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Summary 

This doctorate thesis provides an insight into the biology and dynamics of circulating 

microRNAs, demonstrating their potential to become crucial biomarkers for a better 

surveillance and prognosis of cancer. MicroRNAs (miRNAs) are small, single-stranded non-

coding RNAs, 19-25 nt long, with a key role in the post-transcriptional regulation of gene 

expression, repressing the translation of target mRNAs through partial base-pair 

complementarity with their γ’-UTR. They can be released in the extracellular medium, being 

protected from RNases by association with various transporters and reach body fluids and 

circulation, participating in intercellular communication. Their remarkable stability and 

manageable diversity in circulation, as well as the fact that they derive from both malignant 

and normal cells make them very attractive biomarker candidates, potentially reflecting tumor 

state and dynamics. We have been focusing on ovarian (OvCa) and nasopharyngeal (NPC) 

carcinomas, attempting to elucidate the relation between plasma miRNAs and the prognosis 

of OvCa after first-line treatment, as well as to evaluate their use in the detection of early 

response of NPC tumors to treatment. Serous epithelial ovarian carcinoma is the most 

frequent ovarian and the most aggressive gynecologic malignancy. The absence of early 

symptoms and the insufficiency of modern means to accurately map residual disease and 

assess treatment outcome highlight the need for new diagnostic and prognostic biomarkers. 

Using sequential plasma samples from OvCa patients before and after first-line treatment, we 

studied a pre-selection of miRNAs, comparing them to samples from benign pelvic lesions 

and healthy women. MiR-200b exhibited a distinct higher concentration in malignant samples 

before treatment compared to both non-cancerous groups. Pre- and post-treatment assessment 

of miR-200b in parallel with the standard biomarker CA125 revealed distinct variations and a 

significant correlation of miR-200b variation with the progression-free survival (PFS) of the 

patient. We suggest that miR-200b could eventually be used as a supplementary biomarker for 

estimation of the remission upon treatment completion. Nasopharyngeal carcinoma (NPC) on 

the other hand is a tumor consistently associated to latent Epstein-Barr virus (EBV) infection 

of the malignant cells, presenting a unique geographical incidence pattern. The deep position 

of the tumor makes it tough to access surgically, with biomarkers assessing different 

therapeutic approaches being greatly needed. Studying a new oral form of the demethylating 

agent 5-azacytidine, proven to be promising for one third of NPC patients receiving it as a 

monodrug, we attempted to identify impact of the drug on the expression of viral miRNAs 

and proteins. Despite the latent viral infection, viral miRNAs are abundantly expressed, 
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attracting interest in EBV-associated malignancies. Treating four in vivo developed NPC 

tumor models for two weeks, we observed clear response in two of them, in a dose-dependent 

manner. Protein analysis showed an induction of the immediate-early lytic protein BZLF1, 

solidifying previous evidence of partial activation of the viral lytic cycle by 5-azacytidine. 

MiRNA analysis confirmed robust expression of BART and absence of BHRF1 miRNAs at 

baseline status of NPC. Upon treatment, we observed an induction of BHRF1 miRNAs in 

both tumor and plasma of treated mice. This induction was successfully validated in a 

following one-week treatment and completed by a recorder de novo expression of the BHRF1 

mRNA, transcribed within the BHRF1 miRNA loci. A weaker induction of BHRF1 miRNAs 

was also recorded after treatment with standard chemotherapeutic agents, suggesting a 

potential clinical utility of these miRNAs as circulating biomarkers for detection of early 

response to treatment. We are further working to confirm this induction by chemotherapy and 

extend our study to plasma samples derived from treated patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 



French Summary 

Cette thèse de doctorat est une étude de la biologie et de la dynamique des microARN circulants, 

démontrant leur potentiel comme biomarqueurs pour l’amélioration de la surveillance et de 

l’évaluation pronostique dans le cancer. Il s’agit des ARN non codants simple-brin, d'environ 19-

25 nt de longueur. Ils jouent un rôle clé dans la régulation de l'expression génomique au niveau 

post-transcriptionnel, en ciblant et réprimant la traduction des ARNm par complémentarité 

partielle avec leur 3'-UTR. Ils sont également libérés dans le milieu extracellulaire, la circulation 

et les liquides biologiques. Leur stabilité remarquable et leur diversité dans la circulation, ainsi 

que leur provenance maligne ou normale, en font des candidats biomarqueurs intéressants, 

reflétant potentiellement l'état et la dynamique d’une tumeur. Nous nous sommes focalisés sur les 

carcinomes ovariens (OvCa) et nasopharyngés (NPC), essayant d'élucider la relation entre les 

miARN plasmatiques et le pronostique des OvCa après une première ligne de traitement, ainsi 

que d’évaluer leur utilité dans la détection d’une réponse précoce des NPC au traitement. Le 

carcinome ovarien séreux est la malignité gynécologique la plus agressive. L'absence de 

symptômes précoces et l'insuffisance des moyens modernes pour détecter la maladie résiduelle et 

évaluer les résultats du traitement signalent le besoin de nouveaux biomarqueurs diagnostiques et 

pronostiques. En utilisant des prélèvements plasmatiques séquentiels OvCa avant et après 

traitement, nous avons étudié un groupe de miARN, en comparaison à des lésions pelviennes 

bénignes et des femmes en bonne santé. MiR-200b avait une concentration nettement plus élevée 

dans les échantillons malins avant traitement par rapport aux deux groupes non cancéreux. 

L'analyse pré- et post-traitement de miR-200b en parallèle avec le biomarqueur standard CA125 

a révélé des variations distinctes et une corrélation significative de la variation de miR-200b avec 

le temps de rémission (PFS). Nous concluons que miR-200b pourrait éventuellement être utilisé 

comme biomarqueur supplémentaire pour l'estimation de la rémission à la fin du traitement. Le 

carcinome nasopharyngé (NPC) d'autre part est une tumeur constamment associée à une infection 

latente des cellules malignes par le virus d’Epstein-Barr (EBV), présentant une distribution 

géographique particulière. La position de la tumeur rend difficile l'approche chirurgicale, les 

biomarqueurs évaluant différentes approches thérapeutiques étant de grande importance. Etudiant 

une nouvelle forme orale de l'agent démethylant 5-azacytidine, démontrée prometteuse pour un 

tiers des patients NPC qui l’ont reçue, nous avons essayé d'évaluer son impact sur l'expression 

des miARN et des protéines virales. Malgré l'infection virale latente, les miARN viraux sont 



abondamment exprimés. En traitant pendant deux semaines quatre modèles de tumeur NPC 

développés in vivo, nous avons observé une réponse nette dose-dépendante dans les deux. 

L'analyse protéique a montré une induction de la protéine activatrice du cycle lytique BZLF1, 

renforçant les preuves antérieures d'induction partielle du cycle lytique viral par la 5-azacytidine. 

L'analyse des miARN a confirmé l'expression robuste des miARN BART et l'absence des 

miARN BHRF1 dans les NPC sans traitement. Lors du traitement, nous avons détecté les miR-

BHRF1 à la fois dans la tumeur et le plasma des souris traitées. Cette induction a été validée par 

un traitement ultérieur d'une semaine qui a aussi mis en évidence l'induction de l’expression de 

l'ARNm de BHRF1, transcrit par le locus situé parmi les miARN BHRF1. Une induction de ces 

miARN a été observée après traitement par des agents de chimiothérapie, suggérant une utilité 

clinique potentielle des miR-BHRF1 comme biomarqueurs pour l’évaluation précoce de 

l’efficacité du traitement. Notre objectif actuel est de valider cette induction par chimiothérapie et 

étendre nos études au plasma humain. 
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INTRODUCTION 

Chapter 1: The microRNAs 

A doctoral thesis tells a story. It’s the story of three or more years dedicated to the deep and 

analytical study of a specific scientific field. As every story, it has its own characters, others 

with a major and others with a minor role. Here, I will start by introducing the protagonists of 

the story I will be narrating: microRNAs. Their existence and function became widely known 

at the dawn of the new millennium, instantly attracting scientific attention and interest, due to 

their significance in the fine tuning of gene expression, their high degree of conservation 

among species and their potential therapeutic use. Their biology, biogenesis, regulation and 

action, as well as the association of altered miRNA profiles with malignant phenotypes are 

thoroughly presented in the beginning of this thesis. However, the core of this work and what 

has been fueling our research lies in a surprising finding that followed later: their extracellular 

liberation, remarkable stability and detection in body fluids and especially in circulation. 

These features, along with their potential to reflect an abnormal phenotype in terms of unusual 

kinetics outside of the cells and the relatively easy procedure to obtain and analyze blood and 

other fluids, promoted miRNAs to top candidate biomarkers for the diagnosis and surveillance 

of various diseases, with cancer having a central spot. With numerous advances taking place 

every day in the field of cancer treatment, the need of strong reliable biomarkers for the 

assessment of their efficacy grows exponentially, in the context of an emerging tailor-made, 

personalized approach of a patient’s cancer. Our work extends on two highly different types 

of cancer, ovarian and nasopharyngeal, linked by the difficulty to evaluate tumor evolution 

under a selected treatment. The following work is an attempt to explore how circulating 

extracellular miRNAs could be used in order to achieve a more accurate understanding of 

tumor dynamics and evolution under various therapeutic modalities, leading to the selection 

of the best possible approach. Therefore, the first chapter introduces the reader into the 

biology of miRNAs and their extracellular existence, while chapters 2 and 3 present the 

molecular basis, as well as the major challenges of ovarian and nasopharyngeal carcinomas 

respectively. Concerning nasopharyngeal carcinoma, its strong association with the persistent 

presence of the Epstein-Barr virus in the malignant cells prompted us to explore the potential 

of viral miRNAs to reflect the state of a tumor. As a consequence, a fourth and final chapter 

stands alone, in order to secure a sufficient understanding of the biology of this malignancy’s 

viral component… 
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History 

MicroRNAs (abbreviated as miRNAs) are a distinct class of small single-stranded non-coding 

RNAs, with an average length of 21-25 nucleotides (nt) [1]. The term small RNAs refers to a 

broader group of RNAs with a length inferior to 200 nt, containing transfer RNAs (tRNAs), 

ribosomal RNAs (rRNAs), small interfering RNAs (siRNAs), small nucleolar RNAs 

(snoRNAs) and of course miRNAs. These groups share the common characteristic of not 

coding for proteins (like long non-coding RNA besides). They can be distinguished and 

classified by their structure and function, as well as their pathway of maturation. The only 

exception is found between miRNAs and siRNAs, which are biochemically and functionally 

indistinguishable, as they have the same length, with 5’-phosphate and γ’-hydroxyl ends and 

they interact with the same proteins, playing the same role [2]. The difference is found in their 

biogenesis, as miRNAs derive from the double-stranded region of 60-70 nt RNA hairpin 

precursors, whereas siRNAs are generated from long double-stranded RNA (dsRNA) [3]. The 

first miRNA was reported in the nematode Caenorhabditis elegans, in 1993, and was named 

lin-4 [4]. It was found to regulate the expression of lin-14 mRNA in a way later characterized 

as the miRNA-mediated post-transcriptional regulation of genomic expression. To date, 

35828 mature microRNAs have been identified, according to the latest updates in miRBase, in 

223 species including animals, plants and even viruses. Registered mature human miRNAs 

have exceeded 2000 (2588 in the 21st release of the database, http://www.mirbase.org/).   

Structure and biogenesis 

MiRNA precursors are commonly found in clusters through many different genomic loci, 

most frequently emerging from intergenic regions and introns of protein-coding genes [5]. 

Rare cases of exon-derived miRNAs have also been reported, like miR-198, emerging from 

the γ’ untranslated region (γ’ UTR) of the gene coding for FSTL1 (follistatin-like 1 protein) 

[6]. They serve, thus, as a first-class proof that non-coding genomic regions are far from being 

“junk DNA”, a term previously used to describe them. Precursors in the context of the same 

cluster are often tandemly co-transcribed (figure 1A). Furthermore, precursors of the same 

miRNA can be found in more than one locus and in different clusters throughout the genome. 

Their generation and maturation is a complex enzymatic procedure, partially depending on 

their origins. The microRNA precursors which are localized in introns of protein-coding 

genes are transcribed from the same promoter as the primary mRNA, while precursors found 

in intergenic regions might have their own promoters [7]. The former are transcribed by RNA 

polymerase II (pol II), the polymerase responsible for the DNA to mRNA transition, as part of 
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the pre-mRNA transcript [8]. The latter have been shown to be transcribed either by RNA pol 

II, or by RNA pol III, involved in the transcription of various small non-coding RNAs [9, 10].  

In animals, primary microRNAs, also called pri-miRNAs, transcribed from intergenic regions 

are long RNAs (several kilobases) that fold back on themselves to form stem-loop structures, 

also called hairpins, with single stranded ends in both extremities (figure 1B). The following 

double-stranded stem ends in a single-stranded 10-bp loop. The first step of miRNA 

maturation is the enzymatic cleavage of pri-miRNAs, resulting to the liberation of the 60-70 

nt hairpin structures, named pre-miRNAs (miRNA precursors). The recognition and cleavage 

of pre-miRNAs from the pri-miRNA is conducted by the so-called “microprocessor 

complex”, comprised of the RNase III endonuclease Drosha and the double-stranded RNA-

binding protein DiGeorge syndrome Critical Region gene 8 (DGCR8) [11, 12]. DGCR8 

recognizes the ssRNA-dsRNA junction across the pri-miRNA, guiding Drosha towards these 

sites. Drosha cuts the stem, approximately 11 bp from the junction, liberating the 60-70bp 

pre-miRNAs with a 5′-phosphate group and an approximately β nt γ′ overhang [13]. Pre-

miRNAs are subsequently exported to the cytoplasm by association with the 

nucleocytoplasmic transporter factor Exportin-5 (EXP5) and RanGTP [14, 15]. According to 

the proposed model, recognition of the hairpin structure by EXP5 leads to co-operative 

binding to both the precursor and the GTP-associated co-factor Ran. The formed complex is 

transported outside of the nucleus through the nuclear pore complex and reaches the 

cytoplasm. There, the pre-miRNA is released from the complex by hydrolysis of the GTP [16] 

(maturation pathway shown in figure 1C).  
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complex (RISC), mainly containing one of the 4 members of the Argonaute (AGO) protein 

family (AGO1, AGO2, AGO3, AGO4) [20]. The RISC can be found either diffusely in the 

cytoplasm, or in dense cytoplasmic structures called P-bodies, where mRNAs undergo 

decapping, deadenylation and degradation [21]. TRBP and PRKRA seem to contribute to the 

formation of RISC. Once incorporated to the complex, the two strands are separated, by a 

helicase-member of the complex, and the strand with the less thermodynamically stable 5’ 

end (guide strand) stays attached to AGO and eventually to RISC, as the mature miRNA. The 

passenger strand is removed by the endonucleolytic activity of the AGO protein, leading to its 

degradation [22, 23]. AGO binds the γ’ end of the mature miRNA through a PAZ domain, 

while interacting with the 5’ end through another RNA-binding domain called PIWI. All 4 

human AGO proteins described so far have the ability to mediate both translation repression 

of mRNA on ribosomes and mRNA decay in P-bodies. However, only AGO2 is capable of 

directly cleaving mRNA in the cytoplasm [24]. Further details will not be presented here, but 

can be found reviewed by MacFarlane and Murphy (2010) [25], as well as by Wahid et al 

(2010) [26].   

Role 

MicroRNAs may be tiny molecules, but they possess a major power: the ability to specifically 

regulate gene expression at the post-transcriptional level. Associated with the RISC complex 

(miRISC format), miRNAs target and repress the translation of a vast number of mRNAs, via 

base complementarity [27, 28]. This RNA-mediated inhibition of gene expression and 

translation is widely known as RNA interference, or RNAi, having been the object of the 

2006 Nobel Prize in Physiology or Medicine. Acting like a navigator, miRNAs guide the 

activated RISC towards an mRNA, forming Watson-Crick base-pairs with the γ’UTR of the 

coding transcript or, rarely, with a sequence located in the 5’UTR or even inside the coding 

region. In animals, most miRNA-binding sites are found in multiple copies in the γ’UTR of 

the target mRNAs. This complementarity is crucial for the recognition of the target and its 

binding by the RISC complex and in most cases is a partial complementarity. More 

specifically, it relies heavily on the perfect complementarity between the nucleotides 2-8 from 

the 5’ end of the miRNA and the target mRNA. This sequence is called the “seed” and its 

100% complementary with the target sequence in animals. “Seed-like” regions have also been 

identified in more recent studies, at the nucleotides 13-16 from the γ’ end of the miRNA, 

having the same role as the 5’ dominant “seed” regions, but being less frequent in 

mammalians. A single base difference in the sequence of this seed region may completely 
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change the miRNA’s target. For instance, miR-96 and miR-182 share the same seed sequence 

from the second until the seventh nucleotide, but their eighth nucleotide is different. This 

difference is enough to prevent them from targeting the same mRNA, as miR-96 

downregulated Glypican-3, a heparan-sulfate proteoglycan frequently upregulated in liver 

malignancies such as hepatocellular carcinoma (HCC), but miR-182 was unable to do so [29]. 

In most cases, the AGO-containing complex scans the mRNA sequence and, upon recognition 

of the “seed” sequence, establishes an initial hybridization with the nucleotides 2-4 of the 

guide miRNA, eventually resulting to a full hybridization until the 8th nucleotide. The fixation 

of the RISC complex on mRNAs inhibits their translation either by blocking a step of the 

initiation or elongation procedure, or by destabilizing their structure, leading to the 5’ 

decapping and the deadenylation of their poly(A) tail. The final step in this case is the 

degradation of the target RNA, performed by exonucleases located at the P-bodies. P-bodies 

(from processing bodies) are distinct foci in the cytoplasm, where mRNA decay takes place. 

They consist of the main enzymes catalyzing their decapping and degradation, mainly 

GW182, Argonaute (AGO), decapping enzymes and RNA helicases. The first two interact 

with each other by domains rich in glycine/tryptophan repeats, linking the RISC complex to 

the P-bodies. Apart from decay, mRNAs can be also temporarily stocked in these foci, 

awaiting re-initiation of translation.  

Base pairing and type of regulation 

The mechanisms of miRNA gene regulation are not very clear yet, although different models 

have been proposed. As a brief reminder regarding the initiation of translation, the process is 

started when a subunit of the eIF4F complex, eIF4E recognizes the 5’ terminal cap of the 

mRNA. Two other subunits of the complex, eIF3 and eIF4G interact to assemble the 40S 

ribosomal subunit at the 5’ end of the mRNA and the formation of the preinitiation complex. 

The same two subunits interact with the polyA-binding protein PABP1, resulting to the 

circularization of the mRNA. The elongation process begins upon joining of the preinitiation 

complex with the 60S ribosomal subunit at the AUG codon of the mRNA. According to one 

of the proposed models of miRNA-mediated translational repression, miRISC promotes early 

ribosome dissociation from mRNAs [30]. It has been suggested that it may inhibit the joining 

of the 60S subunit to the preinitiation complex. Furthermore, some evidence shows that 

miRISC competes with eIF4E for binding to the 5’cap of the mRNA, thus blocking the 

initiation of translation [31]. Another model suggests that miRISC prevents mRNA 

circularization, while a fourth one proposes that miRNA-guided accumulation of ribosome-
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free mRNAs in P-bodies lacking translation machinery may cause translation repression [32, 

33].  

The degree of miRNA-mRNA base complementarity defines the fate of the latter and the 

nature of gene silencing (figure 2). When the complementarity is partial, primarily limited to 

the “seed” region of the miRNA, the translation of the mRNA is reduced or inhibited in a 

reversible way. On the other hand, an extensive base complementarity approaching perfect 

results in direct mRNA degradation, by an initial cleavage of the mRNA by AGO2. RISC 

complexes containing other members of the Argonaute family are associated to translational 

repression. AGO2 cleaves the mRNA into two, followed by subsequent deadenylation by 

enzyme complexes comprised of Pop2, Ccr4 and Not1 and decapping, catalyzed by Dcp1 and 

Dcp2. The target is thus left exposed to nuclease action and undergoes both γ’ to 5’ and 5’ to 

γ’ degradation by the exosome complex and the Xrn1p exonuclease respectively.   

 

Figure 2: Mechanisms of miRNA-mediated post-transcriptional regulation, depending on the 

degree of base complementarity between miRNA and mRNA, as well as the member of the 

AGO family associated with the miRNA. 

 

Since most target sites on the mRNA have only partial base complementarity with their 

corresponding microRNA, individual microRNAs may target as many as 100 different 

mRNAs. Moreover, individual mRNAs may contain multiple binding sites for different 

microRNAs, resulting in a complex regulatory network.  In a 2005 study, Lewis et al 

analyzed the γ’ UTRs of four different human genomes and found that approximately 13000 
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regulatory relationships were detected above the estimate of false-positive predictions, 

thereby implicating as miRNA targets more than 5300 human genes, which represented 30% 

of our gene set [34]. More recent bioinformatic analyses predict a capability of all known 

miRNAs up until now to regulate up to 60% of the transcriptome [35]. Here, we underline 

another significant distinction between miRNAs and siRNAs: whether they silence their own 

expression. Almost all siRNAs (regardless of their viral or other origin) silence the same locus 

from which they were derived.  On the other hand, most miRNAs do not silence their own 

loci, but other genes instead.     

MiRNAs and mitochondria 

It is worth noting that the presence of miRNA precursors and mature miRNAs has been also 

confirmed in mitochondria. In a 2011 study, Barrey et al used a miRBase search tool in order 

to align the human mitochondrial genome to potential miRNAs, finding 33 matches for pre-

miRNAs, as well as 25 mature miRNAs [36]. In situ hybridization proved the localization of 

the mature miR-365 and two miRNA precursors, while RT-qPCR analysis confirmed the 

presence of other miRNAs in the mitochondria of human myotubes. In silico analysis 

revealed 80 potential target sites in the mitochondrial genome, mainly concerning genes as 

ND6, CYTB and ND1. This work coincided with the work of Mercer et al (2011), who showed 

the abundant expression of small RNAs (sRNAs) in human mitochondria, constituting 3.1% 

of the total cellular RNAs of a length inferior to 30 nt [37]. They also proved that such small 

mtRNAs (mitochondrial RNAs) can derive from enzymatic cleavage of tRNAs encoded by 

the mitochondrial genome. During the last years, the presence of miRNAs in the mitochondria 

has been confirmed in other mammalian species, including rat, mouse and horse [38, 39]. Ro 

et al (2013) provided more evidence concerning the production of miRNAs in these 

organelles, further showing that small mitochondrial non coding RNAs are not products of 

RNA turnover, but they are the result of Dicer activity, even though not entirely [38]. One 

year earlier, tested cancer cell lines (HEK293 and HeLa) had also proved to produce 

mitochondrial miRNAs after deep sequencing of mitochondrial RNA extracts and qPCR 

validation [40]. Again, bioinformatic analyses supported that these miRNAs might control the 

expression of genes involved in apoptosis, cell cycle and nucleotide metabolism among 

others, mechanisms often deregulated in cancer. Last, in a recent publication, two detected 

mitochondrial miRNAs (miR-4485 and miR-1973) were found to be produced by enzymatic 

cleavage of a long ncRNA which is present in the organelles [41]. Furthermore, works 

indicate a deeper involvement of the mitochondria in RNA interference, through a synergistic 
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cooperation with the P-bodies, as reviewed by Ernoult-Lange et al (2012) [42]. More 

specifically, P-body formation is stimulated by accumulation of RNAi-repressed mRNAs. As 

explained, P-bodies contain the RNAi machinery, miRNA-repressed mRNAs and their 

dynamics is sensitive to the efficiency of the RNAi pathway. Huang et al (2011) reported that 

P-bodies establish frequent and prolonged contacts with mitochondria. Disrupting P-bodies 

did not affect mitochondrion morphology and function. However, disturbing mitochondrial 

activity strongly repressed a P-body-associated function, the silencing by small RNAs [43]. 

The group suggested that these findings are linked to a potential important role of the 

mitochondria in the assembly of the RISC complex, thus enhancing RNAi efficiency, 

probably by locally fueling the procedure with ATP.  

MicroRNAs and Cancer 

Because of their abundance, stability and tissue-specific expression, miRNAs are involved in 

almost all biological processes and pathways. Depending on their target, these powerful 

regulatory tools participate in various physiological functions. Their action has mostly been 

studied using the knockout gene strategy. Studies on various animal models, like Drosophila 

melanogaster, C. elegans or mouse, have shed a significant amount of light on the 

multifaceted action of miRNAs. Major functions regulated by miRNAs include early and late 

stages of development, cell fate and differentiation, growth and apoptosis, as well as 

participation in fat metabolism, hematopoiesis, secretion of hormones and various immune 

responses to pathogens. Interestingly, some miRNAs have been found to play a significant 

role in more than one cellular functions, not necessarily linked to each other. Inevitably, their 

misregulation is linked to the development of various diseases [44] and their implication in 

innovative therapeutic strategies is under extensive evaluation. Concerning their therapeutic 

utility, two are the fundamental ideas. The first is the so-called “miRNA replacement 

therapy”, involving introduction of synthetic miRNAs in a targeted tissue, in order to alter 

genomic expression and restore a specific function which is found defective in a certain 

disease. The second lies on the inhibition of some miRNAs, thus allowing an increase in the 

production of a protein which could have a therapeutic effect. One example is the use of an 

antagomiR for miR-122, meaning a synthetic miRNA with perfect complementarity, in order 

to block the replication of the HCV virus, responsible for human hepatitis C. As it has been 

shown, HCV acts as a sponge, attracting the liver-specific miR-122 produced by the host cell, 

in order to facilitate its replication via binding of the miRNA to two target sites of the viral 

genome. This leads to the de-repression of the expression of various host mRNAs targeted by 
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miR-122, thus providing an environment fertile for the long-term oncogenic potential of HCV 

[45]. Various therapeutic programs have been launched and miRNA-based approaches are 

currently under development and clinical evaluation, showing great potential in diagnosis and 

therapy.  

As one can easily understand, cancer is not an exception. Microarray expression data from 

various different types of cancer have proven that aberrant miRNA expression is a common 

phenomenon in cancer. Depending on the genetic and epigenetic profile of the malignant cell, 

miRNAs can be found downregulated or overexpressed due to numerous alterations. A 

general downregulation of miRNA abundance in the context of a cancerous cell can be often 

the result of defects in their biogenesis pathway and the tools taking part in this complex 

procedure. Different human tumors have exhibited reduced Dicer1 expression levels [46-48], 

as a consequence of genetic loss, epigenetic silencing or frame-shift mutations. Mutations in 

Drosha or Exportin-5 have also been mentioned to result in reduced levels of miRNAs in 

cancer, trapping miRNA transcripts in the nucleus. Both Drosha and Dicer1 have been 

characterized as haplo-insufficient tumor suppressors, as in vitro and in vivo studies revealed 

that their partial deletion has the ability to propel tumorigenesis and cancer progression, 

although knockout of both alleles inhibits this procedure [49, 50]. On the other hand, 

upregulation in the levels of Drosha and Dicer has also been identified in oesophageal and 

prostate cancer, correlating with increased levels of miRNAs and disease progression [51, 52]. 

Aberrant expression of the tumor suppressor p53 has also been linked to altered miRNA 

expression, as it influences the miRNA biogenesis mechanism by interacting with Drosha in a 

transcription independent manner [53]. Furthermore, things can get more complicated by 

some miRNAs that have been shown to target the miRNA processing pathway itself and their 

misregulation may reduce the global miRNA levels in some cancers. Such an example has 

been highlighted by Martello et al (2010) for the miR-103/107 family, whose upregulation in 

some breast cancers targets and reduces Dicer1 function, enhancing their aggressivity and 

metastatic potential [54].   

Apart from defects altering their general biogenesis and maturation, miRNAs can have 

specifically aberrant profiles in cancer due to selective genetic and epigenetic alterations or 

regulation by transcription factors related to a malignant phenotype. Evidence shows that the 

dysregulation of the miRNA expression plays a fundamental role in the onset, progression and 

dissemination of cancers. Many miRNAs have been shown to have oncogenic or tumor 

suppressor functions [55]. Depending on the oncogenic or tumor suppressive nature of their 
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protein-coding targets, miRNAs can function as tumor suppressors or “oncomirs” 

respectively. Previous works have shown that, in some cases, miRNA clusters are located at 

fragile sites of some chromosomes and cancer susceptibility loci [56, 57]. Mapping of miRNA 

genes revealed a strong association with cancer-specific translocation breakpoints and 

repetitive sequences. In addition, single-nucleotide polymorphisms (SNPs) have been also 

suspected to bear an impact on miRNA expression and function in a dual way. SNPs in 

mature miRNA sequences may alter their regulatory potential, either enhancing it or 

decreasing it. Depending on the nature of the target mRNA in cancer-related pathways, SNPs 

in miRNAs may act allowing oncogenes to escape miRNA-mediated degradation, or increase 

the expression of a miRNA with an oncogenic activity.  

Epigenetic mechanisms have been proven to be severely modulated in malignant phenotypes, 

influencing not only the expression of protein-coding genes, but also miRNA-producing loci. 

Hyper- and hypomethylation are believed to be an early event in cancer establishment and can 

have the form of DNA hypermethylation, affecting tumor suppressor genes, extensive DNA 

hypomethylation with oncogenic consequences, or even an altered histone modification 

pattern of methylation and acetylation [58]. Weber et al (2007) showed that a great number of 

miRNA genes are located near CpG islands, thus being susceptible to cancer-related 

epigenetic modifications [59]. An example was shown in colorectal cancer presenting 

upregulated DNA methylation, directly suppressing the expression of miR-127, miR-9-1, 

miR-200c/141 and the tumor suppressor miRNA cluster miR-34b/c, with a significant impact 

on cancer motility and invasive capacity [60-63]. The miR-34 family targets cyclin D, cyclin 

E2, CDK4 and 6, Myc and Bcl2, all of which play a major role in promoting cell proliferation 

and apoptosis evasion [64]. MiR-200c has also been shown in non-small cell lung cancer 

(NSCLC) to have a hypermethylated promoter, leading to a suppressed expression and poor 

differentiation, as well as a reduced E-cadherin expression, promoting metastatic ability [65]. 

Apart from DNA methylation status, histone hypermethylation or deacetylation has been 

proven sufficient to diminish the expression of anti-oncogenic miRNAs. In bladder cancer 

cells, treatment with 5-aza-β′-deoxycytidine and histone deacetylase (HDAC) inhibitor 4-

phenylbutyric acid (PBA) was enough to upregulate various miRNA, including miR-127, with 

the latter inducing significant apoptosis in tested cancer cell lines. Scott et al (2006) also 

showed that HDAC inhibition applied to breast cancer cells resulted in severely altered 

miRNA levels [66].  
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Nevertheless, oncogenic transcription factors have also been mentioned to act by suppressing 

numerous miRNAs. The Myc oncogene was shown to upregulate the oncogenic miR-17-92 

cluster [67], while it downregulates let-7, miR15a/16-1, miR26a and the miR-34 family, 

attenuating their known anti-proliferative, tumor-suppressive and pro-apoptotic effects [68]. 

In KRAS mutant pancreatic cancer, Ras oncogene activation directs the RREB1 protein 

towards the promoter of miR-143/145. Its binding leads to transcriptional repression. 

Interestingly, there is a two-way interaction, as this miRNA cluster appears to be targeting 

KRAS and RREB1 [69]. In contrast, p53, responsible for the response to DNA damage and 

crucial in cell cycle regulation and apoptosis, controls in a positive manner the expression of 

miR-34 family members. As this transcription factor is found mutated or epigenetically 

silenced in approximately half of human cancers, it is clear that its altered expression may 

reflect a downregulation of these anti-oncogenic miRNAs [70]. In an early 2017 review on 

circulating miRNAs and cancer, J. Matsuzaki and T. Ochiya (2017) carried out a systematic 

research for works regarding extracellular miRNAs and cancer, summarizing the 10 most 

frequently documented miRNAs, shown to be abnormally expressed in cancer [71]. These 

miRNAs, along with their top target genes and the concerned types of cancer are listed in the 

table below (table 1).  

Various works are being carried out in the context of using miRNAs for therapeutic purposes 

in cancer treatment. First-class examples are provided by the works of C. Grosset’s group, 

focused on the expression of the previously mentioned Glypican-3 (GPC3) in hepatocellular 

carcinoma (HCC). Screening for miRNAs with aberrant profiles in HCC samples compared to 

control samples, they found that miR-96, miR-129-1-3p, miR-1271, miR-1291, and miR-1303 

differentially control GPC3 expression in HCC cells [72]. More precisely, miR-1271 and 

miR-4510 were found downregulated in HCC, inversely correlating with GPC3 mRNA 

expression. Restoration of their expression in vitro inhibited cell growth in a GPC3-dependent 

manner and induced cell death [72, 73]. Furthermore, miR-1291 was found to positively 

regulate GPC3 expression by targeting the expression of IRE1a, a stress sensor that cleaves 

GPC3 mRNA. Restoration of normal IRE1a expression downregulated GPC3 levels [74]. 

