L, et al. Inflamed temporal
artery: histologic findings in 354 biopsies, with clinical
correlations. Am J Surg Pathol. 2014;38(10):1360-70.

12. Cetinkaya A, Kersten RC, Brannan PA, Thiagarajah C,

Kulwin DR. Intraoperative predictability of temporal artery
biopsy results. Ophthalmic Plast Reconstr Surg.
2008;24(5):372-6.

13. Chase E, Ramsey ML. Temporal artery biopsy. Treasure
IslandFL: StatPearls Publishing; 2019
http://www.ncbi.nlm.nih.gov/books/NBK470397/.



SURVEY OF OPHTHALMOLOGY 68 (2023) 104-112

111

14.

15:

16.

17.

18.

19.

20.

21

22;

23;

24.

25!

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chung SH, Morcos MB, Ng B. Determinants of positive
temporal artery biopsies in the veterans health
administration national database cohort. Arthritis Care Res
(Hoboken). 2020;72(5):699-704.

Conde-Ferreirés A, Fraile-Alonso MDC, Roman-Curto C. Book
Flap" approach for temporal artery biopsy. Dermatol Surg.
2020;46(10):1361-3.

Cox M, Gilks B. Healed or quiescent temporal arteritis versus
senescent changes in temporal artery biopsy specimens.
Pathology. 2001;33(2):163-6.

Czyz CN, Allen JB, Cahill KV, Nabavi CB, Foster JA. Effects of
incision location on specimen quality and complications for
temporal artery biopsy. Vascular. 2019;27(4):347-51.

Davies CG, May DJ. The role of temporal artery biopsies in
giant cell arteritis. Ann R Coll Surg Engl. 2011;93(1):4-5.
Emamifar A, Ellingsen T, Hess S, Gerke O, Hviid Larsen R,
Ahangarani Farahani Z, et al. The utility of 18F-FDG PET/CT in
patients with clinical suspicion of polymyalgia rheumatica
and giant cell arteritis: a prospective, observational, and
cross-sectional study. ACR Open Rheumatol. 2020;2(8):478-90.
Galloway GD, Klebe B, Riordan-Eva P. Surgical performance
for specialties undertaking temporal artery biopsies: who
should perform them? Br ] Ophthalmol. 2002;86(3):250.
Généreau T, Lortholary O, Pottier MA, et al. Temporal artery
biopsy: a diagnostic tool for systemic necrotizing vasculitis.
French Vasculitis Study Group. Arthritis Rheum.
1999;42(12):2674-81.

Germano G, Muratore F, Cimino L, et al. Is color duplex
sonography-guided temporal artery biopsy useful in the
diagnosis of giant cell arteritis? A randomized study.
Rheumatology (Oxford). 2015;54(3):400-4.

Gonzalez-Gay MA, Garcia-Porrua C, Llorca J,
Gonzalez-Louzao C, Rodriguez-Ledo P. Biopsy-negative giant
cell arteritis: clinical spectrum and predictive factors for
positive temporal artery biopsy. Semin Arthritis Rheum.
2001;30(4):249-56.

Goslin BJ, Chung MH. Temporal artery biopsy as a means of
diagnosing giant cell arteritis: is there over-utilization? Am
Surg. 2011;77(9):1158-60.

Grossman C, Barshack I, Bornstein G. Ben-Zvi L. Is temporal
artery biopsy essential in all cases of suspected giant cell
arteritis? Clin Exp Rheumatol. 2015;33(2 Suppl 89):S-84-9.
Hamidou MA, Moreau A, Toquet C, El Kouri D, de Faucal P,
Grolleau JY. Temporal arteritis associated with systemic
necrotizing vasculitis. ] Rheumatol. 2003;30(10):2165-9.
Hellmich B, Agueda A, Monti S, et al. 2018 Update of the
EULAR recommendations for the management of large vessel
vasculitis. Ann Rheum Dis. 2020;79(1):19-30.

Horton BT, Magath TB, Brown GE. Arteritis of the temporal
vessels. Arch Intern Med. 1934;53(3):400-9.

Hunder GG, Bloch DA, Michel BA, et al. The American College
of Rheumatology 1990 criteria for the classification of giant
cell arteritis. Arthritis Rheum. 1990;33(8):1122-8.

Hunder GG. The early history of giant cell arteritis and
polymyalgia rheumatica: first descriptions to 1970. Mayo Clin
Proc. 2006;81(8):1071-83.

Hussain O, McKay A, Fairburn K, Doyle P, Orr R. Diagnosis of
giant cell arteritis: when should we biopsy the temporal
artery? Br ] Oral Maxillofac Surg. 2016;54(3):327-30.

Ing EB, Woolf 1Z, Younge BR, Bjornsson J, Leavitt JA. Systemic
amyloidosis with temporal artery involvement mimicking
temporal arteritis. Ophthalmic Surg Lasers. 1997;28(4):328-31.
Ing EB, Wang DN, Kirubarajan A, et al. Systematic review of
the yield of temporal artery biopsy for suspected giant cell
arteritis. Neuroophthalmology. 2018;43:18-25.

Ing EB, Miller NR, Nguyen A, et al. Neural network and logistic
regression diagnostic prediction models for giant cell
arteritis: development and validation. Clin Ophthalmol.
2019;13:421-30.

85.

36.

37.

38

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51,

52:

53:

Ing E. Temporal artery biopsy versus imaging in patients with
cranial giant cell arteritis. Radiol Med. 2020;125(9):902-3.

Ing E, Xu QA, Chuo J, Kherani F, Landau K. Practice
preferences: temporal artery biopsy versus Doppler
ultrasound in the work-up of giant cell arteritis.
Neuroophthalmology. 2019;44(3):174-81.

Jia L, Couce M, Barnholtz-Sloan JS, Cohen ML. Is all
inflammation within temporal artery biopsies temporal
arteritis? Hum Pathol. 2016;57:17-21.

. Journeau L, Pistorius MA, Michon-Pasturel U, et al. Juvenile

temporal arteritis: a clinicopathological multicentric
experience. Autoimmun Rev. 2019;18(5):476-83.

Junek M, Hu A, Garner S, et al. Contextualizing temporal
arterial magnetic resonance angiography in the diagnosis of
giant cell arteritis: a retrospective cohort study.
Rheumatology (Oxford). 2021;60(9):4229-37.

Karahaliou M, Vaiopoulos G, Papaspyrou S, Kanakis MA,
Revenas K, Sfikakis PP. Colour duplex sonography of temporal
arteries before decision for biopsy: a prospective study in 55
patients with suspected giant cell arteritis. Arthritis Res Ther.
2006;8(4):R116.

Kim BS, Jung Y], Chang CH, Choi BY. The anatomy of the
superficial temporal artery in adult Koreans using
3-dimensional computed tomographic angiogram: clinical
research. ] Cerebrovasc Endovasc Neurosurg.
2013;15(3):145-51.

Klein RG, Campbell R], Hunder GG, Carney JA. Skip lesions in
temporal arteritis. Mayo Clin Proc. 1976;51(8):504-10.

Klink T, Geiger J, Both M, et al. Giant cell arteritis: diagnostic
accuracy of MR imaging of superficial cranial arteries in
initial diagnosis-results from a multicenter trial. Radiology.
2014;273(3):844-52.

. Le Pendu C, Meignin V, Gonzalez-Chiappe S, Hij A,

Galateau-Sallé F, Mahr A. Poor Predictive Value of Isolated
Adventitial and Periadventitial Infiltrates in Temporal Artery
Biopsies for Diagnosis of Giant Cell Arteritis. ] Rheumatol.
2017;44(7):1039-43.

Liu J, Chuo J, Pagnoux C, Torun N, Ing EB. The post-test
probability of giant cell arteritis after ultrasound, MRI, or
temporal artery biopsy.
https://doi.org/10.26226/morressier.5e9852a0df8760da4ba873fc
Lugmani R, Lee E, Singh S, et al. The role of ultrasound
compared to biopsy of temporal arteries in the diagnosis and
treatment of giant cell arteritis (TABUL): a diagnostic
accuracy and cost-effectiveness study. Health Technol Assess.
2016;20(90):1-238.

Mackie SL, Dejaco C, Appenzeller S, et al. British Society for
Rheumatology guideline on diagnosis and treatment of giant
cell arteritis. Rheumatology. 2020;59(3):e1-e23.

Maldini C, Dépinay-Dhellemmes C, Tra TT, et al. Limited
value of temporal artery ultrasonography examinations for
diagnosis of giant cell arteritis: analysis of 77 subjects. ]
Rheumatol. 2010;37(11):2326-30.

Maleszewski JJ, Younge BR, Fritzlen JT, et al. Clinical and
pathological evolution of giant cell arteritis: a prospective
study of follow-up temporal artery biopsies in 40 treated
patients. Mod Pathol. 2017;30(6):788-96.

Marano SR, Fischer DW, Gaines C, Sonntag VK. Anatomical
study of the superficial temporal artery. Neurosurgery.
1985;16(6):786-90.

Markose G, Graham RM. Gillies temporal incision: an
alternate approach to superficial temporal artery biopsy. Br ]
Oral Maxillofac Surg. 2017;55(7):719-21.

Maz M, Chung SA, Abril A, et al. 2021 American College of
Rheumatology/Vasculitis Foundation Guideline for the
management of giant cell arteritis and Takayasu arteritis.
Arthritis Rheumatol. 2021;73(8):1349-65.

McDonald HM, Farmer JP, Blanco PL. Periadventitial tissue
examination in temporal artery biopsies for suspected giant



112

SURVEY OF OPHTHALMOLOGY 68 (2023) 104-112

54.

55;

56.

57

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

cell arteritis: a case series and literature review. Can J
Ophthalmol. 2019;54(5):615-20.

Micieli JA, Micieli R, Margolin EA. A review of specialties
performing temporal artery biopsies in Ontario: a
retrospective cohort study. CMAJ] Open. 2015;3(3):E281-5.
Moiseev SV, Smitienko I, Bulanov N, Novikov PI. The role of
temporal artery biopsy in patients with giant-cell arteritis is
debated. Ann Rheum Dis. 2019;78(4):e31.

Muratore F, Boiardi L, Cavazza A, et al. Association between
specimen length and number of sections and diagnostic yield
of temporal artery biopsy for giant cell arteritis. Arthritis Care
Res (Hoboken). 2021;73(3):402-8.

Murchison AP, Bilyk JR. Brow ptosis after temporal artery
biopsy: incidence and associations. Ophthalmology.
2012;119(12):263742.

Narvaez ], Bernad B, Roig-Vilaseca D, et al. Influence of
previous corticosteroid therapy on temporal artery biopsy
yield in giant cell arteritis. Semin Arthritis Rheum.
2007;37(1):13-19.

Naumovska M, Sheikh R, Engelsberg K, Blohme J, Hammar B,
Malmjs6 M. Temporal artery biopsies contract upon surgical
excision, but do not shrink further during formalin fixation.
Scand ] Rheumatol. 2020;49(1):84-6.

Nienhuis PH, Sandovici M, Glaudemans AW, Slart RH,
Brouwer E. Visual and semiquantitative assessment of cranial
artery inflammation with FDG-PET/CT in giant cell arteritis.
Semin Arthritis Rheum. 2020;50(4):616-23.

Ninan JV, Lester S, Hill CL. Giant cell arteritis: beyond
temporal artery biopsy and steroids. Intern Med J.
2017;47(11):1228-40.

Noumegni SR, Hoffmann C, Bressollette L, Jousse-Joulin S,
Cornec D. Technique et valeur diagnostique de la biopsie de
T’artére temporale. Revue du Rhumatisme Monographies.
2020;87(3):189-93.

O’'Brien JP. Destruction of elastic tissue (elastolysis) as a link
between atherosclerosis and the temporal
arteritis/polymyalgia rheumatica syndrome. Observations on
an actinic factor in vascular disease. Pathol Biol (Paris).
1984;32(2):123-38.

Pless M, Rizzo JF 3rd, Lamkin JC, Lessell S. Concordance of
bilateral temporal artery biopsy in giant cell arteritis. J
Neuroophthalmol. 2000;20(3):216-18.

Poller DN, van Wyk Q, Jeffrey MJ. The importance of skip
lesions in temporal arteritis. J Clin Pathol. 2000;53(2):137-9.
Ponge T, Barrier JH, Grolleau JY, Ponge A, Vlasak AM, Cottin S.
The efficacy of selective unilateral temporal artery biopsy
versus bilateral biopsies for diagnosis of giant cell arteritis. J
Rheumatol. 1988;15(6):997-1000.

Roverano S, Ortiz A, Henares E, Eletti M, Paira S. Calciphylaxis
of the temporal artery masquerading as temporal arteritis: a
case presentation and review of the literature. Clin
Rheumatol. 2015;34(11):1985-8.

68.

69.

70.

7

72.

73:

74.

75,

76.

77.

78.

79.

80.

81.

82.

83.

Rubenstein E, Maldini C, Gonzalez-Chiappe S, Chevret S,
Mabhr A. Sensitivity of temporal artery biopsy in the diagnosis
of giant cell arteritis: a systematic literature review and
meta-analysis. Rheumatology (Oxford). 2020;59(5):
1011-1020.

Salvarani C, Silingardi M, Ghirarduzzi A, et al. Is duplex
ultrasonography useful for the diagnosis of giant-cell
arteritis? Ann Intern Med. 2002;137(4):232-8.

Schallhorn J, Haug SJ, Yoon MK, Porco T, Seiff SR, McCulley TJ.
A national survey of practice patterns: temporal artery
biopsy. Ophthalmology. 2013;120(9):1930-4.

Sebastian A, Coath F, Innes S, Jackson J, van der Geest KSM,
Dasgupta B. Role of the halo sign in the assessment of giant
cell arteritis: a systematic review and meta-analysis.
Rheumatol Adv Pract. 2021;5(3):rkab059.

Shin K], Shin HJ, Lee SH, Koh KS, Song WC. Surgical anatomy
of the superficial temporal artery to prevent facial nerve
injury during arterial biopsy. Clin Anat. 2018;31(4):

608-613.

Stacy RC, Rizzo JF, Cestari DM. Subtleties in the
histopathology of giant cell arteritis. Semin Ophthalmol.
2011;26(4-5):342-8.

Su GW, Foroozan R, Yen MT. Quantitative analysis of
temporal artery contraction after biopsy for evaluation of
giant cell arteritis. Can ] Ophthalmol. 2006;41(4):500-3.
Tannenbaum CB, Trudel MA, Kapusta MA. Lymphomatous
perivascular infiltration involving the temporal artery. ]
Rheumatol. 1996;23(11):2009-10.

Tayfur V, Edizer M, Magden O. Anatomic bases of superficial
temporal artery and temporal branch of facial nerve. J
Craniofac Surg. 2010;21(6):1945-7.

Tomsak RL. Superficial temporal artery biopsy. A simplified
technique. ] Clin Neuroophthalmol. 1991;11(3):

202-204.

Yoon MK, Horton JC, McCulley TJ. Facial nerve injury: a
complication of superficial temporal artery biopsy. Am J
Ophthalmol. 2011;152(2):251-255.e1.

Younge BR, Cook BE Jr, Bartley GB, Hodge DO, Hunder GG.
Initiation of glucocorticoid therapy: before or after temporal
artery biopsy? Mayo Clin Proc. 2004;79(4):483-91.

Ypsilantis E, Courtney ED, Chopra N, et al. Importance of
specimen length during temporal artery biopsy. Br ] Surg.
2011;98(11):1556-60.

Weis E, Toren A, Jordan D, Patel V, Gilberg S. Development of a
predictive model for temporal artery biopsies. Can J
Ophthalmol. 2017;52(6):599-605.

Wilkinson IM, Russell RW. Arteries of the head and neck in
giant cell arteritis. A pathological study to show the pattern
of arterial involvement. Arch Neurol. 1972;27(5):378-91.
Zhao CL, Hui Y, Amin A. Temporal small arterial
inflammation is common in patients with giant cell arteritis.
Hum Pathol. 2018;81:65-70.



Annexe 7.

Relationship between histopathological features of non-infectious aortitis and the results of
pre-operative 18F-FDG-PET/CT: a retrospective study of 16 patients.

216



Relationship between histopathological features of
non-infectious aortitis and the results of pre-operative
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Abstract
Objective
To describe the characteristics of "*F-fluorodeoxyglucose positron-emission tomography/computed-tomography
(®FDG-PET/CT) findings before surgery in patients with active, histologically confirmed aortitis, and to correlate the
degree of arterial wall inflammation with PETVAS score.

Methods
This was a multiple-centre retrospective study including cases with histologically proven active, non-infectious
aortitis who had a "*FDG-PET/CT performed within one year before surgery for aneurysm repair. PETVAS score was
determined by radiologists blinded to the pathology findings. Cardiovascular pathologists reviewed aortic tissue
samples and graded the degree of inflammation in the vessel wall.

Results

Sixteen patients were included (8 giant cell arteritis, 4 clinically isolated aortitis, 2 Takayasu's arteritis, I relapsing

polychondritis, and 1 rheumatoid arthritis). In 5/16 (31%) patients, "*FDG-PET/CT did not detect the presence of
aortic inflammation; two of whom were being treated with glucocorticoids at the time of procedure. Ascending thoracic

and abdominal aorta had the highest FDG uptake among the affected territories. Patients without active aortitis on

SEDG-PET/CT were significantly older (p=0.027), had a lower PETVAS score (p=0.007), and had a lower degree
of adventitial inflammation (p=0.035). In contrast, there was no difference between ‘SFDG-PET/CT active and inactive

aortitis patients as regards the timing between PET/CT and surgery, serum CRP level (during *FDG-PET/CT)
and, FDG uptake per study site.

Conclusion
In histologically proved aortitis, *FDG-PET/CT before surgery did not detect vascular inflammation in 31% patients,
and PETVAS score correlated with the degree of adventitial histopathologic inflammation.

Key words
aortitis, fluorodeoxyglucose F18, large-vessel vasculitis,
positron emission tomography computed tomography, giant cell arteritis
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Introduction

Aortitis is defined as inflammation of
the aortic wall and includes several
different diseases, of which the most
frequent are systemic vasculitis such
as giant cell arteritis (GCA) and Ta-
kayasu’s arteritis (TAK). Clinically
isolated aortitis (CIA) represents a par-
ticular subset that is limited to the aorta
without signs of systemic disease, al-
though some cases may evolve to GCA
(1). Rarely, aortitis may be a compli-
cation of rheumatic diseases such as
ankylosing spondylitis or relapsing
polychondritis (2). Aortitis is associ-
ated with significant morbidity and po-
tential mortality related to aneurysmal
dilatation, aortic dissection, or rupture
(3-6). Histological evidence of aorti-
tis, considered to be the gold standard
diagnostic method, is only available
after aneurysm surgery. Indeed, most
patients with CIA are diagnosed post-
operatively following the incidental
discovery of aortitis on histopathologi-
cal analysis. Retrospective case series
have reported the presence of aortitis in
3%-6% of surgical specimens from as-
cending aortic aneurysm repairs (35, 8).
In patients with systemic vasculitis
such as GCA, aortitis is often diag-
nosed by imaging studies such as com-
puted tomography angiogram (CTA),
magnetic resonance angiogram (MRA)
or ‘'8F-fluorodeoxyglucose positron-
emission  tomography/computed-to-
mography (*FDG-PET/CT) (7). While
PET/CT has excellent specificity and
sensitivity for the diagnosis of large-
vessel vasculitis (LV V), false negatives
(due to glucocorticoids) or false posi-
tives (e.g. atherosclerosis) may occur
(9, 10). No study has correlated pre-
operative ®FDG-PET/CT findings with
pathologically confirmed aortitis in
patients undergoing thoracic aortic an-
eurysm repair. The aim of our study is
to describe the ®FDG-PET/CT findings
prior to aortic surgery in patients with
aortitis, and to report the sensitivity of
PET for the detection of pathologically
confirmed aortic inflammation.