Vectorization of such miRNAs and in vivo delivery to the tumor is a challenging step. 
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miRNA 
Cancer site Representative targets* 

hsa-miR-β1-5p Hepatocellular, colorectal, breast, 

lung, pancreatic, nasopharyngeal 
PTEN, PDCD4, RPS7 

hsa-miR-ββ1-γp Hepatocellular, colorectal, lung, 

sarcoma 
CDKN1B, KIT, TMED7 

hsa-miR-155-5p Lung, breast, colorectal, pancreatic, 

laryngeal 
CEBPB, SOCS1, TP5γINP1 

hsa-miR-ββγ-γp Hepatocellular, colorectal, lung, 

esophageal, pancreatic, sarcoma 
IGF1R, FBXW7, NFIA 

hsa-miR-9βa-γp Colorectal, hepatocellular, breast, 

gastric, endometrial 
BCLβL11, FOXNβ, SOX4 

hsa-miR-16-5p Breast, esophageal, gastric, lung, 

melanoma, pancreatic, ovarian 
BCLβ, VEGFA, CCNE1 

hsa-miR-β0a-5p Lung, colorectal, gastric, 

hepatocellular, pancreatic 
CCND1, TGFBRβ, EβF1 

hsa-miR-141-γp Colorectal, hepatocellular, breast, 

lung 
ZEBβ, ZEB1, YRDC 

hsa-miR-145-5p Colorectal, hepatocellular, lung, 

breast, gastric, ovarian 
IRS1, FSCN1, POU5F1 

hsa-miR-β10-γp 
Colorectal, breast, lung, pancreatic, 

glioma, hepatocellular, melanoma, 

renal, bladder 

EFNAγ, ISCU, EβFγ 

*The top 3 reported genes according to miRTarBase 

 

Table 1: The 10 most frequently documented miRNAs in cancer (Matsuzaki and Ochiya, 

2017 [71]) 

 

Circulating microRNAs  

During the last years, miRNAs have also been detected in the extracellular medium. Less than 

ten years ago, pioneering works by many different research groups brought to light the 

presence of miRNAs in blood plasma and serum [75-77]. These findings came to solidify the 

hypothesis of extracellular miRNA release, derived one year before from the results of Valadi 

et al (2007), indicating the liberation of intracellular miRNAs in the culture medium of 

different cell cultures [78]. Their existence has subsequently been confirmed in most body 

fluids and more precisely in tears, urine, semen, breast milk, saliva, cerebrospinal and 
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them is carried in vesicles. Starting by proving that miRNAs alone are not resistant to 

circulation-localized RNases, this group performed differential centrifugation and size 

exclusion chromatography in order to analyze all compartments of cell-free blood fluid, 

confirming that vesicle-associated miRNA transport is indeed a fact. Analysis of vesicle-free 

compartments led to the discovery of a whole ribonucleoprotein complex-based binding and 

transportation of extracellular miRNAs [84]. More precisely, they are shielded from RNase-

linked degradation by packaging in apoptotic bodies, shedding vesicles and exosomes, but 

also by association with AGO proteins (at least with AGO2), high-density lipoproteins (HDL) 

and nucleophosmin 1 (NPM1), although the in vivo existence of the last one remains unclear 

(figure 3) [79, 85-87]. These works provided significant proof that miRNAs can be either 

actively secreted, or passively liberated by cells, or even be released upon cell lysis [81]. 

MiRNA liberation as a result of cell death has been confirmed, as applied toxicity in certain 

tissues led to an increase in the concentration of miRNAs in the blood, many of them 

remaining stable even after the death of their parental cells [88, 89]. Vesicle-based secretion 

reflects a more selective release of miRNAs, while AGO2-associated carrying seems to be a 

form of non-selective liberation, linked to physiological cell activity or cell death. No 

significant uptake of AGO2-bound miRNAs or HDL-associated miRNAs was shown to take 

place [87]. However, miRNAs in secreted microvesicles and exosomes were found to co-

localize with AGO2, also contained in these vesicles. Such vesicles, as well as apoptotic 

bodies, were found to be transferred and recognized by recipient cells, where carried miRNAs 

are able to target host mRNAs and regulate their expression. Selective packaging of mature 

miRNAs in vesicles for their export was further supported by evidence that miRNAs, GW182 

and AGO proteins co-localize with endosomes and multivesicular bodies (MVBs) [90]. This 

was not the case for mRNAs found in exosomes, as their patterns did not correlate with the 

donor cells, indicating that there might be a selective packaging of miRNAs in exosomes and 

microvesicles for active secretion [91, 92]. Exosomes are 30-100 nm in diameter, formed 

within the MVBs and released by fusion of MVBs with the plasma membrane [93]. On the 

other hand, microvesicles span from 100 nm to 1 μm of diameter, being produced upon 

outward budding and fission of the plasma membrane ([94] and figure 4). Both exosomes and 

microvesicles can be isolated by different techniques based on differential ultracentrifugation. 

Because of their similar size and the fact that vesicles even smaller than exosomes can bud 

from the cellular membrane, it remains quite challenging to achieve absolute purification of 

each type of extracellular vesicle. However, differential floatation velocity in a sucrose 

gradient can allow a relatively efficient separation upon ultracentrifugation [95]. 
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Figure 4: Formation and release of microvesicles and exosomes from the cell to the 

extracellular medium (taken from [95]) 

 

The secretion of stable, protected miRNAs in the extracellular environment, along with their 

direct protein partners AGO2 and GW182 raised the hypothesis of an intercellular 

communication and regulation via circulating miRNAs. Indeed, successive works provided 

strong examples of regulation mediated by delivery of vesicular miRNAs to recipient cells. In 

2010, it was shown in vitro that microvesicles containing miRNAs had the ability to be 

uptaken by murine tubular epithelial cells (mTEC) and increased the intracellular miRNA 

abundance in a dose-dependent manner. Furthermore, the administered enriched miRNAs 

went on to downregulate the expression of known targets, like PTEN for miR-21, cyclin D1 

for miR-99a, miR-100 and miR-223 and Bcl-2 for miR-16, the miR-34 family and miR-181b 

[96]. A year later, Yang et al showed that in IL-4-stimulated macrophages, there was an 

induced secretion of miR-223-rich exosomes, which were able to target breast cancer cells. 

Once introduced to the cancer cells, these miRNAs affected the Mef2c mRNA levels, leading 

to an increase in the nuclear -catenin levels and an enhanced cellular invasiveness [97]. 

Another work from Kosaka et al (2010) highlighted the transport of vesicle-encapsulated 

miR-146a from a fibroblast-like cell line derived from monkey kidney (COS-7) to metastatic 

prostate cancer cells (PC-3M), where it repressed its known target ROCK1, provoking a 
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decrease in cellular proliferation [98]. Finally, an interesting discovery by Pegtel et al (2010) 

implicated viral miRNAs, in Epstein-Barr virus-infected B-lymphoblastoid cells. More 

analytically, following infection of these cells with the virus, this group reported the secretion 

of exosomes containing viral miRNAs, which targeted co-cultured but not infected B-cells, 

altering the expression of C-X-C motif chemokine 11 (CXCL-11), a small chemokine targeted 

by viral miRNAs [99]. This result was also confirmed in vivo and provided evidence that viral 

miRNAs can use host exosomes and circulate, thus promoting viral infection. An impressive 

load of publications came to confirm the cell-cell distant communication via extracellular 

miRNA trafficking, in a paracrine way. Among those, two groups indicated an interaction of 

secreted miRNAs with the Toll-like receptors (TLRs) of recipient cells, inducing a response 

of the innate immune system [100, 101]. However, the concentration of miRNAs in biofluids 

is drastically lower than in the medium of cell cultures, leaving the in vivo significant effect of 

circulating miRNA-mediated gene regulation to be further elucidated. Extracellular miRNA 

transfer and gene regulation is not limited in the context of cancer. Various examples have 

been studied in depth. One fascinating and groundbreaking work published in 2012 by Zhang 

et al brought to light not only the existence of this mechanism in plants, but also the 

possibility of cross-kingdom gene regulation by transfer of circulating miRNAs [102]. This 

work showed that plant miRNAs and more precisely rice-derived miRNAs, can be found in 

human circulation following oral food intake. Furthermore, an abundantly expressed rice 

miRNA, miR-168a, was found to diffuse to human serum, being associated with AGO2. Last, 

this miRNA was uptaken by recipient cells and effectively targeted and downregulated the 

expression of the low-density lipoprotein receptor adapter protein 1 (LDLRAP1) in the liver, 

thus decreasing LDL removal from the plasma.  

Tumor-derived circulating miRNAs 

As it was mentioned above, tumor cells are equally capable of releasing miRNAs into the 

circulation, altering extracellular miRNA profiles in biofluids like plasma, serum, saliva, 

urine, etc [103]. Studies have shown that different miRNA expression profiles are associated 

with tumor development, progression and response to therapy. In addition, specific aberrant 

miRNA profiles are often linked to specific types of cancer. These profiles are reflected in the 

circulation, as tumor-derived miRNAs can be detected and quantified, depicting a malignant 

phenotype at the extracellular level. Tumor-derived extracellular vesicles (EVs) impact the 

local and distal environment, aiding in tumor progression, angiogenesis and metastasis [104]. 

Taken together, these data indicate that blood plasma and serum, along with other biofluids, 
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Toiyama et al (2013) screened miRNA expression in culture medium from two distinct cell 

lines of colorectal cancer (CRC) by quantitative RT-PCR, focusing on two miRNAs, miR-21 

and miR-31, with a well-defined oncogenic activity, frequently overexpressed in CRC tissues 

and shown to be associated with poor survival and response to chemotherapy, as well as with 

tumor prognosis respectively. After establishing the secretory potential of these miRNAs in 

vitro, they analyzed their expression in the serum of 12 CRC patients, versus 12 control 

subjects and validated the results in a series of 186 preoperative CRC patients, compared to 

60 postoperative patients, 43 patients with benign colonic adenoma, often a precursor of 

colorectal cancer, and 53 control subjects. MiR-21 was found to be abundantly expressed and 

secreted from CRC cell lines, while it is upregulated in the serum of preoperative CRC and 

adenoma cases, having a significant association with tumor burden, distant metastasis and 

poor survival. Thus, miR-21 could be a potential prognostic biomarker for CRC [106]. 

Another three-stage study was published by Lin et al (2015), indicating the utility of serum 

miRNAs in clinical diagnosis of hepatocellular carcinoma (HCC) [107]. This group studied 

individuals with HCC, chronic hepatitis B, hepatitis B-induced liver cirrhosis, as well as 

healthy subjects, performing microarray analysis and RT-qPCR and identifying 19 miRNAs 

differentially expressed in HCC compared to non-cancerous conditions. Validation in a 

training cohort and two more validation cohorts reduced the miRNA signature to 7 (miR-29a, 

miR-29c, miR-133a, miR-143, miR-145, miR-192 and miR-505), allowing consistent 

detection of HCC. Furthermore, they went on to compare this miRNA signature to α-

fetoprotein (AFP20), a plasma protein used as a biomarker in HCC [108]. The signature 

exhibited a higher accuracy than AFP20, distinguishing individuals with HCC more 

efficiently in fixed time periods before clinical diagnosis, as well as detecting small-size and 

early-stage cancer. Similarly, Schultz et al (2014) studied whole-blood samples from patients 

with pancreatic cancer, along with chronic pancreatitis patients and healthy participants. Pre-

treatment expression profiles of miRNAs in whole-blood were analyzed, indicating the 

dysregulation of 38 miRNAs in cancer patients. Further analysis of these miRNAs in 

additional training cohorts led to the development of two diagnostic panels of 4 and 10 

miRNAs respectively [109]. The group tested the panels in parallel with the cancer antigen 

19-9 (CA19-9), used in the clinic as a biomarker for pancreatic and other cancers, but with 

questionable accuracy [110]. Although the panels alone did not show a higher specificity and 

sensitivity than CA19-9, when used in combination with the biomarker, they gave a 

significantly improved performance than the biomarker alone. Additional works including 
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studies on circulating long non-coding RNAs and circulating EV-associated proteins are 

presented in a very recent review by J. Matsuzaki and T. Ochiya [71].    

Many other miRNA signatures (specific groups of aberrantly expressed miRNAs) have been 

proposed as tests for the early detection or better surveillance of cancers, with their lack of 

reproducibility being for now the major factor hampering their introduction to the clinic. 

However, the volume of the newly produced data, as well as the constant improvement of the 

available analysis tools, point towards their progressive establishment as informative cancer 

biomarkers. Newly proposed circulating miRNA biomarkers gather an increasing amount of 

interest, as they are showing significant capacity in distinguishing malignant and benign 

pathologies. Furthermore, their emergence coincides with a period where protein-based 

biomarkers extensively used for cancer detection and surveillance present considerable 

limitations in specificity and sensitivity. Accumulating results from the analysis of circulating 

nucleic acids suggest that newly developed non-protein biomarkers could replace some of 

them, or used in combination, improving diagnostic efficacy and prognostic predictivity, as 

well as assessing response to treatment.     

Pre-analytical requirements for the detection of circulating miRNAs  

Among the body fluids used for the study and discovery of circulating biomarkers, the most 

common are serum and plasma, both coming from centrifugation and elimination of all cell 

types from total blood. Their composition is practically the same, with the exception of 

fibrinogens, the protein precursors responsible for blood clotting, which are not included in 

the serum. The serum is collected by centrifugation of coagulated total blood in dry tubes, 

while plasma is obtained by centrifugation of blood placed in special tubes containing anti-

coagulation factors, like EDTA or heparin, immediately after collection. As heparin has the 

potential to inhibit subsequent PCR amplification, EDTA-covered tubes are generally 

preferred in quantitative studies. Comparative studies have pointed out that there is no 

significant difference between serum and plasma’s miRNA concentrations, although serum 

might contain slightly more miRNAs as individual analyses suggest [111]. Plasma isolation 

requires one or two steps of centrifugation, depending on the selected protocol, in order to 

eliminate all types of cells. As blood platelets have been shown to contain RNAs [112], 

potentially affecting subsequent analyses, the aim of the second centrifugation, which is much 

faster, is their complete elimination. When a single centrifugation step is chosen, the 

abundance of platelets in the stored plasma depends on the speed of the centrifugation. As 

Cheung et al (2013) explain, centrifugation of whole blood at 600g for 10 minutes provides 



34 
 

platelet-rich plasma, whereas centrifugation at 3400g for the same duration results in a 

platelet-poor plasma [113]. After extensive bibliographic research, we chose an intermediate 

protocol, based on a one-step isolation centrifugation at 1400g, for a slightly longer duration 

of 15 minutes. Blood samples were processed within an hour from collection, in order to 

avoid as much as possible, contamination of the plasma with hemolysis-derived molecules. 

Hemolysis is a major issue, not to be ignored in circulating miRNA studies. Like all cell 

types, red blood cells express miRNAs which can selectively alter the global miRNA profile 

of plasma or serum upon lysis of these cells. To assure optimal results, we excluded miRNAs 

that are known to be very abundant in those cells, like miR-16 and miR-451. Apart from rapid 

separation of the plasma, we followed the indications by Kirschner et al (2011), measuring 

the optical density of plasma samples at a wavelength of 414 nm (corresponding to globulin 

absorption) and selecting those with values not exceeding 0.2 [114]. An additional way to 

evaluate the degree of hemolysis in plasma samples, according to the same group, is the 

assessment of the abundance of miR-451 (abundant in red blood cells) and miR-23a (absent 

or poorly expressed in red blood cells) by RT-qPCR and the elimination of the samples with 

ΔCt values superior to 5. 
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Chapter 2: Ovarian Cancer 

Definition and epidemiology 

Ovarian cancer is a general term for a series of molecularly and etiologically distinct diseases, 

resulting in the formation of cancer in tissues of the ovary. The ovaries are the twin organs 

that produce a woman’s ovules and the main source of the female hormones estrogen and 

progesterone. The vast majority of ovarian cancers are carcinomas (ie epithelial cancers) and 

most of them are adenocarcinomas. They arise from the surface of the ovarian gland. In 

contrast, a small minority of ovarian cancers derive from internal ovarian cells, either the 

female gamete cells or follicular supporting cells. The histogenesis of ovarian carcinomas 

remains somehow controversial. In some cases, the tumor seems to be the result of a local 

transformation process directly affecting cells of the ovarian surface epithelium (OSE). 

However, there is growing evidence that in most cases, surface ovarian adenocarcinomas  

derive from epithelial cells lining the fimbriae of  fallopian tubes [115]. There is pathological 

and experimental evidence that these tubal epithelial cells undergo a complex two-stage 

process: progressive in situ transformation resulting in an in situ carcinoma and secondary 

migration and engraftment on the surface of the OSE. Regardless of the oncogenic scenario, 

one distinctive characteristic of ovarian adenocarcinomas is their invasive behavior with 

penetration in the underlying ovarian stroma across the basal membrane. In 2010, 

approximately 160.000 women died from ovarian cancer, which is more common in 

industrialized countries. In the USA, ovarian cancer is the sixth most common cancer as well 

as the second most common gynecologic cancer, after endometrial cancer [116]. In France, it 

is the fifth most common cancer in women, while being the fourth in terms of mortality, after 

breast, colon and lung cancer. In most cases, ovarian cancer is diagnosed at a late stage, thus 

followed by a poor prognosis.  

Evolution and prognosis 

The cancer starts silently and early signs are hard to come by. When they are present, most 

symptoms are non-specific, making the diagnosis very difficult during stages I and II. Ovarian 

cancer staging uses information obtained after surgery, in order to describe the extent of the 

primary tumor, the absence or presence of metastasis to nearby lymph nodes and the absence 

or presence of distant metastasis (Figure 6). Thus, stage I depicts a tumor limited to one or 

both ovaries. Stage II is a more advanced stage of cancer. In this case, the tumor has grown in 

one or both ovaries and has spread to the uterus, fallopian tubes or other pelvic tissues. In 

http://en.wikipedia.org/wiki/Uterus
http://en.wikipedia.org/wiki/Fallopian_tubes


http://www.cancerresearchuk.org/cancer-help/type/ovarian-cancer/treatment/stages-of-ovarian-cancer
http://www.cancerresearchuk.org/cancer-help/type/ovarian-cancer/treatment/stages-of-ovarian-cancer
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Grade Description 

0 Grade of differentiation cannot be assessed 

1 Well differentiated or low grade – slow growing, less likely to spread 

2 Moderately well differentiated or moderate grade 

3 
Poorly differentiated, undifferentiated or high grade – tend to grow quickly, 

more likely to spread 

 

Table 2: Grading of ovarian cancer (Canadian Cancer Society, www.cancer.org) 

Because of its late diagnosis, roughly only 20% of cases are found in an early stage, where the 

cancer is limited to the primary site. The absence of an anatomic barrier blocking the 

dissemination of tumor cells in the abdominal cavity results in early metastasis. At stage I, the 

possibility of complete curability can be higher than 70%. Ovarian cancer can be a frightening 

diagnosis with five-year relative survival rates ranging from 89% to 18% for epithelial 

ovarian cancer, depending on the stage when it was detected. For stage I cancer, five-year 

survival rate is 92.7%. On the other hand, women diagnosed with an advanced ovarian cancer 

(stages III, IV) have a five-year survival rate inferior to 30% [117]. Unfortunately, more than 

60% of the women found to have ovarian carcinomas are already on stage III or IV, placing it 

among the deadliest cancers, with an overall five-year survival rate of 47%, while for all 

cancers combined it has improved to 68% (American Cancer Society, 2013).  

Histology - Types of ovarian cancer 

Clinical treatment, management and prognosis of ovarian cancer are strongly related to the 

histological analysis of the tumor, defining its classification. The main points taken into 

consideration in the classification of ovarian tumors are the cellular type, reflecting the state 

of differentiation and the degree of malignancy. At the cellular and molecular level, ovarian 

cancers can be quite heterogeneous. The vast majority of all ovarian cancers are epithelial 

carcinomas, also known as surface epithelial-stromal tumors or simply adenocarcinomas. 

There are four types of adenocarcinoma (Figure 7): serous (50%), endometrioid (20%), 

mucinous (15%) and clear cell (5%), each one presenting distinct morphologic abnormalities 

[118]. Another 8% consists of rare histologies. Approximately 70% of deaths due to ovarian 

cancer are cases of advanced-stage, high-grade serous ovarian carcinomas (HGSC) [119]. 

Ovarian cancer can be often the result of metastasis of another primary tumor, elsewhere in 
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the body, most commonly in the breast or in the gastrointestinal region. A distinct entity 

within epithelial ovarian tumors is the group of the so-called borderline ovarian tumors 

(BOTs). Borderline tumors remain a controversial issue, because of their uncertain malignant 

potential. They are mostly noninvasive tumors, with a characteristic histology, either 

mucinous, or in most cases serous. Based on molecular studies, some mucinous borderline 

tumors of the ovary may actually represent metastasis from the intestinal appendix. Borderline 

tumors, as with other ovarian tumors, are difficult to detect clinically until they are advanced 

in size or stage. In general, these tumors occur in younger women compared to malignant 

tumors, are found at an earlier stage and have a favorable prognosis. However, in some cases, 

symptomatic recurrence and death may occur, even years after treatment. Although these 

tumors mainly exhibit molecular linkage to low-grade tumors, they can host more invasive 

implants, confusing diagnosis [120]. Detailed histological analysis of these tumors is a crucial 

factor for the definition of the optimal treatment modalities.   

 

Figure 7: The four histological subtypes of epithelial ovarian cancer (from Nature 

Reviews/Cancer) 

 

Causes - Risk factors 

The exact causes of ovarian cancer development are unknown, but there are several factors, 

genetic and environmental, related to its occurrence. The strongest risk factor is age, as after 

menopause, a woman is more likely to develop ovarian cancer. The risk of ovarian carcinoma 

depends closely on pre-menopausal operations of the endocrine system and of the 

reproductive apparatus. There is indirect evidence that the risk increases with the overall 
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number of ovulations (“incessant ovulation hypothesis”). Disruption and subsequent repair of 

the ovarian epithelium, taking place during ovulation, can lead to the acquisition of genetic 

damage in ovarian epithelial cells [121]. The fact that women who have been taking birth 

control pills for at least five years have about half the risk of developing ovarian cancer is 

congruent with the idea that the reduction, either natural or artificial, of ovulations plays a 

significantly protective role against ovarian cancer. Estrogen stimulation especially when not 

compensated by concomitant stimulation by progesterone increases the risk of ovarian 

carcinoma. Symptomatic estro-progestative imbalance increases the risk by two-fold. Infertile 

women and women with a condition called endometriosis are at increased risk [122]. In 

contrast, women who undergo complete pregnancy have generally lower possibilities to get 

ovarian cancer than women who have never given birth, as it appears that the risk decreases 

after every pregnancy. A strong impregnation by progesterone for several months is believed 

to reduce the risk. Breastfeeding is also thought to provide supplementary protection. 

Postmenopausal hormone therapy may increase the risk, especially when women take 

estrogen without progesterone for at least 5 to 10 years.  

Genetic familial predisposition 

Genetic factors are also important, as women who are carriers of various germinal mutations 

in the BRCA1 or BRCA2 genes are at high risk of developing either breast or ovarian cancer. 

Mutations in these two genes are responsible for 5%-13% of total ovarian cancers [123]. 

Women carrying BRCA1/2 mutations have a lifetime risk of 20-50% of developing ovarian 

cancer. A combined analysis of 22 studies showed that the average cumulative risks in 

BRCA1-mutation carriers by age 70 years were 39% for ovarian cancer, with corresponding 

estimates for BRCA2 being at 11% [124]. The BRCA genes play a crucial role in the 

maintenance of genome integrity, leading the system which repairs double-strand breaks 

occurring in the DNA after during the phase of replication. In the classical conception, the 

germinal mutation of a single allele has no deleterious effect. According to the Knutson “two-

hit” model, cellular dysfunction occurs only when the other allele is affected by the random 

occurrence of a somatic mutation. On the contrary, there is growing evidence that germinal 

mutations of single alleles in the BRCA1/BRCA2 genes often result in haplo-insufficiency in 

various tissues or organs, including the cardiac muscle [125]. The most notable consequence 

of harmful mutations in BRCA1 or BRCA2 cis a very high rate of breast or ovarian cancer in 

families that bear a mutant allele, a phenomenon better known as hereditary breast-ovarian 

cancer syndrome (HBOC). Mutations in other genes have also been reported to create 
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predisposition to breast or ovarian cancer, like CDKN2, while approximately 45% of HBOC 

cases involve unidentified genes or multiple genes [126].  

Genomic alterations in ovarian cancer 

Genomic investigations performed by the American cooperative group called TCGA (The 

Cancer Genome Atlas) have provided the most comprehensive and synthetic view of genetic 

and epigenetic alterations observed in ovarian carcinomas. As in other malignancies, genetic 

alterations can be classified as point mutations, gene deletions and gene amplifications. In 

sporadic, non-hereditary ovarian cancer cases, a great number of genes are found mutated or 

differentially expressed, even in very early tumorigenesis stages. High-grade serous 

carcinomas (HGSC) are often characterized by mutations or loss of heterozygosity of p53. 

Exome sequencing on DNA isolated from 316 HGSC cases revealed approximately 61 

somatic mutations per tumor, with TP53 bearing mutations in 96% of cases. Germline 

mutations in BRCA1 and BRCA2 were found mutated in 9% and 8% respectively, with 

another 3% of the tumors bearing sporadic somatic mutations in these genes. Frequent 

mutations were also identified in genes FAT3, NF1, CSMD3, RB1 and GABRA1. The mutated 

genes whose role has been well described are divided into two categories: tumor suppressor 

genes and oncogenes. TP53 and BRCA1/2 are paradigms of well-known tumor suppressors, as 

well as CDK12, frequently mutated in HGSCs, which is involved in the regulation of RNA 

splicing and has already been associated to other cancer types [127]. Comparative studies 

have revealed mutations in potential oncogenes, like BRAF , KRAS, NRAS and PIK3CA, which 

are rare but have transforming activity. Copy number analysis showed extended chromosome 

aberrations, with at least 5 gains and 18 losses present in more than 50% of the examined 

tumors. Focal aberrations were also identified, with CCNE1, MYC, MAPK1 and MECOM 

being frequent targets of amplification (>20% of tumors). Meanwhile, already identified 

tumor suppressor genes like PTEN and genes that are often found mutated, like the previously 

mentioned RB1 and NF1, are targets of focal deletions, resulting in loss of expression. 

Epigenetic events also play a significant role, as DNA methylation analysis has brought to 

light an extended hypermethylation in the promoters of at least 168 genes, being responsible 

for their reduced or even silenced expression. AMT, CCL21 and SPARCL1 are among the 

most noteworthy cases of epigenetic silencing, while BRCA1 is also a frequent target. 

Transcriptome and DNA methylation analyses indicated 4 distinct clusters of genomic 

alterations, dividing HGSC in 4 different expression subtypes (table 4). On the basis of their 

transcription profile, they were named “immunoreactive”, “differentiated”, “proliferative” and 
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“mesenchymal” [127]. Other histotypes correlate with different mutations, as K-ras, BRAF  

and ERBB2 genes are usually mutated in low-grade serous carcinomas (LGSC) (table 3). 

More than 70% of LGSC cases have mutations in the RAS pathway [128]. In addition, clear 

cell ovarian cancers usually exhibit PIK3CA activation and amplification of tyrosine kinases 

like MET and ERBB2, while CTNNB1 and PTEN mutations are commonly seen in 

endometrioid cancers.  

Cancer Grade Mutation Analysis 

High-Grade Serous Ovarian Cancer 
Frequent mutations in TP53 

Rare mutations in KRAS, BRAF  and ERBB2 

Low-Grade Serous Ovarian Cancer 

Rare mutations in TP53 

Frequent mutations in KRAS, BRAF  and 

ERBB2 

 

Table 3: Relation between mutation pattern and serous cancer grade  

 

A global study of the totality of the genetic and epigenetic aberrations identified in ovarian 

cancer indicates that central, cancer-associated pathways are altered, harboring more than one 

alterations. Mutations and epigenetic inactivation of BRCA1/2, along with mutations in PTEN, 

RAD51C, ATM, ATR and other genes result in a defective homologous recombination system 

in approximately half of the cases. The RB1 and PI3K/RAS pathways are deregulated in 67% 

and 45% of cases respectively. NOTCH signaling pathway is altered in 22% of HGSC 

samples. Finally, the multiple roles of p53 in various cell metabolic pathways are confirmed 

by the fact that TP53 mutations lead to the overexpression of genes that do not present copy 

number alteration, like FOXM1 and its target genes, normally repressed by p53 [129]. These 

commonly deregulated pathways provide opportunities for more efficient, individual 

therapeutic treatment and will continue to be a field of deep research in the following years, as 

there are encouraging findings, like the good response to PARP inhibitors, seen in patients 

with defective homologous recombination (BRCA1/2 mutations) [130]. PARP is a family of 

proteins with enzymatic or scaffolding properties and recruiting ability for other necessary 

DNA repair proteins. They are activated by DNA strand breaks and carry vital roles for 

survival of cells and organisms, contributing to DNA damage repair. As a consequence, their 

activity might block apoptosis induction in the context of defective BRCA1/2 phenotypes. 



42 
 

Somatic mutations of BRCA1 or BRCA2, especially if occurring in the context of germinal 

mutations are regarded as the best indications for a treatment by PARP inhibitors. Patients 

with BRCA1/2 mutations are heterozygous for the abnormality, as a germline homozygous 

deactivation is not viable. On the other hand, the genotype of the tumor can be homozygous 

after a second hit occurs. This class of agents is thought to augment cytotoxic therapy without 

increasing side effects and to kill cancer cells with DNA repair defects as a single agent. The 

genomic instability of tumor cells based on this homozygous pattern confers to PARP 

inhibitors selectivity for the tumor cells over normal cells [131]. 

HGSC molecular subtypes Genomic Alterations 

Immunoreactive 
CXCL11, CXCL10 and CXCR3 activity 

(T cell ligands and receptor) 

Proliferative 

High expression of HMGA2, SOX11, MCM2 

and PCNA 

Low expression of MUC1 and MUC16 

Differentiated High expression of MUC1, MUC16 and SLPI 

Mesenchymal 
High expression of HOX genes, FAP  and 

ANGPTL1/2 

 

Table 4: Molecular subtypes of high-grade serous ovarian carcinomas according to mRNA, 

miRNA expression and DNA methylation analysis patterns [127] 

 

Diagnosis and Treatment 

The diagnosis of ovarian cancer is done by a physical examination of the pelvis, followed by a 

blood test for the measurement of CA125 levels and a transvaginal ultrasound. However, the 

cancer cannot be confirmed without microscopic analysis of a tissue biopsy requiring a 

coelioscopy and/or a laparotomy. Over the past few years the response of ovarian cancer to 

chemotherapy has been improved, thanks to the combined use of cisplatin or carboplatin and 

other genotoxic drugs that target the malignant cells more effectively, like the previously 

mentioned PARP inhibitors. In addition, Avastin (also known as Bevacizumab), a monoclonal 

antibody inhibiting angiogenesis by targeting the vascular endothelial growth factor A 

(VEGF-A), enhanced overall survival when administered to platinum-sensitive recurrent 

ovarian cancer along with chemotherapy [132]. Surgery is a key step in the treatment of 

ovarian carcinoma. The complete ablation of the tumor mass is a necessary condition for cure 
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or at least for a long remission. This is relatively easy in the case of tumors at stages I or II 

where malignant lesions are restricted to the ovaries and genital organs. These patients 

undergo bilateral ovariectomy, salpingectomy and hysterectomy “de principio”. For patients 

with stages III and IV, performing complete surgery often represents a major challenge, 

especially when the intestine is entrapped in the tumor mass or when hundreds of tumor 

nodules are disseminated into the peritoneal cavity. In most French cancer care centers, when 

upfront surgical ablation of the tumors is regarded as impossible, the patient is subjected to 

initial chemotherapy usually called “neo-adjuvant chemotherapy”. If significant tumor 

reduction is achieved under chemotherapy, the patient can benefit of surgical tumor ablation a 

few months later. Once upfront or delayed debulking surgery has been performed, even when 

tumor exeresis has been complete, the patient is subjected to complementary chemotherapy 

often called “adjuvant chemotherapy”. It usually includes 6 monthly cycles. In summary, the 

primary treatment of OvCa is usually structured by the following sequences: either upfront 

surgery followed by adjuvant chemotherapy or neo-adjuvant chemotherapy, followed by 

surgery and adjuvant chemotherapy. Sometimes, surgical tumor reduction is not possible at 

any stage of the treatment, for example because of poor general condition or insufficient 

tumor response to neo-adjuvant chemotherapy. Surgery “renunciation” is a major factor of 

poor prognosis. The response to neo-adjuvant chemotherapy can be evaluated during the 

tumor cytoreduction surgery. A significant response is of good prognosis. The residual tumor 

mass is assessed at the end of the adjuvant chemotherapy by medical imaging and most often 

by a secondary coelioscopy or exploratory laparotomy. A complete remission is of better 

prognosis than persistence of malignant lesions. However, even in case of complete 

remission, relapse occurs in more than 50% of the cases. Unfortunately, so far, there is no 

means – clinical index or biomarker – allowing estimation of the risk of relapse and the 

duration of the remission at the end of the primary treatment.  

Recurrent ovarian cancer and need of early detection 

Despite recent improvements, in approximately 75% of the women who were operated for 

ovarian cancer and followed chemotherapy, remission is short and in most cases the cancer 

relapses, accompanied by a very poor prognosis, as the cancer develops resistance to 

previously effective chemotherapy [133]. As in the majority of cases, symptoms are absent 

until the cancer has spread to other tissues, it is detected at a late stage, making it very hard to 

completely remove the malignant cells with surgery. It is, therefore, obvious that the earlier 
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the cancer is detected, the better the prognosis will be, as well as the chances of completely 

eliminating the tumor with the first surgery.  

CA125 

Up to now detection of early ovarian carcinogenesis remains a major unsolved issue. The only 

standard of care biomarker, approved and used for ovarian cancer monitoring is CA125, a 

cancer antigen [134]. CA125, also known as MUC16 is a glycoprotein of the mucin family, 

present in the epithelium of the reproductive tract. Women who are at risk or who have been 

operated for ovarian cancer are advised to repeatedly measure the concentration of CA125 in 

their blood, as an increase in its expression could be linked to the evolution of ovarian cancer. 