Patients and methods

Study population

The study comprised patients with
pathologically confirmed non-infec-

tious aortitis who had a "*FDG-PET/CT
performed no more than twelve months
before aneurysm surgery between Jan-
vary 1, 2000, and December 31, 2021,
at Mayo Clinic Rochester, Minnesota,
USA. French patients from three cen-
tres, meeting the same inclusion cri-
teria, were added. Patients without
research authorisation and cases of
infectious aortitis were excluded from
the study.

Data collection

Preoperative clinical and biological
data were retrospectively obtained
from the patients’ electronic health
records and a cardiovascular surgical
database. Each patient was assigned a
clinical diagnosis according to clinical
and laboratory information, in accord-
ance with the definitions of each: GCA,
TAK, relapsing polychondritis (RP),
rheumatoid arthritis (RA), and CIA
(11, 12). Aortitis was defined histologi-
cally by the presence of an inflamma-
tory infiltrate associated with medial
damage.

Radiology review

All the patients in this study under-
went FDG-PET/CT scan with standard
protocols and comparable scanners in-
cluding GE Discovery (GE Healthcare,
Milwaukee, Wisconsin, USA), Sie-
mens (Siemens Healthcare, Erlangen,
Germany) and Philips Medical Sys-
tems (Philips Healthcare, Cleveland,
OH, USA). After a 4-hour fast, patients
were injected with a weight-based dose
of ®F-FDG radiotracer. After 1 hour of
uptake time, a spiral CT scan followed
by a PET emission scan was obtained.
PET data and CT images were evalu-
ated using MIM (MIM Software Inc.,
Cleveland, OH). A nuclear medicine
radiologist and a senior radiology resi-
dent reviewed all images independent-
ly with the findings later compared to
confirm the reproducibility.

For quantitative assessment, a volu-
metric region of interest tool was used
to obtain the maximal standardised up-
take value (SUVmax) which is calcu-
lated from the injected dose and patient
weight. The SUVmax was recorded
for nine specific arterial territories in-
cluding: ascending aorta, aorta arch,
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Fig. 1. Histology and *FDG-PET/CT examples.
A. Granulomatous inflammation in the aortic
media. This photomicrograph from the ascend-
ing aorta of a 52-year-old woman with a clinical
history of Takayasu aortitis shows granuloma-
tous (giant cell) inflammation (arrow) with ac-
companying medial necrosis of the aorta (as-
terisks) (haematoxylin and eosin, 100x original
magnification).

B. Marked focal on diffuse FDG uptake in the
ascending aorta.

C. Aneurysmal dilatation of the ascending aorta
which demonstrates marked wall thickening and
periarterial inflammatory standing.D. Maximum
intensity projection (MIP) demonstrates that the
active vasculitis is isolated to the ascending aorta
and well above hepatic levels.

descending thoracic aorta, abdominal
aorta, innominate artery, right/left ca-
rotid arteries and right/left subclavian
arteries. The SUVmean of the right he-

918

patic lobe was obtained as an internal
reference for subsequent scoring.

PET vascular activity score (PETVAS)
was obtained by comparing each vas-

cular segment to the background he-
patic uptake. Specifically, a score of
0=no FDG uptake; 1 =less than liver;
2=equal to liver; and 3 =greater than

Clinical and Experimental Rhewmatology 2023



liver. Then the cumulative score was
recorded for each patient.

Lastly, the radiologist made an overall
impression regarding if active vasculi-
tis was favored to be present or absent.
The decision process considered focal-
ity of uptake, SUVmax, and non-con-
trast enhanced CT findings of vessel
wall thickening and/or adjacent inflam-
matory stranding.

Statistical analysis

Quantitative variables were expressed
as means and standard deviation.
Qualitative variables were expressed
as frequencies with percentages. Com-
parisons were made by Pearson’s Chi-
2 test, Fisher’s exact test, or Wilcoxon
test as appropriate for each variable. A
p-value less than 0.05 was considered
to be significant. All calculations were
performed using R software v. 3.2.2 (R
foundation for statistical computing,
Vienna, Austria).

Ethical board approval

For American patients, the study ob-
tained approval from the Mayo Clinic
Institutional Review Board. Concern-
ing French patients, the study was con-
ducted in compliance with good clini-
cal practices and the principles of the
Declaration of Helsinki. In accordance
with French law, formal approval from
an ethics committee was not required
for this type of retrospective study.

Results

Demographics

Sixteen patients met the inclusion cri-
teria. Eight had a final diagnosis of
GCA. Other diagnoses were CIA (n=4),
TAK (n=2), RP (n=1), and RA (n=1).
The time interval between *FDG-PET/
CT and surgery was on average 3.9+3.5
months. In most patients (9/16), '*FDG-
PET/CT was performed to assess vas-
culitis disease activity in the context
of a known diagnosis of large-vessel
vasculitis. Five patients had a "“FDG-
PET/CT for unexplained constitutional
symptoms and/or persistent inflamma-
tory syndrome. One patient was evalu-
ated with PET/CT for breast cancer and
one to characterise a lung nodule. The
mean CRP at the time of "*FDG-PET/
CT (available for 13/16 patients) was
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Table I. Comparison between inactive and active vasculitis according to "FDG-PET/CT

findings.
Vasculitis on PET/CT p-value
Inactive (n=5) Active (n=11)
Mean + SD or n (%)
Age, years 738 +42 59.7 + 15.2 0.027
Glucocorticoids during PET/CT 2 (40%) 3 (27%) 1.000
Immunosuppressive treatment during PET/CT 2 (40%) 1 (9%) 0.214
CRP during PET/CT, mg/| 238 +229 184 + 229 0497
Time between PET/CT and surgery, months 42+ 4.1 38+ 34 0.953
Reason(s) for the realisation of PET/CT
Constitutional symptoms 1 (20%) 2 (18%) 1.000
Unexplained elevated inflammatory markers 3 (60%) 4/8 (50%) 1.000
Follow-up of known aortitis 1 (20%) 3 (27%) 1.000
Rapid progression of a known aortic aneurysm 2 (40%) 3 (27%) 1.000
Other reasons 0 3 27%) 0.509
PETVAS score (0 to 3 scale)
Ascending aorta 16 +09 22+ 06 0.157
Aortic arch 1.0 +0.0 19+ 07 0.015
Descending thoracic aorta 1.2+04 2.1+ 08 0.053
Abdominal aorta 12+04 1.6+ 09 0.446
Right carotid 1.0+£00 1.L+£03 0.590
Left carotid 1.0 £ 0.0 1.2+ 04 0374
Innominate artery 1.0 £00 14+ 05 0.152
Right subclavian artery 1.0+£00 09+ 05 0.739
Left subclavian artery 1.0 £ 0.0 09+ 05 0.739
Total PETVAS score (0 to 27 scale) 100+ 1.0 133+ 2.1 0.007
Histology
Medial inflammation (0 to 3 scale) 8§+08 25 %05 0.108
Adventitial inflammation (0 to 3 scale) + 05 23+ 06 0.035

PET/CT: 18F-fluorodeoxyglucose positron-emission tomography/computed-tomography: CRP: C-reac-

tive protein.

20+23 mg/l. Six patients were on glu-
cocorticoids/immunosuppressive thera-
pies during "FDG-PET/CT. The indi-
cation for surgery was the presence of
an aortic aneurysm for fifteen patients
(mean diameter: 54 mm) and aortic dis-
section for one patient. Consistent with
the inclusion criteria for this study, all
patients had histologically active aorti-
tis. An illustration of histological prov-
en aortitis is shown in Figure 1.

BEDG-PET/CT findings
BEDG-PET/CT showed no evidence
of vasculitis activity in 5/16 (31%) pa-
tients, two of whom were being treated
with glucocorticoids at the time of the
examination. These two treated patients
had elevated inflammatory parameters
with constitutional symptoms suggest-
ing clinically active vasculitis.

In patients with aortic FDG uptake, the
thoracic aorta (10/11, 91% patients)
was most frequently involved. The
ascending thoracic aorta and abdomi-
nal aorta had the highest FDG uptake
among the affected territories. In terms

of SUVmax, the aortic arch had the
highest values. Examples of a ""FDG-
PET/CT result is shown in Figure 1.
Among patients with active vasculitis
on “FDG-PET/CT, serum CRP level
was low (<11 mg/l) for most (6/8 pa-
tients with available CRP).

Comparison between active

and inactive SFDG-PET/CT

Patients without active aortitis on
BFDG-PET/CT (n=5), were signifi-
cantly older (73.8+4.2 vs. 59.7+15.2
years, p=0.027), had a lower aortic
arch FDG uptake (1.0+£0.0 vs. 1.920.7,
p=0.015) and total PETVAS score
(10.0+1.0 vs. 13.3+2.1, p=0.007), and
had a lower degree of adventitial in-
flammation (0 to 3 scale) (1.4+0.5
versus 2.3+0.7, p=0.035) (Table I). In
contrast, there was no difference in
the time between "*FDG-PET/CT and
surgery (p=0.953), CRP level during
"FDG-PET/CT (p=0.497), FDG up-
take per other study site, or degree of
inflammation in the media on patho-
logical examination (p=0.108).
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Discussion

This study is the first which analysed
BFDG-PET/CT before surgery in his-
tologically proved aortitis and high-
lights the utility of *FDG-PET/CT for
the evaluation of patients with non-
infectious aortitis. In this small sam-
ple of patients, we show that two third
patients with histologically confirmed
aortitis had aortic FDG uptake on PET.
However, a subset of patients may have
a negative a FDG-PET/CT despite
ongoing histologic evidence of aortitis;
BFDG-PET/CT is not sensitive enough
to demonstrate mild inflammation of
the aortic wall. Treatment with gluco-
corticoids may play a role in reducing
the sensitivity of PET while the aortitis
may still be active (1). Grayson et al.
showed, comparing 56 patients with
LVV to 59 comparator subjects, that
BEDG-PET/CT could distinguish pa-
tients with active vasculitis with a sen-
sitivity of 85% (9). Nevertheless, this
study correlates ¥FDG-PET/CT with
clinical disease activity and inflam-
matory biomarkers (9). The novelty of
the present study is that we compared
BEDG-PET/CT with pathology, which
remains the gold standard diagnostic
assessment for vasculitis.

Patients without active aortitis on
"FDG-PET/CT exhibited a lower de-
gree of adventitial inflammation on
histopathological examination com-
pared to those with active aortitis. The
onset of the inflammatory process in
GCA starts in the adventitia by stimu-
lation of resident dendritic cells (13).
The following stages take place mainly
in the media with an inflammatory in-
filtrate composed of lymphocytes and
macrophages. The lower intensity of
the inflammatory infiltrate observed in
the adventitia of "FDG-PET/CT nega-
tive patients might reflect a later stage
of disease or may be due to different
pathomechanisms of vascular inflam-
mation in these patients. Our findings
need to be confirmed in other cohorts
and should be considered preliminary.

This present study shows that patients
with active aortitis on '"*FDG-PET/
CT exhibited a higher PETVAS of the
aortic arch among the sites of vessels
than those without. According to a pre-
vious study, aortic arch is the vascular
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site where hypermetabolism on *FDG-
PET/CT is most marked for patients
with active large-vessel vasculitis (9).
However, despite the absence of hyper-
metabolism, patients may have histo-
pathological evidence of active aortitis
on surgical specimens. Thus, in select
cases, an aortic arch aneurysm, may
still be inflammatory in nature even if
EDG-PET/CT is negative.

The essential reason for using "*FDG-
PET/CT pre-operatively in patients
with aortic aneurysm and a proven,
or suspected condition known to be
associated with aortitis is to evaluate
disease activity, since a repair surgery
should preferably be performed when
the inflammatory process is quiescent
(14-17). Post-operatively, *FDG-PET/
CT may be used to detect ongoing in-
flammation in the native aorta, which
may increase risk of new events such
as aneurysm or aortic rupture. Finally,
the follow-up of the graft may be use-
ful, especially in situations of suspect-
ed prosthesis infection (18).

The main limitations of our study are
the small number of patients, the het-
erogenous aetiologies of aortitis, and
the variable time from imaging to sur-
gery. Indeed, various forms of aortitis
may have different pathophysiologi-
cal mechanisms resulting in variable
findings on PET/CT. The delay be-
tween PET/CT and surgery in some
patients may (at least in part) explain
the “false negatives”. Most of the PET/
CTs (12/16) were performed 6 months
before surgery, which limits this gap.
Among the negative PET/CT, only
one was performed 11 months before
surgery (and this patient was on treat-
ment). The 4 other negative PET/CT
were performed fairly close to sur-
gery (5,3, 1 and 1 month respectively)
which limits this potential confounder.
However, given the rarity of disease
and need for surgical intervention to
obtain tissue samples, our data are nov-
el and informative. Larger studies and
standardisation of radiologic findings
are needed to better determine the cor-
relation between nuclear imaging and
histologic patterns of inflammation.

In conclusion, our study showed for
the first time “FDG-PET/CT charac-
teristics in patients who underwent sur-

gery a few months later and who had
histologic confirmation of aortitis. In
a third of cases, aortitis is not identi-
fied before surgery. Larger studies are
needed to better identify these patients
and specify their prognosis.
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High incidence of giant cell
arteritis during the COVID-19
pandemic: no causal relationship
but possible involvement of stress

Sirs,

Giant cell arteritis (GCA) is the most com-
mon vasculitis in older adults. The mecha-
nism causing the disease is not known, but
infectious triggers have been suggested
(1). The coronavirus 2 (SARS-CoV-2) dis-
ease 2019 (COVID-19) pandemic began in
China at the end of 2019 and then spread
rapidly worldwide. COVID-19 has various
clinical presentations, from asymptomatic
forms to acute respiratory distress syn-
drome and multi-organ failure. The vascu-
lar tropism of SARS-CoV-2 may result in
endothelial activation with thrombosis (2)
and viral-induced systemic vasculitis (3).
We observed an increase in the incidence
of GCA in our hospital in 2020, which sug-
gested SARS-CoV-2 pandemic to be a trig-
ger. We thus explored a possible direct re-
lationship between SARS-CoV2 infection
and GCA occurrence.

From 2010 through December 2020, we
prospectively enrolled all patients diagnosed
with GCA using the American College of
Rheumatology criteria in the Internal Medi-
cine department of a tertiary-care teaching
hospital. The main GCA features of patients
diagnosed in 2020 were compared with
those of patients diagnosed during the pre-
vious decade. To track the regional SARS-
CoV-2 pandemic, we collected the number
of daily hospitalisations related to the virus
during 2020 in our hospital’s main catch-
ment area, the Haute-Vienne Department,
from the French public health website,
which records daily hospitalisation declara-
tions from each health centre in the depart-
ment. Serum samples were analysed using
two FDA-approved tests for the qualitative
detection of IgG antibodies to SARS-CoV-2
in human serum and plasma using a chemi-
luminescence microparticle immunoassay
(CMIA). The Alinity SARS-CoV-2 IgG
(Abbott, Chicago, USA) assay detects IgG
antibodies to the SARS-CoV-2 nucleocap-
sid protein and Liaison SARS-CoV-2 S1/S2
IgG (DiaSorin, Saluggia, Italy) detects IgG
antibodies to the SARS-CoV-2 spike (S1/
S2). Total RNA was extracted from biopsies
in paraffin with a Maxwell® 16 LEV RNA
FFPE Purification kit (Promega, Madison,
USA). PCR was performed with the SARS-
COV-2 R-GENE® kit (bioMérieux, Marcy-
I'Fitoile, France) allowing qualitative detec-
tion of SARS-CoV-2. In accordance with
French law, the study was approved by the
local ethics committee. Informed consent
was obtained {rom all assessed patients.
During 2020, we diagnosed GCA in 28
patients. Figure 1 shows the incidence of
new patients hospitalised for COVID-19
in Haute-Vienne and monthly new cases of
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Fig. 1. Evolution of daily patients hospitalised for COVID-19 in Haute-Vienne, France (right y-axis) compared with
new monthly cases of giant cell arteritis (GCA) (left y-axis) in 2020.

Table I. Comparison of characteristics of patients diagnosed with GCA in 2020 with those of patients
diagnosed in 2010 to 2019.

Characteristic 2020 (n=28) 2010-2019 (n=205) p-value

Demographic characteristics

Age 72.3 [7.5] 74.7 [8.5] 0.1666
Female 20 (71.4) 140 (68.3) 0.8270
Disease history

Diagnosis delay, days 93.6 [97.9] 853 [96.4] 0.3910
Acute form 16 (59.3) 92 (45.5) 0.1800
Reported trigger 1 3.7 4 (21.6) 0.0350
Constitutional symptoms

General symptoms 24 (88.9) 136 (68.0) 0.0252
Fever 11 (40.7) 54 (26.6) 0.1253
Aortitis 10/25 (40.0) 41/106 (38.7) 0.9030
Rh logical symp

Polymyalgia rheumatica 8 (29.6) 64 (31.2) 0.8667
Peripheral arthritis 2 (74) 21 (10.2) 0.9999
Cranial symptoms

Headaches 23 (85.2) 159 (77.6) 0.4613
Temporal artery abnormalities 17 (63.0) 123 (60.0) 0.7673
Scalp tenderness 16 (59.3) 90 (44.1) 0.1379
Occipital pain 19 (70.4) 93 (45.6) 0.0155
Neuro-ophthalmic symptoms

Fugax visual symptoms 9 (33.3) 52 (25.6) 0.3934
Permanent amaurosis fugax 4 (14.8) 37 (18.0) 0.8841
Bilateral amaurosis fugax 0 11 54 0.4693
Stroke 3 (10.7) 8 (3.9) 0.1325
Buccal, throat and ear symptoms

Number of pharyngeal symptoms 33 [2.5] 2.1 [1.9] 0.0112
Jaw claudication 7 (25.9) 64 (31.2) 0.5748
Painful mouth opening 12 (444 48 (23.6) 0.0208
Maxillary pain 16 (59.3) 83 (41.3) 0.0770
Throat pain 9 (33.3) 4“4 (223) 0.2073
Dysphagia 6 (22.2) 25 (12.7) 0.1786
Dry cough 12 (H44) 51 (26.2) 0.0482
Hoarse 8 (29.6) 26 (13.5) 0.0307
Otalgia 8 (29.6) 45 (234) 0.4818
Laboratory

Erythrocyte sedimentation rate, mm 71.2 [30.2] 81.9 [30.1] 0.0981
C-reactive protein, mg/L 81.8 [65.9] 90.4 [71.2] 0.5858
Histology

Positive temporal artery biopsy 8 (75.0) 122 (63.9) 0.2811

The values are reported as the absolute number (percentage) or mean [standard deviation].
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GCA during 2020. Of the 28 patients, 22
were diagnosed beginning in March, when
the Covid-19 pandemic started in Haute-Vi-
enne. As Table I shows, we observed more
constitutional and ear-nose-throat (ENT)
symptoms, but no excess visual loss or other
permanent ischaemic complications in the
patients diagnosed in 2020 compared with
those diagnosed over the previous decade.
Of the 28 patients, 17 had serological tests
with both assays and 25 a PCR study of a
temporal artery biopsy for SARS-CoV-2.
All serological and PCR tests were nega-
uve.