However, CA125 has limited ability to the detection of cancer in asymptomatic women, 

because of its low specificity and poor sensitivity. Elevated numbers of CA125 have been 

linked to many benign conditions, as well as to other types of cancer. In parallel, there are 

many women who bear ovarian tumors and do not have increased levels of CA125 [135]. It is 

found to be elevated in 69-88% of ovarian cancers, depending on histology, while only 50% 

of stage I cases show higher levels (normal levels are supposed to be lower than 30-35 units 

per ml of serum). However, when initially contributive to the diagnosis, CA125 monitoring in 

patients who are in remission can be really useful for early detection of tumor relapses. 

CA125 levels tend to rise at least 3 months before recurrence, preceding findings on imaging 

studies, with a sensitivity of 62-94% and a specificity of 91-100%, making it a valuable tool 

for detection of relapse after a successful primary treatment followed by remission [136]. In 

the absence of a non-invasive method to accurately detect early-stage ovarian cancer, it is of 

great importance to search blood biomarkers, useful in early detection, allowing a better 

prognosis.  

MiRNAs in the tumorigenesis of ovarian cancer  

The implication of microRNAs in cancer is based on their role in cell differentiation, as they 

act as switches, repressing key genes in organismal development. There is accumulating 

evidence showing that miRNAs are involved in tumorigenesis and progression of ovarian 

cancer, with many of them being aberrantly expressed in ovarian carcinomas. Their 

expression patterns can be associated even to tumor subtypes and clinical outcomes. The 

dysregulation of miRNAs can be a result of different mechanisms, including point mutations 

or chromosomal alterations affecting the miRNA genes, epigenetic modifications or 

transcriptional modulation, all of them influencing the miRNA production machinery [137]. 
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Their cancer-related functions can be either oncogenic, or tumor suppressive. Numerous 

miRNAs are found to target and repress oncogenes, thus acting like tumor suppressors, while 

others can repress tumor suppressor genes or even contribute to the overexpression of 

oncogenes. MiR-21 is among commonly altered miRNAs in various cancer types, including 

ovarian cancer. It can be induced by IL6 or GF1alpha and it targets mostly tumor suppressor 

genes, like PTEN and TPM1. In contrast, let-7a-2 has been identified as a tumor suppressor 

molecule, as it targets KRAS, IL6, MYC and other potential oncogenes and is often found 

downregulated in breast, lung, colon and ovarian cancer.  

Studies from Bendoraite et al (2010) and Mateescu et al (2011) have revealed interesting 

information about the miR-200 family and its complex involvement in ovarian tumorigenesis. 

This group comprises miR-200a, miR-200b, miR-200c, miR-141 and miR-429. There is a 

very high sequence affinity among all of them, however they are generated from two different 

loci, one in chromosome 1 and one in chromosome 12. MiR-141 and miR-200a have proven 

to regulate response to oxidative stress by targeting the protein kinase p38a, a MAPK protein 

which, in contrast to other MAPKs, acts as a tumor suppressor by blocking cell proliferation 

and inducing apoptosis. MicroRNA expression can be altered by oxidative stress, hypoxia or 

radiation, having the ability to regulate stress response. Accumulation of these two miRNAs 

has been shown to have the same result as p38a deficiency, promoting malignancy and tumor 

growth. Interestingly, their accumulation has the opposite results during chemotherapy, 

enhancing sensitivity to chemotherapeutic drugs like paclitaxel, known to increase the 

reactive oxygen species (ROS) in the cell, improving the survival of patients [138]. The 

majority of publications show that the members of miR-200 family are significantly elevated 

in ovarian cancer, while they are detected at very low levels in normal epithelial cells of the 

ovaries. The transcriptional repressors ZEB1 and ZEB2 exhibit the opposite pattern, being 

substantially underexpressed in ovarian cancer. ZEB2 is a target of both subgroups of the 

miR-200 family, miR-141/200a and miR-200b/c/429 and ZEB1, which is a ZEB2 homolog, is 

a target of miR-141/200a. The loss of their function boosts the levels of E-cadherin and Lgl-2, 

critical adhesion molecules of epithelial cells. The increase of these proteins can potentially 

transform mesenchymal cells, giving them the characteristics of epithelial cells. This 

mesenchymal-to-epithelial transition (MET) is thought, according to other studies, to be one 

aspect of the development of ovarian cancers in the surface of the ovary [139]. 
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Chapter 3: Nasopharyngeal carcinoma 

Definition and epidemiology 

Nasopharyngeal carcinoma (NPC) is a malignancy arising from the upper epithelial part of the 

pharyngeal cavity, most commonly in the pharyngeal recess (Rosenmüller’s fossa), 

posteromedial to the medial crura of the Eustachian tube opening in the nasopharynx. The 

pharynx can be divided in three distinct parts: the superior part or nasopharynx, the 

intermediate part behind the oral cavity (oropharynx) and the lower part or hypopharynx. The 

nasopharynx is localized behind the nasal cavity, spanning from the oral cavity to the base of 

the skull (figure 8). Nasopharyngeal carcinoma belongs to the family of “Head and Neck” 

cancers of the upper aerodigestive tract. This cancer exhibits a unique geographical pattern of 

distribution, as it is rare in European and North American countries, but vastly more common 

in endemic areas of Southeast Asia and North Africa. Its incidence is probably underestimated 

in some other countries considered as non-endemic, especially in Central Africa (N. Berthet, 

Pasteur Institute, personal communication). It reaches a maximum frequency of 25-50 

diagnosed cases per 100000 habitants in the Guangdong Province of Southern China. In the 

neighboring city of Hong Kong, nasopharyngeal carcinoma is the 7th most prevalent cancer. 

In 2014, NPC was the sixth commonest cancer in men and thirteenth in women. It accounted 

for 2.8% of all new cancer cases (Hong Kong Center for Health Protection, 

http://www.chp.gov.hk). The incidence of NPC reportedly remains high among people native 

of Southern China, even those who have migrated to North America (incidence lower than in 

their country of origin but higher than in other ethnic groups) [140]. Its occurrence is 

approximately two to three times higher in male subjects than in females. In Northern African 

countries, approximately 20% of newly diagnosed patients are younger than 30 years-old, 

while diagnosis at a young age is much rarer in Chinese territories. The general peak age for 

disease occurrence is between 50 and 60 years [141].  

Symptoms and diagnosis 

Symptoms related to NPC depend on the extent of primary and nodal disease and can 

originate from three regions: the nose, the ears and the neck. The first sign in most cases is a 

swelling of the lymph nodes in the neck and the diagnosis of NPC is often made by lymph 

node biopsy. NPC has the tendency to affect lymph nodes at an early stage [142]. Nasal 

symptoms include epistaxis, meaning bleeding from the nose, blocked nose or a feeling of 

stuffiness and discharge and facial numbness or even pain. Ear symptoms refer mostly to 
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recurrent infections, unilateral hearing loss, ringing in the ear, or feeling of fullness in the ear 

(especially on one side only). Apart from neck swelling, other symptoms repeatedly reported 

are blurred or double vision, trouble opening the mouth and frequent headaches [143].  

The main tool for NPC diagnosis is nasendoscopy, meaning the introduction of a flexible 

fiber-optic tube into the nose for internal viewing, allowing a biopsy from the mass in the 

nasopharynx. CT and MRI scans at the head and neck area also contribute to the definition of 

the tumor burden, while PET-CT is used to indicate the extent of the disease to the whole 

body in advanced stages. Regarding circulating biomarkers, one should keep in mind that the 

first correlation of EBV with NPC dates back to 1966, when it was reported that patients with 

nasopharyngeal carcinoma presented an increased titer of these EBV-specific antibodies in 

their serum [144]. Numerous studies following this discovery showed that 80-92% of the 

patients had a dramatically higher titer of EBV antibodies – especially IgA - compared to 

healthy subjects, even from the early stages, reaching 100% at stage IV [145, 146]. More 

recently, in the late nineties, detection of circulating EBV DNA has emerged as another 

promising EBV-related biomarker. However the implementation of these biomarkers for 

population screening and early detection has been slowed by considerable difficulties. In 

endemic regions, detection of anti-EBV IgA has very good sensitivity but poor specificity. 

Detection of circulating EBV DNA has average sensitivity and specificity. However, 

combination of serum VCA-IgA antibody and circulating EBV DNA had an overall 

sensitivity of 99% [147].  

 

Figure 8: Anatomy of the pharynx and position of nasopharyngeal carcinoma (taken from the 

International Medical University of Malaysia) 
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advances in tumor mapping and treatment of NPC have led to significant improvement of the 

outcome during the last years, with high cure rates for early-stage NPC. The 5-year survival 

for these cases has risen to 90%. However, half of the newly diagnosed cases concern 

metastasized carcinomas, with 5-year survival rates declining to 50-70% (reviewed by Tan et 

al in 2016 [156]). Finally, where lasting cure is achieved, the aggressiveness of the 

therapeutic approach may often leave severe consequences, influencing the quality of life. 

Common acute radiotherapy-related effects include mucositis, dysphagia, dermatitis, and 

xerostomia [142]. Other examples include neurological symptoms, such as temporal lobe 

injury, cranial neuropathies, Lhermitte’s syndrome, and brachial plexopathy, as well as non-

neurological effects, such as auditory and visual complications, soft-tissue fibrosis, feeding 

difficulties and endocrinopathies related to thyroid and pituitary dysfunction [157]. Clinical 

symptoms typically improve within weeks after treatment cessation, but in instances of grade 

3 or 4 reactions, these can persist, leading to consequential late effects. Recurrence also 

remains a challenging issue, highlighting the need to further develop more efficient evaluation 

and therapeutic approaches.  

Nasopharyngeal carcinoma, a multifactorial disease 

Like most human malignancies, NPC is a multifactorial disease resulting from environmental 

factors, genetic susceptibility and EBV infection.  The role of environmental factors, mainly 

nutritional habits, and the role of genetic susceptibility will be introduced briefly in the next 

two paragraphs. Obviously EBV is only a co-factor since NPC is frequent only in restricted 

geographical areas whereas EBV infection is ubiquitous in the human genus. However, the 

role of EBV should not be neglected since the presence of the EBV genome in malignant 

NPC cells is a constant characteristic of NPC regardless of patient geographic origin. The 

contribution of EBV to NPC oncogenesis will be thoroughly discussed in the next chapter. 

The infection is mainly latent, meaning that there is no production of viral particles. Works 

have suggested another viral cause for nasopharyngeal carcinoma, mostly concerning its non-

endemic form, implicating infection by the human papillomavirus (HPV). However, as 

discussed during the GRC conference on nasopharyngeal carcinoma (Hong Kong, June 2016), 

HPV is mostly associated with oropharyngeal carcinoma, while EBV infection is linked to 

nasopharyngeal carcinoma. 

 

 



51 
 

Environmental factors 

As reviewed by Bruce et al (2015), various environmental factors are key factors in the 

etiological basis of NPC, mainly traditional dietary habits, including frequent consumption of 

salt-preserved fish and meat, particularly in infancy and childhood [158]. This preservation 

technique has been shown to allow partial decomposition, resulting in the accumulation of 

carcinogenic nitrosamines, leading to an approximately 2-fold higher incidence of NPC in 

regions of frequent consumers. Better conservation methods like the use of refrigerators are 

considered to contribute to the decrease of NPC incidence. Other environmental risk factors 

of lower importance include tobacco smoking, wood-fire smoke inhalation, occupational 

exposures and some herbal medicines [159]. On the other hand, high consumption of fruits 

and vegetables is thought to decrease the risk of NPC, being rich in fiber, vitamins, folate and 

carotenoids, which are believed to protect from cancer [159].  

Genetic susceptibility 

Familial predisposition is a major risk factor in NPC. In endemic regions it is obvious that the 

risk is much higher for members of families where a case has been previously reported [160]. 

However, there are no major susceptibility genes like the previously mentioned BRCA1/2 for 

breast and ovarian carcinomas. Most if not all susceptibility genes have low penetrance, even 

in endemic regions and their identification requires genetic surveys on very large series. Most 

investigations – especially extensive association studies like genome-wide association studies 

(GWAS) – have pointed the importance of genetic polymorphisms mapping within the MHC 

region (major histocompatibility complex) of the sixth chromosome (6p21), coding for the 

HLA genes (human leukocyte antigens). Such studies examine a genome-wide set of genetic 

variants in different individuals to see if any variant is associated with a trait. GWASs 

typically focus on associations between single-nucleotide polymorphisms (SNPs) and traits 

like major human diseases. The MHC complex produces the set of cell membrane proteins 

which are responsible for foreign molecule recognition and T-cell-mediated antigen 

recognition. This locus contains 6 HLA genes (HLA-A, HLA-B, HLA-C, HLA-DQ, HLA-DR, 

HLA-F) and certain HLA haplotypes are associated with a reduced or increased risk for NPC. 

The affinity of their products for EBV antigens seems to be capable of influencing tumor 

immunoediting, thus promoting or thwarting recognition and elimination of EBV-associated 

NPC cells by infiltrating lymphocytes [161]. GWAS on Southern Chinese, Taiwanese and 

Tunisian NPC patients and comparison with healthy subjects revealed consistent association 

of NPC with certain HLA alleles, as SNP variations (single-nucleotide polymorphisms) were 
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extensively analyzed [162]. All HLA genes mentioned above were found to play a role in 

genetic susceptibility for NPC development, but the one gene being presented in most if not 

all analyses is HLA-A [163, 164]. Notably, the allele HLA-A*1101 was strongly associated to 

a reduced risk for NPC [165]. HLA-A*1101 was shown to present immunodominant EBV 

epitopes and to induce cytotoxic T-lymphocyte responses against EBV-infected cells, which 

might explain the decreased risk of NPC among individuals with HLA-A*1101. Similarly, the 

HLA-A*0207 allele predisposes individuals to developing NPC, whereas the HLA-A*0201 

allele is protective [166]. Interestingly, the strong association between HLA gene variants and 

cancer susceptibility has also been demonstrated in non-Hodgkin lymphoma [167], another 

malignancy related to EBV infection, suggesting that HLA-mediated immune responses play 

an important role in virus infection–related cancers. Taken together, these data clearly 

indicate that HLA alleles define a stronger or weaker immune response to viral antigens, 

leading to a reduced or increased risk of developing EBV-associated neoplasms respectively. 

Other, non-HLA, genes in the 6p21 locus have also been shown to confer susceptibility to 

NPC, like GABBR1 and HCG9 [168]. Distinct loci also linked to NPC susceptibility through 

SNP variation include mainly TNFRSF19 in 13q12, ITGA9 (3p21), MECOM (MDS1 and 

EVI1 Complex Locus) in 3q26, as well as the tumor suppressor genes CDKN2A and CDKN2B 

(9p21) [162, 169]. Interestingly, the last two were also found with a homozygous deletion or a 

promoter hypermethylation in about 40% of NPC primary tumors [170]. Taken together, the 

identification of TNFRSF19, MECOM and CDKN2A-CDKN2B as susceptibility loci suggest 

an important role for the TGF-  and JNK signaling pathways in the pathogenesis of NPC. It is 

also noteworthy that TNFRSF19, MECOM and CDKN2A-CDKN2B are all involved in 

leukemogenesis, suggesting that there could be a partially shared pathogenic mechanism 

between hematological malignancy and NPC. Finally, altered genes involved in the DNA 

double-strand repair pathway, such as RAD51L1, have been shown to be relevant, whereas a 

large-cohort validation analysis based on Hong Kong population confirmed that this pathway 

can be a potential risk factor for NPC [171].  

Histogenesis 

Comparative investigations made on pieces of nasopharyngeal mucosa obtained from Chinese 

donors living in endemic or non-endemic regions of China have shown striking differences. 

These differences are not related to EBV whose genome is consistently undetectable in non-

malignant nasopharyngeal mucosa regardless of the endemic or non-endemic context. The 

major difference is the detection of genetic alterations in nasopharyngeal epithelial cells from 
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individuals leaving in endemic regions. These alterations are mainly losses of heterozygosity 

(LOH) for tumor suppressor genes like CDKN2a  (9p21.3) and RASSF1 (3p21.3). These 

alterations occur in a context of limited alterations of cell morphology (except the usual 

metaplasia from cylindric to squamous epithelial differentiation). Another remarkable 

observation is that nasopharyngeal carcinomas in situ are rarely observed, especially 

carcinomas in situ with EBV infection, although a few cases have been reported. Overall, 

these observations have suggested a scenario characterized by a long stage of premalignant 

genetic alterations of the nasopharyngeal mucosa with LOH of tumor suppressor genes 

followed by a rapid progression towards invasive carcinoma following the infection of a 

unique cell affected by genetic alterations. Strong arguments in favor of this scenario have 

come from recent investigations on the in vitro alterations required for establishment of a 

permanent latent infection in primary epithelial cells.  

Today, EBV has been well described to contribute to the establishment of a malignant state 

under favorable conditions. In EBV-positive tumors, the virus has been found exclusively in 

all tumor cells, but not in normal nasopharyngeal epithelium surrounding the tumor, 

suggesting that EBV activation is involved in the pathogenesis of NPC. Analysis of pre-

invasive lesions showed that EBV is present even during the initial phases of the 

transformation [172]. Southern blot-based experiments back in 1986 showed that EBV-

associated epithelial malignancies are clonal expansions of a single EBV-infected progenitor 

cell [173]. Another study dating back to 1993 screened 26 nasopharyngeal biopsies from 

EBV-carrying Chinese Malaysians who had presented with clinical symptoms possibly 

indicative of NPC, but in whom histological analysis of an adjacent biopsy had revealed no 

evidence of tumor, finding out that 23 showing normal nasopharyngeal histology were 

consistently negative for EBV markers, while the other 3 cases were all positive and their 

biopsies revealed NPC cells [174]. This study concluded that EBV infection of the normal 

nasopharynx is not a regular feature of the virus carrier state. However, as mentioned by A. 

Hildesheim and C.-P. Wang, since EBV infection is nearly ubiquitous and NPC development 

rare, it is widely acknowledged that EBV infection is not sufficient to induce cancer and that 

other cofactors play an important role in NPC pathogenesis [161]. It seems that EBV infection 

is not the first step in the process of carcinogenesis, although being a very early one. This 

suggestion is further supported by the fact that, in areas with high frequency of NPC, 80-

100% of NPC cases present chromosomal losses in the 3p and 9p loci. These losses are found 

with the same frequency in EBV-related low-grade dysplastic lesions and in normal 
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NPC, an event suggested to promote mitotic progression and chromosomal instability [181, 

182]. This study highlighted these alterations as early events of immortalization, eventually 

turning premalignant nasopharyngeal epithelial susceptible to EBV infection and 

establishment of viral latency, as many of these genes are also targets of viral proteins, like 

LMP1 [183, 184].  

Somatic genetic and epigenetic alterations 

Apart from the already mentioned chromosomal losses, gene misregulations and genetic 

variation predisposing for NPC development, genomic analyses during the last 3 years have 

shed significant light on the extensive genomic alterations found in NPC and playing a role in 

disease establishment, immune evasion and progression. These works were based on whole-

exome sequencing, targeted deep sequencing and SNP arrays [185]. Additional chromosomal 

events include focal losses in regions 11q, 13q, 14q and 16q. Genes CDKN2A and CDKN2B 

previously mentioned to be lost (9p21.3), code for three tumor suppressors: p16INK4A, ARF 

and p15INK4B. Deletion of the first was demonstrated to be involved in NPC progression, as its 

forced re-expression resulted in cell-cycle arrest and blocked the tumorigenic interaction 

between cdk4/cdk6 and cyclin D1 [186]. The p16INK4A is a cyclin-dependent kinase inhibitor 

which inhibits the function of cyclin-dependent kinase and prevents phosphorylation of RB, 

resulting in the blockage of cell cycle progression from G1 to S phase. The p16 protein is 

largely responsible for the onset of replicative senescence in many types of human epithelial 

cells. Several genomic translocations have also been found in NPC, although at low 

frequencies, creating gene fusions and are summarized by Bruce et al (2015) [158]. Small-

scale genomic alterations like single-nucleotide variants (SNV) or small insertions and 

deletions (indels) exhibit a low frequency in NPC, nevertheless affecting key genes and 

pathways. Major examples include TP53, rarely mutated in NPC in contrast to most cancers, 

but found altered at the somatic level in one fifth of cases and genes implicated in chromatin 

modification pathways (ARID1A) and the oncogenic pathways related to PI3K and receptor 

tyrosine kinase [185]. Genomic aberrations at the level of the MHC class I genes in NPC were 

already discussed, but they were also found to correlate with a worst prognosis and poorer 

disease-free and overall survival [149]. 

Epigenetic events further contribute to deactivation of various tumor-suppressing genes, 

including some of the above mentioned (RASSF1, CDKN2A). The Wnt inhibitory factor 1 is 

reported to have a hypermethylated promoter in 85-90% of studied NPC cases, an event 

shown to promote clonogenic survival [187]. Cell adhesion molecule 1 (TSLC1) and Thy-1 



56 
 

cell surface antigen, found in the same locus (11q23) have also been identified as frequent 

targets of hypermethylation in NPC, with their inactivation concurring with enhanced 

metastatic potential, as found in lymph node metastases [188, 189]. NPC-related aberrant 

methylation patterns affect a variety of metabolic pathways, like cell invasion/migration, 

response to DNA damage, apoptosis and cell cycle regulation/proliferation. Interestingly, 

among the influenced gene targets implicated in these pathways we also find miRNAs, such 

as miR-148a (cell invasion/migration) and miR-218 (apoptosis) [190, 191]. MiR-31, a 

miRNA encoded within the same region (9p21.3) as CDKN2A/p16, was also recently found to 

be inactivated by promoter hypermethylation in NPC, promoting tumorigenesis [192]. Under 

normal conditions, this miRNA was shown to control cell growth by directly targeting FIH1 

and MCM2, involved in p53 inhibition and DNA replication licensing respectively. Finally, 

apart from DNA methylation aberrancies, histone modification is also altered in NPC, 

affecting various target genes. EZH2, a gene coding for a histone-lysine N-methyltransferase, 

is found upregulated in NPC, bearing an impact on angiogenesis, cell motility and survival 

[193, 194]. A recently published study by Ye et al (2016) shed significant light to the 

contribution of tumor miRNAs in tumor evasion via exosome-mediated delivery [195]. This 

group reproduced in vitro the microenvironment of an NPC tumor, by mixing malignant NPC 

cells with T-cells from healthy donors. In a paradoxal way, although NPC tumors are 

characterized by a highly inflammatory phenotype, with a heavy infiltration by non-malignant 

leucocytes, mainly T- but also B-lymphocytes as well as macrophages, dendritic cells and 

neutrophils, the immune escape is a fact. This is supported by the rapid proliferation of 

malignant cells, despite the consistent expression of EBV proteins known to induce an 

immune response, such as EBNA1 and LMP1 and 2, targets of CD4+ and CD8+ cytotoxic T-

cells [196]. The works of this group revealed a secretion and delivery of tumor exosomes 

carrying immunosuppressive factors which altered the behavior of T-cells. Most notably, 

exosomes delivered to T-cells miR-24-3p, which were internalized and decreased the 

expression of FGF11, conferring subsequent modifications in the ERK and STAT 

phosphorylation, reducing the proliferation of these cells. An observed decrease in the 

expression of interferon-  and IL-17 also provided evidence of a blocked differentiation.  

On the other hand, focal amplifications in some loci, such as 3q26.1, 11q13 and 12p13, lead 

to copy-number gains for genes with oncogenic potential [158]. Related oncogenes often 

amplified in NPC include CCND1, as mentioned above, in more than 90% of studied cases 

increasing proliferation, PIK3CA activating the PI3K/Akt pathway with reflection on cell 
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growth and survival in 70-75% of primary NPC [197, 198]. Furthermore, the lymphotoxin-  

receptor (LTBR) is often a target of amplification, directing towards an activation of the NF-

κB pathway for enhanced tumor growth and cell survival [199]. NF-κB pathway aberrations 

were studied in depth in a recently published work by the group of Kwok-Wai Lo in Hong 

Kong, China. This work demonstrated the pivotal role of the pathway in NPC pathogenesis, 

revealing consistent downregulation of multiple negative regulators of the pathway, as CYLD, 

TRAF3, NFKBIA and NLRC5, in 41% of studied cases [149]. Particularly mutations in CYLD 

were shown to play a substantial driver role in cell growth, as ectopic expression of the wild-

type gene blocked cell proliferation and reduced NF-κB transcriptional activity, inhibiting 

nuclear translocation of Bcl-3.    

Biological resources for NPC study 

The difficulty to derive tumor cell lines permanently propagated in vitro is variable depending 

on the type of malignancies. In contrast with other EBV-negative Head and Neck carcinomas, 

obtention of NPC cell lines propagated in vitro has proven to be extremely difficult especially 

when starting directly from clinical specimens. Even when some of these cells can grow in 

vitro, they tend to lose their EBV episomes after a few passages, although this type of event 

has never been well documented [200]. Currently there is only one in vitro EBV-positive NPC 

cell line, which was secondarily derived from an NPC PDX (C666-1). Patient-derived 

xenografts (PDX) as opposed to CDX (cell-derived xenografts) are xenografts serially 

passaged on immunocompromised mice. These xenografts are obtained directly from clinical 

tumor specimens without having been passaged in vitro. In the recent years, PDX have 

become very popular in the pharmaceutical industry and academic labs because they mostly 

retain the principal histological and genetic characteristics of their donor tumor and display 

the same sensitivity to therapeutic agents. They often remain stable across passages. These 

models have been shown to be predictive of clinical outcomes and are being used for 

preclinical drug evaluation, biomarker identification, biological studies, and personalized 

medicine strategies. In the case of NPCs, like for some other types of human malignancies, it 

is somehow easier to derive PDX than cell lines directly implemented in vitro. However, so 

far the success rate has been very low; one successful graft for about 100 attempts from 

primary tumors and 1 for 2 attempts from metastatic lesions. Therefore, so far, all existing 

NPC PDX have been concentrated in only two labs: KW Lo’s lab in Hong Kong and our lab 

in Villejuif. In addition, so far, it has proven very difficult to derive cell lines permanently 

propagated in vitro from these PDX. The C666-1 cell line is a remarkable exception. Very 
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recently, another cell line has been derived from C17 but is not yet available for all 

investigators (Pr G. Tsao personal communication). In this context, several authors have 

proposed another approach: they perform in vitro artificial EBV infections of EBV-negative 

cell lines which are presumed to be derived from NPC tumors (example of SUNE1). Our 

group is not enthusiast of this approach because these cell lines do not reproduce the 

phenotype of NPC cells. Both before and after EBV infection, they rather have the phenotype 

of differentiated squamous epithelial cells without the typical inflammatory markers of NPC 

cells (constitutive MHC class II expression, CD54, CD48, CD70, etc). This is in contrast with 

what is observed for C666-1. In the context of our work, we used the only globally used cell 

line of NPC, C666-1, that retains the viral genome independently of the number of passages, 

developed from a primary NPC tumor in Honk Kong [201]. Three PDX of poorly 

differentiated NPC developed in Gustave Roussy in the late ‘80s by Pierre Busson and 

colleagues were also used, all tested positive for EBV serological markers [202]. The first, 

named C15, was developed from a primary locally advanced tumor, characterized by a wild-

type p53 phenotype and bearing approximately 30 copies of the EBV genome per cell. The 

other two xenografts derived from metastases of NPC tumors, the C18 from a lymph node 

metastasis and the C17 from a cutaneous secondary tumor, previously treated for 2 months 

and 2 years respectively. The first is characterized by a p53 mutation, while the second lacks 

both alleles of the gene [203]. C18 bears 12 copies of the viral genome, whereas C17 only 3. 

The spectrum of EBV gene expression is not identical in these 3 cell lines. They have in 

common expression of EBNA1 and EBERs. The LMP1 protein is detected only in C15. EBV 

infection is tightly latent in C15 and C17 whereas lytic proteins, especially the BZLF1 protein 

are consistently detected in C18, although at a low level in baseline conditions [204]. 

Constitutive activation of NF-κB p50/p50/Bcl3 and p50/relB complexes is a characteristic 

feature of NPC cell phenotype. It is achieved in two different ways in C15 and C17; by 

expression of the viral LMP1 protein in C15 and by a missense mutation of the gene encoding 

TRAF3 in C17 [205]. The status of NF-B in C18 is not yet known. 
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Chapter 4: EBV and NPC pathogenesis 

- Historic data on EBV biology 

As previously said, the first etiological factor, distinguishing nasopharyngeal carcinoma 

among other types of cancer, is its consistent association with the presence of the Epstein-Barr 

virus (EBV). EBV was discovered in 1964, as Tony Epstein and Yvonne Barr identified 

herpesvirus particles by electron microscopy in a subpopulation of Burkitt’s lymphoma (BL) 

tumor cells in vitro. Old et al, two years later described BL antigen-specific antibodies in the 

serum of African patients, which recognized BL cell line-derived antigens [206]. Similar 

antibodies were subsequently detected in patients with post-nasal carcinomas, leading to the 

suspicion that similar viral particles might be found in those carcinomas as well. 

Immunofluorescence assays confirmed the presence of such antibodies against the viral capsid 

antigen (VCA) and the membrane antigen (MA) of EBV in NPC, as further serological 

analysis and DNA hybridization also confirmed these findings. Interestingly, Wolf et al in 

1973 found that EBV is detected exclusively in NPC cells and not in tumor-infiltrating 

lymphocytes [207], although their interaction with adjacent malignant cells appears to be 

crucial for tumor growth [179]. In 1985, a massive serological screening in Southern China 

showed that elevated titers of EBV antibodies can be found up to 41 months prior to clinical 

diagnosis of NPC, while there is an association between their levels and tumor stage, 

demonstrating their utility in early diagnosis [208]. This work was preceded by the full 

sequencing of the genome of EBV in 1984. In fact, EBV can be found in the vast majority of 

healthy people worldwide, exceeding 90% in adults, as the virus is not fully eliminated after a 

previous infection (American National Center for Infectious Diseases). It can be easily 

transferred by saliva, through kissing, use of eating equipment, as well as sharing food and 

drinks, or through genital secretions. Although infants can get infected by EBV within the 

first two years of their life, they rarely present symptoms of infection or, if present, the 

symptoms are mild and subclinical until the age of 8 months. Studies have revealed that, 

during that time, infants have persisting levels of maternal antibodies, containing the infection 

[209]. When infection by EBV occurs during adolescence, it abruptly causes infectious 

mononucleosis in approximately half of the cases. EBV is a member of the viruses of the 

herpes family, among the most common human viruses, mainly infecting B cells and 

epithelial tissues. Among other diseases, EBV was the first virus shown to cause cancer in 

humans and is associated with a wide range of human cancers originating from epithelial 

cells, lymphocytes and mesenchymal cells. Examples of EBV-related malignancies are 
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nasopharyngeal carcinomas, several types of lymphomas (endemic Burkitt’s Lymphoma 

(BL), more rarely Hodgkin lymphomas, centro-facial NK-T lymphoma, post-transplant 

lymphomas and AIDS-associated lymphomas), and approximately 10% of gastric cancers 

worldwide [210-213].  

- Viral and genomic structure 

EBV, also named Human Herpesvirus 4 (HHV-4), is one of the 8 members of the human 

Herpesviridae viral family, belonging to the subfamily of -herpesvirinae and the genus of 

lymphocryptoviruses. Its genome consists of a linear double-stranded DNA of approximately 

172 kilobase pairs (kbp), with a 60% Guanine (G) + Cytosine (C) composition, containing 

around 80 protein-coding genes. Both ends of the viral DNA contain a variable number of 

repeated non-coding sequences of 500 bp (called TR for terminal repeats). In addition, there 

are internal repeated sequences called internal repeats (major IR1 and minor IR 2–4). Ori-P is 

the replication origin of the viral genome used in the latent state of infection. The Ori-lyt are 

two replication origins used during the lytic infection. The genome is surrounded by a viral 

envelop. Apart from causing infectious mononucleosis and contributing to the development 

and proliferation of various cancers, EBV is also linked to some autoimmune diseases, like 

multiple sclerosis and lupus erythematosus [214, 215]. 

- Virus-cell interactions 

Like other herpesviruses, EBV causes lifelong infection following the primary infection. As 

mentioned above, the vast majority of adult humans (>90%) are healthy carriers of EBV 

regardless of their geographic origin. Its persistence in healthy subjects relies on three key 

features: (1) its capacity to continuously induce bursts of productive infections in various 

tissues, especially in the upper aerodigestive tract and more specifically in the tonsils, the 

salivary glands and possibly gingiva; (2) its capacity to achieve latent infection mainly in B-

lymphocytes, especially memory B cells in blood, bone marrow and lymphoid organs; (3) its 

sophisticated strategies of immune evasion [216]. The distinction between two major modes 

of virus-cell interactions is a key to understanding EBV biology [217]. (1) Latent infections 

are cellular infection modalities characterized by the absence of viral particle production, a 

restricted expression of viral genes (often less than 10 out of 80) and a circular configuration 

of the viral genome (Figure 12). (2) Lytic/productive infections are characterized by 

sequential or concomitant expression of most viral genes, abundant synthesis of linear viral 
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genomes and finally extracellular release of viral particles or virions in a context of 

mandatory cell death. 

 

Figure 12: The structure and configuration of the genome of the Epstein-Barr virus in 

connection with the latent and lytic forms of infection (graphic representation done and 

published by our group [218]). 