The COVID-19 pandemic has disrupted
hospital care worldwide. We observed an in-
crease in incident GCA cases in our depart-
ment in 2020, as reported elsewhere (4, 5).
We did not observe longer mean delays in
GCA diagnosis and treatment, particularly
in terms of access to hospital services, eye
clinic consultations, vascular imaging, or
temporal artery biopsy, contrary to reports
from severely affected regions, such as
Lombardy, Italy (6). Similarly, we did not
see any increase in GCA-related ischaemic
complications, particularly permanent loss
of vision, in the 2020 group compared to
the cohort 2010-2019. This observation is at
odds with the report by Monti et al. (6), but
consistent with reports from regions less im-
pacted by the pandemic (4). The COVID-19
pandemic occurred in Haute-Vienne after it
began in northern Italy and eastern France,
which allowed us to organise regional care
services. The increase in numbers of cases
during 2020, with more cases observed dur-
ing the COVID-19 pandemic peaks, sug-
gests a role for the pandemic on GCA onset.
The negative results of this study reasonably
rule out the possibility of a direct relation-
ship between SARS-CoV-2 infection and
GCA occurrence. The role of stress, which
has been previously emphasised in systemic
diseases (7-9), is plausible, although we
cannot push the hypothesis of chance aside.

S-200

Finally, COVID-19 and GCA share some
clinical and laboratory overlap that could be
misleading (10). We found an increased fre-
quency of ENT symptoms in GCA patients
diagnosed in 2020 compared to patients di-
agnosed in the previous decade. During the
pandemic, GCA onset involving prominent
ENT symptoms might carry a risk of mis-
diagnosing GCA as SARS-CoV-2 infection,
incorrectly leading to the patient’s isolation
with all the attendant ischaemic risks. Fami-
ly physicians should be advised of the exist-
ence of symptom overlap between GCA and
SARS-CoV-2 infection. Our observations
call for well-designed prospective studies
of stress in these patients during subsequent
COVID-19 waves and on the potential im-
pact of widespread COVID vaccination on
GCA epidemiology.
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Abstract: The occurrence and course of immune-mediated diseases (IMDs) following COVID-19
vaccination has been little explored so far. We retrieved, among adult patients hospitalized at the
Internal Department of a French university hospital up to May 2022, all those who had developed,
or relapsed to, an IMD less than 3 weeks following COVID-19 vaccination, without other triggers.
Twenty-seven (24 new-onset) post-COVID-19 vaccine IMDs were recorded. They comprised giant
cell arteritis or polymyalgia rheumatica (7 = 16, HLA-DRB1*04 in 58% of 12 assessed GCA cases),
immune-mediated necrotizing myositis or acute rhabdomyolysis, systemic vasculitis, immune throm-
bocytopenic purpura, rheumatoid arthritis, anti-synthetase syndrome, and adult-onset Still’s disease.
The causative vaccines were mRNA-based (20 cases) or viral vector-based (7 cases). The IMD typically
occurred after the first vaccine dose, with an average delay of 8 (5 SD) days. The patients’ mean
age was 67 years, and 58% were women. The IMDs had protracted courses in all but three of the
patients and typically required high-dose glucocorticoids, in combination with immunomodulators
in 13 patients. One patient died of intractable rhabdomyolysis, whereas five suffered permanent dam-
age from IMDs. Eleven patients with well-controlled IMDs completed their COVID-19 vaccination
schedule, and two suffered mild IMD relapses. There is a risk of IMDs, notably GCA /PMR, and
muscle disorders, following COVID-19 vaccination. Such adverse reactions typically occurred after
the first dose, raising concern about subsequent COVID-19 vaccinations. However, early re-challenge
in well-controlled IMDs appeared safe.

Keywords: COVID-19; vaccination; side; immune-mediated; giant cell arteritis; HLA-DR

1. Introduction

The speed and severe impact of the coronavirus disease 2019 (COVID-19) pandemic
led to rapid development of vaccines. Phase-II trials have shown reassuring safety profiles
in mRNA-based vaccines and viral vector-based vaccines [1-3]. Likewise, cross-sectional or
longitudinal studies on the safety of several COVID-19 vaccines in autoimmune inflamma-
tory rheumatic diseases did not detect a risk signal [4,5]. Nevertheless, recent safety data
from population-wide surveys have suggested significant side effects, notably severe throm-
botic events via vaccine-induced immune thrombotic thrombocytopenia [6]. Although
vaccines are linked to several immune-mediated diseases (IMDs) [7-13], such reports on
COVID-19 vaccines are limited, beside single case reports, to a few case-series [14-17].
Therefore, we evaluated the occurrence, or flare-up, of IMDs reported in the Internal
Medicine Department of a University Hospital during the period of mass vaccination
against COVID-19.

J. Clin. Med. 2022, 11, 7484. https:/ /doi.org/10.3390/jcm11247484
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2. Methods
2.1. Study Design

Starting in January 2021, when COVID-19 vaccination became progressively available,
we retrieved all reports of IMDs occurring after vaccination among consecutively hospital-
ized patients hospitalized in the Internal Medicine Department of a University Hospital.
The catchment area of the hospital roughly corresponds to the population of the Limousin
region, e.g., 723,784 people, 436,360 being over 40 years of age. As of 31 May 2022, at study
termination, 82% of the regional population were vaccinated at least once against severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). However, precise calculation
of the regional incidence of post-COVID-19 vaccine IMDs cannot be obtained, since it is
expected that not all patients with an IMD will be referred, or reported, to the regional
hospital. Details regarding the demographic information, significant comorbid conditions,
date of diagnosis, clinical features, biological abnormalities at disease onset, use of gluco-
corticoid treatments including pulse methylprednisolone and/or prednisone, use and type
of steroid-sparing agents, relapses during prednisone tapering, survival, recovery from
IMD, and total duration of treatment were retrieved for each patient. We also aim to assess
the influence of HLA-DRB1/DQB1 polymorphism on COVID-19 vaccine-induced IMDs, in
particular the frequency of HLA-DRB1*01 and DRB1*04 alleles. Both alleles are risk factors
for autoimmune/auto-inflammatory syndrome induced by adjuvants (ASIA) [8].

2.2. Case Series

Inclusion criteria: The case series comprised cases of giant cell arteritis (GCA), polymyal-
gia rheumatica (PMR), immune-mediated necrotizing myositis IMNM) or acute rhabdomy-
olysis, ANCA-associated vasculitis (AAV), Henoch-Shonlein purpura (HSP), adult-onset
Still’s disease (AOSD), rheumatoid arthritis (RA), and idiopathic thrombocytopenic pur-
pura (ITP) following COVID-19 vaccination. The inclusion criteria were (a) IMD diagnosed
using currently accepted criteria. GCA was diagnosed based on the criteria of the Amer-
ican College of Rheumatology [18]; negative biopsy cases were regarded as true GCA
cases provided there was a dramatic and sustained response to corticosteroid treatment.
PMR was diagnosed using the 2012 EULAR/ACR criteria [19]. Rheumatoid arthritis was
diagnosed using the 2010 EULAR/ACR classification criteria [20]. IMNM was charac-
terized by proximal muscle weakness, a high serum creatine kinase level, widespread
inflammatory muscle involvement on magnetic resonance imaging, myofiber necrosis with
minimal inflammatory cell infiltrate on muscle biopsy, and no or little extra-muscular
involvement, with or without specific autoantibodies in serum [21]. Diagnosis of the one
case of eosinophilic granulomatosis with polyangiitis (EGPA) was based on the patient’s
history of allergic asthma, blood eosinophilia 3.6 x 10?/L, multiple mononeuropathy, and
ANCA positivity (anti-myeloperoxydase 49 UI/L). In this patient, peripheral nerve biopsy
was considered unnecessary. In a patient with a prior diagnosis of AOSD that met most
of Yamaguchi’s criteria [22], a late relapse following vaccination was ascertained by a
flare-up of arthritis in both wrists and knees together with increased CRP and ferritin levels.
ITP was defined as a platelet count persistently <100 G/L with exclusion of other causes
of thrombocytopenia. Diagnosis of Henoch-Shonlein purpura (HSP) was based on the
presence of at least three of the criteria of the American College of Rheumatology [23].
(b) No symptom or sign suggesting an IMD before vaccination. (c) The interval between
vaccination and IMD onset did not exceed 3 weeks (in order to minimize the play of chance).
(d) No other trigger (viral including current or recent SARS-CoV-2 or bacterial infection, or
inciting drug) was evident. If a patient had been vaccinated at least twice (i.e., COVID-19
and influenza vaccination) within 3 weeks of IMD onset, responsibility was arbitrarily
assigned to the vaccine received closest to IMD onset. (e) No spontaneous improvement of
IMD; immunosuppressive/immunomodulatory treatment was required. Written informed
consent was obtained from each patient.

HLA-DRB1/DQB1 genotyping: HLA-DRB1/DQB1 genotyping was conducted using
peripheral blood samples in 20 patients. To assess the presence of COVID-19 vaccine-
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associated HLA specificities in the subset of GCA/PMR, we compared the results of
HLA-DR typing of 58 patients, comprising 14 patients with COVID-19 vaccine-induced
GCA or PMR, 11 with other vaccine-induced (influenza vaccine, or pneumococcal vaccine)
GCA, 17 with familial aggregation of GCA or PMR and, a random sample of 16 patients
with GCA (e.g., without a vaccine trigger or familial aggregation). Familial cases occurring
after a vaccination were arbitrarily included in the corresponding post-vaccination group.

3. Results

Characteristics of the cohort: Thirty-seven reports were scrutinized for a possible relation-
ship between IMD onset and vaccination. Three reports were excluded due to inconsistent
temporal relationships. Four patients (Sjogren’s syndrome, systemic lupus, sarcoidosis,
PMR), who reported self-limited inflammatory musculoskeletal or dermatological (sar-
coidosis) manifestations soon after vaccination, were also excluded. Thirty post-vaccine
disorders qualifying as IMDs were recorded within the study timeframe, 27 of which (90%;
22 new onset, 4 relapses) occurred after COVID-19 vaccination. These comprised 12 cases
of GCA, four of PMR (one relapse), three of necrotizing myositis or acute rhabdomyolysis,
three of systemic vasculitis (one EGPA, two SHP), two of ITP, and one each of relapsed
rheumatoid arthritis, relapsed AOSD, and PL7-positive anti-synthetase syndrome with
interstitial lung disease (ILD). Three other vaccine-induced IMDs were diagnosed within
the study timeframe—two cases of GCA following seasonal influenza vaccination and a
PMR following a second pneumococcal vaccination. Table 1 summarizes the demographics,
diagnoses, COVID-19 vaccines, treatments, and outcomes of the patients. The patients’
mean age was 67 years (50-90 years), and 15 (56%) were women. The causative vaccines
were ChAdOx1 (Vaxzevria®, AstraZeneca, Oxford, UK), BNT162b2 (Comimaty®, Pfizer-
BioNTech, New York, NY, USA), and mRNA-1273 (Spikevax®, Moderna, Cambridge, MA,
USA) in 7, 18, and 2 patients, respectively. The IMD started after a first vaccine dose in
14 patients (52%), a second dose in seven patients (26%), and a third (booster) dose in six
patients (22%). All three patients with acute IMNM, or rhabdomyolysis, had a negative or
normal workup including serologic tests for HIV, herpes viruses, HTLV1 + 2, hepatitis A,
B, and C, EBV, CMYV, parvovirus, serum protein electrophoresis, antinuclear antibody test,
anti-ds-DNA, ENA panel, DOT-myositis, C3, C4, rheumatoid factor, and ANCA. They all
had widespread muscle inflammation with edema on MRI and a muscle biopsy demonstrat-
ing IMNM. Of the 12 GCA cases, nine were biopsy-proven. The delay between vaccination
and GCA onset averaged 6 days (2-20 days). Three patients had permanent visual loss (two
at diagnosis, one during an early relapse), bilaterally in one. All but three of the patients
presented with an ESR > 60 mm/h (mean 92 mm/h) and a CRP level > 7 mg/dL (mean
12.3 mg/dL). The incidence of GCA in 2021 was higher than expected even after taking
account of an upward trend (Figure 1).

Precipitating/etiologic factors: A potential etiologic factor or trigger, other than COVID-
19 vaccination, was detected twice. A patient on statin for 3 years without muscle problems
before receiving a booster dose of BNT162b2 (Case 19), tested positive for serum anti-HMG-
CoA reductase antibody. One patient (Case 9) received seasonal influenza vaccination
without early side effects, and 1 week later a booster dose of BNT162b2. In this patient, the
systemic GCA began 6 days after COVID-19 vaccination.

HLA-DRB1/DQBI1 typing: The most frequent HLA-DRBI1 alleles were DRB1*04 (eight
patients) and DRB1*11 (seven patients), whereas only three patients had HLA-DRB1*01.
Most HLA-DQBI1 alleles were DQB1*03 (14 patients, including 12 with GCA or PMR) and
DQB1*02 (7 patients) (Table 2). No patients were positive for HLA-DQB1*01. Notably, 7 of
12 (58%) GCA patients, including both familial cases, had DRB1*04 alleles. There was no
significant difference in the frequencies of HLA-DRB1 alleles among GCA/PMR subsets,
and HLA-DRB1*04 was the most frequent allele (54%) (Table 3).
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Figure 1. Numbers of patients with newly diagnosed GCA, including usual GCA and post-vaccine
GCA, from 1 January 2010 to 31 December 2021. Gray shading, numbers of typical (e.g., without a
vaccine trigger) GCA cases; black, post-vaccine cases.

Table 2. DQBI1 typing of 20 patients with post-COVID-19 vaccine IMDs.

Patient Diagnosis HLA DRB1/DQB1 Typing
Case 1 GCA DRB1*04:02/*08:01; DQB1*03:02 /*04:02
Case 2 GCA DRB1*07:01/*11:04; DQB1*02:02/*03:01
Case 3 GCA DRB1*07:01/*07:01; DQB1*02:01 /*02:02
Case 5 GCA DRB1*03/*04; DQB1*02/*03
Case 6 GCA DRB1*04:04/*11:01; DQB1*03:01/*03:02
Case 7 GCA DRB1*04:01/*15:01; DQB1*03:01/*06:02
Case 8 GCA DRB1*04:03/*15:02; DQB1*03:02/*06:01
Case 9 GCA DRB1*03:01/*04:01; DQB1*02:01/*03:01
Case 10 GCA DRB1*07:01/*13:01; DQB1*02:01/*06:03
Case 11 GCA DRB1*04:02/*15:01; DQB1*03:02 /*06:02
Case 12 GCA DRB1*01:02/*11:02; DQB1*03:01/*05:01
Case 13 PMR DRB1*03/*12; DQB1*02/*03
Case 14 PMR DRB1*11:01/*16:01; DQB1*03:01 /*05:02
Case 16 PMR DRB1*13/*14; DQB1*03/*05
Case 17 AR DRB1*07:01/*08:01/DQB1*02:02 /*04:02
Case 18 IMNM DRB1*11:04/*16:01; DQB1*03:01/*05:02
Case 19 IMNM DRB1*04:01/*11:01; DQB1*-/*-
Case 23 ASS (PL7+) DRB1*01:01/*17:01; DQB1*02:02 /*05:01
Case 24 SHP DRB1*07:01/*11:04; DQB1*03:01/*06:01
Case 27 RA DRB1*01:01/*13:01; DQB1*05:01 /*06:01

GCA, giant cell arteritis. PMR, polymyalgia rheumatica. AR., acute rhabdomyolysis. ASS, antisynthetase
syndrome. SHP, Schonlein-Henoch purpura. RA, rheumatoid arthritis.
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Table 3. Typing in 58 patients—50 with GCA and 8 with PMR, under various circumstances of onset.

Post-COVID-19 Post-Other-Vaccine Pamiiidl Cases Other Cases

HLA-DRB1 Vaccine Cases Cases
Allele N =14 N=11 Syl my=le p-Value 1
n (%) * n (%) + nil’ ni’
DRB1*01 1(7) 2(18) 0(0) 2(12.5) 0.30
DRB1*03 3(21) 2 (18) 1(6) 2(12.5) 0.63
DRB1*04 7 (50) 4 (36) 10 (59) 10 (62.5) 0.58
DRB1*07 3(21) 3(27) 7 (41) 4 (25) 0.68
DRB1*08 1(7) 1(9) 0(0) 0(0) 0.34
DRB1*09 0(0) 1(9) 0(0) 0(0) 0.19
DRB1*10 0(0) 109) 0(0) 0(0) 0.19
DRB1*11 5 (36) 2(18) 5(29) 4(25) 0.83
DRB1*12 1(7) 0(0) 0(0) 0(0) 0.43
DRB1*13 2 (14) 5 (45) 5(31) 5(31) 0.40
DRB1*15 3(21) 1(9) 4 (23.5) 3(19) 0.86
DRB1*16 1(7) 0(0) 0(0) 0(0) 0.43

* Eleven GCA and three PMR. ' Seven GCA and four PMR. § Sixteen GCA and one PMR. ¥ GCA only. T Post-
COVID vaccine cases vs. post-other-vaccine cases vs. familial cases vs. other cases.

Treatments and outcomes: De-challenge (i.e., spontaneous remission or short-lived treat-
ment without relapse) was demonstrated in three patients—two with IMNM (Cases 18 and
19) and one with ITP (Case 25). All but one of the patients (minor relapse of childhood-
onset HSP) received first-line, often high-dose, glucocorticoid treatment, and 13 (50%)
underwent additional treatments. All the GCA patients received high-dose glucocorticoid
treatment, and most are currently undergoing tapering. One patient achieved remission
after a 9-month prednisone course. Additional weekly subcutaneous tocilizumab was
required for five GCA or PMR patients. One patient died from intractable rhabdomyol-
ysis, despite intensive immunosuppressive treatment, whereas four patients (15%) had
permanent damage from GCA (bilateral blindness), EGPA (bilateral median nerve palsy),
or antisynthetase syndrome (restrictive lung disease). Twelve of sixteen eligible patients
agreed to complete their COVID-19 vaccination during a quiescent phase of IMD, among
whom 11 did so (crossover with an mRNA-based vaccine for two patients). Only two
re-challenged patients experienced a disease flare—one GCA patient (Case 1) who reported
a self-limited episode of polymyalgia rheumatica after the second vaccination and the
patient with EGPA (Case 20), who experienced a mild flare of multiple mononeuropathy
3 days following a fourth mRNA-based (mRNA-1273, Moderna®) vaccine dose.

4. Discussion
4.1. Relationship between COVID-19 Vaccines and Subsequent IMDs

Vaccine-induced IMDs—including GCA, PMR, IMNM, AAV, HSP, AOSD, and ITP—
have long been described but are rare [8-13]. We report herein a series of incident cases of
IMDs following COVID-19 vaccination, recruited in the Internal Medicine Department of
our University Hospital during the period of widespread vaccination. Some other trigger
was present only in two patients. In these two patients (GCA, IMNM), the first symptoms
of IMD occurred less than 1 week after COVID-19 vaccination. A causative relationship
between vaccination and subsequent IMD is conjectural in the 27 patients, although re-
challenge in two patients (Cases 1 and 20) resulted in a limited disease flare, reinforcing
the hypothesis of a causal relationship between COVID-19 vaccination and GCA. The nine
other re-challenged patients completed their vaccination schedule, up to two additional
shots, without experiencing disease relapse. Significantly, re-vaccination was attempted
during a quiescent phase of treated illness in these patients, which may have prevented
them from disease flare-up. The patient with AOSD (Case 24) received her first two vaccine
shots during treatment with low-dose methotrexate, without harm, and the offending
booster shot while untreated for 4 months. Finally, de-challenge was rare (i.e., one in eight
patients). Therefore, a causal relationship between COVID-19 vaccination and subsequent
IMDs is not supported by our data. Nevertheless, the strong temporal relationship between
the two events raises legitimate safety concerns about COVID-19 vaccines in these patients.
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4.2. Incidence of IMDs after COVID-19 Vaccination

Although the regional IMD incidence following COVID-19 vaccination could not be
calculated from our hospital-based recruitment, it might be not negligible, especially in
individuals over 50 years of age. In a study of neurological IMDs occurring within 4 weeks
of SARS-CoV-2 vaccination, the population-based incidence was 1/11,000 [16]. These data
do not challenge the validity of vaccination programs against SARS-CoV-2 in 2021, in
view of the great severity of the disease. However, the relatively frequent occurrence and
potential seriousness of vaccine-induced IMDs warrant the implementation of customized
vaccination policies if the disease becomes more benign.