 

When the infected cell enters a state of latent infection the viral DNA is circularized by 

homologous recombination of the TRs (terminal repeats). Fused TRs with an identical number 

of repeats denote expansions of a single infected progenitor cell, thus used as measure of EBV 

clonality in EBV-positive tumors [173]. This circular form of the genome called episome is 

contained in the nucleus in combination with cellular chromatin but apart from chromosomes. 

The episomes are passively replicated by cellular DNA polymerases starting from the Ori-P 

origin of replication. During latent infection, most viral genes are silent. However, about 10% 

of them are consistently expressed (in blue in figure 12). Most of these genes encode final 

products — viral non-coding RNAs or proteins — with transforming properties. They are 

called “latent genes” whereas genes expressed only during lytic infection are called “lytic 

genes”. There is no topographical separation between the two categories of genes. As usual in 

virology, the phase of the lytic cycle which precedes viral DNA replication is called the early 

phase. As soon as the viral DNA pol starts the autonomous replication of the viral genome, 

lytically infected cells enter the late phase. Newly synthesized viral genomes are in a linear 

configuration. Viral proteins expressed at the very beginning of the early phase of the lytic 

cycle like BZLF1 and BRLF1 are encoded by immediate early genes. Early viral proteins are 

expressed at a more advanced stage. Many of them are involved in DNA metabolism, for 
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example, the viral thymidinekinase, DNAse and DNA polymerase. The EBV protein kinase 

(BGLF4; protein encoded by the Bam G leftward open reading frame 4) can phosphorylate 

various substrates. It is also one component of the viral particle (reviewed by Oker et al in 

2016 [218]). 

- Types of EBV latency 

A crucial aspect in EBV-related malignancies is the predominance of viral latency in the 

interaction between EBV and the host cells. This means that most viral genomes are silent in 

the vast majority of malignant cells. However, a small fraction of them are consistently 

expressed, coding for a handful of viral products and untranslated RNAs, most of them with 

proven oncogenic properties. Different patterns of expression of these products among EBV-

positive tumors have led to the definition of three types of EBV latency. Lymphoblastoid cell 

lines (LCLs), meaning peripheral B lymphocytes in vitro infected by EBV, are a model 

extensively used for the study of carcinogen sensitivity and DNA repair and their 

development demonstrated in an emphatic way the ability of EBV to immortalize human 

resting B cells and give rise to an actively proliferating B cell population [219]. In LCLs, 

every cell carries multiple copies of EBV episomes, expressing a 6 nuclear antigens (EBNAs 

1, 2, 3A, 3B, 3C and LP) and 3 latent membrane proteins (LMPs 1, 2A and 2B) [220, 221]. In 

addition to latent proteins, LCLs also exhibit robust expression of viral non-coding RNAs. 

These include the non-polyadenylated EBV-encoded small RNAs (EBERs) 1 and 2, 

expressed in all forms of EBV infection and EBV microRNAs. Up to date, 44 EBV-derived 

microRNAs have been identified, produced by two distinct loci of the viral genome. 

Transcripts from the BamHI-A region, originally referred to as BamHI-A rightward transcripts 

(BARTs), along with transcripts from the BamHI H rightward reading frame 1 (BHRF1) 

region encode miRNAs. This pattern of latency is referred to as the type III of viral EBV 

latency and is characteristic in the majority of EBV-associated lymphomas arising from 

immunosuppressed patients. However, Burkitt’s lymphoma (BL) biopsies revealed another 

pattern of expression, named type I. In this type, EBNA1 is the only protein expressed in a 

consistent manner, along with the EBERs and the BART transcripts (table 5). Variations in 

this type appear in 5-10% of BLs, concerning the additional expression of the BHRF1 

transcripts and the nuclear antigens EBNA3A, 3B and 3C [222]. The remaining type (type II) 

is an intermediate type of expression, identified in NPC and EBV-associated Hodgkin 

lymphoma (HL) biopsies [223-226]. In this type, apart from the expression of EBNA1, BART 

and EBER transcripts, there is a detection of LMP1 and LMP2A/2B. Although consistent in 
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II, EBNA1 transcription is driven from the TATA-less Qp promoter [227], and an alternative 

promoter, L1-TR, located in the terminal repeats is responsible for LMP1 expression [228]. 

- Contribution of viral proteins to carcinogenesis and immune evasion 

In the context of NPC, the few expressed viral proteins are crucial for maintenance of the viral 

episomes and contribute to tumorigenesis. EBNA1, the only protein expressed in all types of 

EBV infection and consequently in all EBV-associated tumors, is responsible for the 

maintenance of EBV episomes in dividing cells by interacting with their OriP. Furthermore, it 

can induce the expression of other viral genes by transcriptional activation of the Cp and the 

LMP promoters [229]. Besides, EBNA1 has an oncogenic function, as its knockdown in NPC 

cell lines reduced proliferation, while its ectopic expression in xenografts promoted tumor 

growth and expansion. It was also shown to modulate various signaling cascades, like tumor 

growth factor  (TGF- ), signal transducer and activator of transcription 1 (STAT1) and NF-

κB, favoring growth, survival, metastasis and angiogenesis. In NPC cells, EBNA1 induced the 

production of reactive oxygen species, in a way they caused DNA damage, as shown in B-

cells [230]. Finally, evidence suggests that it can also downregulate p53 through interaction 

with the ubiquitin-specific protease USP7, thus destabilizing p53 and reducing its 

accumulation in response to DNA damage [229].  

LMP1, although presenting a very heterogeneous expression pattern in NPC, has a 

multifaceted tumorigenic activity. This protein acts as a mimic of the tumor necrosis factor α 

(TNFα) receptor family members TNFR1 and CD40, altering TNF-responsive signaling 

proteins like TRAFs and the TNFR-associated death domain protein [231]. LMP1 expression 

achieved immortalization of rodent cells, while inhibiting differentiation in human epithelial 

cells [232]. It was shown to induce the expression of mitogenic receptors, such as the 

epidermal growth factor receptor (EFGR) and c-Met, as well as activating pro-growth and 

anti-apoptotic mediators, like survivin, NK-κB, PI3K/Akt and MAPK pathways [231]. These 

interactions promote cell proliferation and survival, while LMP1 was further shown to 

decrease expression of p16, already mentioned as often defective in NPC, by cytoplasmic 

sequestration of E2F4/5 and Ets2 transcription factors [233]. In addition, it was shown to 

promote angiogenesis through induction of hypoxia-induced factor 1α (HIF1α) and vascular 

endothelial growth factor (VEGF) [231]. Finally, numerous works have demonstrated the 

contribution of LMP1 to the tumor’s metastatic potential through a variety of mechanisms. 

Most notably, it increases epithelial-to-mesenchymal transition (EMT), increases the 

expression and release of matrix metalloproteinases through activation of NF-κB, specificity 
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protein 1, activator protein 1 and extracellular regulated kinase (ERK)-MAPK pathways, 

while it also induces the expression of DNA methyltransferases 1, 3a and 3b, resulting in an 

increased promoter methylation, one of which for E-cadherin [231, 234].  

LMP2A is consistently expressed in NPC, while LMP2B appears to be expressed in the 

absence of LMP1. Both proteins contribute to the oncogenic activity of infected cells, 

although their expression is not enough to transform normal cells alone. Transfection of 

human epithelial cells with LMP2A led to activation of several signaling cascades, including 

Notch, ERK, Syk, PI3K/Akt and Wnt/ -catenin [231]. Interestingly, LMP2A has also been 

suggested to block the switch from the latent to the lytic replicative cycle of EBV [235]. 

LMP2B on the other hand, also activates PI3K/Akt signaling and promotes cell motility by 

disrupting cellular adhesion. It also shares with LMP2A the ability to confer resistance to 

antiviral interferon (IFN) signaling in NPC cells through degradation of IFN-α, -  and -  

receptors [236].  

A product of the BART-coding region (BamHI-A fragment) is the protein BARF1. BARF1 is 

considered to be a lytic gene, since its expression is induced upon induction of the lytic cycle 

in Burkitt's lymphoma cell lines. However, it has been shown that, in epithelial pharyngeal 

cells, EBV undergoes brief lytic replication [237]. Seto et al (2015) detected its expression in 

NPC cells and described its rapid secretion to the extracellular medium [238]. It was later 

found to be a homolog of the human colony stimulating factor 1 (CSF-1) receptor, with 

tumorigenic potential through its effect on apoptosis inhibition, as it induces Bcl-2.  

Upon viral reactivation in NPC, several other lytic proteins have been detected and suggested 

to play a certain role in cell proliferation, migration and tumorigenicity. The EBV DNase 

(BGLF5) is an alkaline nuclease contributing to the generation and processing of linear viral 

genomes. Evidence shows that BGLF5 is involved in the repression of DNA repair 

mechanisms, enhancing genomic instability in human epithelial cells [239, 240]. The protein 

encoded in the same transcript coding for the BHRF1 miRNAs has also been detected in NPC 

biopsies and is another homolog of the human Bcl-2 protein, sharing its antiapoptotic 

properties [241]. 

- Viral non coding RNAs 

The fact that EBV ncRNAs are produced in all latency stages, while EBV protein expression 

is limited, suggests that ongoing expression of these RNAs contributes to the maintenance of 

viral latency. Exact functions for many of them remain unknown but emerging studies during 
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the last years progressively unveil their contribution. EBERs 1 and 2, the non-coding viral 

small RNAs of 167 and 172 nucleotides respectively, are less studied regarding their function. 

These transcripts can account for up to 1 million copies per NPC cell. Takada and colleagues 

have shown that their expression in the EBV-positive NPC line C666-1 promotes favors cell 

growth. This is done by interaction with the double-stranded RNA sensing toll-like receptor 3 

(TLR3) and consequently the transcriptional activation of the promoter of insulin-like growth 

factor-1 (IGF-1), thus leading to its release. IGF-1 expression has been confirmed in NPC in 

vivo [242]. EBV microRNAs are also very abundant in NPC, although the 4 miRNAs of the 

BHRF1 open reading frame are practically not detected in primary NPC [243]. BART 

transcripts were originally identified in the C15 NPC xenograft tumor (presented and used in 

the article 2) [244]. In the B95-8 strain of the virus, a big deletion is responsible for the 

absence of almost the entire BART region (figure 13C). However, this strain fully retains the 

ability to immortalize primary B cells in culture, implying that BARTs are not necessary for B 

cell transformation [245]. However, the fact that they are consistently highly abundant in 

latency II NPCs despite their dramatic variation in other cell types points towards a 

contributing role in NPC pathogenesis [246]. The entire BART locus is approximately 20 kbp, 

coding for longer ncRNAs (the BART transcripts family). For some of them their coding or 

non-coding potential remains controversial. The locus contains seven exons. BART miRNAs 

arise from the first four introns [246]. They are organized in two large clusters, encoding for 

the totality of BART miRNAs, except for the more isolated miR-BART2, which lies antisense 

to BALF5 gene, encoding for the viral DNA polymerase (figure 13C). Two TATA-less 

promoters, P1 and P2, upstream of exon 1 are responsible for the transcription of the BART 

RNAs. They are subject to regulation by a number of transcription factors, including Jun 

family members for P1 and C/EBP proteins for P2. Extensive promoter methylation has been 

shown to correlate with BART miRNA abundance in different types of cells [247] and the 

hypomethylation observed in NPC tumors may explain their increased abundance in this 

specific tissue [248]. Some of the studied BART microRNAs have been found to act 

complementarily to viral proteins, enhancing survival and proliferation, as well as immune 

evasion. Accumulating evidence on EBV miRNAs is constantly revealing their contribution 

to the establishment of viral latency by targeting viral and cellular factors involved in host cell 

growth, survival, signaling pathways, as well as host mechanisms inducing anti-viral immune 

response. BART miRNAs downregulate pro-apoptotic and tumor-suppressor genes of the host 

cell, promoting growth transformation of EBV-infected epithelial cells, also enhancing the 

metastatic potential of such carcinomas [249, 250]. BART miRNAs appear to target host 
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proteins p53 [251], Bcl-2 [252] and the outer mitochondrial membrane 22 homolog [253], 

thus acting in an anti-apoptotic way. Some of them are suggested to further influence immune 

response by targeting MHC class I-related chain B (MICB) [254], importin 7 [253] and Dicer 

[255]. Apart from host genes, BART miRNAs target a variety of viral proteins, thus 

regulating its expression in infected cells. LMP1 is targeted by ebv-miR-BART-1, -9, -16 and 

-17 [256], whereas ebv-miR-BART-22 targets LMP2A [257]. Other examples of viral targets 

of BARTs include BHRF1, BALF5, BZLF1/BRLF1, BNRF1 and BALF2, some of them 

targeted by more than one BARTs. It has been proposed that this self-regulation secures 

stabilization, maintenance and establishment of latency.  

 

Figure 13: Location and expression pattern of EBV miRNAs (from [258]). 

BHRF1 miRNAs on the other hand derive from introns of the BHRF1 locus, transcribed by 

the major latency promoters Cp and Wp (figure 13A). Latent Cp/Wp transcripts are 

alternatively spliced, leading to the production of the 4 BHRF1 miRNAs [259]. During the 

lytic cycle of EBV, an alternative promoter (BHRF1p) drives BHRF1 mRNA transcription, 

with studies showing a same kinetic behavior for miR-BHRF1-2 (5p and 3p) and BHRF1-3 

[259]. These findings suggest that these miRNAs can also be generated by Drosha-mediated 

cleavage of the BHRF1 lytic transcript. MiR-BHRF1-1, in the contrary, overlaps the lytic 

promoter, thus depending entirely on the Cp/Wp activity [260]. Both BART and BHRF1 

miRNAs have been shown to be upregulated upon viral lytic reactivation [261]. Studies on B 

cells showed that the loss of function of BHRF1 miRNAs negatively affects LCL outgrowth 
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and B cell immortalization, as well as cell cycle progression [262, 263]. In a recent 

publication, the group of Henri-Jacques Delecluse provided interesting information regarding 

the interaction between BHRF1 and the members of the miR-BHRF1 cluster, demonstrating 

their contribution to the inhibition of apoptosis. According to the model they proposed, miR-

BHRF1-3 facilitates the abundant expression of BHRF1 in the early stages of viral infection 

by negatively regulating PTEN. As a double consequence of this, there is an increase in cell 

cycle entry, thus allowing the creation of a cellular reservoir for the virus, while expression of 

BHRF1 favors the establishment of the virus in the cell, blocking apoptosis. On the other 

hand, after the establishment of transformation, miR-BHRF1-2 targets BHRF1 and 

downregulates it, facilitating long-term persistence of the virus in the host [264]. Preceding 

this work, Milian et al (2015) used murine cells and showed that BHRF1 locates in the 

mitochondria in normal growing conditions and under apoptosis-triggering conditions. Under 

glutamine starvation, BHRF1 upregulated the endogenous Bcl-2 and increased the G1 phase 

of the cell cycle. In the mitochondria, BHRF1 blocked the modulator pro-apoptotic BH3-only 

protein Bim, preserving mitochondrial integrity [265]. An extensive list of BART miRNA 

targets, as well as additional information regarding their biology and dynamics are presented 

by Rebecca Skalsky and Bryal Cullen in their chapter “EBV Noncoding RNAs”, published in 

Epstein Barr Virus Volume 2, by Springer [266].  

- EBV biomarkers for NPC 

The ubiquity of EBV in nasopharyngeal carcinoma and the consistent expression of some 

viral genes have made EBV a valuable source of biomarkers for diagnosis and monitoring of 

the disease. Apart from the already mentioned EBV antibodies, EBV DNA is released by 

cancer cells and can be detected in serum and plasma of NPC patients [267]. It is found in the 

form of linear fragments, likely reflecting apoptotic processes [268]. Its abundance in the 

circulation of NPC patients before treatment, as well as its rapid decrease following surgery, 

radiation or chemotherapy make it an attractive potential biomarker, more and more used 

complementarily for diagnosis and screening for NPC in high-risk populations. Post-treatment 

re-ascension of EBV DNA correlates with disease recurrence, thus qualifying it as a 

contributive tool for NPC surveillance (presented by Dennis Lo in the 2016 International 

GRC NPC Congress held in Hong Kong). However, a better harmonization of laboratory 

methods has to be achieved before EBV DNA becomes a standard NPC biomarker. 

Furthermore, some EBV-encoded factors detected in the circulation of patients with NPC, are 

also under investigation for their potential use. These include LMP1 and Bam H1 reading 
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frame proteins, as well as noncoding RNA molecules EBER1, EBER2, and BART 

microRNAs. RT-qPCR analyses from NPC patients versus healthy control subjects already 

suggest a correlation between the serum levels of miR-BART2-5p, miR-BART6-5p and miR-

BART17-5p and the status of the tumor, providing potential solutions for non-invasive 

monitoring and assessment of the disease. Our group has already published a study on plasma 

samples from NPC patients and control subjects, confirming the significant upregulation of 

miR-BART17-5p in NPC, while interestingly it co-purifies with a protein-rich fraction but not 

with exosomes [269]. 
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Article 1 

Plasma miR-200b in ovarian carcinoma patients: distinct pattern of 

pre/post-treatment variation compared to CA-125 and potential for 

prediction of progression-free survival. 
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Introductory comment 

The EXO-PLASMA project 

This work was published in September 2015 in the journal Oncotarget and is the result of the 

first year of this PhD, inspired by preliminary encouraging results obtained during the 

previous semester, in the context of my MSc internship in the same laboratory. Having set up 

a project named EXO-PLASMA, IGR2009/1501 from 2009, in collaboration with the Head 

and Neck Surgery Department and the Gynecological Surgery Department of Gustave 

Roussy, our group managed to create a collection of whole blood and plasma samples from 

patients operated and treated at Gustave Roussy for an ovarian or a nasopharyngeal 

carcinoma. Besides, this collection also includes patients who underwent surgery for a benign 

pelvic lesion and patients who benefited of a prophylactic ovariectomy or annexectomy, after 

having been tested positive for ovarian cancer predisposition. At the time of the article’s 

publication we had been able to enroll more than 200 patients in the EXO-PLASMA project, 

after securing a signed letter of consent by each one of them, mainly in collaboration with Dr 

Catherine Uzan. In this study, we used samples coming from patients bearing an ovarian 

carcinoma, patients with benign pelvic pathologies, such as fibroma, fibrothecoma, teratoma 

or ovarian cysts, as well as a control group consisted by healthy, disease-free women. The 

latter are not part of the EXO-PLASMA project, constituting a novel collection that I was able 

to create, in collaboration with Dr Busson and the Head of the Genetic Oncology department 

of Gustave Roussy, Dr Olivier Carron. This collection, numbering 100 subjects, includes 

plasma and, to a certain extent, whole blood from clinically healthy, cancer-free people (90% 

women) who were checked for mutations in the genes BRCA1 and BRCA2, predisposing, 

among others, for a breast and/or ovarian cancer, because of a charged family history. This 

collection aims to provide material for a future circulating miRNA analysis of a diagnostic 

nature. In the context of the present work, we used plasma samples from women tested 

negative for such mutations (wild-type BRCA1/2) and without any clinical signs of disease.  

Treatment of ovarian cancer 

As explained in the introduction, the major problem concerning the treatment of ovarian 

cancer is its diagnosis at a late stage, accompanied by existence of multiple metastatic lesions 

in the peritoneum, making its complete surgical excision almost impossible and leading to a 

poor prognosis. In the great majority of cases, epithelial ovarian cancer is detected at stages 

III and IV, where immediate debulking surgery is often not an option due to the extent of 
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cancer dissemination. Gustave Roussy, in contrast to many other health institutions, has 

included in the therapeutic strategy for the treatment of ovarian cancer the use of upfront 

chemotherapy. This feature, named neo-adjuvant chemotherapy, consists of a few (three to 

four in most cases) monthly cycles of chemotherapy, on the purpose of limiting the extent of 

the disease to a degree where complete macroscopic removal becomes possible. Following the 

initial onset of the symptoms and the results of an intravaginal echography and a CA125 

measurement pointing towards the existence of a malignant tumor at the level of the ovaries, a 

diagnostic coelioscopy is performed in order to provide the best possible assessment of the 

tumor burden, as well as a definitive diagnosis. Depending on its results, the doctors conclude 

on the number of neo-adjuvant chemotherapy cycles that will be administered to the patient 

and a treatment plan is set. Every cycle is accompanied by new imaging tests and CA125 

measurement for the evaluation of the response to the treatment. Following the completion of 

the neo-adjuvant cycles, an “evaluation” coelioscopy is performed in order to confirm a 

positive response and give the green light for a cytoreductive surgery. After the surgery and 

depending on its outcome (complete or incomplete macroscopic removal), the doctors set the 

number of “adjuvant” chemotherapy cycles to be administered. Depending on the type, the 

initial extent of the tumor and the outcome of the surgery, different combinations of 

chemotherapy can be selected. Chemotherapy for ovarian cancer is most often a combination 

of 2 or more drugs, given intravenously (IV) or, in some cases, intraperitoneally (IP) every 3 

to 4 weeks. Giving combinations of drugs rather than just one drug alone seems to be more 

effective in the initial treatment of ovarian cancer. The standard approach is the combination 

of a platinum compound, such as cisplatin or carboplatin, and a taxane, such as paclitaxel 

(commercially Taxol) or docetaxel (Taxotere). For IV chemotherapy, carboplatin is often 

favored over cisplatin because it has fewer side effects and is just as effective. After the end 

of the adjuvant chemotherapy, patients with epithelial ovarian cancer may benefit from 

maintenance chemotherapy, instead of observation alone. This term refers to the 

chemotherapy given to women who have achieved remission after initial surgery and 

subsequent adjuvant chemotherapy. The aim of maintenance chemotherapy is to prolong the 

duration of remission and improve the overall length of survival. Some studies indicate that 

maintenance chemotherapy can improve the time without cancer progression, while others do 

not show any effect. Although there is no solid evidence from clinical trials suggesting that 

this method is significantly beneficial for the patients, at Gustave Roussy maintenance 

chemotherapy was often selected for patients treated during the time of the EXO-PLASMA 

collection (2010-2015) and it mainly consisted of bevacizumab (sold as Avastin). 
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Bevacizumab is a recombinant humanized monoclonal antibody acting as an angiogenesis 

inhibitor, targeting the human vascular endothelial growth factor A (VEGF-A) [270]. When 

associated with platinum- and taxane-based adjuvant chemotherapy, this drug has been found 

to have a positive impact on the progression-free survival (PFS) of patients with advanced 

disease, although an impact on the overall survival (OS) has not been confirmed yet [271]. In 

case of a confirmed relapse, the patient has to restart platinum-based chemotherapy, which is 

often proved ineffective at that point.   

Major challenges in the treatment of ovarian cancer 

Today’s numbers suggest that 75% of the women may not have any evidence of disease at the 

end of this treatment. However, 75% of the women who respond to initial treatment will 

relapse within 18 to 28 months and only 20% to 40% of all women will survive beyond five 

years [133]. These data highlight the two major challenges emerging from the treatment of 

ovarian cancer: early diagnosis and post-treatment prognosis. The importance of early 

diagnosis can be depicted by the probability of complete cure compared to the degree of 

cancer dissemination. Stage I ovarian cancer, meaning that the tumor is limited at the ovaries, 

is completely cured in approximately 90% of cases [272]. In contrast, less than 20% of 

women with advanced ovarian cancer (stages III and IV) are cured. The cancer is generally 

diagnosed at stage IIIc, with an average 5-year survival of 39% (see table 6 below). At this 

point, there are large deposits of cancer cells on the surface of the spleen or the liver, having 

also spread to the lymph nodes. Although the disease responds to cytoreductive surgical 

resection and chemotherapy in 70% of such cases, less than 20% of women with advanced 

ovarian cancer can be cured (reviewed by P. Das and R. Bast Jr [273]).  
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FIGO Stage 5-year survival rate 

I 90% 

IA 94% 

IB 92% 

IC 85% 

II 70% 

IIA 78% 

IIB 73% 

III 39% 

IIIA 59% 

IIIB 52% 

IIIC 39% 

IV 17% 

Table 6: Invasive epithelial ovarian cancer survival rates (American Cancer Society, 

www.cancer.org) 

 

CA125 is the only tumor marker recommended for clinical use in the diagnosis and 

management of ovarian cancer. Although initially used to monitor patients previously 

diagnosed with ovarian cancer and not for screening, serum levels of CA125 can contribute to 

early diagnosis, as they were found elevated in up to 5 years prior to diagnosis of ovarian 

cancer in population-based studies [274]. Although it is elevated in 80-90% of women with 

epithelial ovarian cancer (EOC) after stage II, its sensitivity remains low for stage I EOC, 

ranging from 50% to 60% [275]. Another major issue of this biomarker is its limited 

specificity for EOC and ovarian cancer in general, as elevated concentrations can occur in 

several non-malignant and even non-gynecological diseases, such as peritoneal, pleural, and 

musculoskeletal inflammatory disorders as well as pelvic inflammatory disease, liver, and 

renal as well as cardiac disease [276]. CA125 levels can be elevated in the context of an 

inflammatory state, thus raising the probability of a false-positive diagnosis. Furthermore, 

CA125 is not expressed in pure mucinous tumors and is not useful among patients with this 

histological type of epithelial ovarian cancer [277]. These factors indicate the severe 

insufficiency of CA125 as a diagnostic biomarker in ovarian cancer and highlight the need for 

new, diagnostic tools. However, CA125 can be valuable for the detection of a relapse 

following treatment and temporary remission, as re-ascending levels in the serum correlate 

with disease recurrence in >90% of cases. Sadly, there is also a risk of a false remission 
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diagnosis, as up to 50% of patients with normalized levels of CA125 following chemotherapy 

(less than 35 U/ml) were found to have small volumes of persistent disease at second look 

operations (reviwed by R. Bast Jr [278]). The constant, often spectacular decrease of the 

biomarker after treatment makes it really difficult to accurately assess the quality of the 

response and to make a secure prognosis for the patient. Until now, an alternative to CA125 

has not been identified for screening and monitoring ovarian cancer or for use as a prognostic 

indicator.  

Goals of the study 

This study aimed to gather information from the few, for now, published works on circulating 

miRNAs and ovarian cancer, attempting to assess the potential of proposed miRNAs in 

reflecting a malignant state. Towards this direction, we compared the plasma concentration of 

miRNAs in ovarian cancer before treatment with healthy donor samples and benign pelvic 

cases, studying their sensitivity and specificity for cancer. Taking advantage of sequential 

samples, before and after treatment, we analyzed for the first time the evolution of circulating 

miRNAs during primary treatment, attempting a parallel assessment with the kinetics of 

CA125 and demonstrating the vast differences in their patterns of variation. Last, we went 

through an exhaustive analysis of clinical data, for a better evaluation of the diagnostic and 

predictive value of plasma miRNAs. Our results suggest that miR-200b exhibits particular 

specificity for the malignant phenotype, as well as significant correlation of its evolution 

through treatment with the progression-free survival (PFS) of the patient, demonstrating 

potential to complement CA125 for a more precise evaluation of the treatment outcome and 

the duration of remission, eventually allowing a faster intervention and better adapted follow-

up modalities. A surprising, paradoxal finding, worth further studying, is the fact that in some 

cases a reduction of the overall tumor burden caused by the treatment was accompanied by an 

increased plasma concentration of miR-200b.  
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Table 1: Candidate miRNAs selected for our experimental procedure. 

microRNA Material Type of aberration Reference 

miR-21 Plasma, Serum Increased [1, 2] 

miR-34a Serum Increased [1, 3] 

miR-200b Serum Increased [3, 4] 

miR-205 Plasma Increased [3, 5] 
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Table 2: Real-time PCR cycle conditions 

Process step Settings 

Polymerase Activation/Denaturation 95°C, 10 minutes 

Amplification 
40 cycles at 95°C for 10 seconds and 60°C 

for 1 minute, with a ramp-rate of 1.6°C/s 

Melting Curve Included 
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Table 3: Full name, accession number and Exiqon primers’ reference number of each of the 
studied microRNAs. 

microRNA miRBase Accession Number Exiqon Product Number 

hsa-miR-21-5p MIMAT0000076 204230 

hsa-miR-23a-3p MIMAT0000078 204772 

hsa-miR-34a-5p MIMAT0000255 204486 

hsa-miR-132-3p MIMAT0000426 204129 

hsa-miR-191-5p MIMAT0000440 204306 

hsa-miR-200-3p MIMAT0000318 206071 

hsa-miR-205-5p MIMAT0000266 204487 
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Figure 3: Plot of miR-200b versus CA-125 after log transformation: R
2
 = 0.0974 (N=51). 
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Table 4: Correlation between CA-125, miR-200b measured prior to treatment and age, FIGO 

stage in ovarian cancer patients (N=51). Reported p-values (Kruskal-Wallis test) are not 

corrected for multiple testing. 

 CA-125 

Median [Q1; Q3] 

miR-200b 

Median [Q1; Q3] 

Age (years)  <65  (N=29) 

  ≥65  (N=22) 

600.0 [190.0; 1652.0] 

1038.0 [119.0; 3058.0] 

p-value= 0.6345 

17.7 [10.0; 53.8] 

16.0 [1.5; 73.6] 

p-value= 0.4936 

Stage FIGO I, II (N=6) 

  III, IV (N=45) 

130.0 [49.0; 212.0] 

865.0 [211.0; 2858.0] 

p-value= 0.0119 

48.5 [1.5; 202.7] 

17.5 [6.3; 53.8] 

p-value=0.9301 
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Table 5: Individual fold changes in the concentrations of CA-125 and miR-200b in the 

samples collected before and after the primary treatment of OvCa patients (N=33). 

Patient 
CA-125 (U/ml) miR-200b (2

-∆∆Ct
) 

Concentration 
Fold 

change 
Concentration 

Fold 
change 

Exo 12* 10→34 x 3.4 18.4→53.1 x 2.9 

Exo 15 3058→20 1/153 14.5→6.7 1/2.2 

Exo 18 90→5 1/18 13.1→97.8 x 7.5 

Exo 25 2600→9.2 1/283 5.6→0.01 1/560 

Exo 35 313→6 1/52 53.1→58.2 x 1.1 

Exo 43 2819→41 1/69 30.3→250.0 x 8.3 

Exo 45 212→11 1/19 308.0→54.6 1/6 

Exo 49 211→7 1/30 17.5→24.9 x 1.4 

Exo 50 190→16 1/12 308.5→420.3 x 1.4 

Exo 51 184→18 1/10 53.8→3.0 1/18 

Exo 54 235→8 1/29 4.3→19.5 x 4.5 

Exo 58 600→30 1/20 74.6→0.04 1/1865 

Exo 59 10816→26 1/416 165.7→32.4 1/5 

Exo 64 2009→20 1/101 263.5→199.6 1/1.3 

Exo 69 20392→57 1/358 52.4→239.6 x 4.6 

Exo 72 1900→7 1/271 177.9→20.6 1/9 

Exo 74 31,4→6.7 1/5 50.0→7.3 1/7 

Exo 75 25→4 1/6 64.0→14.6 1/4.4 

Exo 79 2858→213 1/13 11.8→311.8 x 26.4 

Exo 85 8455→1600 1/5 58.2→136.8 x 2.4 

Exo 103 1264→10 1/126 14.4→22.0 x 1.5 

Exo 121 507→7.4 1/69 1.32→1.32 x 1 

Exo 122 4269→40 1/107 17.65→1.31 x 13.5 

Exo 129 3861→6 1/644 504.4→166.0 1/3.0 

Exo 130 625→3.2 1/195 27.7→104.9 x 3.8 

Exo 133 521.5→26 1/20 93.4→67.7 1/1.4 

Exo 140 81→8 1/10 0.1→0.3 x 3 

Exo 141 6900→41.6 1/166 480.0→480.6 x 1 

Exo 145 39→12 1/3 0.03→13.2 x 440 

Exo 153 130→31.6 1/4 4.6→48.2 x 10.5 

Exo 158 49→14 1/4 1.52→0.51 1/3.0 

Exo 169 141→8.2 1/17 202.7→4.4 1/46 

Exo 178 1015→110.3 1/9 4,89→2.06 1/2.4 

*The patients are named according to their order of induction in the project. 
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Article 2 

EBV-encoded BHRF1 microRNAs in nasopharyngeal carcinomas: Rare 

baseline expression and consistent induction in response to treatment 
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Introductory comment 

5-azacytidine and cancer 

This work is the result of collaboration with the American pharmaceutical company Celgene. 

Celgene has developed a new form of 5-azacytidine (or just azacytidine), which can be taken 

orally (commercially named CC-486). 5-azacytidine was first synthesized in 1964 [279]. It is 

a chemical analog of cytidine, a DNA and RNA nucleoside (figure 14). It was demonstrated 

to have a wide range of anti-metabolic activities when tested against cultured cancer cells and 

to be an effective chemotherapeutic agent for acute myelogenous leukemia (AML), along 

with its deoxy-derivative, 5-aza-β′deoxycytidine (commercially known as decitabine) [280].  

 

Figure 14: 2D chemical structure of 5-azacytidine 

 

They belong to the category of chemotherapeutic agents called antimetabolites. 

Antimetabolites are very similar to normal substances within the cell. When the cells 

incorporate these substances into the cellular metabolism, they interact with a number of 

targets within the cell to produce a direct cytotoxic effect that causes death of rapidly dividing 

cancer cells. At high doses, by its direct cytotoxicity to rapidly proliferating cells, 5-

azacytidine can result in cell death. Application of this feature has been confirmed in the case 

of rapidly proliferating abnormal hematopoietic cells in the bone marrow, while it has no 

toxic effects to cells which are under normal cell growth control. As a ribonucleoside, it is 

incorporated into RNA way more than into DNA. In contrast, 5-aza-2'-deoxycytidine is a 
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deoxyribonucleoside, so it can only be incorporated into DNA [281]. Thus, 5-aza-2'-

deoxycytidine has been shown to be at least 10-fold more cytotoxic than 5-azacytidine for 

cultured cells and animals [282, 283]. 5-azacytidine is an inducer of chromosome breakage 

and a mutagen, but also leads to inhibition of DNA, RNA and protein synthesis. In addition, 

enzymatic deamination of 5-azacytidine and 5-aza-2'-deoxycytidine yields 5-azauridine and 5-

aza-2'-deoxyuridine respectively. These compounds interfere with de novo thymidylate 

synthesis, adding to cytotoxicity [284].  

Nevertheless, azacytidine's anticancer effects are believed to be twofold. 5-azacytidine is a 

member of a class of drugs known as DNA "demethylating" agents. The other side of its 

action is demethylation, or more correctly interfering with the methylation of DNA. 

Methylation of DNA is a major mechanism that regulates gene expression in cells. In 

mammals, DNA methylation is almost exclusively restricted to the CG, or CpG dinucleotide, 

with the cytosines on both strand being usually methylated. Increased methylation of CpG-

rich regions (the so-called CpG islands) in gene promoters results in the blockage of their 

expression, hampering their transcription. Extensive methylation in these regions impedes 

binding of transcription factors, while it promotes binding of other proteins, known as methyl-

CpG-binding domain proteins (MBDs), which recruit other proteins, thus resulting in the 

“heterochromatinization” of the affected loci [285]. At dose levels low enough to avoid 

triggering cell death, incorporation of 5-azacytidine or 5-Aza-2'-deoxycytidine into DNA of 

cultured cells leads to rapid loss of DNA (cytosine-C5) methyltransferase (DNMT1) activity 

because the enzyme becomes irreversibly bound to 5-azacytidine residues in DNA [286]. 

After aza-nucleosides such as azacytidine have been metabolized to 5-aza-β′-deoxycytidine-

triphosphate, they can be incorporated into DNA and azacytosine can replace cytosine. 

Azacytosine-guanine dinucleotides are recognized as substrate by the DNA 

methyltransferases, instead of cytosine-guanine. This results in a covalent bond between the 

carbon-6 atom of the cytosine ring and the enzyme. The bond is normally resolved by beta-

elimination through the carbon-5 atom, but this latter reaction does not occur with azacytosine 

because its carbon-5 is substituted by nitrogen, leaving the enzyme covalently bound to DNA 

and blocking its DNA methyltransferase function [287]. In addition, the covalent protein 

adduction also compromises the functionality of DNA and triggers DNA damage signaling, 

resulting in the degradation of trapped DNA methyltransferases. As a consequence, 

methylation marks become lost during DNA replication [288]. Incorporation of 5-azacytidine 

into tRNA was also shown to inhibit tRNA methyltransferases [289], and to interfere with 
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tRNA methylation and processing leading to defective acceptor function of transfer RNA 

[290]. Since methylation also plays an important role in ribosomal RNA processing [291, 

292], effects of incorporation of 5-azacytidine on RNA function and stability are likely to 

account for much of its effect on protein synthesis. In cancer, high degrees of methylation are 

often observed, affecting promoters of "tumor suppressor genes" that regulate cell division 

and growth. When suppressor genes are blocked, cell division becomes unregulated, allowing 

or promoting cancer (examples of such genes and pathways are cited in the introduction). 

Cancers can be classified according to their degree of promoter DNA methylation (CpG 

island methylator phenotype, CIMP) [293]. By this process of demethylation, normal function 

to the tumor suppressor genes with hypermethylated promoters can be restored, thus restoring 

control over cell growth. The implications of both drugs in cancer treatment are further 

reviewed by Judith Christman [294].  

Celgene’s CC-486 is being tested as an easier to administer treatment for AML [295]. Since 

2014, there is an ongoing clinical trial (phase 2) for the use of CC-486 in patients with locally 

advanced or metastatic nasopharyngeal carcinoma having failed one to two previous 

regimens, including platinum-based chemotherapy. According to results presented at the 2016 

ASCO Annual Meeting, single-agent CC-486 was well tolerated in patients with recurrent 

locally advanced/metastatic NPC, with encouraging initial efficacy results [296]. Unofficial 

data suggest that approximately one third of enrolled patients had a positive response or at 

least stabilization of the disease. For Celgene, a major challenge is to predict at an early stage 

of the treatment, if the patient will eventually benefit from the drug, or if it will have no 

particular effect on the disease.  

5-azacytidine and EBV 

On the other hand, 5-azacytidine has been long suspected to induce, among other chemical 

compounds, the lytic/replicative cycle of the Epstein-Barr virus (EBV). In 2004, an original 

work by Chan et al (2004) provided evidence of extensive CpG demethylation in the genome 

of EBV, following administration of 5-azacytidine to biopsies from patients with EBV-

associated tumors, including NPC [297]. As the authors conclude: “the occurrence of 

demethylation at several loci and the hint that lytic gene expression may have been activated 

in one instance points to possible future therapeutic maneuvers. In particular, evidence that 

modest reversal of dense CpG methylation can facilitate promoter activation with histone 

deacetylase inhibitors (HDACi) suggests the possibility that combinations of DNA 

methyltransferase inhibitors and histone deacetylase inhibitors might bring about expression 
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of silenced genes”. Another work from Rodriguez et al (2001) suggested that 5-azacytidine 

treatment may partially cause a switch towards the lytic cycle by inducing the expression of 

the immediate-early lytic gene BZLF1, producing the Zta protein (also called “Z,” “ZEBRA,” 

or “EB1”) [298]. The transition from viral latency to productive lytic infection is actually 

orchestrated by two ‘immediate-early’ genes [299], BZLF1 and BRLF1, which encode the 

transcription factors Zta and Rta (also called “R”), respectively. The former is a homolog of 

the activating protein 1 (AP-1) transcription factor family [300] and is a master regulator of 

the switch needed to induce the lytic phase of the EBV life cycle in latently infected B cells 

[301]. BZLF1 plays a key role in the switch from latent infection to lytic cycle producing new 

virions. It acts as a transcription factor, inducing early lytic cycle genes, and as an origin 

binding protein for genome replication. It activates the promoter of another EBV gene 

(BSLF2 + BMLF1). During latency, the viral lytic genes presumably are repressed by host-

driven methylation of viral DNA, heterochromatin formation, and/or cellular transcriptional 

repressors [302]. In the switch from the latent to the lytic phase of the EBV life cycle, BZLF1 

overturns this epigenetic silencing of the latent EBV genome. BZLF1 and BRLF1 activate 

one another’s promoter and their cooperation is required for optimal activation of many lytic 

viral promoters [303]. BZLF1 preferentially activates these promoters when they are 

methylated, whereas BRLF1 is more active on unmethylated promoters [304]. Therefore, they 

cooperate to induce lytic activation, no matter if the viral genome is methylated or 

unmethylated.  

The concept of cytolytic viral activation in the treatment of EBV-associated NPC is not a 

recent idea, dating back to the 1970s. Like for all Herpesviridae, production of viral particles 

is automatically associated with the death of cells infected by EBV. This is the reason why the 

productive cycle - as opposed to the state of latent infection - is often called the lytic cycle 

[217]. One hurdle for that strategy was the fact that the state of latent infection is generally 

very stable. In addition, in most cases it is difficult to go beyond partial reactivation with 

expression of some proteins of the lytic cycle like the immediate-early BZLF1 transactivator. 

On the other hand it was recognized that, in many cases, even partial reactivation is sufficient 

to block cell growth [305]. This intrinsic cytotoxic effect of partial reactivation, the possible 

induction of the expression of viral enzymes capable to of metabolizing a pro-drug and the 

wish to enlarge the range of viral targets for the immune system are currently the main 

incentives to investigate the induction of the viral lytic activation as a therapeutic approach 

[306]. 
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Aims of this project 

One key question regarding CC-486 is how to select at a very early stage of the treatment the 

patients who will benefit from this drug. In other words, how to set up a companion assay that 

will help to predict the likelihood and magnitude of the clinical response after only a few days 

of treatment. Our group had a strong belief that circulating viral microRNAs might be useful 

to progress towards this goal. Several publications suggest that malignant cells sensitive to 

demethylating agents undergo substantial changes in the profile of their microRNAs. For 

example, in collaboration with KW Lo’s group in Hong-Kong, the group has demonstrated 

that 5-aza-β′deoxycytidine restores the expression of the cellular tumor suppressor 

microRNA, miR-31. This microRNA is silenced in most NPC tumors by hypermethylation of 

the promoter of its host gene LOC554202 [192]. Another group has shown that 5-aza-

β′deoxycytidine triggers or enhances expression of viral microRNAs in latently EBV-infected 

B-cells [247]. On the other hand, we have demonstrated in xenografted mice as well as in 

NPC patients that at least a fraction of tumor microRNAs is released by malignant cells in the 

extracellular medium and can diffuse to the blood stream [269, 307]. Our hypothesis was that 

profiling of tumor microRNAs in the blood of NPC patients treated with CC-486 could 

become a useful approach for an early assessment of the tumor response. We believe that 

microRNAs encoded by the Epstein-Barr virus genome – BHRF1 and BART clusters - are of 

special interest because they are almost 100% specific of the tumor cells. Thus, the aims of 

this project were: 

1) To investigate whether treatment of NPC cells with CC-486 induces a switch towards 

the lytic cycle or ectopic expression of latency III proteins (western blot detection of BZLF1, 

EBNA1, EBNA2 and LMP1 in NPC cells or tumor extracts), 

2) To investigate the changes in the profile of BART and BHRF1 microRNAs potentially 

induced by treatment of NPC cells and tumors with CC-486, 

3) To investigate the changes in the profile of BART and BHRF1 microRNAs in plasma 

samples from mice bearing C15, C17, C18 and C666-1 tumors or from NPC patients under 

treatment with CC-486. 

4) To extend this study on other chemotherapeutic drugs, already used in clinic, in order 

to see their potential effect on the expression of viral microRNAs and assess the potential of 

the latter to be used as response-sensitive biomarkers in these types of treatment. 
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Note: The following is a provisional version of the article that will be submitted in a few 

months. As it is cited in its discussion, we are currently working on supplementary assays, 

both in vitro and in vivo, aiming to validate induction of BHRF1 miRNAs by various 

therapeutic approaches and not only 5-azacytidine. In addition, we have established 

communication with the Head and Neck department of Gustave Roussy, which will provide 

blood samples from NPC patients receiving chemotherapy or combined chemoradiotherapy, 

in order to directly assess this hypothesis in real patients.  
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Abstract 

Nasopharyngeal carcinoma (NPC) is a disease with a unique geographical distribution, 

consistently associated with latent EBV infection. Although its viral and non-viral 

mechanisms of oncogenesis are not fully understood, significant improvements have been 

achieved in its management. However, biomarkers are urgently needed for better assessment 

of the treatment efficacy. Currently in trials, 5-azacytidine has shown promising results in a 

subset of patients. Looking for potential biomarkers to assess early response, we focused on 

its impact on viral proteins and miRNAs in NPC-xenografted mice. We discovered an early 

de novo induction of BHRF1 miRNAs, detected in both tumor and plasma, proportionally 

correlated with drug dose and clinical response. A post-treatment induction of the BHRF1 

mRNA was also recorded. A modest concomitant increase in the expression of the BZLF1 

protein was observed in only one case, suggesting that the induction of the BHRF1 miRNAs 

is somehow independent of lytic viral reactivation. BHRF1 miRNAs were also detected in 

tumor and plasma of mice treated with standard therapeutic agents. Overall, our data indicate 

that de novo expression of BHRF1 miRNAs can be induced in NPC cells by various treatment 

modalities and their detection in the plasma could become a biomarker indicative of a 

favorable outcome early after the onset of a novel treatment. This is one of the first 

illustrations of the concept of using changes in plasma microRNAs as surrogate markers of 

the early tumor response to therapeutic agents.  

Introduction 

Nasopharyngeal carcinoma (NPC) is an 

epithelial tumor mostly poorly 

differentiated, arising from the epithelial 

lining of the superior part of the pharynx. It 

belongs to the group of head and neck 

cancers, exhibiting however a unique 

geographical pattern of distribution. It is a 

rare malignancy in most parts of the world  

 

[1], but with a high prevalence in 

Southeast Asia and North Africa, reaching 

a maximal incidence of 25 cases in 100000 

people in the province of Guangdong, in 

China [2]. The principle causative factors 

of NPC are environmental, genetic and 

viral. Nasopharyngeal carcinomas are 

constantly associated with EBV infection, 

mailto:pierre.busson@gustaveroussy.fr
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regardless of their geographic origin [145]. 

The viral genome is conserved at a latent 

episomal form, expressing only a handful 

of proteins, but with a robust production of 

non-coding viral RNAs, like the small 

RNAs EBER1 and EBER2 and EBV 

miRNAs. Up to date, 44 miRNAs have 

been identified to be produced by EBV. 

They emerge from two distinct loci of the 

EBV genome, BART (40 miRNAs) and 

BHRF1 (4 miRNAs). Viral miRNAs 

present different patterns of expression, 

varying among EBV-associated 

malignancies and viral latency types [4]. In 

epithelial malignancies (NPC and EBV-

related gastric carcinomas), the BART 

miRNAs are very abundant, accounting for 

at least 10% of the infected cell’s miRNAs 
[5]. On the contrary, there is a consensus 

about the absence of BHRF1-derived 

miRNAs in EBV-infected epithelial cells. 

In contrast, in EBV-infected cells of 

lymphoid origin, BHRF1 miRNAs are 

usually well detected whereas expression 

of the BART microRNAs is at a lower 

level [5-8]. BHRF1 miRNAs are located 

within the 5′ and γ′ untranslated regions of 
the BHRF1 gene that lies downstream of 

the Cp/Wp and upstream of the Qp 

promoter [9]. Prompted by ongoing 

clinical trials with 5-azacytidine for 

relapsed nasopharyngeal carcinoma, we 

attempted a study of the impact of the drug 

on the viral miRNome. 5-azacytidine is a 

demethylating agent, already used in cases 

of acute myeloid leukemia (AML) and has 

been previously suspected to induce the 

lytic cycle of the virus via upregulation of 

the immediate-early lytic gene BZLF1 in 

EBV-positive Burkitt’s lymphoma cells 
(reviewed in [10]). We treated 4 NPC in 

vivo models (3 patient-derived xenografts 

and the culture-derived derived xenograft 

C666-1) with 5-azacytidine and we 

assessed the expression of tumor and 

plasma EBV miRNAs, in parallel with 

treatment efficacy. Some markers related 

to the entry in the lytic cycle were 

investigated in the same experimental 

setting.  Finally, treatments based on 

conventional chemotherapy were carried 

out, both in vitro and in vivo, to compare 

their effects to those of the demethylating 

agents. Our results revealed a de novo 

expression of the BHRF1 miRNAs, 

detected in both tumor and plasma of mice, 

following treatment with 5’azacytidine and 
standard chemotherapeutic components. 

The degree of induction reflected drug 

dose and clinical response, suggesting that 

detection of these 4 miRNAs in the plasma 

could be a very early sign of positive 

response. In at least one NPC model (C15), 

the induction of the BHRF1 microRNAs 

was observed in the absence of any 

modification suggestive of an entry in the 

lytic cycle.  

Materials and Methods 

Cells and xenografts 

We developed 4 distinct tumor models, 

using a cell culture of the EBV-positive 

NPC cell line C666-1, derived from a 

biopsy of a primary tumor, consistently 

harboring approximately 12 copies of the 

EBV genome per cell [11, 12] and 3 

patient-derived xenografts (PDX) from 

patients bearing nasopharyngeal 

carcinoma. The cell line was cultured in 

RPMI-1640 medium (Gibco, Life 

Technologies, Inc), supplemented with 

7.5% fetal calf serum (FCS), 25 mM of 

HEPES, βmM of glutamine and 5 µg/mL 
of gentamycin, at γ7°C and 5% COβ. The 
cells were resuspended in culture medium, 

mixed with an equal volume of  

Engelbreth-Holm-Swarm (EHS) mouse 
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sarcoma-derived Matrigel (Sigma-Aldrich) 

and injected subcutaneously into Swiss 

nude immunocompromised mice at a load 

of β million cells in β00 µL total load per 

mouse (project number 1605-

201509021649, approved by the ethics’ 
committee). The mice were purchased 

from the Gustave Roussy pre-clinical 

evaluation platform, after validation of the 

project by the ethical committee of 

Gustave Roussy. The 3 PDX models used 

were developed and characterized by 

Busson et al (1988) [13] and are 

designated as C15, C17 and C18. They 

host approximately 30, 3 and 12 copies of 

the EBV genome per cell and were 

obtained from a primary advanced 

nasopharyngeal tumor before treatment, a 

cutaneous metastasis of a NPC after 2 

years of treatment by radiotherapy and 

systemic polychemotherapy and a cervical 

lymph node after 2 months of 

polychemotherapy respectively. They had 

been conserved as tumor fragments in 

liquid nitrogen and an amount of 150 mg 

was engrafted into each mouse. Both 

xenografts and cells needed a mean time of 

2-3 weeks following tumor engraftment or 

cell injection respectively in order to give 

tumors eligible for treatment. 

Treatment   

Oral 5-azacytidine, commercially named 

CC-486, was provided by Celgene (San 

Francisco, CA, USA) in glass vials 

containing the drug in powder, protected 

from light. All tumor models were treated 

by everyday intraperitoneal (IP) injections 

of CC-486 dissolved in sterile PBS. Three 

treatment conditions were applied (PBS 

alone, 1 mg/kg and 2 mg/kg of 5-

azacytidine), each one on 5 mice for every 

tumor model. The body weight and the 

tumor dimensions were measured for each 

mouse every 3 days. Tumor burden was 

defined by measuring the bigger dimension 

(L) and the smaller (l) and applying the 

type: L(l2)/2. Tumor progression was 

defined in comparison to the initial burden. 

At day 15, 1 ml of blood was taken by 

direct intracardiac puncture under general 

anesthesia (isoflurane inhalation) and 

transferred to EDTA tubes (KABE 

Labortechnik) and the mice were sacrificed 

right after. From each treatment condition, 

among the 5 mice, 3 were used for 

subsequent analysis: the one with the 

largest tumor, the one with the smallest 

and a third with an intermediate size. The 

tumors were dissected into small 

macroscopically non-necrotic fragments 

and immediately stored in liquid nitrogen. 

The blood was directly processed for 

plasma isolation by centrifugation at 1700g 

and at 4°C for 15 minutes. The plasma was 
transferred in Cryotube vials and stored at -

80°C. Plasma samples were used for 
circulating microRNA extraction and 

tumor fragments for separate extractions of 

total RNA and proteins. For every tumor 

model, the treatment was later repeated 

following the exact same procedure, this 

time for one week (sacrifice at day 8), for 

validation of selected targets. Other 

treatments used include cisplatin and 

paclitaxel administered by intraperitoneal 

injections every 3 days, at 2 mg/kg and 15 

mg/kg respectively for two weeks. For the 

mice which received a combination, 

paclitaxel was administered one hour after 

cisplatin. In the in vitro treatment we also 

tested 0.1 µM and 0.γ µM of 5-aza-

β′deoxycytidine (5azaD), the deoxy-

derivative of 5-azacytidine, as well as 0.3 

µM, 1 µM, γ µM and 10 µM of 5-

azacytidine (5aza). 
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RNA extraction  

Circulating microRNAs were extracted 

from β00 µl of plasma, using the 

miRCURY RNA Isolation Kit for 

Biofluids (Exiqon). During the procedure, 

the plasma was supplemented with 1 µg of 
carrier MS2 phage genomic RNA (Roche) 

per sample, in order to improve microRNA 

yield, according to the manufacturer’s 
protocol. Total RNA was extracted from 

tumor fragments of 50-70 mg following 

the TRI Reagent® protocol (Molecular 
Research Center, Inc.), an improved 

version of the classic single-step method 

using phenol, guanidine thiocyanate and 

chloroform. Every tumor fragment was 

immediately placed in 1 ml of cold TRI 

Reagent® and homogenized with Qiagen’s 
TissueRuptor (handheld rotor-stator 

homogenizer). The final RNA 

concentration of plasma and tissue RNA 

extracts was measured with a 

Nanodrop2000 spectrophotometer. All 

RNA extracts were eluted in 50 µL of 
nuclease-free H2O and stored at -80°C. 

RT-qPCR and data analysis 

Viral microRNAs from tumor and plasma 

extracts were assessed by two-step RT-

qPCR on Exiqon’s custom-made qPCR 

plates with pre-fixed primers (Pick-&-Mix 

microRNA PCR Panels), including some 

human miRNAs as a pool of candidate 

endogenous references (hsa-miR-103a-3p, 

hsa-miR-190a-5p, hsa-miR-31-5p, hsa-

miR-191-5p, hsa-miR-429-3p and hsa-

miR-200b-3p). The global EBV miRNA 

analysis was performed at Exiqon 

headquarters, in Vedbaek, Denmark. After 

data analysis, the qualified miRNA 

candidates were validated in Gustave 

Roussy by two-step RT-qPCR. 

MicroRNAs were reverse-transcribed to 

cDNA with Exiqon’s Universal cDNA 
Synthesis kit II, designed for selective 

reverse transcription of mature miRNAs, 

while reverse transcription of mRNAs was 

performed with Eurogentec’s Reverse 
Transcriptase Core Kit 300. In both cases, 

we used 10 ng of RNA per 10 µl reaction. 
For miRNA detection and quantification 

we used SYBR-based qPCR, with 

Exiqon’s ExiLENT SYBR® Green Master 
Mix kit, supplemented with ROX passive 

reference dye (Sigma-Aldrich), as well as 

Exiqon LNA primer sets for viral and 

human miRNAs. Mean values of three 

human miRNAs (miR-103a-3p, miR-191-

5p and miR-200b-3p) and the snRNA U6 

were used as endogenous references for 

results’ normalization in the two-week 

treatment and the one-week treatment 

assays respectively. For the detection of 

viral mRNA transcripts we used a 

TaqMan-based approach, with 

Eurogentec’s Takyon ROX Probe βX 
MasterMix dTTP blue. Primers and probes 

for the detection of EBNA1, BZLF1 and 

latent BHRF1 transcripts were designed as 

shown in the supplementary data of Kelly 

et al (2009) [14] and bought from 

Eurogentec. For the normalization of the 

results we used the GAPDH Control kit 

Yakima Yellow® - Eclipse Dark 

Quencher® of Eurogentec. 

Every reaction generates a Ct value, 

reflecting the cycle threshold of the 

detection of a given target, meaning the 

amplification cycle during which the 

detected SYBR fluorescence exceeds the 

background noise. We performed 40 

amplification cycles and the number 40 

was attributed as the Ct of the reactions 

where the target was not detected at the 

end. The higher the value of the generated 

Ct, the lower is the expression of the 



107 
 

target, as the detected fluorescence 

emerges later due to the lower initial 

abundance of the target. All sample 

reactions were carried out in duplicates and 

the mean Ct value of every sample was 

normalized with the ΔCt method, using the 
reference targets mentioned above. To 

determine the relative abundance of a 

given miRNA in a sample, compared to a 

control group we used the 2-ΔΔCt value 

[15]. Baseline expression of the viral 

miRNAs (figure 1b) is presented in 2-ΔCt 

values, as the Ct of every target miRNA 

was normalized for a given sample by the 

mean Ct of miR-103a-3p, miR-191-5p and 

miR-200b-3p. Upon analysis of the 

treatment results, the data are presented as 

expression changes compared to the 

control group. For each sample, plasma or 

tumor, the ΔCt generated by the above 

mentioned normalization was further 

normalized by the ΔCt of the control group 

(PBS alone). The final 2-ΔΔCt value 

represents the fold-change in the 

expression compared to the control. The 

presented 2-ΔCt and 2-ΔΔCt values have been 

rounded up to two decimals. 

Protein analysis and Western blotting 

For protein analysis, tumor fragments of 

the same samples were homogenized as 

described for RNA extraction, in 1 ml of 

RIPA buffer supplemented with Complete 

Protease Inhibitor cocktail (Roche). After 

homogenization, the samples were 

sonicated and the protein concentration 

was defined using the Bradford assay. 

Western blot analysis was done for the 

expression of BZLF1, BHRF1, EBNA1, 

EBNA2, LMP1 and GAPDH using B95-8 

marmoset-derived cells infected by EBV 

and treated with phorbol-ester (TPA) for 

induction of the lytic cycle as a positive 

control. β0 µg of total protein extract were 

charged per sample. We used mouse 

monoclonal antibodies, which are listed 

below: for BZLF1, Santa Cruz 

Biotechnology, catalog number sc-53904 

(1:200 dilution), for BHRF1 Millipore, 

catalog number MAB8188 (1:500 

dilution), for EBNA1 Santa Cruz 

Biotechnology, catalog number sc-81581 

(1:200 dilution), for EBNA2 Abcam, 

catalog number ab9054γ (1.5µg/mL 
dilution), for LMP1 Abcam, catalog 

number ab7811γ (1.5µg/mL dilution) and 
for GAPDH Santa Cruz Biotechnology, 

catalog number sc-47724 (1:10000 

dilution). A sheep anti-mouse antibody 

from GE Healthcare linked with 

horseradish peroxidase was used as a 

secondary antibody at a final dilution of 

1:10000. Analysis and quantification of the 

blots was done with ImageJ, calculating 

the optical density of the protein of interest 

and the GAPDH and generating their ratio. 

Results 

Viral miRNA expression in NPC 

Before testing the effects of 5-azacytidine, 

we evaluated the baseline expression of 

EBV microRNAs in the 4 NPC tumor 

models. For each tumor model, the 

abundance of viral microRNAs was 

assessed in tumor extracts and plasma 

samples from the corresponding tumor-

bearing mice, first in the absence of any 

treatment. As endogenous references, we 

used three cellular microRNAs with 

minimal variations through all 4 tumor 

models (miR-191-5p, miR-103a-3p and 

miR-200b-3p). As expected, we detected 

all 40 BART microRNA species in the 4 

NPC models with a particularly intense 

expression in C15 and C666-1 and a lower 

expression in C18 and C17. In contrast, the 

BHRF1 miRNAs were undetectable except  
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at a very low concentration in the C18 

tumor extract (Figure 1a). The plasma 

analysis confirmed previous works of the 

group, proving the liberation and detection 

of EBV BART miRNAs in the plasma of 

individuals or animals bearing NPC tumors 

[16]. Their abundance in plasma samples 

was congruent with the one in tumor 

extracts, with high concentrations in the 

circulation of C15 and C666-1-bearing 

mice and a low concentration for C17- and 

C18-engrafted mice. Again, the BHRF1 

miRNAs were undetectable except at a low 

level in plasma samples from C18 mice 

(figure 1b). Interestingly, there seems to be 

a correlation between the expression of 

BART miRNAs and the stage of the tumor, 

with a much stronger expression of BART 

miRNAs in primary NPC tumors, as 

compared to metastatic disease. 

Changes in miRNA profiles related to 

treatment efficacy 

We tested the effect of 2 doses of 5-

azacytidine (1 mg/kg and 2 mg/kg), 

administered daily, versus PBS alone. 

After 2 weeks of treatment, C15, C666-1 

exhibited a visible positive response to 5-

azacytidine, showing either a stabilization 

of the tumors, in the case of C15, or even a 

regression during the second week, as seen 

in the case of C666-1 tumors (figure 2a). 

C18 exhibited a decrease in the tumor 

progression, but to a much lesser extent. 

On the other hand, C17 tumors proved to 

be resistant to the drug, with no change in 

tumor progression. The clinical image of 

the tumors revealed a response in a dose-

dependent manner, as 2 mg/kg were more 

effective than 1 mg/kg.  Analysis of the 

miRNA panels revealed a mild impact of 

the treatment on the expression of the 

BART miRNAs. We observed no 

significant upregulation or downregulation 

of their expression superior to 5-fold or 

inferior to 0.2-fold respectively, as 

compared to their baseline profiles (see 

figures 1a-1d in supplementary data). Most 

notable changes in BARTs were a 

progressive and substantial decrease in the 

expression of miR-BART20-5p, seen in 

treated C15, C666-1 and C17, as well as a 

spectacular decrease of miR-BART13-5p 

in treated C666-1 and C17. Interestingly, 

C15 presented a robust upregulation of this 

miRNA (superior to 150-fold for both 

doses). Overall, C15 and C666-1 exhibited 

a discreet but general reduction in the 

expression of BART miRNAs. C18 tumors 

had the opposite response, as the majority 

of BART miRNAs were upregulated 

between 2- and 4-fold in both treatment 

modalities. On the other hand, C17 tumors, 
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lytic form of viral expression by activating 

other early lytic genes, thus resulting in the 

production of new virions through a 

cascade of viral gene activation [18]. 

Tempted by the already seen induction of 

BHRF1 miRNAs, also expressed 

throughout the lytic cycle, we studied the 

expression of BZLF1, EBNA1 and BHRF1 

at the protein level. BHRF1 is an early 

lytic gene, producing a Bcl-2 homolog, 

which acts in an oncogenic way by 

blocking the induction of apoptosis [19]. 

Since the transcript coding for BHRF1 

contains the precursors of the BHRF1 

miRNAs, we hypothesized that a detection 

of the miRNAs would be accompanied by 

expression of BHRF1 itself. However, a 

progressive increase of BZLF1 expression 

was only detected in the cases of treated 

C666-1 and C18 tumors, already 

presenting a weak expression of BZLF1 

without treatment (figure 4a). C15 and C17 

did not show any expression of BZLF1, 

with or without 5-azacytidine 

administration (see figures 2a-2d in 

supplementary data). Interestingly, only 

the models with readily detectable baseline 

expression of BZLF1 were affected by the 

drug. No specific variation of EBNA1 was 

seen upon treatment with 5-azacytidine. A 

de novo expression of the BHRF1 

messenger RNA (mRNA) was seen in all 

treated tumors, in a highly similar way 

with the previously seen induction of 

BHRF1 miRNAs. As expected, C17 did 

not express the transcript neither before, 

nor after treatment (figure 4b). 

Intriguingly, we were not able to confirm 

the induction of BHRF1 at the protein level 

(figure 4a). These results, taken together 

with the induction of BHRF1 miRNAs and 

the homogeneous variation of the BART 

miRNAs lead to the conclusion that 5-

azacytidine alters the established viral 

latency in NPC tumors, seemingly causing 

a switch towards type III latency and lytic 

reactivation. C18 appears to bear a 

different pattern of latency, as compared to 

the other tumors. However, the induction 

of BHRF1 miRNAs seems to be 

independent from the onset of the viral 

lytic cycle. 
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models, compared to 5aza [20, 21]. As a 

consequence, we administered lower doses 

(0.1 and 0.γ µM) of 5azaD to cells and 
higher doses of 5aza (0.γ, 1 and γ µM). A 
72h treatment showed no macroscopic 

effect of toxicity on the cells, with the 

exception of 5aza at a concentration of 3 

µM (figure 5a). At the molecular level, 
5azaD proved to have a much stronger 

impact on viral expression, as much lower 

dose generated an induction of BHRF1 

miRNAs and an upregulation of BZLF1 

protein superior to that caused by 5aza. In 

the in vivo assay, we treated mice with 

xenografted C666-1 tumors with 

chemotherapeutic agents used in the clinic 

for the standard treatment of 

nasopharyngeal carcinoma. We 

administered cisplatin and paclitaxel as 

monodrugs, at a concentration of 2 mg/kg 

and 15 mg/kg respectively, as well as a 

combination of them at the same doses for 

a total period of two weeks (figure 5b). An 

ovarian tumor engrafted into nude mice 

and plasma from a tumorless mouse were 

used as negative controls for assessment of 

BHRF1 miRNA expression. An untreated 

C666-1 tumor presented a low expression, 

with no detection at all in the plasma of the 

mouse. Interestingly, increased abundance 

of BHRF1 miRNAs was seen in treated 

tumors. Paclitaxel alone and the 

combination of cisplatin and paclitaxel led 

to increased expression of miR-BHRF1-1 

and miR-BHRF1-2-3p at the level of the 

tumor. The results of the plasma were not 

concordant with the ones from the tumors. 

Cisplatin treatment led to detection of 

miR-BHRF1-1 alone in the plasma, while 

the combination treatment led to an 

expression of miR-BHRF1-2-3p and miR-

BHRF1-3 as well. Notably, paclitaxel 

alone caused a robust expression of miR-

BHRF1-1 and miR-BHRF1-2-3p and, to a 

lesser extent, of miR-BHRF1-3. These 

results are very limited in terms of treated 

mice and assessed drug doses and need 

further validation to generate solid 

conclusions. However, the preliminary 

evidence presented here suggests that 

BHRF1 miRNAs can be induced by other 

therapeutic modalities and not only 

demethylating agents. Their detection in 

the plasma after a limited time of treatment 

supports the perspective of using them as 

biomarkers for treatment evaluation in the 

context of nasopharyngeal carcinoma. 

 Discussion 

Primary tumors C15 and C666-1 showed a 

strong expression for the majority of 

BART miRNAs, whereas metastatic 

tumors C18 (lymph node) and C17 (skin) 

showed a weaker expression. It is unclear 

whether the reduction in BART expression 

could be a result of chronic 

chemotherapeutic treatment, evolution of 

the disease and eventual loss of EBV 

episomes, or reorganization of the viral 

genome and epigenetic repression. C666-1 

and C18 have been shown to contain a 

similar, if not the same, number of EBV 

copies [12, 13], exhibiting however 

contradictive profiles in the expression of 

EBV miRNAs. 5-azacytidine has not been 

used for the treatment of nasopharyngeal 

carcinoma before. However, an orally 

administered form was recently developed 

by Celgene and is currently being assessed 

for a wide variety of cancers, including 

EBV-positive nasopharyngeal carcinoma. 