4.3. Types of Incriminated COVID-19 Vaccines

The three types of available COVID-19 vaccines were implicated in IMDs. The higher
frequency of BNT162b2-induced IMDs reflects the predominant use of this vaccine in 2021
in France. This is consistent with other case series [14-17], although other conditions, such
as cerebral venous thrombosis and optic neuropathy reported to occur following COVID-
19 vaccination have been markedly associated with the use of a specific vaccine [24,25].
Conversely, mRNA vaccines have inherent adjuvant properties that might have induced
more adverse immune effects by generating Th17 inflammatory responses [26-28]. Finally,
this and other studies indicate that IMDs can emerge at a variety of time points during
vaccination schedules, typically after the first dose.

4.4. Patient’s Age of Onset and Gender

We found a slight female predominance (56%), and patients were mostly middle-aged
or older. In the study by Watad et al., 15 of 27 (56%) patients were female and the mean age
was 53 years (20-83 years) [14]. In the study by Kaulen et al., patients were mostly females
(ratio 3.2:1) and had a median age of 50 years [16]. In a report on 19 immune-mediated
events temporally associated with COVID-9 vaccination, only four patients (21%) were
<50 years of age [15]. Regarding medical history, most (89%) patients in this study had
new-onset IMDs, in agreement with other investigators [15-17], but not with the report by
Watad et al., in which most COVID-19 vaccine-induced IMDs were flares of an underlying
autoimmune or rheumatic disease [14]. Different settings, types of recruitment, and study
designs may best explain the age-and-sex disparities among case series.

4.5. COVID-19 Vaccine-Induced Giant Cell Arteritis or Polymyalgia Rheumatica

GCA/PMR was the main vaccine-related subset of IMDs, accounting for 59% of the
cases. Notably, GCA represented 44% of the cases and 23% (11 of 47) of all new GCA
cases in the Internal Medicine Department over the 17-month study. Including a patient
with GCA following influenza vaccination, the proportion of post-vaccine GCA was 21%
(e.g., 7 of 34 patients) in 2021, contrasting sharply with a mean of 3% annually for the
previous decade. There are two explanations for this unexpectedly high proportion of
post-vaccine GCA cases. First, awareness of the condition is increased [9], prompting
inquiries during history taking. Second, mass COVID-19 vaccination of the regional older
adult population not only increased the likelihood of a chance temporal association but also
exposed a large number of at-risk subjects to the trigger. Other cases of GCA [16,25,29-34]
or PMR [17,35,36] temporally associated with COVID-19 vaccination have been published,
suggesting the association to be not casual and that post-vaccine onset of GCA/PMR is not
an exceptional occurrence [9].

4.6. Other Types of COVID-19 Vaccine-Induced Vasculitis

In contrast to GCA/PMR, other vasculitides represented only 11% of COVID-19
vaccine-induced IMDs. Although vaccination is a known trigger of vasculitis [11], the
most recent literature implicates COVID-19 vaccination, mostly in the form of case reports
covering the whole spectrum of vasculitides, with heterogeneous clinical presentations
and variable severities [37-43]. New-onset or relapsing ANCA-associated necrotizing
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vasculitides [37-41] or HSP [42,43] have been described. Significantly, a recent study using
the WHO global safety database (Vigibase) found increased reporting of Behget’s syndrome,
microscopic polyangiitis, livedoid vasculopathy, and urticarial vasculitis following COVID-
19 mRNA vaccination [44]. Whether this finding also applies to viral vector-based COVID-
19 vaccines warrants further investigation.

4.7. COVID-19 Vaccine-Induced Immune-Mediated Necrotizing Myopathy or Acute Rhabdomyolysis

Immune-mediated necrotizing myopathy/rhabdomyolysis comprised 11% of the
cases. A booster effect of COVID-19 vaccination on an underlying, silent, statin-induced
IMNM in the patient positive for anti-HMG-CoA reductase antibody cannot be excluded.
Other cases of inflammatory myositis or acute rhabdomyolysis of variable severity fol-
lowing SARS-CoV-2 vaccination have been reported [16,45-51]. Disease severity in the
patients with acute muscle disorders ranged from a self-limited illness to a rapidly fatal
rhabdomyolysis, despite intensive immunosuppressive therapy [46,50,51]. The relative
paucity of reports of inflammatory myositis or acute rhabdomyolysis during the worldwide
COVID-19 vaccination campaign is in line with the claim of no significant increase in the
incidence of dermatomyositis or polymyositis following vaccinations of any type [52].

4.8. COVID-19 Vaccine-Induced Miscellaneous IMDs

Other IMDs in this study were miscellaneous, pointing to a ubiquitous mechanism
of immune-response enhancement. Cases of ILD [53,54], RA [55,56], AOSD [57,58], and
ITP [59,60] following COVID-19 vaccination have been reported, supporting the hypothesis
of a causative link rather than a casual association. Interrogation of the French Pharma-
covigilance Network yielded 123 ITP cases, the corresponding rate of de novo or relapsed
reports per million COVID-19 vaccine doses being 1.69 (95% CI 1.42-201). In this study,
the rate was highest with ChAdOx1-S, particularly after the first dose (60), whereas a
previous study using the Vaccine Adverse Event Reporting System (VAERS) described
77 de novo ITPs, all after mRNA-based vaccines [59]. Our finding of two de novo ITPs but
no severe relapse of a preexisting ITP is in agreement with previous reports that the latter
is infrequent [59,60].

4.9. HLA-DR/DQ and COVID-19 Vaccine-Induced IMDs

The results of HLA-DRBI typing in post-COVID vaccine IMDs did not yield a notice-
able pattern, except for a high rate of DRB1*04 (54%) in GCA patients. We also observed
a strong predominance, of unknown significance, of DQB1*03. Furthermore, the distri-
bution of HLA-DRBI alleles did not differ significantly among GCA/PMR subsets (e.g.,
post-COVID vaccine cases; post-influenza, or pneumococcal, vaccine cases; familial cases;
typical cases). The origin of GCA is unknown but genetic and environmental factors are
implicated [61]. Interestingly, in our inception GCA cohort, familial aggregation of GCA
was detected in 2 of 12 (17%) patients with post-COVID-19 GCA and 4 of 13 (31%) patients
with post-influenza or pneumococcal vaccine, but only 15 of 388 (4%) patients without
a vaccine trigger. HLA-DRB1*04 is the main genetic determinant of GCA [62] and a risk
factor for ASIA [8,63]. From our observations, unadjuvanted vaccines such as the currently
marketed SARS-CoV-2 vaccines can induce GCA/PMR by acting as non-specific triggers in
genetically predisposed subjects (notably those with HLA-DRB1*04) possibly by strongly
activating Toll-like receptor signaling [64]. Nevertheless, a global pharmacovigilance study
showed a lower relative risk of GCA or PMR following COVID-19 compared to influenza
vaccination [65], consistent with the hypothesis that classical adjuvant-containing vac-
cines have a greater risk. Indeed, HLA-DRB1*01 was found only once, and no patient
carried HLA-DQB1*01; both alleles are associated with ASIA [9,63]. The mixed HLA results
highlight, therefore, the complex mechanisms underlying post-COVID vaccine IMDs.
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4.10. Disease Severity in COVID-19 Vaccine-Induced IMDs

The severity of vaccine-induced IMDs is a concern. Contrasting with the favorable
prognosis of patients in prior case series [14-17] and a recent review of post-COVID vaccina-
tion syndromes [66], in this study, few IMDs were self-limited and benign. On the contrary,
24% of the IMDs were complicated and most patients required prolonged glucocorticoid
treatment, in combination with additional immunosuppressive or immunomodulatory
agents in 40% of the cases. Post-COVID-19 vaccine IMDs can, therefore, be serious. More-
over, occurrence, or flare-up, of an IMD during the course of vaccination against COVID-19
can be diagnostically challenging, especially when the disease manifests as systemic symp-
toms such as fatigue, headache, and musculoskeletal pain soon after vaccination. Such
a pattern of IMD onset can easily be mistaken for typical systemic adverse effects of
vaccination, potentially delaying diagnosis.

4.11. Revaccination against COVID-19 after COVID-19 Vaccine-Induced IMDs

Revaccination against COVID-19 was acceptable. Indeed, 11 consenting patients were
re-challenged with the same, or an alternate, vaccine, up to three additional shots, without
significant harm in nine patients. However, the safety of re-challenging patients who
experienced a COVID-19-induced IMD, and the optimal timing of re-challenge, warrants
further research.

4.12. Limitations of the Study

This study has limitations that should be noted. The study design (hospital-based)
precluded any calculation of the incidence of IMDs following COVID-19 vaccine. The
association of COVID-19 vaccination with IMDs included may have been a result of chance,
based on the small sample size and lack of evidence of a causal association [67]. In particular,
de-challenge (i.e., evidence that the adverse event diminished, as would be expected if
caused by the vaccine) was seen in only three cases, and re-challenge seldom resulted
in disease relapse. Conversely, we performed the first teaching hospital, department-
based study including all IMDs encountered during the period of mass vaccination, with
exclusion of other causes, and extended follow-up. Moreover, this study is the first to
address the relationship between COVID-19 vaccine-induced IMDs, especially GCA /PMR,
and HLA-DR/DQ.

5. Conclusions

Our findings indicate that adults over 50 years of age may develop an IMD following
COVID-19 vaccination. However, confirmation by other large-scale studies, especially
focusing on the mass COVID-19 vaccination period, is warranted. We emphasize that such
IMDs are rare and do not call into question the benefit of COVID-19 vaccination, which is
overall safe and effective. By contrast, early revaccination after post-vaccine IMDs should
be considered on an individual basis, according to disease severity, disease control, and
patient acceptance. Finally, early re-challenge with a COVID-19 vaccine in patients with
controlled IMDs is feasible.
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Introduction: Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR) are inflammatory rheumatic diseases
common in people over the age of 50 years. Seasonal influenza vaccination (IV) is strongly recommended in this
population, among whom it is considered to be effective and well tolerated. IV-induced GCA or PMR are thought
to be exceptional.

Patients and methods: We retrieved all post-1V cases from an inception cohort of patients with newly diagnosed
GCA. We also included two patients with post-IV PMR and reviewed all published reports of post-IV GCA or PMR,
with selection of cases demonstrating disease onset within 1 month following IV. We compared the results of
HLA-DRBI1 typing, performed in seven patients with post-IV GCA or PMR, with those of 11 GCA patients with
familial aggregation and 16 randomly selected GCA patients without a reported trigger.

Results: Of 358 GCA recruited since 2002, 10 (2.8%) qualified for post-IV GCA, of whom two also showed familial
aggregation. Thirty-two patients (19 with GCA and 13 with PMR) including our patients were reviewed; their
mean age was 71.8 + 7.4 years and the M/F ratio was 0.8. Six patients (19%) had a history of PMR. Patients with
post-IV GCA/PMR had the DRB1*13:01 haplotype more frequently compared to those with familial GCA (5/7 vs.
2/11, p = 0.048) or with GCA without a known trigger (3/16, p = 0.026). Post-IV PMR generally appeared self-
limited, whereas post-IV GCA often displayed a more protracted course (chronic relapsing disease in one-third of
the patients).

Conclusion: Post-IV onset of GCA/PMR is not an exceptional occurrence and may be part of the spectrum of the
autoimmune syndrome induced by adjuvants (ASIA). IV can trigger GCA or PMR, especially in persons at higher
spontaneous risk, such as those with a personal or familial history of GCA/PMR. Whether the presence of the
DRB1*13:01 allele further increases the risk of post-IV GCA/PMR through a stronger vaccine-induced immune
reaction deserves further investigation. Unlike PMR, GCA can be a serious complication of IV.

1. Introduction

Giant cell arteritis (GCA) is a chronic, systemic, large-vessel vascu-
litis with a marked female predominance and restriction to old age.
Polymyalgia rheumatica (PMR) is the most common inflammatory
rheumatic disease in older people of white descent. GCA and PMR are
closely related disorders, with roughly 50% and 20% overlap in GCA and
PMR cases, respectively [1]. The origin of the disease is unknown but
genetic and environmental factors are both likely to play a role [2-4].

Influenza is an acute upper respiratory tract infection that occurs
worldwide in epidemics every year. In can cause serious complications,

especially in older adults and individuals with chronic health problems.
Influenza vaccination (IV) is an effective means of preventing influenza
and its complications. The French Haute Autorité de Santé strongly rec-
ommends and fully reimburses annual IV for these at-risk subjects
including people over 65 years of age. Although IV shows a favorable
safety profile, it is associated with a variety of serious complications
including vasculitis occurrences, although rarely [5-12]. A review of 65
published reports of vasculitis following IV found leukocytoclastic
vasculitis and other forms of small-vessel vasculitis to be the most
frequently reported types of vasculitides [13].

Only a few cases of GCA or PMR following IV have been published
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until recently [14-29]. In 2012, Soriano et al. described an association
between annual IV and subsequent onset of GCA or PMR in 10 patients
within a 5-year time frame [26]. GCA/PMR is listed among several
autoimmune/autoinflammatory conditions that can be induced by ad-
juvants (so-called ASIA) [29], despite a paucity of further reported cases
[27-29]. This ambiguous situation as well as personal acquaintance of
post-IV GCA/PMR [19] prompted us to present our own experience of
post-IV GCA/PMR and comprehensively review the data published in
the field. We also investigated the possible relationship between post-IV
GCA/PMR and HLA-DRB1 polymorphisms, in keeping with current
knowledge on the pathophysiological mechanisms of GCA/PMR and
ASIA.

2. Patients and methods
2.1. Patients and data collection

The study population included all consecutive patients referred to
the Internal Medicine department of one tertiary-care teaching hospital
for the diagnosis and treatment of GCA since 2002. GCA was diagnosed
based on the criteria of the American College of Rheumatology [30].
GCA was considered present in biopsy-negative cases if at least three of
the ACR criteria were fulfilled and if only two ACR criteria were fulfilled
but fluorodeoxyglucose (FDG)-positron emission tomography (PET)
scans were strongly suggestive of occult large-vessel vasculitis [31]. If
direct and indirect evidence of large vessel vasculitis were both lacking,
we added an additional requirement of no alternative diagnosis
emerging at 6 months. All GCA diagnoses were pathologically confirmed
using currently accepted criteria, and polymyalgia rheumatica (PMR)
was defined by at least 2 weeks of moderate-to-severe pain and morning
stiffness lasting more than 30 min in at least two areas that included the
neck, shoulders, and pelvic girdles.

All data on GCA features, treatments, and outcomes were retrieved.
Clinical, laboratory, and pathological data were prospectively recorded
at the time of first admission using a specifically designed 176-item
questionnaire of detailed history and log data. All study data were
stored in computerized files and regularly updated [32]. Specifically, the
following questions were included: as there been in the past three
months an infectious event and which one? A zona? A dental extraction?
Prior to 2002 (e.g., 1976-2001), no special attention was paid to a
possible relationship between IV and subsequent GCA development. The
first case was quoted in 2002, which was arbitrarily chosen as the date of
commencement of the study. However, the item “vaccine as a potential
trigger” had not been formally included in the questionnaire, possibly
inducing recall bias, despite the investigator’s awareness. We extracted
and reviewed the charts of all reported GCA cases demonstrating post-IV
onset and compared their frequency to that of GCA following other
potential triggers such as infection, emotional stress, and surgery.
Finally, we compared the frequencies of HLA class II alleles in seven
patients with post-IV GCA, 11 patients with familial GCA, and 16 pa-
tients with GCA without a reported trigger.

2.2. Study variables and clinical definitions

Details regarding the demographic information, date of diagnosis,
clinical features, levels of acute-phase reactants and liver enzymes at
disease onset (prior to steroid treatment), temporal artery biopsy (TAB)
status, starting dose of prednisone, number of relapses during predni-
sone tapering, use of steroid-sparing agents, and total duration of
treatment were retrieved for each patient. The clinical items extracted
from the computerized file included PMR symptoms, new-onset head-
ache, scalp tenderness, jaw claudication, and/or other jaw/mouth/
throat problems, and visual ischemic manifestations, as previously
described [32]. Temporal arteries were considered abnormal if the pulse
was low or absent and/or if nodules, redness, thickening, or tenderness
were apparent in at least one artery.
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Constitutional syndrome was defined as a temperature > 38 °C
lasting for at least 1 week in conjunction with severe asthenia and/or
weight loss >5%. Upper limb artery involvement was defined on a
clinical basis followed by confirmation using echo-Doppler and/or
angiographic scans. Starting in 2005, subclinical aortitis was diagnosed
using FDG-PET scans, computed tomography scans, or both, according
to current diagnostic standards [33]. Patients with persistent fever of
unknown origin and/or isolated raised acute-phase reactants qualified
for the systemic form of GCA, irrespective of the presence of subclinical
aortitis.

2.3. Outcome measures

Relapse was defined as the recurrence of clinical symptoms and/or
inflammatory parameters that were attributable to GCA and required
increased medication. PMR relapses were defined based on a combina-
tion of patient self-assessment, erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP) levels, shoulder pain/limitations during a clinical
examination, and response to steroid dose adjustments; if these events
occurred after the cessation of planned treatment, it was considered a
recurrence. Relapsing patients who were unable to lower their predni-
sone doses below 20 mg/day at 6 months, 10 mg/day at 12 months, and/
or 7.5 mg/day at 2 years were considered steroid-dependent cases. We
also evaluated total treatment duration, recovery from GCA (i.e., free of
relapse for at least 12 months following the cessation of GC treatment),
duration of treatment in recovered patients, duration of clinical follow-
up, date of death, or patient clinical status at the end of the study (May
15, 2020). Steroid-induced complications were recorded and included
infection (any event leading to antibiotic prescription, hospitalization,
or both), osteoporotic fractures, diabetes mellitus, venous thromboem-
bolism, and disabling myopathy.

2.4. Treatments

Most patients with GCA were treated using standardized protocols.
Patients lacking ischemic manifestations received prednisone at 0.6-0.8
mg/kg/day until their symptoms disappeared and CRP levels were < 5
mg/L; then the prednisone dose was progressively tapered to 0.35 mg/
kg within 4-6 weeks. Patients with permanent ischemic manifestations
received initial prednisone doses of 0.9-1.1 mg/kg/day, which was
often preceded by pulse methylprednisolone, and then the dose was
similarly tapered. Relapses without ischemic symptoms were managed
by temporarily increasing the prednisone dose to a previously effective
dose whereas severe relapses involved more consistent increases con-
ducted on an individualized basis. Patients with relapsing/steroid-
dependent GCA or those who experienced serious steroid-related side
effects often received steroid-sparing drugs, such as methotrexate,
dapsone [34], or tocilizumab.

2.5. Class I HLA typing

Informed written consent was obtained from each patient. Peripheral
blood samples were collected in ethylenediaminetetraacetic acid for
DNA extraction. HLA-DRB1 genotyping was performed by SSO-PCR
(LABType®), using sequence-specific oligonucleotide probes (SSO)
bound to fluorescently coded microspheres (Luminex Technology) to
identify alleles encoded by the sample DNA (One Lambda Inc., CA
91303). In a first step, the target DNA was amplified by polymerase
chain reaction, and next coupled with hybridization and detection in a
single reaction mixture. Results were expressed with intermediate res-
olution, without ambiguity on Exon 2 of the HLA DRB1 locus.