Preliminary results from clinical trials have 

shown that this drug, as a monodrug, has a 

positive impact on relapsed refractory NPC 

for a subset of included patients. Other 

recent works demonstrate its beneficial 

action in relapsed NPC in addition to 

radiotherapy [22]. For a rapid reaction in 
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case of a negative response, biomarkers for 

early beneficial effect are greatly needed. 

Since the drug has been previously shown 

to bear an impact on the expression of the 

EBV genome in EBV-associated 

malignancies, we focused on viral 

miRNAs, which have the advantage of 

being detectable in the plasma of NPC 

patients [16]. As it is already known that 5-

azacytidine causes demethylation of EBV 

DNA in EBV-positive tumors [23] and 

upregulates BZLF1 in Burkitt’s lymphoma 
cells [18], we were interested to study the 

general impact of the drug on EBV in the 

context of type II latency characterizing 

NPC. Evaluating miRNA expression of the 

four developed in vivo models of NPC, we 

confirmed the previously identified robust 

expression of BART miRNAs and weak or 

no expression of BHRF1 miRNAs in NPC. 

Kim and Lee suggested that the expression 

pattern of EBV miRNAs in tumors reflects 

differences in the tissue, as well as in the 

type of the latency [4]. As mentioned, 

BART miRNAs tend to be more expressed 

in type II latency and epithelial tumors [5], 

than in types I and III and lymphomas, 

while BHRF1 expression is restricted to 

type III [4]. The primary tumors tested 

presented a miRNA profile corresponding 

well to the one of type II latency. On the 

other hand, metastatic secondary NPC 

showed an altered type, with a weaker 

expression of BART and a detection of 

BHRF1 miRNAs in C18. One possible 

hypothesis for this observation could be 

the impact of chronic treatment of these 

patients with chemotherapy and 

radiotherapy, which might have had an 

impact on the status of EBV in these 

tumors. The treatment proved to be 

efficient for those primary tumors and 

insufficient or ineffective for metastatic 

NPC models. In correlation with the 

treatment outcome, primary tumors 

exhibited a general decrease in BART 

expression and an induction of BHRF1 

miRNAs. The detection of the latter in the 

plasma of positively responding 

xenografted mice even before any sign of 

clinical response, suggested a promising 

tool for early assessment of 5-azacytidine 

efficacy in nasopharyngeal carcinoma 

treatment. MiR-BART13-5p, mentioned to 

present a spectacular decrease upon 

treatment with 5-azacytidine was recently 

found to be upregulated in nasopharyngeal 

carcinoma, with a decreasing variation 

after effective treatment [24]. Further 

evaluating the impact of the drug on viral 

latency, we detected an upregulation of 

BZLF1, suggesting lytic reactivation of the 

virus, also supported by the detection of 

the BHRF1 long transcript after treatment. 

However, only the tumors with baseline 

BZLF1 expression showed an 

upregulation, as a de novo induction was 

not seen. BZLF1 upregulation matched 

with an observed downregulation of miR-

BART20-5p, mentioned to directly target 

BZLF1 translation [25]. Li et al (2012) 

have demonstrated that 5-azacytidine-

mediated demethylation of the BZLF1 

promoter, often hypermethylated in EBV-

associated malignancies, has the ability to 

induce a lytic cascade [26]. Our findings 

suggest that when there is no BZLF1 

expression at all, other mechanisms may 

precede DNA demethylation in order to 

result in activation of the cascade. BHRF1 

miRNAs, more precisely miR-BHRF1-1, 

have also been mentioned to be involved in 

accumulation of lytic EBV proteins 

following TPA-induced lytic reactivation, 

by targeting host p53 [27]. It would be 

interesting to study the methylation pattern 

of the viral Wp and Cp promoters, 

responsible for the production of the 
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BHRF1 transcript, initially including the 

BHRF1 miRNAs and the coding sequence 

of the BHRF1 pro-survival protein, as they 

have previously been reported to be 

heavily methylated in latency types I and 

II, but active in type III [4]. The most 

original finding of this work is the 

induction seen in BHRF1 miRNAs in NPC 

tumors when applying standard 

chemotherapeutic agents, like cisplatin and 

paclitaxel, already used. Their detection in 

the plasma could be a biomarker of good 

response, thus not being a unique feature 

of demethylating agents, like 5-azacytidine 

and 5-aza-β’deoxycitidine. However, it is 
obvious that further studies have to be 

conducted towards that aspect and, if 

validated, this has to be confirmed at the 

level of plasma coming from patients 

undergoing treatment. 
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General discussion and perspectives 

Recent works linking circulating miR-200 and ovarian cancer 

The first fundamental study on the utility of circulating miRNAs in ovarian cancer diagnosis, 

prognosis and therapeutics was published by Taylor and Gercel-Taylor back in 2008 [103], 

having been cited by at least 490 more recent articles (according to PubMed on the 8th of June 

2017). This group analyzed exosome-associated miRNAs in the sera of women with various 

stages of ovarian cancer and women with benign pathologies and reported eight miRNAs to 

be elevated in ovarian cancer sera, reflecting aberrations at the tumor level, as identified by 

previous works. The proposed signature consists of miR-21, miR-141, miR-200a, miR-200c, 

miR-200b, miR-203, miR-205 and miR-214, half of them belonging to the miR-200 family 

(miR-141, miR-200a, miR-200b, miR-200c). Furthermore, this study was complemented a 

year later by Xu et al, who profiled the expression of miRNAs in advanced ovarian cancer 

using a novel PCR-based platform and correlated miRNA expression profiles with disease 

outcome. This study may not have been on circulating miRNAs, but provided stronger 

evidence regarding the upregulation of miR-200 members in ovarian cancer. Moreover, they 

indicated a notable association between one of the two clusters of this family, containing miR-

200a, miR-200b and miR-429 and cancer recurrence, as well as overall survival of the 

patients [308]. Our work confirms these findings concerning miR-200b, suggesting that this 

deregulation is reflected and detectable in the plasma and could serve as an excellent indicator 

of imminent recurrence, allowing a quicker reaction. Publications in the last 5 years, many of 

them simultaneous with our project, further highlight the involvement of miR-200 miRNAs, 

as well as other miRNAs, in the malignant phenotype of ovarian cancer, suggesting 

interesting associations with stage, histology and treatment outcome. Regarding their 

diagnostic potential, Kan et al (2012) presented a signature of four miRNAs (miR-182, miR-

200a, miR-200b and miR-200c) which is significantly upregulated in the plasma of serous 

ovarian cancer patients compared to healthy donors. Taking a step beyond, they suggested a 

good predictive power of miR-200b and miR-200c together as a discriminative biomarker for 

serous ovarian cancer [309]. A year later, Zheng et al proposed another miRNA duo in the 

plasma for diagnosis of early-stage serous ovarian cancer. More precisely, they found that 

elevated miR-205 and lower let-7f abundance in the plasma compared to healthy subjects 

were highly consistent with serous epithelial ovarian cancer, even at stage I. Low let-7f was 

further linked to a poor prognosis at the III-IV stage, as patients with lower levels had a 

shorter progression-free survival (PFS) that patients with a higher let-7f in their plasma. They 
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conclude that both miRNAs could complement CA125 for a more accurate diagnosis and a 

solid prognosis [310]. On the other hand, Zuberi et al (2015) reported that serum miR-200a is 

significantly upregulated in mucinous ovarian adenocarcinomas rather than in serous [311]. 

Using a RT-qPCR-based approach and normalizing with U6 RNA serum levels, they 

demonstrated a 6-fold increase of miR-200a and a 3-fold increase of miR-200b and miR-200c 

in epithelial ovarian cancer, compared to healthy subjects, highlighting diagnostic and 

prognostic utility of these miRNAs. Similarly to Zheng et al, Gao et al (2015) started by 

validating overexpression of miR-141 and miR-200c in the serum of ovarian cancer patients 

versus disease-free subjects. The group went deeper to suggest that a comparative higher 

detection of miR-200c and lower detection of miR-141 correlate with an improved short-term 

and long-term survival rate respectively [312]. Xu et al (2013) focused on miR-21, 

highlighting that a higher detection in the serum of ovarian cancer patients upon diagnosis is a 

prognostic indictor of high tumor grade and shorter overall survival (OS) [313].  

As soon as a larger cohort is available in order to produce more solid results with a lower risk 

of biases, a ROC curve and a new Cox regression model should be constructed including the 

totality of the results, in order to assess the sensitivity, specificity and clinical value of miR-

β00b as a predictive biomarker and better define the values’ width characterizing healthy 

subjects, benign cases and ovarian carcinomas. In the absence of a new cohort of patients for 

validation studies, our work on miR-200b has been significantly backed and complemented 

last year by two highly similar publications from the group of Dr Heidi Schwarzenbach in 

Hamburg, Germany, in two distinct series of serum samples, coming from ovarian cancer 

patients, patients with benign ovarian diseases and healthy women [314, 315]. This group 

followed a workflow similar to ours, regarding the collection of the samples and the 

organization of their analysis. Their RT-qPCR approach was done using quantitative TaqMan 

MicroRNA Assays, based on specific reverse transcription of the target of interest and not 

universal reverse-transcription, as we performed. The subsequent amplification was done on 

the basis of detected fluorescence emitted by a miRNA-specific probe, attached to the target 

between the selected primers. As a reminder, SYBR Green fluorescence is not target specific, 

as it is proportional to the quantity of newly generated DNA during the amplification [316]. In 

these works, Meng et al compared the abundance of miR-200a, miR-200b, miR-200c and 

miR-373 in the serum of these three groups, prompted by the previously reported cancer-

specific characteristics of the miR-200 family members [317, 318], as well as the suggested 

association of circulating exosomal miR-373 with aggressive triple-negative breast cancer 
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[319]. In both publications, they showed the significantly increased detection of these 4 

miRNAs in ovarian cancer samples, drawing attention to the triplet miR-200a/b/c, which was 

able to distinguish malignant from benign cases. Interestingly, they highlighted a selective 

rise of miR-200b and miR-200c in the serum of patients with advanced disease (FIGO III-IV), 

compared with early disease (FIGO I-II), suggesting that these two miRNAs may be actively 

involved in tumor progression. In the end, they provided evidence that miR-200b and miR-

200c correlate with CA125 in the serum, as well as with a shorter PFS. MiR-200b was even 

more significantly linked to the duration of the PFS than miR-200c (p value 0.007 versus 

0.017). This work completes our findings, suggesting that, even from the pre-treatment level, 

miR-200b can provide precious information regarding the evolution of the disease. The 

reported pre-treatment correlation of miR-200b with CA125 presents a contradiction to our 

findings, as CA125 reflected disease stage, but we were not able to see a similar correlation 

for miR-200b. Given the limited capacity of our cohort, one hypothesis could be that a larger 

cohort could potentially allow exceeding the limits of statistical significance, making the 

creation of a new collection a priority. Concerning the overexpression mainly of miR-200b 

and miR-200c in cases of advanced disease, a brilliant review published by Koutsaki et al last 

month (June 2017) focused on miR-200 in ovarian cancer, suggesting that it reflects the EMT 

status of tumors at a given stage [320]. As discussed, miR-200 overexpression seems to 

correlate with disease progression rather that initiation and is linked to the 

epithelial/mesenchymal balance of the cells (implication and role of miR-200 miRNAs 

explained in the section “MiRNAs in the tumorigenesis of ovarian cancer” of the 

introduction). A congruent pattern was observed for E-Cadherin, which was abundant in early 

stages but low in late-stage tumors. According to their conclusions, in the early stages, 

malignant cells undergo EMT (low miR-200 expression) in order to acquire a more invasive 

phenotype. In contrast, “when cells reach their metastatic sites, they tend to lose their invasive 

characteristics and re-epithelialization occurs”. Thus, late-stage disease is characterized by 

low EMT, potentially replaced by MET (mesenchymal-to-epithelial transition), so with higher 

levels of miR-200 family members.  

It is worth noting that these works focus on the pre-treatment status of miRNAs, not 

attempting a sequential approach during treatment or follow-up of the disease. Even almost 

two years after its publication, our work remains original given its alternative approach and 

the observation of the evolution of a biomarker in parallel with disease surveillance. Benson 

et al (2015), adopting this approach, shed some light onto another promising aspect of 
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circulating miRNAs, as they showed that kinetics of miR-148b-5p during a pilot treatment 

with carboplatin and 5-aza-β’-deoxycytidine (decitabine) was an indicator of tumor response, 

as a decrease represented a worse clinical outcome with a shorter PFS [321].  

Major issues in the research of circulating biomarkers 

Up to date, our article has been cited by three groups [322-324], contributing to a better 

understanding of the power of circulating miRNAs to serve as useful biomarkers. Multiplying 

publications on circulating miRNAs repeatedly point towards their strength and utility in the 

clinic when it comes to cancer treatment and monitoring. However, such serum or plasma 

signatures have not yet entered the clinic. This is mostly due to the lack of reproducibility of 

the published results. In our work, we were not able to confirm a significant upregulation of 

miR-21 and miR-205 in the plasma of ovarian cancer patients, despite various works pointing 

towards the opposite. For instance, Vaksmann et al (2014) reported a significant correlation 

between elevated circulating miR-21 and a low progression-free and overall survival [325]. In 

a recent publication, Au Yeung et al (2016) identified significantly higher levels of miR-21 in 

exosomes of ovarian cancer patients, showing that exosome-delivered miR-21 suppresses 

ovarian cancer apoptosis and confers chemoresistance by binding to its direct novel target, 

APAF1, thus actively contributing to the malignant phenotype of metastatic ovarian cancer  

[326]. MiR-205 on the other hand acts as an oncogene by modulating the expression of 

multiple cancer-related target genes [327]. Zheng et al (2013), as previously said, suggested 

that higher plasma concentration of miR-205, along with a lower concentration of let-7f 

compared to control subjects, could make a reliable biomarker for early-stage ovarian cancer 

detection [310]. These works were characterized by a larger scale, with a much larger number 

of inducted patients, making them statistically more solid than our analysis. Given the fact 

that a considerable part of our tested samples exhibited indeed concordant profiles, it is highly 

probable that a larger cohort of samples would have added statistical significance to these 

findings. Other important reasons behind such divergences are the lack of a harmonized 

method for extraction and quantification, as well as the difficulty to establish a universal 

reference for data normalization. The fundamental factors to be respected in this field are 

presented by Marabita et al (2016) in a recent publication [328]. In order to minimize 

technical variations, one should collect and keep the samples under homogeneous conditions, 

avoiding repeated freeze-thaw cycles, which favor RNA degradation. Furthermore, batch 

effects should be reduced, avoiding for example different experiment days, laboratory 

conditions, reagent lots or operators. Whereas qPCR-based methods are widely used, it is yet 
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unresolved how the data should be normalized. As a consequence, contradictions are 

constantly observed among published works. A synthetic RNA for technical normalization 

could potentially assure minimal technical variation. The efficiency of RNA extraction, 

complementary DNA synthesis and PCR amplification can be monitored using an exogenous 

synthetic miRNA (for example, Caenorhabditis elegans cel-miR-39 or Arabidopsis thaliana 

ath-miR-159a), which are added as spike-in control during processing. When added to the 

lysis buffer during the extraction step, the synthetic RNA will be put through the same 

conditions as the endogenous miRNAs, hence providing a process control. Although an 

exogenous reference could be of great use, it cannot correct other variability parameters, as 

for example the total concentration of the miRNA fraction in serum/plasma, which is likely 

changing inter-individually and/or in a disease-associated fashion. For a comprehensive 

normalization protocol, endogenous controls are required, either using global high-

throughput-derived parameters (i.e. mean expression value per sample) or selected, validated 

stable reference miRNAs for focused assays. Researchers may often use miRNAs supposed to 

have an unchanged expression profile in the cancer of interest, which is proposed by others as 

a diagnostic or prognostic biomarker for the same cancer. Examples include miR-16 and miR-

191, commonly used as endogenous references, but found in some works to be representative 

of malignant pathologies, like endometriosis-associated ovarian cancer [329]. Choosing the 

right reference for data normalization is one of the biggest challenges in circulating biomarker 

research and discovery. Many groups have proposed different approaches in order to find the 

proper candidate(s), however we are still far from applying a universal, widely accepted 

method [328]. In the first article, we attempted to evaluate 3 miRNAs used as endogenous 

references, after excluding miR-16 and miR-451 because of their already mentioned 

dependence on the degree of hemolysis in a sample. We evaluated miR-132-3p, miR-23a-5p 

and miR-191-5p, already used in previous publications [329, 330]. As presented in the 

supplementary data of the article, the first showed inconsistent detection among the samples, 

while the second presented a significant variation in the plasma of ovarian cancer patients 

(based on ANOVA analysis). On the other hand, miR-191-5p had a non-significant variation 

and a globally stable expression among the tested groups, being the best candidate for 

normalization. In a wider study, it should be more reliable to combine different candidates for 

normalization, or even the mean values of the totality of the tested targets to normalize 

differential variation of the targets. With this idea in mind, we included a limited group of 

human miRNAs in the analysis of the viral miRnome in the second article, in order to choose 

the best candidates and eventually combine them. Indeed, miR-103a-3p, miR-191-5p and 
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miR-200b-3p were the ones to show low variation, which was even lower when the mean 

values of all three of them were used. These results provided a common normalization tool, 

independent of the viral expression or the NPC-related characteristics of the models used 

(C15, C666-1, C17 and C18). Although having found a relatively constant parameter to 

normalize our data obtained from the two-week treatment, we did not use the same human 

miRNAs to normalize the results of the one-week treatment. Having a restricted budget, we 

chose to use a single endogenous reference, the U6 spliceosomal RNA, a small non-coding 

RNA component of the spliceosome. Although this snRNA yielded excellent results (good 

detection, insignificant variation among samples), it is obvious that changing of the 

normalization method affects the reliability and the homogeneity of the presented 

experimental work. A globally growing trend which might become the golden standard in 

data normalization in the following years is the use of the average value of all the miRNAs 

included in a study. This approach bypasses the need to find distinct endogenous references, 

while directly highlighting the differential expression of a miRNA of interest compared to the 

entire pool of tested miRNAs [331]. Accumulating results like the ones presented here 

regarding the miR-200 family and the BHRF1 miRNAs help strengthening the idea of using 

circulating miRNAs in the clinic, while constantly improving methodologies will definitely 

offer exciting solutions to the existing problems, accelerating research yield.  

Novel quantification technologies    

An existing powerful tool for miRNA quantification compatible with serum and plasma 

samples is the nCounter miRNA assay, developed by Nanostring. This technique, based on a 

micro-array approach, allows simultaneous profiling of 800 human miRNAs. However, its 

inability to be adapted for a limited number of target miRNAs maintains its cost at very high 

levels. Towards this goal of seeking new methodological approaches, our group has initiated a 

multicenter collaboration aiming to the parallel assessment of newly-developed promising 

technical approaches. These techniques are designed for the detection and quantification of 

circulating microRNAs and their efficacy will be compared not only among them, but also 

with the results of the standard quantitative real-time PCR, routinely used. The common 

project already launched will involve in the first place 20 pairs of sequential plasma samples, 

provided by ovarian cancer patients from the Exoplasma initiative (see comment for article 1). 

The samples were taken before any treatment, at the moment of the diagnostic coelioscopy, 

and upon completion of the first-line (primary) treatment, including aggressive cytoreductive 

surgery and chemotherapy (adjuvant and often also neo-adjuvant). The techniques that are 
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being evaluated are the droplet-digital PCR (ddPCR), the cytometry-based Firefly miRNA 

assay and a multiplexed miRNA FRET assay currently on development in the group of Niko 

Hildebrandt (Institut de Biologie Intégrative de la Cellule, Université Paris-Sud). These 

techniques aim to address and resolve major issues in the detection of circulating nucleic 

acids, such as the lack of homogeneity, the existence of numerous steps and the normalization 

of the obtained results. 

- Droplet-digital PCR (ddPCR) 

In collaboration with Dr Manoel Nunes from the Pharmacogenetics and Translational 

Medicine Department of Sanofi, we are currently evaluating the sensitivity of ddPCR. This 

technique has been developed in the last five years and commercialized by Bio-Rad and 

allows a passage from relative (qPCR) to absolute quantification of nucleic acids, including 

miRNAs, after a reverse transcription step for RNAs. The basis of ddPCR is the use of a 

water-oil emulsion allowing the separation of the β0 µl-reaction mix to 20000 nanodroplets, 

completely uniform in size and volume, of 1 nanoliter each [332]. After the separation step, 

the emulsified reaction samples are transferred to a 96-well plate and qPCR amplification is 

performed in every generated droplet, in a similar way to conventional qPCR, using primers 

and fluorescent probes. After the amplification step, droplets from each sample are streamed 

in single file on a droplet reader to count positive and negative reactions. Fluorescence 

measurements for each droplet in two optical channels are used to count the numbers of 

positive and negative droplets per sample. Positive droplets, containing at least one copy of 

the target, exhibit increased fluorescence over negative droplets. Results for a given sample 

are reassembled and the fraction of positive droplets is then fitted to a Poisson distribution to 

determine the absolute initial copy number of the target molecule in the input reaction mixture 

in units of copies/µl. The fraction of positive droplets determines the concentration of the 

target of interest in the initial sample. Each droplet in a sample is plotted on a graph of 

fluorescence intensity versus droplet number (see figure 15 below). All positive droplets 

(those above the threshold intensity indicated by the red line) are scored as positive, and each 

is assigned a value of 1. All negative droplets (those below the threshold) are scored as 

negative, and each is assigned a value of 0 (zero). This counting technique provides a digital 

signal from which to calculate the starting target concentration by a statistical analysis of the 

numbers of positive and negative droplets in a given sample. 
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paraffin embedded tissues (FFPEs), cell suspensions, urine and saliva. The core of this 

technique consists of the specific capture of one or more miRNA targets by Firefly probe-

containing particles [334]. When particles are mixed with sample (either crude biofluids after 

a digest step or purified RNA), target miRNAs bind to their specific probes. The hybridization 

buffer used for this step is optimized to keep only the right miRNAs bound to the probe, 

increasing the specificity of the assay. After miRNA capture, particles are rinsed to remove 

unbound materials and remove potential inhibitors of subsequent steps, such as heparin. 

Further labeling of the captured miRNA is done with the ligation of universal adaptors.  

 

Figure 16: Molecular workflow of the FirePlex miRNA assay (Abcam) 

 

This results to the formation of a DNA-RNA-DNA fusion molecule. After an elution step, 

these molecules are amplified by universal PCR, using primers specific for the universal 

adaptors. The reverse primer is labeled with biotin, allowing reporting of the target miRNAs 

at a later step. After amplification, samples are mixed with particles once more to be 

recaptured by miRNA-specific probes. A fluorescent reporter is added that binds to the biotin 

incorporated during amplification. Fluorescence is then measured on the particles by flow 

cytometry. The whole procedure is described in figure 16. Thus, relative quantification of 

miRNAs can be done in a direct, homogeneous and much quicker manner. Furthermore, the 

reaction can contain particles for simultaneous assessment of up to 65 target miRNAs, 

providing the possibility to study multiplexed panels and not individual targets.   

- Multiplexed miRNA RCA-FRET assay 

This last method is being assessed in collaboration with the group of Nanobiophotonics, 

directed by Dr Niko Hildebrandt, member of the Institute of Integrative Biology of the Cell 

and the Paris-Sud University. This group has been trying to achieve high sensitivity and 

specificity for short nucleic acid sequences, in order to be able to distinguish molecules of 
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Figure 18: Principle of the multiplexed FRET assay 

The FRET oligos have oligonucleotide overhangs, one bearing the terbium and the other 

bearing a dye (Cy3.5, Cy5, Cy5.5). The adaptor oligos have a part which is perfectly 

complementary to a part of the target miRNA. A ligase and ATP abundance in the reaction 

solution are needed for ligation of the two adaptor oligos. Mixing of the probe compartments 

and the target leads to the formation of stable FRET-adaptor double-strands and semi-stable 

adaptor-target complexes with an adaptor nick. Ligation of this nick by the added ligase 

promotes generation of stable probe-target double strands. This formation allows terbium-to-

dye FRET, which is detected and measured in a plate reader, depending on the selected 

sequence and the dye. Selection of specific donor and acceptor labeled oligonucleotides leads 

to specific hybridization to the tandem repeats of the RCP. FRET from the same type of long-

lifetime donor to different dye acceptors can create specific colors (emission wavelength of 

the acceptor) and lifetimes (distance between donor and acceptor) for multiplexed detection. 

This technique is expected to offer high sensitivity (picomolar level) and absolute 

quantification of multiplexed miRNA targets. 

Broader perspectives 

The published work on miR-200b and its potential clinical use for the surveillance and 

personalized therapeutic approach in ovarian cancer led to the emergence of two novel 

projects. The first ongoing project is a collaboration of our group and the group of Dr 

Alexandra Leary, also based in Gustave Roussy, with the biotechnological miRNA platform 



139 
 

Prestizia, belonging to the Theradiag company. The aim of this collaboration is to take 

advantage of the samples of the Exoplasma project for a robust simultaneous miRNA 

profiling of patients’ plasma. The short-term goal is the analysis of 30 plasma samples of 

ovarian cancer before treatment with a TaqMan Array Human MicroRNA Card Set. This 

assay allows rapid and simultaneous quantification of 754 mature human miRNAs, along with 

endogenous controls and a negative control and is expected to indicate the miRNAs with the 

biggest aberrations in the malignancy. The long-term goal of this project, after further 

validation of the preliminary results from the cohort mentioned above with other cohorts, is to 

attempt the development of a plasma miRNA-based clinical test for ovarian cancer. This test 

will be designed to predict response to conventional treatment (see introductory comment for 

article 1), or eventually evaluate the response of patients with advanced disease upon 

diagnosis to neo-adjuvant chemotherapy. The first results are encouraging but cannot be 

presented due to a confidentiality agreement.  

Moreover, our group, in collaboration with numerous hospital-based research units has 

acquired a 3-year funding from the Institut National de Cancer (INCa), for a multicentric 

project that will attempt a massive parallel analysis of circulating miRNAs in pelvic 

gynecologic cancers. 

BHRF1 miRNA induction independent of viral lytic reactivation? 

The obvious question emerging from the work done in the second article is why the induction 

of the BHRF1 miRNAs, seen especially in the treated C15 and C666-1 models, does not seem 

to correlate with an induction of the lytic cycle. Indeed, in treated C15 there was no detection 

of BZLF1, known to be characteristic marker of the lytic cycle reactivation. In C666-1 

tumors, the strong induction of BHRF1 miRNAs was accompanied by a very modest increase 

in the expression of BZLF1, while BHRF1 was not detected at all. On the other hand, C18 

tumors exhibiting a spectacular dose-dependent upregulation of BZLF1 (we reproduced the 

same result later, after only one week of treatment) showed a much lower increase in the 

expression of the already detected without treatment BHRF1 miRNAs. Furthermore, western 

blot analysis did not reveal any production of the BHRF1 protein, not even with the dose of 2 

mg/kg. These contradictory findings suggest that an induction of these miRNAs may not be 

connected to lytic reactivation of the viral genome as one would initially expect. In EBV 

latency, BHRF1 miRNAs are practically expressed only in type III latency, not reported in 

infected epithelial tissues. The expression of this miRNA cluster draws particular interest, as 

they seem to have the ability to enhance the expression of each other. Feederle et al (2011) 
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reported that, while miR-BHRF1-1, miR-BHRF1-2 and miR-BHRF1-3 have all the ability to 

induce B-cell transformation, expression of miR-BHRF1-2 selectively enhances the 

expression of the other miRNAs of the cluster, indicating the synergistic effect of miRNA 

clustering [336]. This may explain the simultaneous (but not equal) induction of these 

miRNAs. However, it is not clear why an increase of their expression, combined with a 

proportional increase in the expression of the BHRF1 mRNA transcript, does not correlate 

with a detection of the cis-encoded protein. The explanation may have been provided by an 

enlightening publication by Xing and Kieff in 2011, supporting the idea of independent 

regulation of the BHRF1 transcripts, not related to the translation of the mRNA [337]. In fact, 

in latent infection, EBV expresses the latent BHRF1 RNA, using the latent promoters Wp and 

Cp, encoding the BHRF1 miRNAs (miR-BHRF1-1, miR-BHRF1-2, and miR-BHRF1-3) and 

containing the BHRF1 ORF. When the lytic cycle takes place, a distinct transcript is 

generated, measuring 1.4-kb. This lytic transcript is fully spliced and initiated by the virus 

replication-activated (lytic) BHRF1 promoter [338]. In this case, the TATA box and 

transcription start site overlap with the pre-miR-BHRF1-1 sequences [338]. The latent 

BHRF1 RNA has a long 5′-untranslated region (UTR) and is not spliced [339]. Transcripts 

from the Cp or Wp promoter initiate alternatively spliced EBNA transcripts in latent infection 

and can be polyadenylated downstream of the BHRF1 γ′-UTR to produce the latent BHRF1 

RNA (figure 13A in the introduction). In contrast to miR-BHRF1-1, miR-BHRF1-2 and miR-

BHRF1-γ are located in the γ′-UTR. While the BHRF1 miRNAs are produced in type III 

latent infection [259], BHRF1 protein has not been detected in infected LCLs using effective 

BHRF1 antibodies [340].  
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Figure 19: Splicing and Drosha RNA processing controlling the expression of the BHRF1 

locus (taken from [337]) 

Xing and Kieff indicated that Drosha cleavage of the 2.1-kb Wp/Cp-derived BHRF1 RNA 

generates all BHRF1 miRNAs, as well as a secondary 1.3-kb transcript, which they named 

dcRNA (latency III in figure 19). Inserting mutations in the miR-BHRF1-1 locus in the 

5’UTR of the latent BHRF1 RNA, they abolished site recognition and cleavage by Drosha. In 

the absence of Drosha activity, none of these derived RNAs was detected. Splicing of the 

intron preceding the ORF took place, substantially increasing translation and production of 

the protein. The presence of the intron seems to block the export of the mRNA to the 

cytoplasm. Summed up, their findings suggested that Drosha cleavage for the excision of 

miR-BHRF1-1 inhibits downstream RNA splicing and that the remaining intron inhibits 

potential translation of the latent RNA (figure 19). The lytic transcript, as previously 

explained, does not contain the miR-BHRF1-1 cleavage site, thus not being subject to Drosha 

activity. Nevertheless, Drosha-mediated cleavage can take place after splicing, as the lytic 

mRNA is subsequently cleaved downstream of the ORF, resulting in the production of the 

BHRF1 protein, miR-BHRF1-2 and miR-BHRF1-3, as well as a 0.9-kb dcRNA. 
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In figure 3 of the supplementary data of the article, we show that there was no significant 

change in the detection of the lytic BHRF1 transcript (BHRF1 H) after treatment. Taken 

together, all these data lead to the hypothesis that 5-azacytidine, at least in C15 and C666-1 

models, rather enhanced the expression of the Cp/Wp-related genes than induced the lytic 

cycle of the virus, explaining the absence of correlation between BZLF1 and BHRF1 miRNA 

expression. Demethylation of these promoters caused by the drug led to a latency type III-like 

profile of the BHRF1 miRNAs, whereas there was no change in the profile of the BHRF1 

protein, as the accumulated latent BHRF1 transcript was cleaved by Drosha for the generation 

of the miRNAs, but not spliced, resulting in translation inhibition. A study of the methylation 

status of the Cp/Wp promoters, as proposed in the discussion of the article, would eventually 

allow validation of this hypothesis.  

Recent advances in EBV biology and nasopharyngeal carcinoma management 

Although the management of nasopharyngeal carcinoma has significantly improved in the 

recent years, due to more effective treatment modalities and combinations, this disease 

remains challenging in several aspects of its onset and progression. As Wang et al (2017) 

report in a very recent work, nearly one third of early-stage NPC are estimated to be missed 

with nasal endoscopy and medical imaging. The onset of symptoms often comes at a later 

stage, thus adding another negative factor in early diagnosis [341]. NPC carries an excellent 

prognosis if treated early, but most patients present stage III to IV disease upon diagnosis, 

which negatively affects the cure rate and increase the mortality rate. The tools that are 

expected to solve to a certain point this issue could be, as mentioned before, EBV-derived 

tumor biomarkers. In their work, Romdhoni et al (2014) highlight IgA anti-EBNA1 and 

VCA-p18 enzyme-linked immunosorbent assay as a diagnostic tool with a positive impact on 

NPC diagnosis confirmation, although it has a weaker prognostic power after treatment [342]. 

Other works prove the utility of viral DNA measuring in the blood or in nasopharyngeal 

brushings for both diagnosis and prognostic evaluation of NPC. Post-treatment, DNA load 

test in blood and brush proved the best predictor for overall survival and disease-free survival 

[343]. An interesting article accepted in June 2017 points towards a simultaneous use of EBV 

serology and EBV DNA load for a better screening of NPC, as in cases of early primary NPC, 

EBV DNA is not always detectable in the blood of patients. Yao et al, tested the sera of 334 

patients with non-metastatic NPC and undetectable pre-treatment EBV DNA and found out 

that the load of immunoglobulin A (IgA) antibodies against early antigen (EA-IgA) and viral 

capsid antigen (VCA-IgA) correlated positively with T, N and overall stage of the tumor 
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[344]. However, as it can be easily understood from this work, the situation is much more 

complicated for prognosis, as in treated cases of undetectable EBV DNA (before treatment), 

none of these antibodies, neither their combination achieved a high score as a prognostic 

factor for remission, relapse or overall survival. In such circumstances, we observe a lack of 

weapons for an accurate monitoring of the disease.  