2.6. Statistical analyses

Proportions were analyzed using Fisher’s exact test; p-values <0.05
were considered to indicate statistical significance. All analyses were
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conducted using the R software (version 3.2.2, Microsoft Corporation).
Numbers of newly registered GCA cases between November and January
were compared to numbers of other quarterly registered cases using the
Kruskall-Wallis test. Yearly proportions of post-IV cases were compared
(2019 vs all other years) using the Wilcoxon test.

2.7. Ethics board approval

All data concerning these older patients with GCA were retrospec-
tively collected. This study was conducted in compliance with good
clinical practices and the principles of the Declaration of Helsinki. In
accordance with French law, formal approval from an ethics committee
was not required for this type of retrospective study.

3. Results

3.1. Characteristics of post-IV GCA patients retrieved from the inception
cohort

Of 358 patients newly diagnosed with GCA from 2002 to May 2020,
10 (2.8%) were post-IV cases, whereas other potential triggers were
reported in 60 patients—recent infection in 39 patients (bronchitis/
pneumonitis in 13, nose-and-throat infection in 10, gastrointestinal
infection in three, dental abscess in four, flu-like illness in five, other
infections in four); an emotional event in seven patients; and another
triggering event such as surgery, sunstroke, dental extraction or Bell’s
palsy, in 14 patients. No GCA onset after vaccination other than IV
(especially pneumococcal vaccination) was reported by any patient.
Chronological overlap between IV and infection (acute gastroenteritis 1
week prior to IV in an 81-year old man) was only reported once. Table 1
depicts the clinical characteristics and outcome of the 10 patients. The
mean diagnosis delay was 62 + 48 days, 57 + 49 days, and 87 + 91 days
for post-IV GCA, GCA following other potential triggers, and GCA
without an identified trigger, respectively. The number of new GCA
cases per month averaged 1.53 (range 1.1 for January to 1.68 for
March), while quarterly reports averaged 4.21 new cases for November
to January (trimester 1) and 3.68 to 4.63 for other trimesters, without
significant differences between trimester 1 and the other trimesters (p =
0.39). There was a slightly higher proportion of post-IV cases among all
new GCA cases in 2019 compared to all the other years (12.5% vs 0 to
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7.5%; p = 0.08).

The patient’s mean age was 72 years (53-81 years) with a male/fe-
male ratio of 2.3. The time elapsed between IV and the first reported
symptoms of vasculitis or PMR averaged 7.8 days (1-14 days). Of the 10
post-IV patients, two also had familial aggregation of GCA (mother in
one patient and father/sister in the other patient), seven had typical
cranial features, four of whom developed vision loss from GCA. One had
amaurosis fugax, three had permanent visual loss from AION, with two
bilateral involvements; a 68-year-old male had an atypical clinical
presentation with subacute encephalitis without stroke on magnetic
resonance imaging, subclavian/axillary involvement both evidenced by
ultrasound and 18F-FDG PET/CT, and a positive TAB; a 53-year-old
male had fever of unknown origin; and a 70-year-old male featured
TAB-positive PMR and peripheral arthritis without clinical evidence of
arteritis. All but one of these patients displayed a severe inflammatory
response (mean ESR 100 + 24.4 mm/h, CRP 15 + 7.7 mg/dL, hemo-
globin level 10.4 + 1.3 g/dL, leukocyte count 10,716 + 2627 G/L,
platelet count 530 + 120 G/L). All the patients received high-dose
prednisone (mean initial dose 60 mg/d; e.g., 0.87 mg/kg/d), preceded
by pulse methylprednisolone in five. Of eight patients followed for at
least 12 months, seven suffered 16 relapses. This often relapsing/
remitting GCA course led to glucocorticoid treatment for extended pe-
riods (mean duration 38 + 17 months) with only three recovered pa-
tients after a mean 77 + 61-month follow-up.

3.2. Characteristics of PMR patients

Two patients were reported to have started classical PMR 10 days
after IV. Neither of these patients had a prior history of PMR or GCA.
One of the two patients, a 72-year-old female, had a refractory PMR
course, which required the addition of methotrexate and a 46-month
total duration of treatment, whereas the other, a 70-year old male,
had been on GC treatment for 8 months with moderate daily dose re-
quirements. A third patient, who had had PMR immediately after IV,
developed biopsy-proven GCA a few months later and thus was included
in the post-IV GCA group (see Table 1, patient 8).

3.3. Comparative results of HLA DRBI typing

HLA DRB1 typing was performed in 34 patients—seven post-IV

Table 1

Demographics and features of vasculitis in patients with post-influenza vaccination GCA.
Patient 1 2 3 4 5 6 7 8 9 10
Year of onset 2002 2003 2006 2007 2010 2015 2017 2019 2019 2019
Age 79 70 53 65 81 80 68 75 72 77
Gender F M M M M F M M F F
Other possible trigger" - - = = & = £ s s k)
Delay in diagnosis (days) 55 135 80 8 18 145 82 30 28 40
Headache + == + it s = ik o i
Scalp tenderness + - — + + 4 & s <
Jaw claudication or trismus i+ B - - - - = o xS -
Facial swelling + - - - = + - = n —
Abnormal temporal artery + + w - + + - + + -
Aortitis - — + - a5 = o = + —
PMR/ peripheral arthritis - - - = = - = 4+ o i
Fever — + + - — — + + + +
Ischaemic complications + - - + + + + - = =
Permanent visual loss - - - + + + - - - _
Other severe findings” - - ~ - - + + - - —
Temporal artery biopsy result + - - - - + + - + +
ESR (mm/h) 92 84 126 135 n.d. 114 66 108 111 68
CRP (mg/L) 144 264 185 168 80 136 21 121 274 111
Hepatic cholestasis + + - — + n.d. — = £ nd
Serum titer of antinuclear antibody >1/160 + - — - n.d. n.d, - - n.d. -

PMR, polymyalgia rheumatica; n.d., not determined.

# GCA reported in mother (case 7); and in mother and sister (case 10); gastrointestinal infection (patient 5).
b Sudden unilateral deafness (patient 6); severe encephalitis without multiple small brain infarctions on magnetic resonance imaging.
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patients (five GCA patients and both PMR patients (group 1) and 27
patients with GCA reportedly unrelated to IV: 11 with familial aggre-
gation (group 2), of whom eight belonged to the inception cohort; and
16 without a reported trigger, all of whom were randomly extracted
from the inception cohort (group 3). HLA-DRB1*04 variants were
frequent (53%) and equally distributed among the groups (Table 2),
while the HLA-DRB1%13:01 allele was more prevalent in group 1
compared with the other groups, especially group 3 (71% vs. 19%, p =
0.026).

3.4. Summary of the literature and results of HLA-DRB1 typing

We found 20 other published case reports of GCA or PMR following
IV. Of the 10 patients described by Soriano et al., five met the chrono-
logical criterion and thus are included in the review [26]. Table 3 lists
patients with post-IV GCA, while post-PMR cases are summarized in
Table 4. Specific information on the offending IV was available for 12
patients and comprised a variety of products. The mean patient’s age
was 71.8 + 7.4 years and the M/F ratio was 0.8; the values for GCA and
PMR were similar. The mean time elapsed from IV to first symptoms was
8.6 days (1-30 days). Six patients (19%), including two with GCA and
four with PMR, had a history of PMR. Table 5 summarizes the results of
HLA-DRB1 typing in 13 assessed post-IV cases of GCA or PMR. The

Table 2
Cases of giant cell arteritis reported to have occurred shortly (< 1 month) after
influenza vaccination.

Author Gender/ Interval ~ Previous Response to treatment and
(ref) age (ys) history outcome
Ghose F/76 1 day None Unilateral PVL, dose
[14] prednisolone 5 to 10 mg/
d after >2 years
Saadoun F/65 3 days PMR (1y) 9 > 45 > 5 mg/d over 8

[20] months
Finsterer M/70 5 days None Not specified
[21]
Perez [18] F/76
Pou [23] M/74

Duration 36 months
Prednisone 60 mg/d > 15
mg/d after 2 months.
Asymptomatic after 6 months

1 week None
1 week None

Soriano [26]

Case 1 F/78 1 week None Atleast 24 months. Remission

Case 2 F/67 1 None Atleast 24 months. Remission
month
Case 3 F/74 1 None At least 24 months. Remission
month
Wada F/70 1 day None 35 mg/d > reduced by 10%
[25] every 2 weeks (treatment

duration?)

Current report

Case 1 F/79 One recurrence. Duration 31
mo./recovered
GC-dependent. Recovered
after a 44-month GC course
GC-dependent (treatment for
more than 60 months)
Duration 34 mo. (2 relapses)/
recovered
Recovered after an
uncomplicated 27-month GC
course
GC-dependent. No recovery
after 53 mo.
GC-dependent, with low dose
prednisone requirement after

10days  None
Case 2 M/70 10days  None

Case 3 M/53 2weeks  None

Case 4 M/65 8 days None

Case 5 M/81 6 days None

Case 6 F/80 5 days None

Case 7 M/68 6 days None

37 mo.
Case 8 M/75 2 days PMR (7 Treated for 9 months
mo) (uncomplicated GCA course)

Case 9 F/72 Treated for 10 months
(uncomplicated GCA course)
Treated for 13 months (one
relapse 7 months after

diagnosis)

6 days None

Case 10 /77 12days  None
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Table 3
Cases of polymyalgia rheumatica (new disease or late disease flare) reported to
have occurred shortly (< 1 month) after influenza vaccination.

Author (ref) Gender/ Delay"” Previous Outcome of PMR
age (y) history
Gerth [15] F/67 1 day Late PMR -
relapse
Brown [16] M/65 3 day PMR Recovered (9 mo)
relapse
Perez [17] M/61 <1 None Controlled with Pred 5
week mg/d
Liozon [19] F/91 1 day Recovered (6 mo)
Marti [22] M/79 1 week None Recovered (4 mo)
Soriano [26]
Case 1 F/64 1 week None GCs for >24 mo.
Case 2 F/71 1 PMR GCs for >24 mo.
month relapse
Henskens M/65 1 day None Disease controlled with
[24] Pred 30 mg/d
Siddiqi [27] M/71 T b None Good initial response to
week GCs
Salehi [28] F/86 2 None Good initial response to
weeks GCs
Bassendine F/70 “soon” PMR Disease controlled with a
[29] relapse 5 mg increment in daily
Pred dose
Current report:
Case 1 F/72 10 None Second line methotrexate
days for relapsing disease
Case 2 M/70 10 None Partial response to Pred
days 15 mg/d

? Time elapsed between influenza vaccine and the first symptoms or signs
attributable to PMR or a high-grade fever prior to the onset of classical PMR.
PMR, polymyalgia rheumatica; Pred, prednisone (or prednisolone); GCs, oral
glucocorticoids.

Table 4
Results of HLA DRB1 typing in 33 patients—31 with GCA and 2 with PMR.
HLA-DRB1 alleles  Post-IV cases  Familial cases ~ Other cases  p value'
N=7 N=11 N=16
n (%)" n (%)" n (%)"
DRB1*01 1(14) 0(0) 0(0) 0.39/0.30
DRB1*03 2(29) 0(0) 3(19) 0.14/0.62
DRB1*04 4 (57) 4 (36) 10 (62.5) 0.63/0.99
DRB1*07 2(29) 6 (55) 2(12.5) 0.37/0.56
DRB1*11 1(14) 3(27) 3(19) 0.99/0.99
DRB1*13 5(71) 2(18) 4 (25)
*13:01 5(71) 2(18) 3(19) 0.048/
0.026
*13:02 0(0) 0(0) 1(6) -/0.99
DRB1*15 0(0) 4 (36) 3(19) 0.12/0.53

2 5 GCA and 2 PMR.
> GCA only.
¢ Post-1V cases vs. familial cases vs. other cases.

DRB1%04 haplotype was present in 8/13 (62%) patients, and the
DRB1%13:01 allele in 5/13 (38.5%) patients.

4. Discussion

While a systematic literature review covering the period 1994 to
2014 did not allow establishing a causative link between vaccination
and vasculitides [35] a descriptive analysis of spontaneous reports of
vasculitis as an adverse event following immunization across three in-
ternational databases showed that PMR represented 9.2% of reported
vasculitides. Influenza vaccine was the most incriminated vaccine
(61.5%) for PMR reports, whereas the corresponding figure was not
given for GCA reports, although these accounted for 2-3% of all spon-
taneous reports of vasculitis [36]. Miller et al. proposed several
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Table 5
Results of HLA DRB1 typing of 13 patients with post-IV GCA or PMR.

Reference Diagnosis HLA DRBI typing
Perez [18] GCA DRB1*01/*04
Current report
Case 6 GCA DRB1*04:04/%13:01
Case 7 GCA DRB1*11:01/*13:01
Case 8 GCA DRB1*04:01/*13:01
Case 9 GCA DRB1*03:01/%13:01
Case 10 GCA DRB1*04:07/*07:01
Brown [16] PMR DRB1*01/*04
Perez [17] PMR DRB1*04:04/—
Marti [22] PMR DRB1*04:01/—
Soriano [26] PMR DRB1*11/DRB1*15
Henskens [24] PMR DRB1*14:54/—
Current report
Case 1 PMR DRB1*01:01/*04:07
Case 2 PMR DRB1*01:01/*13:01

attribution elements for identifying and defining environmentally
associated rheumatic disorders. The primary elements include temporal
association, exclusion of other known causes, de-challenge (evidence
that the adverse event diminished, as would be expected if the vaccine
caused the event), re-challenge, and biologic plausibility; the secondary
elements are analogy, dose responsiveness, and specificity [37]. Most
reported cases of GCA or PMR alleged to be vaccine-provoked met only
two or three of Miller’s primary attribution elements demonstrating
consistency with a causal association. In particular, GCA cases rarely
demonstrated de-challenge and re-challenge; the latter probably soun-
ded risky and thus was not attempted. Thus, a causal association be-
tween IV and GCA or PMR is not supported by adequate evidence.

This study provides the first ever estimate (2.8%) of the proportion of
GCA occurring shortly after IV in a hospital-based recruitment. This is a
minimal estimate, because the item “vaccine as a potential trigger” had
not been formally included in the prospective questionnaire, possibly
leading to underestimation of the association, despite investigator
awareness. Contrary to the findings of Soriano et al. [26], we did not
observe any outbreak of GCA within the 3-month period following
standard November-IV. Our calculations were made based on a large
sample of patients recruited over a 19-year period, and we do not believe
that IV caused significant changes in the epidemiology of GCA.

We report on two cases of PMR and an additional patient who
developed PMR immediately after IV and was diagnosed with overt GCA
several months later. Published cases more often involved PMR than
GCA. This unbalanced frequency may either reflect the fourfold higher
prevalence of PMR compared to that of GCA, or correspond to short-
comings in diagnosis, because PMR is regarded as a syndrome while
GCA is a well-defined disease. In this study, the opposite finding of
predominantly GCA cases probably reflects a major recruitment bias
toward GCA in an Internal Medicine Department. IV-induced PMR
generally appeared self-limited, which is consistent with an environ-
mental triggering event [37]. However, a more severe PMR course can
also be seen after IV, as exemplified in cases with which we have per-
sonal experience (Table 2). Our findings suggest post-IV GCA to be a
serious condition, as highlighted by a 40% rate of complicated forms, a
strong acute-phase reaction at disease onset, and prolonged glucocor-
ticoid requirements for most patients. The literature survey retrieved
nine published post-IV GCA cases, with limited data on the long-term
prognosis [14,18,20,21,23,25,26], precluding confirmation of our
findings.

Surprisingly, we observed an increased prevalence of the HLA
DRB1%13:01 allele, but not DRB1*04 variants, in patients with post-IV
GCA/PMR compared to those with familial GCA and GCA without a
reported trigger. The frequency of DRB1*13:01 allele varies from 13% to
18% in several European populations [38-40] and has been associated
with childhood-onset ulcerative colitis in the United States [39] and
PMR in a population from Northern Spain [41], but not with GCA
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[42,43]. HLA-DRB1*13:01 may also confer protection against anti-
citrullinated protein antibody-positive rheumatoid [40] and various
other autoimmune diseases, presumably by enhancing antigen presen-
tation by these molecules, favoring efficient clonal deletion during
thymic selection [44]. Moreover, HLA-DRB1*13:01 increases the
immunological response to hepatitis B vaccine in healthy persons [45]
and is over-represented in healthy subjects from the UK who exhibited a
good response against IV compared to non-responders (37% vs. 9%, p =
0.013) [46]. We therefore hypothesize that predisposed older subjects
who bear HLA-DRB1*13:01 may be at increased risk of developing post-
IV GCA/PMR via a vigorous vaccine-induced immune reaction. Such a
hypothesis is consistent with the concept of post-IV GCA or PMR being
part of the wide spectrum of the ASIA syndrome [47]. In this respect,
vascular lesions of GCA are driven by the deleterious CD4" lymphocyte
reaction that follows dendritic cell activation [48,49], and both GCA and
PMR are currently classified as polygenic autoinflammatory diseases,
according to McGonagle and McDermott [50]. The proposed major
criteria for the diagnosis of ASIA syndrome include previous stimulus to
an external trigger such as an adjuvant and the development of typical
clinical manifestations, some of which are consistent with the usual
features of GCA or PMR. Minor criteria consist of, but are not limited to,
specific HLA DRB1 (mainly the DRB1*01 and DRB1*04 alleles) or HLA
DQB1 [47]. A recent update of the ASIA syndrome international registry
including 500 subjects found well-defined immune conditions to
represent 69% of all cases, of which well-defined polygenic auto-
inflammatory diseases accounted for 5.8%, with a strong association
with IV exposure. In this small subset of 20 subjects, GCA was the most
prevalent disease (40%), followed by Crohn’s disease (30%) and PMR
(20%) [51]. In light of these figures, more case reports including class II
HLA typing and measurement of anti-influenza antibody titers are
needed to explore the relationship of HLA-DRB1 haplotypes with post-IV
GCA/PMR and, hence, confirm that post-IV GCA/PMR is unquestionably
part of the ASIA syndrome.

Influenza vaccination has been shown to be safe in patients with
antineutrophil cytoplasmic antibody(ANCA)-associated vasculitis since
it did not result in an increase of the relapse rate or an increase in the
mean serum titers of ANCA [52-54]. Disease reactivation possibly
related to vaccination with the 2009 IV A/H1N1 was suspected in 8/149
patients with systemic, immune-mediated diseases [55]. In contrast, the
benefit/risk balance of IV in patients with GCA or PMR has not been
properly investigated. Nevertheless, the European League Against
Rheumatism (EULAR) updated the 2011 recommendations for vacci-
nation in adults with autoimmune inflammatory rheumatic diseases
(AIIRD) including GCA and PMR and stated that IV should be strongly
considered for the majority of patients. This statement was based on a
favorable benefit-risk profile of seasonal trivalent subunit IV assuming
that adverse events of IV in patients with AIIRD are comparable to those
in healthy controls [56,57]. Our results on post-IV GCA or PMR do not
alter the EULAR recommendations, owing to the rarity of this adverse
effect. Conversely, early revaccination after post-IV GCA should be
considered cautiously before a decision is made on an individual basis,
in view of the severity of the disease. Likewise, older subjects with a
personal or familial history of GCA/PMR and/or the HLA-DRB1*13:01
or HLA-DRB1*04 allele should be closely monitored after each sea-
sonal IV.