On the other hand, new treatment combinations are being tested and novel drugs are being 

developed, hinting at a strong need of accurate response evaluation. Induction chemotherapy 

consisting of gemcitabine and cisplatin, preceding concurrent chemotherapy and intensity-

modulated radiotherapy has exhibited promising clinical efficacy and acceptable toxicity for 

locoregionally advanced NPC. Fangzheng et al report this year that trials including this 

modality to the therapeutic approach yielded very satisfying scores [345]. At a median follow-

up duration of 48 months (10-59 months), 4-year local relapse-free survival (LRFS) was 

86.9%, regional relapse-free survival (RRFS) was 90.6%, distant metastasis-free survival 

(DMFS) was 79.8%, progression-free survival (PFS) was 77.0%, and overall survival (OS) 

was 81.9%. Overall, they mentioned that the administration of at least 2 cycles of this 

induction chemotherapy led to a significantly improved regional relapse-free survival. 

Another trend concerning treatment of NPC is targeting EBV expression. Stoker et al (2015) 

applied gemcitabine, valproic acid and ganciclovir (GCV) on 8 NPC patients not responding 

to conventional treatment, achieving stabilization or regression in 5 of them [346]. The 

combination of the first two induced viral lytic reactivation, leading to the expression of viral 

immunogenic proteins and making the tumors a target for antiviral agents, as GCV (see 

introduction and introductory comment for article 2). However, the toxic side-effects are all 

but negligible, often complicating regular treatment administration, hampering as a 

consequence, complete tumor response. Main examples are thrombocytopenia, 

leukocytopenia, as well as liver dysfunction, which can be really severe. As it can be seen, it 

is crucial to be able to rapidly distinguish patients who are going to benefit from a specific 

treatment selection from patients which will not respond. Markers allowing avoiding useless 

prolongation of a treatment or intensifying it if possible would be of great value in a 

personalized treatment context.  

Utilization of viral miRNAs as tools for disease surveillance 

This is where our work draws its significance from. Viral miRNAs present important 

advantages to serve as potential biomarkers, such as tumor specificity, abundance in NPC 

cells and detection in plasma and serum. Very few works have been carried out towards this 
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direction and, more impressively, published works focusing on BHRF1 miRNAs in EBV-

associated malignancies are not more than 10 since 2010, as of June 2017. Nevertheless, these 

works, along with recent data regarding BART miRNAs, reveal very interesting facts. A 

landmark analysis in 2009 showed that NPC is characterized by a robust expression of BART 

miRNAs and very low expression of BHRF1 miRNAs [243]. Yang et al (2013) confirmed 

that pattern in C666-1 cells, in which BART miRNAs account for the impressive 10% of total 

cellular miRNAs, while BHRF1 miRNAs are hardly detectable [347]. By comparing viral 

miRNA expression in various EBV-associated tumors and different viral latency types, they 

demonstrated a higher expression of BARTs in latency II, compared to types I and III. 

Furthermore, they analyzed viral miRNA expression in tissue samples from primary NPC 

tumors, proving that they had a practically identical pattern with C666-1. This finding 

validated this cell line as a model for the study on EBV miRNA dynamics in NPC. The work 

of Yang et al complemented in an excellent way results published a year before by Kim and 

Lee [348]. Just for reminder, BHRF1 miRNAs are located within introns of the BHRF1 gene 

and produced from the long EBNA transcripts (see figure 13 in page 59). BART miRNAs are 

located in introns contained within the BART transcripts. BHRF1 is an EBV early lytic gene, 

whose function has already been discussed in the introduction. Kim and Lee showed that 

distinct EBV miRNA profiles characterize infected epithelial tissues (NPC) and B cells 

(LCL), suggesting that there may be a relationship between miRNA expression and latency 

type of the viral infection [348]. Infected epithelial tissues always exhibit type II latency, 

whereas types I and III are observed in lymphomas. BHRF1 miRNA expression is restricted 

to latency III-presenting cells. In this type, the BHRF1 transcript has been shown to be 

transcribed by the Cp and Wp promoters. In types I and II, previous data have proven that Cp 

and Wp are inactive due to extensive hypermethylation, thus explaining this observation. A 

very interesting work by Li et al, also from 2012, drew attention to miR-BHRF1-1. Despite 

induction of all BHRF1 miRNAs upon activation of the lytic cycle [259, 260], miR-BHRF1-1 

increase in lymphoid cells is delayed for 48h compared to the other members of the cluster 

[260], suggesting a potential involvement of this specific miRNA in the late lytic cycle. The 

NPC cell line SUNE-1 infected by a recombinant EBV strain [349] was treated with TPA (12-

O-Tetradecanoylphorbol-13-acetate), an agent known to induce the viral lytic cycle. TPA 

increased Ea-D and BamHI-W fragment of EBV, as well as BZLF1 expression (markers of 

lytic activity). Inhibition of miR-BHRF1-1 restored their levels to their pre-treatment status, 

but subsequent exogenous re-expression of miR-BHRF1-1 increased the expression of BZLF1 

and Ea-D and BamHI-W fragment of EBV [350]. Li et al went on to show that miR-BHRF1-1 
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is involved in viral replication in the late stage of the lytic cycle, by directly targeting and 

downregulating the p53 tumor suppressor, known to be functionally inhibited by EBV in 

latent stage [351], transiently elevated in the early lytic stage [352] and declined in late lytic 

stage to profit viral replication [353]. In the most recent work implicating BHRF1 miRNAs, 

Tsai et al (2017) compared the expression of different EBV strains found in gastric and 

nasopharyngeal carcinomas, as well as in lymphomas. The isolated strains were used to infect 

lymphoblastoid cell lines (LCLs). Their results suggested a wide variation in the expression of 

BHRF1 miRNAs among the viral strains, with the NPC-derived showing the lowest 

expression. BHRF1 miRNA expression rate correlated with transformation efficiency of the 

strain and growth rate of the infected LCLs, without elucidating this observation [354]. 

BHRF1 variations were mostly pronounced for miR-BHRF1-3. 

Conclusion  

These 3 years dedicated to the study of circulating miRNAs gave me the chance to acquire a 

deep knowledge of the field and be fascinated by the dynamics and the possibilities that these 

tiny molecules possess. MicroRNAs can become a valuable tool and a powerful ally against 

cancer, contributing to an earlier diagnosis and, thus, to a more effective treatment, as well as 

to a more sensitive and direct monitoring of the disease during or post-treatment, guaranteeing 

a quick and better adapted reaction in case of relapse. This doctorate thesis sheds light on 

important aspects of miRNAs and their relation with the cancer of interest. The first project 

demonstrates the need to study circulating biomarkers in a time-dependent way, not only 

focusing on their concentration at a given time-point. Their evolution might hide precious 

information about a discreet recurrence, or undetectable residual disease and measurable 

changes could potentially prevent a late reaction with a poorer prognosis and clinical 

outcome. Of course broader studies, including more patients and a massive panel of miRNAs 

should be carried out, not only to validate acquired results, but also to draw attention to other 

miRNA candidates that are missed in a limited study. Nevertheless, accumulated scientific 

data point towards an imminent entry of circulating nucleic acids, like miRNAs and tumor-

derived DNA fragments, into the clinic (see the notion of liquid biopsy in page 28). A first 

major breakthrough of liquid biopsies on the verge of entering the clinic is the recently 

proposed detection of circulating tumor cells (CTC) as a tool for early cancer diagnosis. The 

use of Isolation by Size of Epithelial Tumor cells (ISET) technology has allowed filtering and 

detection of migrating tumor cells, an early event in carcinogenesis, in patients with a high 

risk of lung cancer such as subjects with chronic obstructive pulmonary disease. The CTC-
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positive subjects under close surveillance went on to develop lung cancer nodes, which were 

surgically removed at a very early stage, assuring a recurrence-free survival [355]. The second 

project had its own particular beauty, because of the unique features of nasopharyngeal 

carcinoma, due to its consistent association with the Epstein-Barr virus and the distinct pattern 

of expression that EBV presents in the context of infected epithelia. The obtained results 

indicate the fact that, sometimes, a potential answer to an issue might be found outside cancer 

(in its strict definition). The de novo induction of the BHRF1 miRNA cluster in treated NPC 

is a very original discovery, with considerable clinical interest for the management of the 

disease, highlighting the dynamic nature of the virus, even with a well-established latency in 

the context of a host. Detection of these miRNAs in circulation could improve selection of 

treatment modalities and contribute to its fine-tuned tailor-made character. And as science 

was born just a few moments after the very first expression of human curiosity and will 

continue to accompany the steps of mankind in its quest to address all emerging or existing 

questions, I sincerely hope to have added my own small shackle to its never-ending chain.  
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The considerable progress achieved in the past 10 years 
in the field of tumor biology and therapeutics has 
strengthened the idea that cancer is not only a cellular 
but also a tissue disease. This concept is likely to apply 
to nasopharyngeal carcinoma (NPC), characterized by 
the consistent expression of oncogenic viral proteins in 
a context of inflammation and immune escape (1). In its 
typical undifferentiated form, NPC is constantly associated 
with the Epstein-Barr virus, whose genome is contained in 
the nuclei of all malignant cells, but not in the surrounding 
tissue. Latency is the predominant mode of virus-cell 
interactions, meaning that most viral genes are silent in the 
vast majority of malignant cells. However, a small fraction 
of them are consistently expressed coding a handful of 
viral products, both viral proteins and untranslated RNAs, 
most of them with proven oncogenic properties. The 
inflammatory context of NPC is obvious for pathologists:  
almost all NPC primary tumors are heavily infiltrated by 
non-malignant leucocytes, mainly T-lymphocytes but also B 
lymphocytes, macrophages, dendritic cells and neutrophils. 
This inlammatory iniltration often disappears in metastatic 
lesions. The immune escape is also obvious because of the 
rapid proliferation of malignant cells despite the consistent 
expression of EBNA1, LMP1 and LMP2 which are known 
to be the targets of CD4+ and CD8+ cytotoxic T-cells in 
EBV-carriers. One interpretation of the paradox of tumor 
inflammation combined with tumor immune escape is 
that malignant cells in the primary tumor beneit to some 

extent from the proximity of leucocytes while developing 
mechanisms of immune escape.

High-scale genomic studies have brought evidence that 
the immune escape mechanisms in NPC can be cellular 
intrinsic alterations, for example defects in the expression 
of HLA class I molecules (Lo KW, 17th International 
Symposium on Epstein-Barr virus and associated diseases, 
Zurich, August 2016, abstract EBV2016-1040). These 
alterations are probably the most dificult to deal with for 
the oncologist. However, there is also evidence of a major 
contribution of extra-cellular “micro-environmental” 
immunosuppressive factors. Data from previous studies 
support the role of immunosuppressive proteins either 
secreted in a soluble form or carried by tumor exosomes, 
for example CCL20, galectin-9 or IDO (indoleamine 2, 
3-dioxygenase) (2-4). One recent elegant publication from 
Jiang Li’s group in Guangzhou provides new insight on 
the role of tumor exosomes carrying immunosuppressive 
microRNAs (5) (Figure 1). For the sake of brevity, one can 
distinguish two types of results in this study. Most data 
are based on in vitro experiments. They demonstrate that 
malignant cells mixed with T-cells from healthy donors 
can deliver miR-24-3p to these T-cells using exosomes 
as intercellular carriers. Then it is shown that miR-24-3p 
decreases the proliferation of target T-cells by down-
regulation of FGF11 and subsequent modifications of 
ERK and STAT protein phosphorylation. Simultaneously, 
there is a decrease in the expression of interferon-γ and  
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non-NPC epithelial malignancies, for example squamous 
carcinomas of the upper aero-digestive tract where hypoxia 
is often highly prevalent.

Tumor immunosuppression is usually a multifactorial 
process. As mentioned previously, other immuno-
suppressive factors, especially proteins are known to 
be released by NPC cells either in a soluble form or 
conveyed by exosomes. Therefore an integrated approach 
will be required to assess the respective contributions to 
the immune evasion of NPCs of the various immuno-
suppress ive  agents ,  regardless  of  their  chemical 
nature, proteins, nucleic acids and probably lipids like 
prostaglandins. It is noteworthy that in virtually all 
experiments reported by Ye et al., the reduction of the 
T-cell proliferation induced by exosomes carrying the  
miR-24-3p did not exceed 20%. Thus, there is ample room 
for potential synchronic or non-synchronic cooperation 
of miR-24-3p with other immunosuppressive factors. In 
future research, one major challenge will be to identify the 
predominant mechanisms of immune suppression for each 
clinical and molecular subtype of NPC or even for a given 
patient, at each stage of his treatment and surveillance. 
NPC clearly is a heterogeneous disease, in terms of growth 
pattern (with either early metastases or predominantly 
local growth), in terms of malignant cell phenotypes (with 
more or less epithelio-mesenchymal transition) or in terms 
of immune “contexture” (variable relative abundance of 
various types of T-lymphocytes, macrophages, NK cells 
and dendritic cells) (1,6,8). Although currently there is no 
consensus on molecular subcategories, it is obvious that the 
NPC malignant phenotypes can be supported by different 
genetic and epigenetic alterations as well as different modes 
of virus-cell interactions, for example a high, low or very 
low level of LMP1 expression (Lo KW, 17th International 
Symposium on Epstein-Barr virus and associated diseases, 
Zurich, august 2016, abstract EBV2016-1040). The work 
published by Ye et al. is also quite exemplary insofar as 
it shows the importance of combining the investigations 
on the tumor tissue with investigations on serum or 
plasma samples (5). One can presume that, in the future, 
the diagnosis of the immune “contexture” and immune 
suppressive mechanisms will rely on tumor tissue analysis 
combined with assays performed on serum or plasma 
factors including microRNAs and proteins like CCL20 and 
galectin-9 (8). 

What are the consequences of the indings reported by 
Ye et al., in terms of therapeutics? One option seems to 
be the use of miR antagonists (antagomiRs or anti-miRs) 

to neutralize plasma miR-24-3p. Vectorization of these 
antagonists to the malignant cells or the tumor-iniltrating 
leucocytes remains a major challenge. Another option is 
to attempt a capture and depletion of tumor exosomes 
using systemic injections of therapeutic antibodies. Because 
exosomes released by endothelial cells or leukocytes are 
very abundant in plasma and many interstitial fluids, it 
will be necessary to use antibodies reacting with molecules 
expressed selectively on the surface of NPC exosomes. 
Some years ago, we made the empirical and surprising 
observation that selective capture of tumor exosomes 
from plasma samples from NPC patients was facilitated 
by the use of anti-HLA class II antibodies (2). Galectin-9 
is another protein present on the surface of NPC tumor 
exosomes (ibid.). Thus, the use of anti-galectin-9 or anti-
HLA II antibodies might play a role in a future strategy of 
NPC exosome capture and depletion.
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Abstract

Epstein-”arr virus E”V  infection contributes to the development of different types of
human malignancies, especially nasopharyngeal carcinoma. “s a herpesvirus, E”V can
establish two major modes of virus-cell interactions  a latent or a lytic infection. Latent
infection is prevalent in the vast majority of malignant cells in E”V-related malignan‐
cies. Inducing a switch from latent to lytic infection in a substantial fraction of malignant
cells  has  long  been  considered  as  a  potentially  interesting  therapeutic  approach.
Therapeutic benefits are expected from  the cytotoxic or cytostatic effects of viral
products expressed in the context of the lytic cycle   expression of viral enzymes
capable of metabolizing pro-drugs selectively inside these cells and  broadening the
expression spectrum of antigenic viral proteins. In this chapter, addressing non E”V-
specialized readers, we first summarize the main aspects of E”V biology with emphasis
on the cellular mechanisms known to control latent and lytic infections. Then, we outline
the basic principles and requirements of cytolytic E”V activation performed with a
therapeutic intent. Finally, we review the main categories of pharmacological agents
reported to be active in the switch from latent to lytic infection, including drugs used
for conventional anti-tumour chemotherapy, histone-deacetylase inhibitors and various
miscellaneous compounds.

Keywords: nasopharyngeal carcinoma, Epstein-”arr virus, lytic cycle, histone-deace‐
tylase inhibitors, epigenetics, immunotherapy, phenotypic screening, compound li‐
brary

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



. Introduction

Nasopharyngeal carcinomas NPCs  are consistently associated with the Epstein-”arr virus
E”V  [ ] and represent a major public health problem worldwide. In order of frequency, it is

the third leading cause of virus-related human malignancies, ranking just behind hepatocellu‐
lar carcinomas linked to the hepatitis ” and C viruses and cervix carcinoma involving human
papilloma viruses HPV  [ ]. The incidence of NPC is particularly high in Southern China,
especially in the Guangdong province approximately  cases per ,  persons per year .
In addition, there are areas of intermediate incidence in Southeast “sia and North “frica. Men
have been shown to be two to three times more likely to develop NPC than women, the most
frequent age of disease occurrence being  years. Regardless of patient geographical origin,
NPCs are constantly associated with E”V except for a very small number of highly differenti‐
ated atypical forms related to tobacco and alcohol and a few cases associated with human
papilloma viruses [HPV] mainly observed in Europe and North “merica  reviewed in [ ] . Like
other E”V-associated malignancies, NPC is clearly a multifactorial disease. The non-viral risk
factors include germline genetic susceptibility involving alleles of the major histocompatibili‐
ty complex MHC  region on chromosome  [ ]. One example of a susceptibility gene not linked
to the MHC region is MST R. It encodes a protein detected in the ciliated epithelial cells in
normal nasopharyngeal mucosa, which plays a role in the cilia motility, thus being essential for
host defence [ ]. The action of diet carcinogens, like salt-preserved fish in South China, probably
accounts for multiple acquired cellular genetic and epigenetic alterations detected in malig‐
nant cells [ ].

Investigations on the mechanisms of NPC oncogenesis and novel therapeutic approaches have
long been hampered by a lack of biological resources. It has been proven very difficult to derive
tumour lines propagated in vitro or even patient-derived xenografts PDXs , which retain the
E”V-genome, using clinical NPC specimens. Currently, there is only one E”V-positive NPC
tumour line C - , which is routinely propagated in vitro, and a small number of E”V-
positive NPC PDXs whose cells are not easily handled in vitro [ ]. There is evidence that
malignant NPC cells tend to lose the E”V genome when one attempts their propagation in
vitro. The resulting E”V-negative cell lines seem to have a phenotype, which does not fit with
the NPC cell phenotype in situ, especially with regard to immunological characteristics e.g.,
HONE  [ ]. They are sometimes artificially reinfected by E”V in vitro, but this does not
restore a typical NPC cell phenotype.

In addition to the latent E”V-infection, the malignant phenotype of NPC cells is explained by
a number of genetic and epigenetic alterations. None of these alterations is constant in all NPC
tumours, and few are highly specific of NPCs. In most cases, there are no alterations in the
TP  gene it is mutated in less than % of the cases  [ ] . In contrast, many other tumour
suppressor genes TSGs  are frequently silenced in NPC cells, especially CDKN A chromo‐
some p .  and RASSF  chromosome p . . Their inactivation often results from a
combination of hemizygous deletion and promoter hypermethylation on the remaining allele.
However, deletions of both alleles and inactivating point mutations have been also reported.
Silencing of these TSGs often occurs very early in the carcinogenic process [ ]. Many TSGs
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like the gene encoding the Wnt inhibitory factor  WIF, q .  or E-cadherin CDH, q .
are consistently inactivated by methylation of both alleles [ , ]. One has to keep in mind
that prolonged latent or even transient E”V infection favours genome-wide hypermethy‐
lation of gene promoters [ ]. In addition to the silencing of multiple TSGs, NPC cells exhibit
alterations of multiple oncogenes, which are often affected by copy number gains, especially
CCND  encoding cyclin D  on chromosome q .  and PIK CA q .  [ , ]. There are
also frequent copy-number gains of the gene encoding the lymphotoxin-  receptor LTβR  on
chromosome p .  [ ]. This is a rare  or even unique  example of a genetic alteration
which is highly specific of NPC tumours. Two oncogenic fusion genes UBR -ZNF  and
FGFR-TACC have been identified by high-throughput sequencing of tumour mRN“s
RN“seq , but they are only detected in a minority of NPC specimens, mainly among late stage

tumours [ , ]. Whole exome sequencing of  NPC specimens has revealed mutations in
genes encoding proteins involved in chromatin remodelling, especially ARID a about % of
the specimens  and in the process of DN“ methylation TET , TET  and TET , altogether in
about % of the specimens  [ ].

On average, NPCs are more radio-sensitive and chemo-sensitive than other head and neck
tumours. However, they still raise serious therapeutic issues   NPCs are often discovered at
a late stage whereas lymph node and distant organ metastases occur early in tumour evolution

 despite remarkable advances in D radiotherapy, irradiation often leads to severe func‐
tional sequels subcutaneous and muscular sclerosis and xerostomia   although metastatic
lesions are initially sensitive to chemotherapy, they often escape from treatment control after
a few months [ , ]. In summary, despite the remarkable progress achieved in the recent
years, there is still an urgent need for better therapeutic modalities. In this context, the idea of
using E”V as a kind of endogenous oncolytic virus has been in the air for a very long time. The
proof of principle that pharmacological agents can disrupt latent infection and push at least a
fraction of E”V-infected malignant cells towards the reactivation of the viral lytic cycle was
presented almost  years ago. Sodium butyrate was reported as a potent activator of the lytic
cycle in E”V-infected human ”-lymphocytes in  [ ]. However, the progress of this concept
towards therapeutic applications has been very slow, especially regarding NPC. The aim of
this review is to assemble key information for a public of non-E”V-specialists who want to
understand the cellular, molecular and pharmacological basis of translational research on
cytolytic viral activation in nasopharyngeal carcinomas.

. Main aspects of EBV biology and regulation of the latent/lytic modes of
infection

. . General aspects of EBV biology

E”V is one of the eight human Herpesviridae. It belongs to the subfamily of the -herpesvirinae
and to the genus of lymphocryptoviruses. Like all Herpesviridae, it is an enveloped double-
stranded DN“ virus, containing about  genes. It is the causative agent of infectious mono‐
nucleosis, and it has an etiological role in several human malignant diseases mainly of
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lymphoid and epithelial origin as well as several autoimmune diseases. Examples of E”V-
related malignancies are nasopharyngeal carcinomas, several types of lymphomas endemic
”urkitt’s Lymphoma ”L , more rarely Hodgkin lymphomas, centro-facial NK-T lymphoma,
post-transplant lymphomas and “IDS-associated lymphomas , and approximately % of
gastric cancers worldwide [ ]. Examples of autoimmune diseases likely to involve E”V
are multiple sclerosis and systemic lupus erythematosus [ , ]. Like all other herpesviruses,
E”V causes lifelong infection following the primo-infection. More than % of adult humans
are healthy carriers regardless of their geographic origin. Its persistence in healthy carriers is

Figure . E”V-genome structure and configuration in connection with latent or lytic infection  “  E”V genome map
linear representation . E”V genome contains about  kilobase pairs kb . ”oth ends of the viral DN“ contain a varia‐

ble number of repeated non-coding sequences of  bp called TR for terminal repeats . In addition, there are internal
repeated sequences called internal repeats major IR  and minor IR . Ori-P is the replication origin of the viral ge‐
nome used in the latent state of infection. The Ori-lyt are two replication origins used during the lytic infection. The
reference restriction map is based on the digestion of the viral DN“ by the restriction enzyme ”amH . Restriction frag‐
ments are classified from the largest ”amH “  to the smallest ”amH Z . Designation of open-reading frames is
based on this restriction map. For example, ”ZLF  is the first leftward open reading frame in the ”amH  Z fragment
”am Z leftward open-reading frame  ”ZLF  by extension also means the corresponding protein . ”  Configuration

of the E”V genome characteristic of the latently infected cells. When the infected cell enters a state of latent infection
the viral DN“ is circularized probably by recombination of the TRs. This circular form of the genome called episome is
contained in the nucleus in combination with cellular chromatin but apart from chromosomes. The episomes are pas‐
sively replicated by cellular DN“ polymerases starting from the Ori-P origin of replication. During latent infection,
most viral genes are silent. However, about % of them are consistently expressed in blue . Most of these genes en‐
code final products viral non-coding RN“s or proteins with transforming properties. They are called latent genes
whereas genes expressed only during lytic infection are called lytic genes . There is no topographical separation be‐
tween the two categories of genes. C  Configuration of the E”V-genome characteristic of the lytic infection. “s usual in
virology, the phase of the lytic cycle which precedes viral DN“ replication is called the early phase. “s soon as the
viral DN“ pol starts the autonomous replication of the viral genome, lytically infected cells enter the late phase. Newly
synthesized viral genomes are in a linear configuration. Viral proteins expressed at the very beginning of the early
phase of the lytic cycle like ”ZLF  and ”RLF  are encoded by immediate early genes. Early viral proteins are ex‐
pressed at a more advanced stage. Many of them are involved in DN“ metabolism, for example, the viral thymidine-
kinase, DN“se and DN“ polymerase. The E”V protein kinase ”GLF  protein encoded by the ”am G leftward open
reading frame  can phosphorylate various substrates. It is also one component of the viral particle.
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the result of three types of viral characteristics   its capacity to continuously induce bursts
of productive infections in various tissues, especially in the upper aerodigestive tract and more
specifically in the tonsils, the salivary glands and possibly gingiva   its capacity to achieve
latent infection mainly in ”-lymphocytes, especially memory ” cells in blood, bone marrow
and lymphoid organs   its sophisticated strategies of immune evasion [ ].

The distinction between two major modes of virus-cell interactions is a key to understanding
E”V biology [ ].  Latent infections are cellular infection modalities characterized by the
absence of viral particle production, a restricted expression of viral genes often less than 
out of  and a circular configuration of the viral genome Figure .  Lytic/productive
infections are characterized by sequential or concomitant expression of most viral genes,
abundant synthesis of linear viral genomes and finally extracellular release of viral particles
or virions in a context of mandatory cell death.

. . Latent EBV infection in LCL and NPC cells

One major common characteristic of most E”V-related malignancies is the predominance of
latent modes of virus-cell interactions. “s a rule in E”V-associated tumours, no E”V particles
are detected by electron microscopy on tumour sections, whereas the viral DN“ can be
visualized in the nuclei of malignant cells by in situ hybridization. Consistently, very few
malignant cells exhibit expression of viral proteins characteristic of the lytic/productive cycle.
This minimal expression of lytic viral proteins in E”V-infected malignant cells favours immune
evasion. In most latently infected cells, the virus-cell interactions are bidirectional  a few viral
genes often modify the phenotype of the host cell, whereas the cellular context contributes to
the repression of most viral genes see subsequent section ” . For laboratory investigations,
a model of latent E”V infection is easily obtained in vitro by infection of peripheral blood
mononuclear cells P”MCs  from normal donors, which results in the oncogenic transforma‐
tion of resting ” cells. These E”V-transformed ”-cell lines are often called lymphoblastoid cell
lines LCLs . LCLs are immortalized and tumorigenic in SCID severe combined immune-
deficiency  mice [ ]. They represent a privileged model for in vitro investigations of the
molecular basis of latent infections.

During latency, the viral genome is conserved under the form of circular copies, called
episomes, from one to several tens, which are present in the nuclei apart from the cell chro‐
mosomal DN“ but also coated with cellular chromatin and replicated by cellular enzymes at
each cell division. Most viral genes expressed in E”V-associated malignancies belong to the
category of the latent genes, which are expressed in LCLs in vitro and contribute to the
maintenance of the transformed phenotype. Their oncogenic effects are summarized in
Table . The latent genes encode nuclear proteins like the E”N“s Epstein-”arr nuclear
antigens , membrane proteins like LMP , LMP- “ and LMP- ” latent membrane proteins ,
“ and ”  and non-coding RN“s. There are two main categories of non-coding viral RN“s

genuine microRN“s and the E”ERs Epstein-”arr virus encoded small RN“s  [ ]. Two
families of viral microRN“s, called ”HRF  and ”“RT  microRN“s, can be transcribed
from two distinct regions of the E”V genome, the ”am-H  H and ”am-H  “ segments,
respectively. The ”HRF  ”am H rightward open reading frame  cluster includes at least
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four microRN“s which are transcribed in LCLs but not detectable in most NPC specimens.
They have a key role in the inhibition of apoptosis [ ]. In contrast, the microRN“s of the ”“RT
”am “ rightward transcripts  family are abundant in most NPC cells and not detected in

LCLs. “bout  ”“RT microRN“s have been identified so far [ , ]. They target a great
variety of mRN“s, for example, those encoding the pro-apoptotic protein Puma miR-”“RT ,
the tumour suppressor protein PTEN miR-”“RT  or the viral DN“ polymerase miR-
”“RT  [ ]. The E”ERs are single-stranded RN“s of about  nucleotides with a complex
secondary structure containing double-stranded segments which can react with various
cellular receptors of double-stranded RN“s such as the PKR protein-kinase RN“-dependent ,
RIG  retinoic acid-inducible gene  and TLR  Toll-like receptor  [ ]. These interactions
stimulate resistance to interferon and production of growth factors like IGF-  insulin-like
growth factor  [ ].

Type EBV product Examples of functions
Latency
product

Non-coding latent
transcripts

EBERs  and 
non-coding RN“s

Inhibit the RN“ dependent protein
kinase PKR  activate the Toll-like
receptor  TLR  [ ]

miR-BART microRN“s Inhibit expression of some viral lytic
and cellular pro-apoptotic genes,
promote metastases [ , , ]

Non-membrane
protein

EBNA 
nuclear protein

Episome maintenance, contributes to disruption
of PML bodies [ ]

BARF
secreted protein

Ligand of the m-CSF or CSF  receptor [ ]

Membrane latent
protein

LMP “ctivator of ”cl /p /P  NF-k” complex [ ]

LMP A “ctivator of PI  kinase/“kt pathway [ ]

LMP B “ccelerates the degradation of interferon
receptors [ ]

Lytic cycle
products

Immediate early
proteins IE

BZLF “ct as transactivators, enhancing the
expression of later lytic genes [ , ]BRLF

Early
proteins E

DNA polymerase Lytic replication of the viral genome

EBV-DNase “lkaline nuclease with endonuclease
and exonuclease activities

EBV-thymidine kinase TK Phosphokinase with a probable role in
the phosphorylation of FI“U [ , ]

EBV-protein kinase PK Phosphokinase involved in DN“ replication
and virion production. Phosphorylates
ganciclovir [ , ]

Late
proteins L

VCA viral
capsid antigen

“ complex of structural proteins assembled in the
viral capsid

Gp Viral envelope glycoprotein binding to the cell
membrane receptor CD  also known as CR  [ ]

Table . Examples of E”V latency and lytic cycle products with clues on their functions.
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In comparison to LCLs, latent E”V infection in NPC cells has some specific features. The
expression of latent viral proteins is more restricted than in LCLs. Only one latent nuclear
protein E”N“ is expressed in contrast to six in LCLs. The latent membrane proteins,
LMP  and LMP , are present in most tumour specimens but often at a low level and with major
heterogeneity among tumour cells [ , ]. “nother specific feature of latent E”V-infection in
NPCs is the huge abundance of the ”“RT microRN“s which on average account for % of
total tumour microRN“s [ ] .

. . The switch from latency to the lytic/productive infection and its regulation

. . . General features of the switch from latent to lytic EBV-infection

Experimental lytic/productive infections by E”V can be achieved in several manners. “s
explained in the previous section, E”V infection of resting ” cells in vitro results mostly in
transformed cells, which are latently infected. However, E”V-transformed ” cells can enter the
lytic/productive cycle at a secondary stage triggered by plasmacytic differentiation or treat‐
ment with various chemicals Table . The experimental systems used for E”V infection of
epithelial cells in vitro are completely different. First, penetration of viral particles often
requires special procedures, as for example, pre-adsorption on ” cells [ ]. Next, penetration
of E”V in epithelial cells often results in direct lytic infection Figure  [ , ]. With most
experimental systems, latently infected epithelial cells remain rare, and their isolation usually
requires the use of recombinant viruses carrying selectable markers [ ]. In some models based
on cultured primary epithelial cells, primary lytic infection can be blocked by overexpression
of cyclin D  or inhibition of CDKN “. So far, most laboratory investigations on E”V lytic/
productive infection have been done starting from latently infected cells switching to lytic viral
activation see Figure . This switch is triggered by external factors and/or modifications of
physiological cell conditions, for example, differentiation or senescence. It is the result of a
change in the balance of factors either blocking or enhancing the expression of lytic viral genes.
“s reviewed by Miller et al [ ] and more recently by Kenney et al [ ] the switch from latent
to lytic infection is a sequential process, comprising two main sets of events

. Upstream events leading to the expression of the immediate early viral transactivators
”ZLF  also called ZE”R“, Zta or E”-  and ”RLF  also called Rta  [ ].

. Downstream events resulting from the interaction of ”ZLF  and ”RLF  with a number of
viral promoters controlling genes encoding products of the lytic cycle, such as, the E”V
DN“-polymerase or E”V-TK thereafter called lytic promoters  [ ].

The genes encoding ”ZLF  and ”RLF  are themselves under the control of promoter regions
Zp and Rp , which are regulated by a wide number of cellular factors, either activators or

inhibitors. The influence of the inhibitors is predominant in the latently infected cells and vice
versa during lytic activation.
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Class of drugs Example

Direct PKC activators Phorbol-esters [ ]

Conventional chemotherapy [ , , , – ] cis-platinum or cisplatin alkylating agent  paclitaxel stabilizer of

mitotic spindle  -fluoro-uracil pyrimidine analog  gemcitabine

cytidine analog

Inhibitors of histone deacetylases HDACi Sodium butyrate [ ],

Trichostatin “ [ ]

Valproic acid [ , ],

Panobinostat L”H-  [ ], Vorinostat S“H“  [ , ],

Romidepsin [ , ]

Demethylating agents -“zacitidine [ ]

Protease inhibitors ”ortezomib [ , ]

Gamma-secretase inhibitors Dibenzazepine [ ]

Tetrahydrocarbolines and other compounds

recently selected by high-throughput assays [ ],

[ ]

Prodrugs activated by EBV enzymes [ , , ] Ganciclovir - , -dihydroxy- -propoxyméthyl  guanine or

DHPG

FI“U ′-fluoro- ′-deoxy- -D- -iodo-uracil-arabinofuranoside

[ , ]

Table . Summary of the different drugs with reported capacity of lytic E”V activation and prodrugs phosphorylated
by E”V-encoded kinases.