The present study has several limitations that should be noted. We
may have missed other relevant cases, due to the retrospective study
design, especially the fact that an item “vaccine as a potential trigger”
had not been included in the patient evaluation. Also, we lack data on
prior yearly IV vaccinations in our patients, although this common
practice might contribute to developing postvaccination diseases by
repeated exposure of the immune system to these vaccine variants [58].
The small sample size, lack of data on anti-influenza antibody titers, and
usual avoidance of yearly IV re-challenge preclude drawing a firm
conclusion that there is a causal relationship between IV and subsequent
GCA. Conversely, all 10 GCA patients in our study were part of a well-
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defined, large inception cohort, which enhanced the accuracy of the
data. Moreover, detailed information on GCA features, available data on
treatment and outcomes in most cases, and a consistent follow-up period
enabled detailed description of reported cases. Finally, our work is the
first to compare the frequency of HLA-DRB1 alleles in several groups of
patients with GCA with regard to potential triggers such as IV and family
history of GCA, allowing for demonstration of a role for HLA molecules,
especially DRB1*04 and DRB1*13:01, in the triggering of post-IV GCA.

In summary, post-IV onset of GCA or PMR is not an exceptional
occurrence and may represent a serious form of ASIA syndrome, espe-
cially GCA. IV can trigger GCA or PMR, especially in persons at higher
spontaneous risk, such as those with a personal or familial history of
GCA/PMR. Whether the DRB1%13:01 allele further increases the risk of
post-IV. GCA/PMR via a stronger vaccine-induced immune reaction
warrants further investigation.
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Blood vessels are indispensable for host survival and are protected from inappropriate
inflammation by immune privilege. This protection is lost in patients with autoimmune
vasculitides, a heterogeneous group of diseases causing damage to arteries, arterioles,
and capillaries. Vasculitis leads to vascular wall destruction and/or luminal occlusion,
resulting in hemorrhage and tissue ischemia. Failure in the quantity and quality of
immunosuppressive regulatory T cells (Treg) has been implicated in the breakdown of
the vascular immune privilege. Emerging data suggest that Treg deficiencies are disease-
specific, affecting distinct pathways in distinct vasculitides. Mechanistic studies have
identified faulty CD8" Tregs in Giant Cell Arteritis (GCA), a vasculitis of the aorta and the
large aortic branch vessels. Specifically, aberrant signaling through the NOTCH4 receptor
expressed on CD8* Treg cells leads to rerouting of intracellular vesicle trafficking and
failure in the release of immunosuppressive exosomes, ultimately boosting inflammatory
attack to medium and large arteries. In Kawasaki's disease, a medium vessel vasculitis
targeting the coronary arteries, aberrant expression of miR-155 and dysregulated STAT5
signaling have been implicated in undermining CD4* Treg function. Explorations of
mechanisms leading to insufficient immunosuppression and uncontrolled vascular
inflammation hold the promise to discover novel therapeutic interventions that could
potentially restore the immune privilege of blood vessels and pave the way for urgently
needed innovations in vasculitis management.

Keywords: T cells, vasculitis, giant cell arteritis, Treg cell, exosomes, intracellular vesicles, NOTCH, autoimmune disease

INTRODUCTION

Vasculitides are autoimmune diseases defined by tissue-destructive inflammation in the vessel wall,
resulting in wall destruction or wall remodeling leading to alterations in the vascular lumen. The
pathogenic remodeling of blood vessels restricts the supply of nutrients and oxygen to peripheral
tissues, causing organ damage and death (1). Vasculitides can be classified into diverse types
according to the size of the affected vessels (2) and share some common phenotypes, such as wall
infiltration of inflammatory cells, aneurysm formation, and luminal compromise (3). Decades of
studies have yielded insights into the various mechanisms underlying the autoimmune
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inflammation of arteries. Arteries are also the target of
uncontrolled inflammation in auto-inflammatory syndromes,
emphasizing the delicate relationship between immune cells
and the conduits that carry them to the peripheral tissues (4).

A more detailed understanding of the immunopathogenesis of
vasculitis is available for Giant Cell Arteritis (GCA), an
inflammatory vasculopathy of medium and large arteries. In
GCA, aberrant NOTCH signaling appears to have high
pathogenic relevance and contributes to the breakdown of the
immune privilege (5, 6). Inappropriate production of MMP9 by
constituent myeloid cells adds another element to the loss of the
tissue barrier (7). Additional pathways of pathogenic relevance
include a state of hypermetabolism imposed by excessive CD28
signaling (8), the loss-of-function of the immunosuppressive PD1/
PDL1 checkpoint (9), and the longevity of tissue-resident memory
T cells that sustain chronic inflammation (10). This panel of
malfunctioning pro-inflammatory pathways is complemented by
the failure of anti-inflammatory mechanisms. Specifically, CD8"
Treg cells fail to provide proper inhibitory function in GCA patients
(11-13). CD8" Treg cells exert their immunosuppressive role by
packaging NADPH?2 oxidase 2 (NOX2) into exosomes and
releasing these exosomes to control the function of neighboring T
cells. In GCA patients, exosomal NOX2 is low, due to a defect of
directing intracellular vesicles. The rerouting of vesicles is a
consequence of inappropriate signaling through the NOTCH4
receptor (12, 13).

REGULATORY T (TREG) CELLS

Regulatory T (Treg) cells are a subset of T lymphocytes, occupying
about 5% to 10% of the circulating T cell pool (14). In contrast to
effector T cells, Treg cells mediate immunosuppression to ensure
that the immune defenses against exogenous and endogenous
antigens are accurately controlled in time and space. Treg cells
accomplish their suppressive function through numerous
mechanisms, such as secretion of inhibitory cytokines, induction
of apoptotic cell death, direct transfer of inhibitory signals, and the
delivery of extracellular vesicles (15-17).

A shift in either quantity or quality of Treg cells will lead to a
disbalance in immune homeostasis, resulting in a variety of
disease states. In tumor-bearing hosts, Treg cells are enriched
at the tumor site, suppress anticancer immunity, protect the
tumor from immunosurveillance and promote tumor
development (18, 19). In contrast, patients with autoimmune
disease, including vasculitis, suffer from defective Treg cell
protection, promoting a breakdown of tissue tolerance and a
lack of timely downregulation in ongoing immune responses (20,
21). Accordingly, massive efforts have been undertaken to turn
Treg cells into therapeutic agents or enhance Treg function in
patients. These investments have resulted in the development of
novel Treg-based therapeutic strategies, which will eventually
provide novel alternatives for immune-modulatory interventions
(22, 23). In this review, we will summarize current knowledge of
the phenotypes of Treg cells, their protective roles in vasculitis,
and potential strategies for harnessing Treg cell function.

Treg Phenotypes

Here, we will provide an overview of what is known about shared
phenotypes found on most Treg cells, including the Treg cell
marker (FOXP3), specific subtypes of Treg cells, e.g. CD8" Treg
cells, and the molecular mechanism behind Treg-induced
inhibition. There is agreement in the field that Treg cell
populations are heterogenous when it comes to phenotype and
function (24). In addition, there is recognition that Treg cells
have considerable plasticity, which may be particularly
important when they are exposed to inflammatory signals (25-
27). Multiple factors, including the tissue environment in which
the Treg cell lives and functions, the extent of antigen-induced T
cell receptor signalling, the input of co-stimulatory and co-
inhibitory signalling may all contribute to the stability and the
plasticity of Treg cells.

FOXP3

The transcription factor forkhead box P3 (FOXP3) is the best
known Treg biomarker and is recognized as the master regulator
of Treg cell generation and function. As a transcription factor,
FOXP3 induces the expression of Treg-associated genes,
including IL-2, CD25, CTLA-4, and miR-155 (28, 29). More
than a recognitional marker, FOXP3 possesses the ability to
control the switch between Treg cells and effector T cells. Ectopic
FOXP3 expression transforms T cells into suppressor cells, while
the failure of constant FOXP3 expression impairs the potency to
inhibit effector cells (30-32). Based on FOXP3 expression, Treg
cells can be dissected into three subpopulations: CD45RA(+)
FOXP3(lo) resting Treg cells (rTreg cells), CD45RA(-)FOXP3
(hi) activated Treg cells (aTreg cells) and cytokine-secreting
CD45RA(-)FOXP3(lo) nonsuppressive T cells. Both rTreg cells
and aTreg cells are effective suppressor cells in vitro. aTreg cells
die rapidly but rTreg cells proliferate and convert into aTreg
cells (24).

Due to FOXP3’s indispensable role in Treg biology, the
regulation of FOXP3 expression has drawn considerable
attention. Several transcription factors have been reported to
induce FOXP3 transcription, including Forkhead transcription
factor of the O class (FOXO)1, FOXO3, c-Rel, Smad2, and
Smad3 (33-39). Interestingly, the glycolytic enzyme enolase
(ENO)-1 inhibits FOXP3 transcription through binding to the
promoter region (40), suggesting a major role in the direct
metabolic control of Treg cell function. At the post-
transcriptional stage, several microRNAs are predicted to
directly bind to the FOXP3 3’-UTR. Specifically, changes in the
abundance of miR-31 and miR-15a/16 have been associated with
significant modulation of FOXP3 expression (41-44). FOXP3
can also be regulated through post-translational modifications.
High expression of the deubiquitinase (DUB) ubiquitin specific-
processing protease (USP)7 in Treg cells is required for sustained
FOXP3 expression (45). Vice versa, the E3 ubiquitin ligase Stubl
leads to FOXP3 ubiquitination and degradation (46, 47).
Uncontrolled FOXP3 ubiquitination has been proposed as a
relevant mechanism in autoimmune diseases. In patients with
psoriasis, the (C-C motif) ligand (CCL)3 and the protein kinase B
(PKB)a/Aktl pathway induce polyubiquitination of FOXP3,
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which is highly associated with defective Treg function (48).
Besides ubiquitination, FOXP3 is also regulated by other
modifications, including acetylation (by SIRT1 and TIP60) and
phosphorylation (by CDK2 and NLK) (49-54). In the
autoimmune disease rheumatoid arthritis (RA), instability of
FOXP3 expression and the subsequent failure of Treg-dependent
immunosuppression are due to the insufficient expression of the
histone acetyltransferase TIP60 (55).

CD8"* Treg Cells

Although CD25"FOXP3" T cells amongst CD4" T cells are often
considered to be classical Treg cells, the compartment of CD8" T
cells also contains a regulatory subset. Like CD4" Treg cells,
CD8" Treg cells express FOXP3, but at a lower level (56, 57).
Recent studies have emphasized that it is not accurate to identify
CD8" Treg cells based only on CD25 expression (58, 59). Instead,
additional cell surface markers, such as CD39" and CD26™ are
now considered useful markers of CD8" Treg cells (60, 61). The
subpopulation of CD8"CD39"CD26™ T cells represents a highly
purified Treg cell subset, which possesses strong inhibitory effects
in T cell activation assays (12).

Similar to CD4" Treg cells, CD8" Treg cells may be reduced in
number or quality in patients with autoimmune disease.
Specifically, lowered numbers of CD8" Treg cells have been
reported in patients with systemic lupus erythematosus (SLE)

and recovery of CD8"FOXP3" Treg cells after transplantation of
autologous hematopoietic progenitor cells has been associated
with good control of disease activity (62). In patients with giant
cell arteritis (GCA), frequencies of circulating CD8" Treg cells
are largely maintained, but an altered gene expression program
results in impaired suppressive capacity and unopposed
inflaimmatory activity of pathogenic CD4" T cells. Experiments
designed to repair the expression of relevant gene products in
patient-derived CD8" Tregs have been sufficient to restore fully
functional Tregs in vitro and in vivo, which prevented the
invasion of the vessel wall by inflammatory cells (13).

Mechanisms of Treg Cell Function

Determination of the mechanisms of how Treg cells function is
critical to understanding the role of these specialized T cells in
protective and pathogenic immunity. Ever since Treg cells were
initially described, attention has been directed at uncovering,
both on the cellular and molecular level, how these cells can
inhibit signaling to affect the survival of their target cells. Here,
we are going to summarize the spectrum of mechanisms used by
Treg cells to exert their immune-regulatory role (Figure 1).

Cytokines
Inhibitory cytokines secretion may be one of the most efficient
mechanisms of Treg cell-mediated suppression of immune

Inhibitory metabolitesN3039'CD73

(Adenosine, cAMP etc) ¢

Receptor /
oo °

°
o9

Anti-inflammatory cytokines
(TGF-B, IL-10, etc)

IL-2 deprivation

Apoptosis ‘.‘
)

Cytolysis
(granzyme B, perforin, etc)

Exosomes
(NOX2, Let-7d, etc)

FIGURE 1 | Suppressive Mechanisms of regulatory T (Treg) cells. Regulatory T cells perform suppressive function mainly through five basic mechanisms: 1. Inhibitory

cytokines, such as TGF-B and IL-10; 2. Metabolic disruption, including CD39- and CD73-generated adenosine and gap junction-mediated cAMP delivery; 3. Cytolysis,
utilizing granzyme B- and perforin- dependent mechanisms; 4. Exosomal delivery of immunosuppressive biomolecules, such as NOX2 and Let-7; 5. Competition for IL-2.
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responses, but this is complicated by nonselectivity. Although
multiple inhibitory cytokines have been discovered, interleukin-
10 (IL-10) and Transforming growth factor-B (TGF-f3) remain
on top of the list and are considered part of the basic repertoire in
Treg cell biology (Figure 1).

The IL-10 family has nine members, including IL-10, IL-19,
IL-20, IL-22, TL-24, IL-26, IL-28A, IL-28B, and IL-29 (63) and is
now recognized as a critical element in protecting tissues from
excessive inflammatory responses (64). Upon binding to its
receptors IL-10R1 and IL-10R2, IL-10 regulates downstream
pathways through cascade phosphorylation, utilizing the JAK-
STAT signaling pathway (65, 66). IL-10-dependent activation of
the JAK-STAT signaling pathway leads to nuclear translocation
of STATS3, initiating downstream target gene expression (67, 68).
IL-10 has also been reported to activate other signaling pathways,
such as PI3K-AKT and MAPK pathways (69-72). Abnormal
expression of IL-10 has been reported in some vasculitides. Tesar
et al. found that IL-10 is highly expressed in patients with active
ANCA-associated vasculitis (AAV), but not in patients in
remission (73). The upregulation of IL-10 with disease activity
might be reflective of the host’s attempt to suppress
inappropriate immunity. The authors also reported that
patients in remission who then relapsed produced significantly
lower levels of IL-10 compared to those without relapse,
indicating that IL-10 could be a useful biomarker for long-
term disease prediction (73).

TGF-B mediates its anti-inflammatory function through two
routes: 1. Inhibition of inflammatory cells; 2. strengthening of
Treg cells (74). TGF-3 has been reported to suppress T cell
proliferation by blocking production of interleukin-2 (IL-2) (75)
and preventing T cell differentiation to Thl and Th17 cells (76—
78). In addition, TGF-f} promotes the generation and function of
Treg cells by inducing FOXP3 expression in both CD4" and
CDS8" T cells (79-81). Although TGF-f} has three isoforms, TGF-
1 is dominantly expressed in the immune system (82). Twelve
TGF-PB receptors with serine/threonine kinase subunits have
been enumerated, including 5 type I and 7 type II
transmembrane receptors (83). Upon TGF-J stimulation, the
signaling cascade of SMAD proteins causes the transcription of
target genes, such as MYC and P21 (84, 85). Other non-SMAD
pathways have also been implicated in TGF-P signaling, such as
the RAS-ERK pathway and the PI3K-AKT pathway (86).

An alternative mechanism through which Treg cells modulate
the function and behavior of T effector cells relates to the
competition for resources. Specifically, Treg cells can inhibit
the proliferation and survival of effector T cells by depriving
them of IL-2 (87).

Inhibition Through the Transfer of Metabolites

Data have accumulated supporting the concept that metabolites
generated and released by Treg cells impose an inhibitory effect
on targeted T cells.

Adenosine, generated by CD39 and CD73 in the extracellular
space or released from the intracellular compartment, suppresses
effector T cells by binding to the adenosine receptor 2A (A,4R) (88—
90) (Figure 1). Evidence has been provided that adenosine

promotes the generation of Treg cells by inhibiting IL-6
generation and enhancing TGF-} production. In mice, AR
stimulation results in the inhibition of Thl and Th17 cell
differentiation and the enhancement of FOXP3" Treg cell
generation (91). No data are available on whether this mechanism
has relevance in inflammatory vasculopathies. Notably,
methotrexate, an immunosuppressive medication used broadly in
the treatment of autoimmune diseases by amplifying adenosine
production, has only limited application in patients with
autoimmune vasculitis.

Alternative pathways through which Treg cells control the
functionality of effector T cells involve cyclic AMP (cAMP)
(Figure 1). Treg cells harbor a high concentration of cAMP
and form a cell contact-dependent gap junction with effector T
cells to deliver intracellular cAMP (92). Subsequently, cAMP
inhibits T cell proliferation and IL-2 synthesis (92).

Cytolysis

An alternative mode through which Treg cells inflict their
suppressive function relies on perforin/granzyme-dependent
cytolysis (Figure 1). Although cytotoxicity mediated by perforin/
granzyme has mostly been considered an exclusive function of
natural killer (NK) cells and CD8" T cells, it is now accepted that
Treg cells and CD4" T cells can utilize this mechanism to regulate
the function of neighboring cells. Recent studies have provided
convincing evidence that some human CD4" T cells also exhibit
cytolytic function (93, 94). Granzyme B has been detected in CD4"
Treg cells and has been associated with functional fitness.
Granzyme B appears to be highly expressed in CD4"FOXP3"
Treg cells and deficiency for granzyme B or perforin paralyzed
Treg cells in a mouse model (95).

Exosomal Delivery

Exosomes are extracellular vesicles secreted by cells, with sizes
ranging from roughly 50 - 150 nm. Exosomes contain cell-specific
proteins, lipids, metabolites, and genetic materials, and can be
selectively absorbed by neighboring or distant cells based on
surface protein recognition (96, 97). Exosomes play a critical
role in immune regulation but seem to be of special relevance
for Treg cells since Treg cells outperform other cell types in the
production of exosomes. Treg-derived exosomes are indispensable
for Treg cell function and disruption of exosome release through
pharmaceutical or genetic mechanisms effectively blocks the
suppressive function of Treg cells (16, 98, 99).

Exosomes exhibit their function through the biomaterial they
contain, such as IncRNA (e.g., Let-7d) (100) or inhibitory
molecules (e.g., CD73) (101). In the large vessel vasculitis, GCA,
CD8" Treg cells inhibit CD4™ T cells activation and proliferation
by secreting NADPH oxidase 2 (NOX2) containing exosomes (12,
13) (Figure 1). Blocking exosome secretion or interfering with
NOX2 function halted CD8" Treg cell function. Enhancing the
loading of NOX2 into the exosome restored CD8" Treg cells’
function and attenuated vascular inflammation in chimeric mice
engrafted with human arteries. These data support the concept
that Treg-derived exosomes may provide a novel tool to
reestablish tissue tolerance in vasculitis (12, 13).
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Treg Cells in Autoimmune Vasculitides
Giant Cell Arteritis

Giant Cell Arteritis (GCA) is the most common autoimmune
vasculitis, with incidence and prevalence rates growing as the
population ages. Patients with GCA suffer from aggressive wall
inflammation in medium and large arteries, including the aorta,
subclavian arteries, axillary arteries, extra-cranial branches of the
carotid arteries, and vertebral arteries. Infrequently, GCA is
diagnosed in lower extremity arteries. Clinically, the most
feared disease manifestations are ischemic stroke of the optic
nerve and the posterior brain. Potentially fatal consequences
such as aneurysm formation, dissection and rupture are related
to the destruction of the aortic wall. On a cellular level, the
disease is characterized by the formation of granulomas within
inflamed arteries, assembled from CD4" T cells, macrophages
and multinucleated giant cells (102, 103).