”ZLF  and ”RLF  activate one another’s promoter and their cooperation is required for
optimal activation of many lytic viral promoters [ ]. ”ZLF  preferentially activates these
promoters when they are methylated, whereas ”RLF  is more active on unmethylated
promoters [ ]. Therefore, they cooperate to induce lytic activation, no matter if the viral
genome is methylated or unmethylated. ”RLF  ability to transactivate its target promoters is
also dependent on another epigenetic mark, which is the -hydroxymethylation of cytosine in
promoter CpG islands. Hydroxy-methylation induces an open chromatin conformation, which
is critical for optimal action of ”RLF  but not ”ZLF  [ ].
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Figure . Main modalities of virus-cell interactions in lymphoid and epithelial cells.

 When human resting ”-lymphocytes are infected by E”V, a fraction of them enter a state of
viral latency requiring the circularization of the E”V genome and the expression of several
viral latent genes. Simultaneously, the host cell undergoes an oncogenic transformation driven
by the viral latent genes, especially E”N“ , E”N“ “ and C and LMP . These transformed
”-cells can proliferate indefinitely resulting in LCLs. However, a secondary switch from
latency to the lytic cycle can occur in a fraction of them. This fraction is generally very small
but it can be increased by some pharmacological agents like HD“Ci histone deacetylase
inhibitors  or PKC protein-kinase C  activators.

 E”V infection of epithelial cells in vitro requires special experimental systems like co-
cultivation with ”-cells carrying viral particles . In most of these experiments, penetration of
the viral particles results in infections which are directly cytolytic or abortive. There is evidence
that the same type of events often occur when epithelial cells are infected in situ, for example
in the salivary glands or in the tonsil epithelium normal epithelial cells are depicted by a cell
shape named ordinary epithelial cell  [ , ].

 However for some reasons, malignant NPC cells undergo a latent infection suggesting a
special type of virus-cell interactions at the initial stage of the malignant cell proliferation.
There is evidence that the precursor cells have premalignant alterations, especially knock-out
of cyclin kinases’ inhibitors which make them resistant to virus-induced senescence cells with
pre-malignant lesions are depicted by a cell shape named precursor of NPC cell . Obvious‐
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ly, this is not sufficient for the establishment of latency since it is difficult to establish latency
in many epithelial cells which are fully transformed and grown in vitro. In latently infected
NPC cells secondary lytic or abortive cycle can occur spontaneously in a small fraction of the
cells. One important aim of cytolytic activation therapy is to dramatically increase the number
of the malignant cells undergoing the lytic cycle.

. . . Overview of the cell physiological conditions and transcription factors involved in the switch from
latent to lytic EBV infection

The factors controlling the switch from latent to lytic infection are numerous. They are intricate
and highly dependent on the cellular context. Figure  is intended to give a concise overview
of these factors. “s a first approximation, absence of cellular differentiation, cell proliferation,
EMT epithelial to mesenchymal transition  and inflammation tend to favour the maintenance
of a latent infection. In contrast, cell differentiation, senescence, DN“ damage response and
hypoxia favour the entry into the lytic cycle.

Many signalling pathways which favour lytic E”V activation involve protein-kinases C
PKCs . PKCs phosphorylate hydroxyl groups of serine and threonine in multiple protein

substrates, including M“P kinases and M“RCK proteins. They are involved in multiple and
diverse biological processes including transcriptional regulations, cell growth and immune
responses. Physiological activation of conventional  PKCs , ,  requires stimulation by
diacylglycerol and calcium, whereas activation of novel  PKCs , , H, Θ  requires only
diacylglycerol. There is evidence for a special contribution of PKC  to the control of the switch
from latent to lytic infection. For example, as explained in sections C , D  and D , PKC  plays
a critical role downstream of various pharmacological agents inducing lytic E”V activation
[ ]. On the contrary, the intracellular form of the cytokine IL-  has been shown to prevent
lytic activation by sequestration of PKC  [ ]. Several PKC isoforms activate cellular imme‐
diate early proteins, for example, the FOS and EGR  early growth response  transcription

Figure . Summary of the physiological cell conditions and transcription factors, which modulate the activity of the
BZLF  Zp  and BRLF  Rp  gene promoters in the context of epithelial cells. ”oth promoters are under the control of
inhibitory left side  and activating right side  factors. Various physiological cell conditions are enumerated outside
the pink circle, whereas the corresponding regulatory proteins are presented inside the pink circle with transcription
factors appearing in bold brown letters. Detailed explanations and references are provided in section ” - .
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factors, which have specific binding motifs on the Zp and Rp promoters, respectively [ , ].
For information, phorbol-esters, which have long been known to induce lytic E”V activation
in lymphoid cells, are direct pharmacological agonists of PKCs [ ].

The ”limp-  transcription factor, which is a key player for lymphoid and epithelial cell
differentiation, is a strong inducer of lytic E”V activation, especially in epithelial cells  it
stimulates the expression of both ”ZLF  and ”RLF  [ ]. TGF-  has been reported to induce
a partial lytic activation in E”V-positive gastric carcinoma cell lines [ ]. Various factors, which
antagonize senescence, favour the maintenance of E”V latency. “s already mentioned,
overexpression of cyclin-D  or loss of CDKN “, which enhances G /G  transition in the cell
cycle, prevents lytic activation in some models of E”V latent infection in epithelial cells [ ].
Generally speaking, inflammation for example, inflammation triggered by TNF-  or
interferon- is rather seen as a factor which strengthens E”V latency [ ]. “ctivation of NF-
κ” has been reported to stabilize latency in various -herpesviruses [ ]. Stat  is also report‐
ed to stabilize latency in E”V-infected cells [ ]. However, the influence of inflammatory
factors on E”V latency in NPC cells has not been well documented. The ZE” /ZE”  transcrip‐
tion factors, which are known to contribute to the EMT in various cell types, have been proven
to antagonize E”V lytic activation [ ]. Finally, there is evidence that ΔNp  can contribute to
the maintenance of E”V latency. ΔNp  is a variant of the p  transcription factor, which is
preferentially expressed in undifferentiated basal epithelial cells [ ].

The switch of latent to lytic infection is also triggered by various types of cellular stress and
adaptive responses. Genotoxic stress and DN“ damage response have long been known to
favour E”V lytic activation in various cell backgrounds, especially in NPC cells. ”RdU
treatment was used in one of the oldest reports on lytic E”V activation achieved in an NPC
model [ ]. Ionizing radiations have been shown to induce lytic activation in LCLs [ ]. “s
explained in details in section D , many drugs in the arsenal of conventional cancer chemo‐
therapy are inducers of lytic E”V activation in various cellular backgrounds. The “TM ataxia-
telangiectasia mutated  kinase and to a lesser extent TP  often play a critical role in the
sequence of events leading from DN“ damage to ”ZLF  expression [ , ]. In addition, there
is evidence that “TM is involved in the lytic cascade downstream of ”ZLF  [ ]. In other
words, “TM is apparently involved in the lytic cascade upstream as well as downstream of
”ZLF  expression. Endoplasmic reticulum stress, which results from large-scale protein
misfolding, has been reported as a condition leading to lytic activation in LCLs [ ]. Finally,
the cellular stress resulting from hypoxia was reported to favour the switch from latent to lytic
infection with a role of the HIF  transcription factor in the activation of the Zp promoter [ ].

. . . Epigenetic factors control the switch from latent to lytic EBV infection

This point will be addressed briefly with focus on two epigenetic processes, which are critical
for the switch from latent to lytic E”V infection  DN“ methylation and transcriptional control
by microRN“s. We have previously mentioned that ”ZLF  preferentially interacts with
methylated lytic promoters, whereas it is the opposite for ”RLF . Therefore, the net impact of
the methylation or the demethylation of the viral genome is not easily predicted and is highly
dependent on the cell background [ ]. Recent work has shed some light on the role of cellular
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microRN“s in the maintenance of E”V latency. Members of the miR-  family, like miR- b,
target the transcription factors ZE”  and ZE” , thus having the ability to reactivate the E”V
lytic gene expression when added to E”V-infected cells [ ]. This applies not only to endoge‐
nous microRN“s but also to members of the miR-  family conveyed by extracellular vesicles,
which can induce lytic E”V activation in recipient cells [ ]. In contrast, other microRN“s of
cellular and viral origin have the ability to repress viral reactivation by targeting elements of
its machinery [ ].

. Basic principles and requirements of therapies based on viral cytolytic
activation in EBV-associated malignancies

Like for all Herpesviridae, production of viral particles is automatically associated with the
death of cells infected by E”V. This is the reason why the productive cycle as opposed to the
state of latent infection is often called the lytic cycle [ ]. With this in mind, for a long time

going as far as the end of the seventies many authors have considered reactivation of the
lytic cycle as a possible therapeutic strategy. For a long time, the concept has evolved very
slowly. One hurdle was the fact that the state of latent infection is generally very stable. In
addition, in most cases it is difficult to go beyond partial reactivation with expression of some
proteins of the lytic cycle like the immediate-early ”ZLF  transactivator. On the other hand it
was recognized that, in many cases, even partial reactivation is sufficient to block cell
growth [ ]. This intrinsic cytotoxic effect of partial reactivation, the possible induction of the
expression of viral enzymes capable to of metabolizing a prodrug and the wish to enlarge the
range of viral targets for the immune system are currently the main incentives to investigate
the induction of the viral lytic activation as a therapeutic approach [ ]. One additional
perspective is to use precursors of radio-opaque molecules processed by viral enzymes and
selectively retained in the malignant cells for specific medical imaging [ , ]. Two E”V-
encoded enzymes are usually cited as having the potential to metabolize and activate
prodrugs  the E”V thymidine kinase TK  and the E”V protein kinase PK  encoded by the
”XLF  and ”GLF  genes, respectively. Ganciclovir GCV  and acyclovir “CV  are not
substrates of E”V-TK. Meng et al. have formally demonstrated that among E”V-encoded
kinases, E”V-PK is necessary and sufficient to phosphorylate GCV and “CV [ ]. Consistent
data had been previously reported by Gustafson et al [ ]. The phosphorylated active forms
of GCV and “CV inhibits cellular and viral replication. Fialuridine or FI“U ′-fluoro- ′-
deoxy- -D- -iodouracil-arabinofuranoside  is also a prodrug activated in E”V-infected cells,
presumably by the E”V-TK, but its use is limited by its hepatic and metabolic toxicity [ , ,

]. However, it can be used occasionally, at least in animal models, for imaging purpose.
Indeed, its phosphorylation by E”V-TK results in its selective retention in malignant cells.
Thanks to this property, FI“U can be used for imaging in two ways either as a carrier of iodine
atoms, which are opaque to X-ray or when the cold iodine atoms are substituted by radioac‐
tive isotopes as a tumour-selective radioactive emitter [ , , ].

Induction of the lytic cycle can also have potentially deleterious effects. Several publications
have shown that lytic activation in a small fraction of malignant cells can enhance malignant
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growth [ ]. This is probably due to the increased production of inflammatory cytokines,
angiogenic and growth factors in some cells undergoing the lytic cycle [ , ]. To prevent
these deleterious effects, it is important  a  to ensure that the lytic cycle activation occurs in a
large fraction of malignant cells and b  if possible to combine lytic activation with adminis‐
tration of a cytotoxic prodrug, preferably with a bystander effect see Figure .

Figure . Importance of combining the induction of the lytic cycle with the administration of prodrugs. From a thera‐
peutic point of view, induction of the lytic cycle has both positive and negative consequences. Positive consequences
are  the expression of viral enzymes, which can activate prodrugs specifically in malignant cells and  the broaden‐
ing of viral antigen expression, which is expected to facilitate specific recognition and destruction of malignant cells by
the immune system. One potential drawback is an increase in the production of growth factors and angiogenic factors
by malignant cells. Several advantages are expected from the use of a prodrug specifically activated in malignant cells
e.g., ganciclovir or GCV   rapid pharmacological killing of malignant cells including many cells that would not

undergo a full lytic cycle and therefore would stay alive for a long time in the absence of the prodrug   reduction in
the production of growth and angiogenic factors coming from cells undergoing the lytic cycle   possible bystander
killing of cells resistant to lytic cycle induction, for example, by diffusion of phosphorylated GCV through gap junc‐
tions.

These experimental approaches will be classified in three categories   one based on drugs
used for conventional antitumour chemotherapy   one based on HD“C inhibitors and 
finally, a miscellaneous category including various agents from PKC activators to demethy‐
lating agents.

. Main categories of pharmacological agents with the potential of cytolytic
activation of EBV in the context of NPC cells

. . Impact of pharmacological agents used in conventional chemotherapy

“ number of drugs used in conventional chemotherapy have the ability to induce the E”V
lytic cycle in various lymphoid or epithelial cell backgrounds. The drugs which are the most
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active in this process gemcitabine and to a lesser extent doxorubicin, taxol, cis-platinum
CDDP , -fluoro-uracil -FU  and methotrexate, have been empirically identified cis-

platinum and -FU are only active in epithelial cells  methotrexate probably only in lym‐
phoid cells  [ , , ]. Regarding NPC cells, initial data on this topic have been published by
Shannon Kenney’s group in . They showed that CDDP, -FU and taxol were able to induce

or to enhance the expression of the lytic proteins ”ZLF , ”RLF  and ”MRF  in a gastric
carcinoma cell line artificially infected by E”V “GS-E”V  [ ]. Simultaneously in cytotoxici‐
ty assays, synergies were found between GCV and cis-platinum or -FU. Similar results were
obtained using the xenografted NPC tumour line, C . De novo expression of ”ZLF  and
enhancement of ”MRF  expression were observed after treatment with CDDP or -FU. In
addition, there was a synergy in tumour growth inhibition when GCV was combined with
CDDP or -FU in intraperitoneal injections to nude mice bearing C  xenografts. It is note‐
worthy that the same agents had no impact on lytic E”V-protein expression in two other NPC
xenografts, C  and C . One specific feature of C  shared with “GS-E”V is that, even in the
absence of drug treatment, it has a low level of constitutive lytic protein expression. This is not
the case for the two other NPC xenografts [ ] and P. ”usson, unpublished data .

Subsequently, regardless of the cell background, gemcitabine has been confirmed as the most
potent inducer of E”V lytic activation among all drugs routinely used in conventional
chemotherapy [ , , ]. Its capacity to contribute to lytic activation in NPC cells has been
well documented by Wildeman et al.  and to a lesser extent by Hsu et al.  [ , ].
In both cases, induction of lytic activation in the C -  cell line was stronger when gemcita‐
bine in the range of  μM in vitro  was combined with valproic acid in the range of  μM
in vitro . Valproic acid is a short chain fatty acid typically used as an anti-epileptic drug, which
behaves, to some extent, as an HD“C inhibitor. Using the gemcitabine/valproic acid combi‐
nation in vitro more than % C -  cells were positive for ”ZLF  by immunofluorescence
[ ]. Wildeman’s publication also provided substantial clinical data. Objective tumour
responses were reported for three end-stage NPC patients subjected to a three-drug regimen
combining gemcitabine, valproic acid and GCV [ ]. Interestingly,  years later, partial tumour
responses were again reported by the same group for five out of eight NPC patients refracto‐
ry to conventional treatments and subjected to the almost same regimen except that GCV was
replaced by valganciclovir [ ]. The median survival was  months % confidence interval

 months .

In some epithelial cell backgrounds, the combination of gemcitabine with an HD“C inhibi‐
tor is not mandatory for induction of the lytic cycle. Using a naturally E”V-infected gastric
carcinoma cell-line, SNU- , Lee et al. have observed induction of ”ZLF  expression by
gemcitabine alone at low concentrations in the  nM range in vitro  [ ]. Consistently, they
have observed a synergy of gemcitabine with GCV in the treatment of SCID mice xenograft‐
ed with SNU-  gastric carcinoma cells. “s pointed by the authors, a synergy between GCV
and gemcitabine has also been reported in treatment of non-E”V-related malignant cells but
much higher concentrations of gemcitabine were required about  μM  [ , ].

The mechanisms of lytic activation induced by drugs of conventional chemotherapy are
complex and probably diverse. In the case of “GS-E”V cells, Kenney’s group has highlight‐
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ed several signalling pathways suspected to link cell response to cis-platinum and -FU with
the expression of immediate-early viral proteins  the M“PK/ERK, p  M“PK and PKC
pathways. However, all these data resulted from experiments based on chemical inhibitors.
Therefore, they would probably need verifications by other approaches. “s previously
mentioned, endoplasmic reticulum ER  stress is one possible cell alteration leading to lytic
activation [ ]. However, ER stress markers are not modified in gastric carcinoma cells
subjected to lytic activation driven by gemcitabine [ ]. Signalling pathways involved in the
response to genotoxic stress seem to contribute more consistently to viral lytic activation,
especially in epithelial cells. In SNU-  cells, knocking-down expression of “TM and TP
by RN“-interference antagonizes ”ZLF  induction by gemcitabine [ ].

. . Impact of HDAC inhibitors

Histone deacetylases HD“C  belong to a class of enzymes that remove acetyl groups from
histones, allowing them to wrap the DN“ more tightly and therefore to decrease gene
expression in the corresponding part of the genome. Therefore, depending on the cell context,
HD“C inhibitors HD“Ci  lead to transcriptional activation of a fraction of cellular genes,
which are epigenetically silenced. Many HD“Ci have anti-oncogenic properties. They inhibit
cell proliferation and favour cell cycle arrest, differentiation or apoptosis. These effects are at
least partially related to re-expression of tumour suppressor genes such as CDKN A or ATM.
Their use for viral lytic induction is based on the assumption that histone acetylation is one
epigenetic mechanism contributing to the silencing of most viral genes in latently infected cells.
In addition, they can have less direct effects by increasing the expression of cellular proteins
involved in the lytic cycle like the “TM kinase.

The first generation of HD“Ci includes different categories of compounds, for example,
trichostatin “ one member of the hydroxamic acid family  or short chain fatty acids such as
butyrate and valproic acid. “s mentioned in the introduction of this chapter, as early as ,
sodium butyrate was shown to induce lytic E”V activation in lymphoid cells [ ]. “t this date,
the capacity of butyrate to inhibit histone deacetylases was not known, and the exact mecha‐
nism of the lytic induction remained raveled. It is noteworthy that, much later, in the years

, arginine butyrate was used in combination with GCV by Faller et al. in the first clinical
trial aiming at lytic E”V activation in a group of patients bearing E”V-associated malignan‐
cies. Fifteen patients with refractory E”V-associated lymphoid malignancies were included in
this phase I/II trial. Significant clinical responses were obtained for  of them including some
complete clinical and pathological responses, although with important secondary effects [ ].

The impact of valproic acid on lytic E”V gene expression has been mentioned in the previ‐
ous part D  of this chapter. In contrast with more recent HD“Ci, very high concentrations
of valproic acid are required for lytic gene induction, often in the range of  μM in vitro. In
addition, valproic acid often has limited effects on lytic gene expression when it is not
combined with another drug acting by a distinct mechanism, like gemcitabine. Recent studies
published by G. Miller’s group have shown that valproic acid has more complex biological
effects than other HD“Ci. In some circumstances, it behaves as an antagonist of other HD“Ci
and as an inhibitor of E”V lytic reactivation [ , ]. Trichostatin “ has been reported to induce
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E”V lytic activation in an epithelial cell line artificially infected by E”V through pathways
involving activation of the PKC  and its phosphorylation of the Sp  transcription factor
specificity protein  [ ]. It is noteworthy that trichostatin has also been reported to induce

activation of chromosomally integrated genomes of human herpesvirus  HHV , at least in
vitro [ , ].

HD“Ci of the second generation are compounds, which have been specifically designed to
inhibit HD“C enzymes. They include the hydroxamic acids like vorinostat suberoyl anilide
hydroxamic acid or S“H“  and panobinostat L”H  and benzamides like entinostat
MS . Most of them have the ability to inhibit HD“C enzymes of the class I HD“C- ,

HD“C- , HD“C-  and HD“C-  and class II HD“C- , HD“C- , HD“C- , HD“C- ,
HD“C-  and HD“C- . In , Faller’s group has reported an interesting comparative
investigation of a series of HD“Ci mainly of the second generation, with an assessment of their
relative strength in the induction of lytic E”V activation in lymphoid cells [ ]. The most potent
agent was panobinostat. Entinostat and apicidin, although less effective, were active in the
nanomolar range. Vorinostat, which is active in epithelial cells as mentioned below, was not
active in the panel of lymphoid cells used by the authors. Panobinostat has obtained appro‐
val from the European Medicines “gency and the Food and Drug “dministration US“  for
the treatment of multiple myeloma.

Information on the impact of HD“Ci on epithelial cells, especially NPC cells, is available in a
series of reports published by “.K.S. Chiang and collaborators from Hong Kong [ , ]. Hui
et al. reported in  that in “GS-E”V cells, expression of ”ZLF , ”MRF  and gp  and even
production of infectious viral particles were induced by Vorinostat used at μM concentra‐
tions [ ]. “s in previous studies, it was observed that the “GS-E”V cells had a certain level
of spontaneous lytic activation in basal conditions prior to any drug treatment [ ]. It was also
confirmed that Vorinostat was a poor inducer of lytic E”V activation in lymphoid cells in
contrast with data obtained using epithelial cells. In , the same group has reported in vitro
induction by Vorinostat  μM  of ”ZLF  and ”MRF  but not gp  in the NPC cell line C - .
The induction of ”ZLF  in C -  cells needed higher concentration of S“H“ and a longer
incubation time than for the artificial E”V +  epithelial cell lines like HK -E”V and HONE -
E”V. Nevertheless, induction of ”ZLF  was achieved using Vorinostat in vivo by systemic
treatment of C -  cells xenografted into nude mice  mg/kg,  days a week  [ ]. Finally,
in a report of , Hui et al. have used a more selective HD“Ci, a bacterial product called
romidepsin derived from Chromobacterium violaceum [ ]. Romidepsin has selective inhibito‐
ry action against class I HD“C enzymes mainly HD“C- , HD“C-  and HD“C- . Romidep‐
sin was shown to induce ”ZLF , ”RLF  and ”MRF  in artificially E”V-infected epithelial cells
using concentrations ranging from .  to  nM. In mice xenografted with C -  cells,
combined systemic administration of romidepsin .  mg/kg,  days a week  and GCV 
mg/kg,  days a week  resulted in a substantial tumour growth reduction [ ]. The impact of
romidepsin on lytic protein expression was abrogated by a chemical inhibitor of PKC  but not
inhibitors of PI K, MEK, p  M“PK, JNK. Interestingly lytic activation was not impaired by
an “TM kinase inhibitor in contrast with observations made on SNU-  gastric carcinoma
cells treated with gemcitabine see part D  of this chapter and Lee et al.  [ ]. Romidepsin is
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approved by the FD“ Food and Drug “dministration  but not the EM“ European Medicines
“gency  for the treatment of cutaneous T-cell lymphomas. “dverse effects are nausea,
vomiting, thrombocytopenia and leucopenia [ ]. For future research, data on romidepsin
underline the potential of novel more selective HD“Ci whose design is based on now-solved
HD“C structures third generation HD“Ci, for more information see Stahl et al. [ ] .

. . Impact of miscellaneous pharmacological agents

In this section, we will briefly introduce other agents that have been used for lytic E”V
activation but less consistently than HD“C inhibitors or conventional anti-cancer agents like
gemcitabine. Phorbol-esters like -O-tetradecanoylphorbol- -acetate  are compounds,
which activate proteins of the PKC family. In the history of E”V research, they have been
among the first pharmacological agents along with sodium butyrate and ”RdU used for
induction of E”V lytic activation. However, to our knowledge, phorbol-esters have not been
used in experiments involving NPC cells [ ]. Nevertheless, as previously mentioned, one
protein of the PKC family, PKC  was reported to contribute to lytic E”V activation induced
in epithelial cells by cis-platinum and -FU on the one hand and by romidepsin, an inhibitor
of class I HD“C enzymes, on the other hand see sections D  and D , respectively  [ , ].

”ortezomib requires a special mention because it has been selected by a systematic screen‐
ing of an FD“ library of hundreds of chemical compounds to identify novel inducers of the
lytic cycle not published data but quoted by [ ] . In ”urkit lymphoma cells, the effect of
”ortezomib on lytic activation has been reported to be dependent on the b-ZIP transcription
factor C-E”P  CC““T/enhancer-binding protein  [ ] . ”ortezomib has proven to induce
”ZLF  and E”V-TK expression in E”V-positive ”urkitt lymphoma or gastric carcinoma cells
xenografted on SCID mice [ , ]. This process has been exploited for selective accumula‐
tion of FI“U in tumour cells expressing E”V-TK. Either for imaging purpose using this
iodinated compound labelled with [ I] or with therapeutic intent after labelling FI“U with
[ I]. To our knowledge, this approach has not been extended to NPC models. “s explained
in section C of this chapter, the use of FI“U in patients is compromised by the risk of acute
metabolic or hepatic toxicity [ ]. In more recent publication, the same group was involved in
a new systematic screening of another compound library John Hopkins Drug Library , which
has identified gemcitabine as the best candidate for combination treatment with GCV [ ].

Demethylating agents, especially -azacytidine, have been considered as potential inducers of
E”V lytic activation in NPC cells. “s reported by Chan et al., eight NPC patients were treated
with -aza for one to six cycles  only mild lytic activation was recorded by RT-PCR and
immunohistochemistry of lytic E”V products [ ]. This relative weakness of -azacytidine
might be explained by some distinct characteristics of ”ZLF  and ”RLF  transactivation, which
have been observed in the context of epithelial cells. ”ZLF  transactivation of lytic gene
promoters is enhanced by DN“ methylation whereas it is the opposite for ”RLF  [ ]. This is
bad news for the impact of demethylating agents since cooperation of ”ZLF  and ”RLF  is
crucial for the optimal progression of lytic E”V activation.

“ Notch  inhibitor dibenzazepine has been shown to induce lytic E”V activation in ”urkit
and LCL cells by Giunco et al [ ]. “ccording to the authors, this effect depends on the
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downregulation of the ”“TF transcription factor, which modulates ”ZLF  expression. To our
knowledge, lytic induction based on Notch  inhibitors has not been investigated in NPC cells.

Finally, two groups have recently selected novel inducers of the lytic activation by high-
throughput phenotypic screening from large chemical libraries containing several ten
thousands of compounds [ , ]. Tikhmyanova et al. have reported five structurally related
tetrahydrocarboline derivatives, which are active in the range of  nM in various E”V-
positive cell-lines including the C -  NPC cell line [ ]. Choi et al. have published data on
five novel compounds, which are distinct from PKC agonists and HD“Ci, one of which
activates the M“PK pathways and bears structural resemblance to iron chelators [ ].

. Conclusions

The idea of inducing E”V lytic activation in malignant NPC cells with a therapeutic intent has
been in the air for more than  years [ ]. However, this therapeutic approach is still facing
major obstacles. First, there is evidence that E”V latency is heavily locked in NPC cells, and
several locking mechanisms are probably intimately connected with the oncogenic altera‐
tions at the levels of genome, epigenome and cell phenotype. For example, there is evidence
that the wild-type “TM kinase plays a critical role at several steps of lytic E”V activation
although not under treatment by romidepsin  [ , , ]. In fact, “TM is frequently down‐

regulated in NPC cells [ ]. There is also evidence that Stat  activation prevents E”V lytic
activation. “gain, constitutive Stat  activation is a common feature of malignant NPC cells.
Hydroxy-methylation marks often disappear from the DN“ of NPC cells [ , ]. In a
fraction of tumours, this alteration is a consequence of inactivating mutations in the TET ,
TET  or TET  genes [ ]. Regardless of its mechanism, the loss of DN“ hydroxyl-methyla‐
tion promotes malignant transformation and simultaneously makes the lytic promoters less
sensitive to the action of ”RLF  [ ].

“nother difficulty is the absence of biomarkers for early identification of NPC tumours that
will be responsive to various agents expected to induce the lytic cycle. We suggest that, in
general, the most sensitive tumours will be those where there is a spontaneous expression of
lytic genes prior to any treatment, a point that would deserve a specific investigation. In spite
of all these difficulties, significant progress has been accomplished. Several objective tumour
responses have been obtained in NPC patients treated with a combination of gemcitabine,
valproic acid and GCV [ , ]. Since HD“Ci more effective than valproic acid are now
available, there is room for progress using similar patterns of treatment. “t a time when the
success of immunotherapies based on checkpoint inhibitors has a dramatic impact on our
approach of cancer biology and therapy, several authors rightly emphasize the importance of
E”V lytic activation as a mean to increase the antigenicity of malignant cells [ ]. This trend
is even stronger since major changes are taking place at the confluence of epigenetics, virology
and tumour immunology  recent publications have shown that demethylating agents can
increase tumour cell antigenicity by removing the inhibition of endogenous retroviruses [ ].
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However, combining the inducers of E”V lytic activation with prodrugs specifically activat‐
ed by viral enzymes remains a valuable goal. It is striking that while remarkable progress is
being made concerning lytic inducers, almost nothing seems to happen regarding the prodrug
candidates. So far, most investigators rely on GCV ganciclovir , which was not designed for
E”V-infected cells but is used by default. Nevertheless, a change seems to be in the air in this
field too. “ recent systematic proteomic analysis of E”V-PK substrates has identified hun‐
dreds of cellular proteins involved in DN“ damage response, mitosis and cell cycle. More
importantly, in terms of pharmacology, the analysis of the phosphosites of these substrates
reveals a proline-rich motif signature, which will probably be helpful for the design of artificial
substrates [ ].
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Titre : MicroARN circulants associés aux tumeurs solides: étude de leur potentiel comme biomarqueurs  
pour l’évaluation du pronostique et de la réponse au traitement 
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Résumé : Ce travail se focalise sur la biologie et la 

dynamique des miARN circulants, démontrant leur 
potentiel comme biomarqueurs précieux pour une 
meilleure évaluation du pronostique et de la 

réponse au traitement dans le cancer. Ces molécules 
minuscules simple-brin jouent un rôle crucial dans 
la régulation post-transcriptionnelle de l'expression 

génomique, ciblant et réprimant la traduction des 
ARNm par complémentarité de séquence. Leur 
libération extracellulaire et leur stabilité dans la 
circulation ont attiré l'attention sur eux, en tant que 
fournisseurs potentiels d'informations concernant 

leurs cellules d'origine dans diverses maladies, y 

compris le cancer. Travaillant sur deux projets 

distincts, nous avons étudié la dynamique et 
l'évolution des miARN plasmatiques chez des 
patients atteints de cancer ovarien en cours de 

traitement, ainsi que des 

changements dans l'expression des miARN viraux 

dans des modèles in vitro et in vivo de carcinome 

nasopharyngé associé à l'EBV. Chez le cancer de 
l'ovaire, nos résultats suggèrent une utilité du miR- 

200b dans la surveillance de la maladie,  sa 

variation pendant le traitement étant prédictive de  
la survie sans progression des patients et pouvant 

être utilisée complémentairement au biomarqueur 
standard CA125 pour un suivi plus efficace. 

D'ailleurs, le traitement des carcinomes 

nasopharyngés par divers agents thérapeutiques a 
induit l'expression des miARN BHRF1 

préalablement réprimés au génome latent de l’EBV 
dans les cellules malignes. Ces miARN étaient 
également détectables dans le plasma des souris 
traitées avant une réponse clinique visible, 
proposant un nouveau mode d'évaluation précoce  
du traitement. 

 

 
 

 
 

 

Title: Circulating microRNAs associated to solid tumors: study of their potential as biomarkers for 

evaluation of prognosis and treatment response 
 

Keywords: miRNA, plasma, biomarkers, ovarian cancer, nasopharyngeal carcinoma 

Abstract: This work focuses on the biology and 

dynamics of circulating miRNAs, demonstrating 

their potential to become valuable biomarkers for 

better evaluation of prognosis and treatment 

outcome in cancer. These tiny single-stranded 

molecules play a crucial role in post-transcriptional 

regulation    of    gene    expression,    targeting  and 

models of EBV-associated nasopharyngeal 

repressing mRNA translation via base 

complementarity. Their extracellular liberation and 

stability in circulation have attracted attention on 

them, as potential providers of information 

regarding their cells of origin in various diseases, 

including cancer. Working on two distinct projects, 

we studied the dynamics and evolution of plasma 

miRNAs in patients with ovarian cancer undergoing 

treatment, as well as changes in viral miRNA 

expression in treated vitro and vivo 

carcinoma. In ovarian cancer, our results suggest a 

special utility of miR-200b in the surveillance of  

the disease, as its variation throughout treatment 

proved to be predictive of the progression-free 

survival of the patients and could be used along 

with the standard biomarker CA125 for a more 

efficient follow-up. On the other hand, treatment of 

nasopharyngeal carcinoma with various therapeutic 

agents induced the expression of the previously 

silent BHRF1 miRNAs of the latent EBV genome 

found in the malignant cells. These miRNAs were 

even detectable in the plasma of treated mice before 

the onset of clinical response, providing potential 

for treatment evaluation at a very early stage. 
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