Numeric and qualitative deficiencies in Treg cells are well
recognized in GCA. Terrier and colleagues reported decreased
frequencies of CD4"FOXP3" Treg cells in the peripheral blood of
GCA patients and FOXP3 was suspiciously absent in T cells
infiltrating vasculitic lesions (104).

Recent cellular and molecular studies have shifted attention
from CD4" Treg cells to the CD8" Treg cell subset. CD8" Treg
cells contain a functionally specialized subpopulation that
imposes immunosuppression by secreting NOX2 containing
exosomes that are absorbed by nearby CD4" effector T cells to
suppress their activation and proliferative expansion (12). In
patients with GCA, the frequency of CD8" NOX2" Treg cells is
diminished, and, in addition, their function is essentially
paralyzed. Molecular mechanisms underlying the loss of
functional fitness in patient-derived CD8" Treg cells have been
uncovered and are closely related to a defect in exosome
production (13) (Figure 2). Both, the loading of NOX2 into
the exosomes and the generation of exosomes were attenuated
due to the rewiring of the endosomal system. The endosomal
machinery is critically involved in processes of protein quality
control and is responsible for the trafficking of intracellular
proteins between different cellular compartments and the
release of proteins through exosomes. New insights into the
different vesicular trafficking pathways have emerged, and
the endosomal sorting complex required for transport (ESCRT)
pathway is now recognized as the pathway for the formation of
intraluminal vesicles and multivesicular bodies (MVB) (105).
Exosomes are born by intraluminal budding of the MVB (106).
The multiprotein complex of the ESCRT machinery regulates the
invagination of vesicles into the MVB while recognizing,
capturing, and sorting ubiquitinated protein cargo.
Sequestering of ubiquitinated membrane proteins can occur at
the endosomal membrane as well as the plasma membrane.
When the MVB fuses with the plasma membrane, exosomes can
be secreted into the extracellular space. Much has yet to be
learned about the trafficking, docking and membrane integration
of exosome carrying MVB, but several Rab GTPases within the
endolysosomal trafficking machinery, including Rab27a and
Rab27b, are associated with exosome loading and secretion
(107). In essence, effector proteins recruited by Rab GTPases

ultimately determine the collection of cargo, the movement of
vesicles throughout the subcellular compartments, the docking of
MVBs to the target membrane and the delivery of exosomes. In
the case of CD8" Treg cells derived from GCA patients,
hyperactivation of NOTCH4 signaling disrupts the exosomal
secretion of NOX2 through transcriptional control of Rab
GTPases. Precisely, NOTCH4™CD8" Treg cells upregulate the
expression of RAB5A and RABIIA but repress RAB7A,
accumulating NOX2 in the intracellular compartment,
including the early and recycling endosomes. GCA CD8" Treg
cells fail to translocate NOX2 to MVBs and the cell surface,
disrupting the exosomal release of immunosuppressive NOX2
(Figure 2). Ultimately, dysfunctional CD8" Treg cells are unable
to control the expansion of pro-inflammatory CD4" T cells,
paving the way for the invasion of an immune privileged tissue
site (13). These data will allow the development of new strategies
to modulate the balance between pro and anti-inflammatory T
cells in GCA. Inhibition of NOTCH signaling repaired CD8"
Treg function in vitro and in vivo and ameliorated vascular
inflammation in NSG mice carrying human arteries (13) provide
a rationale for drug targeting of this vaso-inflammatory pathway.

Takayasu Arteritis (TAK)

Takayasu’s arteritis (TAK) is an inflammatory vasculopathy that
primarily affects young women and leads to aortitis and vasculitis
of the primary aortic branch vessels (108). While the
histopathology of vascular involvement and the consequences of
vascular inflammation have similarities in GCA and TAK, there
are also differences in the cellular and molecular
immunopathology of the two vasculitides (103). The percentage
of circulating activated Treg has been reported to be lower in TAK
patients than in healthy age-matched controls, while resting Tregs
are similar (109, 110) suggesting the possibility of abnormal Treg
cell maturation. On account of their plasticity, Treg cells can
acquire new effector functions, e.g. differentiating into Thl, Th2,
or Th17-like cells (20). But this transformation of Treg cells can
possibly strengthen the inflammatory processes and further
diminish physiological immunosuppression. Another possibility
based on recent studies proposes that Tregs derived from TAK
patients insufficiently differentiate into Th2-like cells, thereby
detracting from IL-4 and IL-13 production and contributing to
excess inflammation (110).

Polyarteritis Nodosa (PAN)

Polyarteritis nodosa, formerly known as periarteritis nodosa, is a
systemic necrotizing vasculitis affecting medium and small-sized
vessels (111). Vascular damage occurs preferentially in the
gastrointestinal tract, skin and peripheral nervous system. Unlike
GCA and TAK, PAN patients have been reported to have increased
Treg cells in their blood (112). However, in co-culture experiments
with effector T cells the suppressive abilities of Tregs from PAN
patients are significantly depressed, and this loss of function
appears to be associated with lower expression of CTLA-4.
Studies comparing Treg cell competence in patients treated with
prednisolone or prednisolone plus cyclophosphamide have found
normalization of Treg cell frequencies (112).
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Kawasaki Disease (KD)

Kawasaki disease (KD) is a vasculitis of early childhood targeting
medium and small-sized vessels. A classical complication of KD
is the formation of coronary artery aneurysms. In the acute phase
of KD, Treg cells frequency is lowered by 50% compared to age-
matched healthy controls, regardless of whether the patients had
coronary artery lesions (CAL) or not (113-115). The gold
standard of therapy for KD is now the infusion of
immunoglobulins (IVIG), which modulates abnormal
immunity through the antibody-dependent pathways and
increases the number of circulating Treg cells (116).

Fe-specific Treg clones have been generated from sub-acute
KD patients without arterial complications following IVIG
therapy. These Treg clones display an unusual phenotype,
secreting IL-10 and IL-4 but not TGF-P. However, KD patients
with CAL even despite IVIG treatment seem to be unable to
expand these Fc-specific Treg populations (117). Similar Treg
fine specificities have been isolated from IVIG-treated KD
patients and healthy controls, suggesting that the absence of
Fc-specific Treg cells in acutely ill KD patients may be an
inflammation-imposed abnormality (118). Patients with a
history of KD in their childhood did not respond to Fc¢ protein
in vitro, suggesting that the IVIG-induced Treg response in KD
patients is short-lived. Infliximab, a chimeric monoclonal
antibody targeting TNF-q, can increase Treg cell frequencies
during acute KD, while Infliximab-resistant patients lack an
adaptation of Treg cell frequencies (119). All of these
observations support the hypothesis that an inflammatory state

can alter the frequencies of CD4+ FOXP3+ cells in the
circulation and can possibly strip these cells of their
suppressive capabilities.

In KD, FOXP3 mRNA levels appear to be regulated by the
miR-155/SOCS1 and the miR-31 signaling pathways. In patients
with acute KD, decreased CD4"FOXP3" Treg cells might be
associated with decreased expression of miR-155, leading to
aberrant SOCS1/STATS5 signaling and overexpression of miR-
31. This abnormality may also represent an inflammation-
imposed deviation as it can be corrected by IVIG (114).

HCV-Associated Cryoglobulinemic Vasculitis
Vasculitis associated with Cryoglobulinemia is an immune
complex disease that unfolds primarily in small-sized vessels,
such as the capillaries of renal glomeruli. All patients with
cryoglobulinemic vasculitis require evaluation for chronic
hepatitis C virus (HCV) infection (120). Early studies showed
that patients with symptomatic HCV-associated cryoglobulinemic
vasculitis have both reduced numbers and diminished function of
Treg cells (121), consistent with the hypothesis that systemic
inflammatory states are characterized by redistribution and
functional impairment of Treg cells.

A French team of investigators has evaluated the effectiveness of
different therapies on the Treg cell population in 3 prospective trials.
PEGylated interferon alfa-2b plus ribavirin treatment induced a
significant and stable increase of Treg cell frequencies compared
with baseline in patients with clinical and viral remission (122).
In contrast, Treg cell frequencies did not differ after treatment for
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non-responders or partial responders. The frequency of Treg
cells was positively correlated with plasma complement levels
and inversely correlated with cryoglobulin levels, again
indicating that circulating CD4" FOXP3™ T cells are a sensitive
biomarker of systemic inflammation. Since Treg cells are
dependent on IL-2 as a growth and survival factor, therapeutic
trials have tested the potential benefit of supplementing low-dose
IL-2 (aldesleukin) in patients refractory to conventional antiviral
therapy and/or B cell depletion therapy. Monitoring of
peripheral Treg cells following treatment with exogenous IL-2
has shown numeric and functional improvements (123).
Beneficial effects and reversal of Treg deficiency have also been
reported for combination antiviral therapy with sofosbuvir plus
daclatasvir (124).

Henoch-Schoenlein Purpura (IgA Vasculitis)
Henoch-Schoenlein purpura (HSP), also known as IgA vasculitis,
is the most common small vessel vasculitis in children (125).
Target organs include skin, kidneys, gastrointestinal tract, and
joints. Like most systemic vasculitides, HSP patients have lower
numbers and weak suppressive function of Treg cells (126-129).
As a reflection of a shift in the balance between pro-
inflammatory effector T cells and suppressive Treg cells, the
Th17/Treg ratio has been positively correlated with the
erythrocyte sedimentation rate, kidney lesions, and multiorgan
involvement (126). Treg cells that secrete 1L-10 and TGF-f
accumulate in the vasculitic tissue lesions in the kidneys (129).
FOXP3 staining is preferentially localized in renal interstitial
areas but does not correlate with proteinuria, serum albumin
levels, and the histological classification of vasculitic involvement
(130). In a recent study, miR-1-3p, miR-19b-1-5p, and miR-29b-
1-5p were found to be up-regulated in peripheral blood
mononuclear cells (PBMCs) of HSP patients, while miR-483-
5p and miR-1246 were down-regulated. This shift was correlated
with the Th17/Treg ratio (131). Again, numeric and functional
alterations in peripheral blood Treg cells may simply reflect the
high inflammatory status.

Behget’s Disease (BD)

Behget's disease (BD) is an auto-immune/auto-inflammatory
syndrome that can lead to vasculitis. The risk for BD is highest
amongst individuals living along the Silk Road and the prototypic
lesions are mucosal and genital ulcerations. BD stands out
amongst the vasculitides by its often concurrent venulitis (132).
Like other vasculitides, Treg cells are decreased in BD and
correlate with disease activity (133-138). Imbalances in miRNA
expression and excessive IL-21 have been considered to be key
underlying abnormalities leading to Treg cell dysfunction (135,
138). Infliximab, but not colchicine or cyclosporine, increases the
percentage of FOXP3" cells in BD (134). Observation studies have
reported that treated BD patients with low circulating Treg
populations experience more ocular inflammation than those
higher numbers (134). T cells exposed to infliximab had
increased expression of FOXP3 and TGF-f and suppressed the
activation of bystander T cells in in vitro experiments (134).

Antineutrophil Cytoplasmic Antibody (ANCA)-
Associated Vasculitis (AAV)

AAV is a necrotizing vasculitis affecting mostly small-sized vessels.
Typically, few or no immune complex deposits are seen in affected
tissues. The term AVV encompasses three disease entities:
granulomatosis with polyangiitis (GPA, Wegener’s
granulomatosis), microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with polyangiitis (EGPA, Churg-
Strauss syndrome) (139, 140). These three vasculitides are
associated with specific autoantibodies, antineutrophil
cytoplasmic antibodies (ANCA) that target either proteinase 3
(PR3) or myeloperoxidase (MPO). Each vasculitic entity has a
specific phenotype with a particular pattern of organ damage. GPA
is more often associated with anti-PR3 ANCAs and manifests with
necrotizing granulomatous inflammation involving the upper and
lower respiratory tract and necrotizing glomerulonephritis. MPA is
typically associated with anti-MPO antibodies. Granulomatous
inflammation is not a feature of MPA which presents with
necrotizing glomerulonephritis and pulmonary capillaritis.
Patients with EGPA have asthma, eosinophilia, and eosinophil-
rich, necrotizing granulomatous inflammation often involving the
respiratory tract. While the respiratory tract and the kidneys are
targeted in most AAV patients, manifestations in the skin and the
peripheral nerves are not unusual (141, 142).

Patients with AVV follow the general rule that systemic
inflammation is associated with low numbers and functional
impairment of Treg cells (143-146). Some studies have shown
increased numbers of Treg cells (147, 148). Treg cells from GPA
patients are still able to suppress proliferation of T cells from
ANCA-negative patients, which has led to the hypothesis that
part of the Treg deficit derives from target cell resistance (149). In
AAV patients, expression of a FOXP3 isoform lacking exon 2 has
raised suspicion of Treg cell instability (143). Also, miR-142-3p is
upregulated in memory Tregs in GPA (150). In vitro overexpression
of miR-142-3p produces functionally impaired Treg cells
characterized by decreased cAMP levels. Pharmacological
induction of cAMP production restores suppressive capacity
(150). In MPA, attention has focused on the potential impact of
diminished serum tryptophan and elevation of the tryptophan
metabolite, kynurenine. Inhibition of tryptophan degradation
enhances immune responsiveness, with a tendency to more severe
glomerulonephritis (151). Correlative studies associating
improvement of CCR4"FOXP3" Treg cell frequencies with drug-
free remission have supported the concept that ultimately, Treg cell
frequencies are sensitive markers of the inflammatory status (152).
In a mouse model, blocking IL-6 activity ameliorated the disease
and increased the migration of Tregs into the kidney and the
regional lymph nodes (152). In both GPA and MPA, B cell
depletion therapy and conventional immunosuppressants yielded
similar CD4" Treg cell numbers (153).

Eosinophilic Granulomatosis and Polyangiitis

Patients diagnosed with Eosinophilic Granulomatosis and
Polyangiitis (EGPA) typically present with the triad of asthma,
eosinophilia, and necrotizing vasculitis (154). Whether
eosinophils are causally involved in the damage of small blood
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vessels remains unresolved. Compared to asthma control
patients, EGPA patients have lower frequencies of Treg cells
(155, 156). Production of IL-10, TGF-B, and expression of
CTLA-4 by Treg cells are correlated to the inflammatory
activity of the disease (156, 157). Relapsing patients, compared
to those in remission, have a lower proportion of inducible Treg
cells (134) and IL-2 production is predictably low. There is some
evidence that the expression of the immunosuppressive molecule
indoleamine 2,3-dioxygenase (IDO) is diminished in EGPA.
IDO is thought to cause immune suppression through the
breakdown of tryptophan. In relapsing EGPA, Treg cells are
positively correlated with the CD19" B cell count and inversely
related to CD80"CD19" B cells (156). Percentages of Treg cells,
Treg-derived IL-10 and TGF-J} are positively correlated with the
percentage of CD83" dendritic cells and inversely correlated with
CD206" DCs (158). These data suggest that Treg cells might play
a role in DC and B cell biology.

Rheumatoid Arthritis (RA) and Systemic Lupus
Erythematosus (SLE)

As autoimmune disorders, vasculitides share features with other
autoimmune diseases raising the possibility that Treg cell
dysfunction is critically involved in the loss of self-tolerance. We
will briefly review the current state of knowledge about Treg cell
biology in the two classical autoimmune diseases, rheumatoid
arthritis (RA) and systemic lupus erythematosus (SLE).

CD4"FOXP3" T cells have been extensively studied in RA
patients, but the mechanistic implications continue to be debated.
Much of the discussion has focused on the methodologies of Treg
analysis. One meta-analysis arrived at the conclusion that
numbers of Treg cells in peripheral blood are diminished but
the cells redistribute and accumulate in synovial fluid (159).
Similarly, functional studies have supported the idea that
systemic inflammation results in reduced numbers and reduced
function. Functional analyses have shown that inhibitory
competence is partially impaired. Specifically, Treg cells isolated
from the peripheral blood of RA patients block the proliferation of
effector T cells but fail to limit pro-inflammatory cytokine
production (160). This effect can be partially reversed by anti-
TNFa therapy, which successfully restores the capacity of Treg
cells to inhibit cytokine production, and in parallel, supports
recovery of Treg cell numbers in peripheral circulation (160).
Attempts at defining the underlying mechanism have implicated
reduced expression of CTLA-4 and enhanced expression of IL-6
(161, 162). Work analyzing the stability of FOXP3 has yielded
valuable insights into the post-translational modification of the
transcription factor as a determining feature of Treg phenotype
and fitness. Specifically, loss-of-function of the histone
acetyltransferase TIP60 (KATS) has been associated with the
instability of FOXP3, impaired Treg cell differentiation and
failed immunosuppression (55) (Figure 3).

Systemic Lupus Erythematosus (SLE) is the prototypic multi-
organ autoimmune disease that affects the skin, kidneys, lungs,
joints, and the central and peripheral nervous systems. SLE
patients follow the classical pattern and have lower frequencies
of Treg cells in their blood (163). Excellent progress has been

made in defining the molecular abnormalities that produce Treg
cell deficiency. A prime defect of SLE Treg cells lies in the low
availability of IL-2, which is required for the expansion and
survival of these immunoinhibitory T cells (Figure 3). In SLE
patients, the cAMP responsive element modulator-o. (CREMa),
a transcriptional repressor of the IL-2 promoter, is hyperactive,
resulting in silencing of IL-2 and reduced FOXP3 expression
(164). An alternative mechanism has been found for IL-2
deficiency in SLE. Mutations in the transcriptional repressor,
Ikaros (165), lead to elevated protein phosphatase 2A (PP2A)
expression in SLE T cells, restraining IL-2 expression (166).
PP2A knockdown increased the expression of phosphorylated
cAMP response element-binding protein (pCREB), restoring IL-
2 expression (167). However, specific ablation of PP2A in murine
Treg cells caused the development of autoimmunity in an
mTOC-dependent manner (168), demonstrating that PP2A
mediates different signaling pathways in effector and regulatory
T cells.

Treg Cell-Targeted Therapy

Targeting the immunosuppressive function of Treg cells holds great
promise not only for the field of autoimmunity but also in tumor
therapy, wherein excessive Treg-derived immunosuppression
undermines the host’s immune response. Ultimately, the goal is
to have a therapeutic armamentarium, which would allow
readjustment in the numbers and the function of Treg cells in
vivo. Below we will review the different approaches that are
currently under development to exploit Treg biology for novel
strategies of immunomodulatory therapy. An overview is provided
in Figure 4.

Cytokine Based Therapy

Recombinant IL-10

The anti-inflammatory cytokine IL-10 is one of the most
important immuno-suppressive molecules that Treg cells
secrete. Studies have explored the potential of recombinant IL-
10 as a treatment for autoimmune disease, most extensively in
rheumatoid arthritis (RA) (169). In a clinical trial, IL-10
treatment of RA patients was able to suppress the key pro-
inflammatory cytokines TNFo: and IL-6. However, IL-10 also led
to B cell activation and subsequent autoantibody production,
which has been a limiting side effect (170).

Low Dose of IL-2

A prototypic biomarker of Treg cells is the constitutive surface
expression of CD25, the alpha-chain of the IL-2 receptor, which
binds the cytokine with low affinity. Interleukin-2 (IL-2) is the
main cytokine supporting Treg cell development, survival, and
suppressive activity. Treg cells cannot supply their own IL-2 but
depend on exogenous IL-2. Hence, there is a strong rationale to
utilize IL-2 supplementation to improve Treg cell function. IL-2
not only binds to the alpha chain but with even high affinity to
beta and gamma chain complexes expressed on memory T-cells
and NK cells. Therefore, IL-2 supplementation could have pro-
inflammatory effects. However, low-dose IL-2 preferentially
targets Treg cells with high CD25 expression, providing a
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underlying the deficiency are disease specific. In GCA, hyperactivity of NOTCH4 signaling in CD8* Treg cells reroutes the intracellular vesicle trafficking and blocks
the production of NOX2-containing exosome, leading to impaired immunosuppressive function. In RA, low expression of the histone acetyltransferase TIPSO in Treg
cells causes abnormal post-translational modification and instability of FOXP3, impairing Treg cell differentiation and immunosuppressive ability. In SLE, deficiency of
Treg cells mainly results from the low availability of IL-2, a consequence of defective IL-2 expression by surrounding cells, such as effector T cells.
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favorable window for IL-2 treatment in autoimmune disease
(171). There is some support that this may be occurring in
patients. In HCV-induced vasculitis patients, “ultra-low” doses
of IL-2 induced expansion of CD4"CD25"FOXP3" Tregs, while
effector T-cells appeared relatively unaffected, encouraging the
use of [L-2 as a therapeutic strategy in other vasculitides (123).

TNF Receptor Agonism

Tumor necrosis factor receptor 2 (TNFR2, CD120b) is one of the
receptors for the pro-inflammatory cytokine, TNFq, which is a
critical mediator in many autoimmune diseases. Unlike TNFR1,
which exhibits pro-inflammatory eftects, TNFR2 is considered to
have an anti-inflammatory function and is highly expressed on
Treg cells. Activation of TNFR2 enhanced the expansion and
function of Treg cells (172), suggesting the possibility of using
TNFR2 agonism for immunomodulatory therapy of
autoimmune diseases. In purified T cells from patients with
typel diabetes, TNFR2 agonism successfully killed autoreactive
CDS8* T cells, but not CD4" T cells (173). Targeting TNFR2 on
Treg cells awaits translation into the clinic.

Cell-Based Therapy
Ex Vivo Expanded Treg Cells
Basically, cell-based therapy with Treg cells relies on the
extraction, ex vivo expansion, activation, and reinjection of
autologous Treg cells back into the patient to restore the
balance between pro and anti-inflammatory immune cells.
Because of its relatively low technical challenges, ex vivo
expanded Treg cell therapy has been the first Treg-targeted
strategy in clinical trials. A series of clinical trials have been
performed, exploring Treg replacement in different autoimmune
diseases. One clinical trial in type 1 diabetes mellitus (T1DM)
patients reported potential improvement in the longevity of
pancreatic islets. Also, excellent disease control in some patients
without severe side effects has been reported (174). A major
concern about the transfer of ex vivo expanded Treg cells is the
risk of significant immune repression producing compromise of
host defense against exogenous pathogens and malignancies. To
date, these concerns remain theoretical. In one clinical trial of SLE
patients, ex vivo educated Treg cells traffic to and accumulate in
inflamed tissue sites, where IFNy and IL-17 expression was
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FIGURE 4 | Treg cells as Therapeutic Tools — Approaches in Development. Based on increasing understanding of Treg cell biology, several approaches are in
development to harness the immunosuppressive capabilities of Treg cells. Current attempts to develop versatile, effective and functionally competent cells and
reagents that can be applied as immunomodulatory treatmenits in autoimmune disease fall into four categories: {A) Cytokine-based therapy applying suppressive
cytokines (e.g., IL-10) or providing growth factors for Treg expansion (IL-2). (B) £x vivo expansion of Treg cells. (C) Engineering of highly competent, antigen-specific
or chimeric antigen receptor Treg cells. {D) Exploitation of exosomes, small membrane vesicles derived from multivesicular bodies and released at the plasma
membrane. Treg cells package a diverse cargo into exosomes to communicate with their cellular neighbors and such exosomes can be generated as cell-free

reagents for precise delivery of information to other immune cells and to tissue cells.
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successfully suppressed (175). Overall, there remains optimism
that ex vivo expanded Treg cells could be developed into a
powerful therapeutic tool, reestablishing tissue tolerance in
autoimmune diseases. It has also been proposed that the efficacy
of transferring ex vivo-expanded Treg cells could be enhanced by
combining cell-mediated therapy with cytokine activation therapy,
e.g., IL-10, IL-2, or TNFR2 agonism. One limitation of this
approach is centered on the observation that the Treg cells
grown in tissue culture become addicted to IL-2, thereby
jeopardizing their survival following transfer into an IL-2-poor
environment. A remedy may lie in genetically engineered
transferred Treg cells programmed to make their own IL 2.

Engineered Antigen-Specific Treg Cells (TCR-Treg)

Ideally, interference with Treg function would be targeted to the
specific autoantigens driving autoimmunity. To achieve this goal,
Tregs can be engineered with a predetermined antigen-specificity
by transfecting them with a viral vector encoding a specific T cell
receptor {TCRs). Whereas polyclonal Treg cells with unknown

antigen specificities can induce unwanted effects, specifically,
systemic immunosuppression, using antigen specific Treg cells
could avoid this side effect. Also, antigen specific Treg cells have
been found to outperform polyclonal Tregs in terms of
immunosuppression. In a model system of murine T1IDM, a low
number of TCR-Tregs could successfully prevent and even reverse
the disease (176). The limitation of this therapy lies in the difficulty
of identifying relevant autoantigens. In the case of tumor cells,
shared antigens, such as CD19 can be used to target engineered T-
cells to a specific site. To date, no autoantigens have been used in
clinical trials to suppress inappropriate immunity in autoimmune
disease because the design of a high-affinity autoantigen-specific
TCR to be transduced into Treg cells has remained a challenge.
Single-cell sequencing applied to identify relevant TCRs may
overcome some of these technical obstacles. Harnessing this
technique, thousands of TCR sequences from sites of
autoimmune tissue inflammation could be identified to create
personalized and specific Treg cells for patients with difficult-to-
manage autoimmune disease (177-179).
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Engineered Chimeric Antigen Receptor Treg (CAR-Treg) Cells
Analogous to CART cells in tumor therapy, Treg cells can be
efficiently engineered with a predetermined antigen-specificity by
transfecting them with chimeric antigen receptors (CARs). CARs
typically possess a single-chain variable fragment, usually a
binding moiety of a monoclonal antibody, combined with an
extracellular hinge, a transmembrane region, and, finally, an
intracellular signaling domain. The major advantage of CAR-
modified Tregs cells is that they can be engineered in a non-HLA
restricted manner and are therefore broadly applicable. Compared
to the wild-type TCR intracellular domain, the chimeric TCR
intracellular domain has a higher capacity to activate T cells
without co-stimulation and CAR-Treg cells are believed to
require less IL-2 for long-term survival. Thus, the introduction
of CARs into Treg cells provides both additional antigen
specificity and the required signals to fully activate Treg cells
and exploit their suppressive activity (180). Conversely, enhanced
receptor signaling equips CAR-Treg cells with greater activity than
polyclonal or TCR-Treg cells but may lead to too much
immunosuppression. If the targeted autoantigens are not solely
expressed in the inflamed site, the intense activation signaling of
CAR-Treg cells may have avoidable side effects and this has to be
weighed against the modest suppressive capacity of TCR-Treg
cells. Also, the independence of CAR-Treg cells from co-
stimulation may turn them into aggressive suppressors and their
inherited strengths of activation may make them more likely to
reach exhaustion. So far, CAR-Treg cells have not been used in
humans, but promising CAR-Treg therapies have been reported in
animal models of transplantation and autoimmunity (181).
Human T cells engineered with a chimeric antigen receptor
were able to eliminate autoantigen-specific B cells in pemphigus
vulgaris (182).

Exosomes as Potential Immunosuppressive Tools
Exosomes are nanosized extracellular vesicles (EV) that originate
in the endosomal system and are secreted to the extracellular
space when multivesicular bodies fuse with the cell membrane.
As lipid bilayer membrane-enclosed vesicles, exosomes are a
heterogeneous population, able to transport and deliver a
multitude of proteins and nucleic acids. Exosomes are taken up
by recipient cells, thus imposing strong immunomodulatory
effects. Release of exosomes is one of the major mechanisms
through which Treg cells communicate with surrounding cells
(Figure 1). CD8 Treg cells function by secreting NOX2-
containing exosomes that then suppress membrane-proximal
TCR signaling in nearby CD4" T cells. The loss of NOX2-rich
exosomes defines the loss of Treg activity in GCA (12, 13). In
recent years, the concept of replacing dysfunctional Treg cells by
transferring exosomes has attracted attention, as it might be
possible to harness these vesicles for the therapeutic delivery of
RNAs, peptides, proteins, and synthetic drugs. As cell-free
reagents, therapeutic exosomes have numerous advantages, but
challenges remain in achieving proper targeting and delivery.
Some progress has been made in realizing the idea of therapeutic
exosomes. One example are exosomes derived from anti-tumor
CAR-T cells. Such exosomes were capable of attacking cancer
cells in a CAR-T cell-free manner (183).

Methods have been developed to produce exosomes or exosome-
like nanoparticles with defined payloads and progress is being made
in designing ways of delivering the microvesicles (MV) to specific
cells, thus increasing local concentrations and minimizing systemic
side effects. Given the potent immunosuppression imposed by
NOX2-containing exosomes, NOX2-loaded MV or exosome-like
nanoparticles may provide the means to mimic Treg function in vivo.
This approach would offer numerous advantages: (1) Better access to
inflamed tissue sites because of the much smaller size of exosomes
compared to Treg cells; (2) Potentially higher suppressive capacity.
Treg cells need to use most of their energy and biosynthetic molecules
for cellular maintenance, but artificial exosomes containing only their
payload can deposit high local concentrations of suppressive proteins;
(3) Easier control of unintended systemic immunosuppression. In
cell-based Treg therapy, it is impossible to completely remove
transduced Treg cells when generalized immunosuppression
becomes a problem. In contrast, exosomes are short-lived. (4)
Tight management of suppressive ability. Both cytokine and Treg
therapy rely on the response of the immune cells in the host to
produce the ideal effect. In patients that are immunocompromised,
this goal may be difficult to reach. However, exosomes can directly
manipulate the targeted cell population, thereby avoiding the
intermediate steps, bringing about a more controllable result; (5)
Low risk of contamination and rapid turnaround for production. Ex
vivo cell engineering is demanding, complicated by possible
contamination with pathogens and is a very time-consuming
process. Production of exosomes can be achieved under
industrialized conditions, can provide therapeutic reagents in a
short time, with a low badge to badge variability; (7) Finally,
exosomes can be designed to be independent of HLA restriction
and could thus be used in the majority of patients.

Summary and Conclusions
Autoimmune vasculitides are a heterogeneous group of disorders
that share in common that immune-mediated processes damage
blood vessels, almost always capillaries, arterioles, and arteries. In
some of the vasculitides, vascular injury results predominantly from
T-cell dependent pathways, in others, autoantibodies participate in
vessel wall destruction. The age range at disease onset is broad, most
patients require aggressive immunosuppressive therapy and some
of the disease manifestations are fatal or associated with severe
organ failure. Like in most autoimmune diseases, how self-tolerance
is lost remains enigmatic. Hence, disease management is limited to
broad and nonspecific suppression of host immunity, associated
with a high risk to compromise protective immunity against cancers
and infections. New therapeutic approaches in managing these
chronic and destructive autoimmune diseases are urgently needed.
Available data indicate low numbers and defective function of
circulating Treg cells in most patient populations. The common
denominator appears to be loss or redistribution of Treg cells, a
phenomenon shared with other autoimmune diseases (Table 1).
Given the diversity of target tissues, pathomechanisms and
immune cell abnormalities in the vasculitides, reduction in
circulating Treg cell numbers and their functional impairment
are almost certainly a consequence of systemic inflaimmation.
Accordingly, Treg cell numbers, phenotypes and ex vivo
functional competence often improve with immunosuppressive
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TABLE 1 | Treg Dysfunction in Autoimmune Vasculitis.

Vasculitis Treg Phenotype Molecular Mechanisms
Frequency Ex vivo Function
GCA ‘ impaired aberrant NOTCH4 signaling
rerouted trafficking of intracellular vesicles
suppressed formation of multivesicular bodies
suppressed exosome biogenesis
TAK ‘ impaired
loss of Th2-like Treg cells
activated Treg
PAN impaired
t loss CTLA-4 expression
KD ‘ impaired decreased miR-155, increased miR-31
lack of Fc-specific Treg altered SOCS1/STATS signaling
Cryoglobulinemic Vasculitis ‘ impaired
HSP ‘ impaired up: miR-1-3p, miR-18b-1-5p, miR-29b-1-5p,
shifted Th17/Treg ratio down: miR-483-5p miR-1246
BD ‘ impaired dysbalanced miRNA expression
excessive |L-21
AAV impaired GPA: FOXP3 lacking exon 2
‘ t GPA: upregulated miR-142-3p
MPA: diminished serum tryptophan
EGPA impaired diminished IDO
‘ low CLTA-4, IL-10, TGF-3

Arrow up, upregulated in patients; arrow down, downregulated in patients.

therapy. Dynamic changes in Treg cell numbers and fitness
argues against intrinsic defects in the patients’ Treg cells and
supports the concept that the inflammatory environment
critically shapes Treg cell survival, trafficking and competency.

Detailed information on the molecular mechanisms
underlying Treg cell dysfunction in vasculitides is mostly
lacking, with the exception of giant cell arteritis, in which loss
of function of immunosuppressive exosome production has been
attributed to the rerouting of intracellular vesicles (Table 1).
Precisely, patients’ CD8 Treg cells aberrantly express the
NOTCH4 receptor and excessive NOTCH signaling leads to a
defect in the formation of multivesicular bodies (MVB), thus
disrupting the production and release of immuno-inhibitory
exosomes. Such exosomes are loaded with NOX2 and are
highly efficient in controlling the responsiveness of CD4 T cells
and the overall size of the CD4 T-cell compartment.

It is possible that some of the vasculitides share abnormalities
in Treg cell function with other autoimmune diseases, particularly,
RA and SLE (Figure 3). Lack of interleukin 2, the most important
cytokine in Treg cell generation, expansion and survival is now
recognized as a disease mechanism in SLE (Figure 3). Here,
exogenous IL-2 emerges as a potential therapeutic intervention.
In RA, instability of the lineage-determining transcription factor
FoxP3 renders Treg cells short-lived and dysfunctional (Figure 3).
Mechanism-oriented investigation will be needed to uncover the
pathways that cause Treg cell loss-of-function in each of the
vasculitides. Progress in the field will require turning towards
molecular explorations of relevant Treg populations in secondary
lymphoid tissues as well as in the disease lesions.

The major appeal of increasing the knowledge of Treg cell
biology in the vasculitides derives from the potential to translate

such knowledge into new and molecularly defined therapeutic
interventions. Multiple options exist, all exploiting the key
mechanisms through which Treg cells impose their
immunoregulatory capacity (Figure 4): treatment with inhibitory
cytokines; supplementation of IL-2; cell-based therapy transferring
ex vivo expanded or appropriately engineered Treg cells and, finally,
replenishing immune-suppressive exosomes. Participation of
exosomes in the induction and maintenance of self-tolerance
emphasizes their potential to replace Treg cells in autoimmune
disease. They exhibit desirable features, such as a high delivery
efficiency, a long circulating half-life, an intrinsic ability to target
tissues, they are biocompatible and have minimal toxicity.
Appropriate clinical trials need to test the applicability of Treg
derived exosomes in vivo.
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Résumé

Rationnel : L'artérite a cellules géantes (ACG) est une vascularite affectant I'aorte et ses principales branches,
caractérisée par un infiltrat inflammatoire et un remodelage vasculaire. Les complications ischémiques de la
maladie sont liées a une hyperplasie de I'intima par prolifération de myofibroblastes. Les fibroblastes adventitiels
ont été peu étudiés au cours de 'ACG et pourraient participer au phénoméne de remodelage vasculaire.

Objectifs : Nous émettons I'hypothése que les fibroblastes adventitiels sont impliqués dans le remodelage
vasculaire de I'ACG.

Méthodes : Nous avons inclus des patients ayant eu une biopsie d’artére temporale (BAT) pour suspicion d’ACG.
Nous avons tout d’abord étudié la répartition intratissulaire des fibroblastes sur coupe d’artére temporale et leurs
marqueurs d’activation par méthode immunohistochimique. A partir de I'isolement de fibroblastes adventitiels de
BAT de sujets atteints d’ACG et de contrdles, nous avons effectué des tests fonctionnels de ces fibroblastes. Nous
avons réalisé une étude transcriptomique spatiale d’artéres temporales de sujets sains et de patients atteints ACG
a l'aide de l'outil Digital Spatial Profiler (Nanostring) afin de mettre en évidence des signatures d’expression
génomique selon les différentes couches artérielles.

Résultats : Les fibroblastes de I'adventice des patients atteints d’ACG expriment des marqueurs d’activation. lls
présentent des capacités de prolifération, migration et sécrétion. L’analyse d’enrichissement montre que les
fonctions liées a Tlinflammation/réponse immunitaire et le remodelage vasculaire étaient en revanche
significativement limitées aux couches internes (intima et media). Les fonctions immunitaires activées concernaient
la différenciation des macrophages, les activations des lymphocytes T et B et du complément. Concernant les voies
de remodelage vasculaire, nous avons constaté une activation : du processus métabolique du collagéne, de la
prolifération des fibroblastes, de I'angiogenése, et de la prolifération des cellules musculaires lisses dans l'intima
et la média. Notre analyse du réseau pharmacogénomique a permis d’identifier les génes qui pourraient
potentiellement étre ciblés par des traitements actuellement approuvés ou par de nouvelles immunothérapies.

Conclusion : Les fibroblastes semblent impliqués dans le processus de 'ACG. Nos résultats fournissent la
premiere caractérisation par profilage spatial in situ des acteurs moléculaires impliqués dans I'ACG, essentielle
pour la découverte de nouvelles cibles thérapeutiques potentielles pour traiter cette vascularite.

Mots-clés : Artérite a cellules géantes, fibroblastes, remodelage vasculaire, transcriptomique
Abstract

Rational: Giant cell arteritis (GCA) is a vasculitis affecting the aorta and its main branches, characterized by an
inflammatory infiltration and vascular remodeling. Ischemic complications of the disease are linked to intimal
hyperplasia due to proliferation of myofibroblasts. Adventitial fibroblasts have been little studied in GCA and may
play a role in vascular remodeling.

Objectives: We hypothesize that adventitial fibroblasts are involved in GCA vascular remodeling.

Methods: We included patients who had undergone temporal artery biopsy (TAB) for suspected GCA. We first
studied in situ distribution of fibroblasts on temporal artery sections and their activation markers by
immunohistochemistry. Using adventitial fibroblasts isolated from GCA patients and controls, functional tests on
these fibroblasts were done. We performed a spatial transcriptomic study of temporal arteries from healthy subjects
and GCA patients, using the Digital Spatial Profiler (Nanostring) to identify genomic expression signatures in the
different arterial layers.

Results: Adventitial fibroblasts from GCA patients express activation markers. They display proliferation, migration
and secretion capacities. Enrichment analysis showed that functions related to inflammation/immune response and
vascular remodeling were significantly restricted to the inner layers (intima and media). Activated immune functions
included macrophage differentiation, T and B lymphocyte and complement activation. Regarding vascular
remodeling pathways, we observed activation of collagen metabolic processes, fibroblast proliferation,
angiogenesis, and smooth muscle cell proliferation in the intima and media. Our pharmacogenomic network
analysis identified genes that could potentially be targeted by currently approved treatments or new
immunotherapies.

Conclusion: Fibroblasts appear to be involved in the GCA process. Our results provide the first characterization
by in situ spatial profiling of the molecular players involved in GCA, essential for the discovery of potential new
therapeutic targets to treat this vasculitis.

Keywords : Giant cell arteritis, fibroblasts, vascular remodeling, spatial transcriptomic
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