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La tolérance immunitaire

• Horror Autotoxicus --> Autoimmunity --> 
Immunorégulation

• Dogme: 

• tolérance centrale (T/B)/tolérance périphérique

• sélection négative des clones auto-réactifs 
(apoptose) 

• sélection positive de cellules régulatrices 
foxp3+ (Treg)

• Basée sur le postulat que le répertoire «naïf» est 
auto-réactif
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Les superantigènes: 
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Différentiation thymique 
et tolérance centrale (I)

• Asymétrie de la différentiation thymique

• Sélection de cellules CD25+
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Figure 2. Modifications of cell size, TcR 
and HSA expression during the matura- 
tion of DP into SP TcekTotal thymo- 
cytes were triple labeled with anti-CD4, 
anti-CD8 and anti-TcR (middle panels) 
or anti-HSA (bottom panels) mAb. Dot 
plots correspond to 5 x lo4 thymocytes. 
Left: Differentiation of DP into CD8SP 
The upper left dot plot shows the thy- 
mocyte populations studied: 
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gated as RCD4, to visualize the modifications of TcR (middle right dot plot) and HSA (bottom hght dot plot) expression accompanying 
down-regulation of CD4, during the transition of DP to CD4SP. Right histograms compare the cell size (upper graphs),TcR (middle) and 
HSA (bottom) expression CD4+ CDSITcRh' (solild lines) and CD4SPTcRh' (dotted lines). Similar results were obtained with all anti-Vp 
mAb studied and with any combination of anti-CD4 or anti-CD8 mAb. 

characterized CD4+CDS10 and CD8+CD410 populations. 
Gates including all CD8+ cells (DP, CD8+CD41° and 
CD8SP-RCDS) or all CD4+ thymocytes (DP, CD4+CDSk0 
and CD4SP-RCD4) permitted us to  visualize the modifica- 
tions of TcR and HSA expression during the transition of 
DP into SP thymocytes. These data are shown in Fig. 2. 

CD8+CD41TcRhi thymocytes represented an average of 
1.5% of the total thymocytes.Their size and TcRexpression 
was similar to that of CDSSP. CD4 down-modulation during 
the differentiation of DP into CDSSP was accompanied by 
rapid loss of HSA (see lower left dot plot) CD8+CD41TcRhi 
thymocytes contained 10% of HSA- cells, while 70% of 
CD8SP thymocytes were HSA-. 

CD4+CDS1TcRhi (R2) represented an average of 3% of the 
total thymocytes. They were smaller than CD4SP, and had 
lower TcR expression. The majority of CD4+CD8ITcRhi 
thymocytes expressed high levels of HSA comparable to 
most DP (see lower right dot plot). Transition of 
CD4+CD8'TcRhi to CD4SP was accompanied by a reduc- 
tion in HSA expression, but up to 60% of CD4 SP 
thymocytes still expressed high levels of HSA. LN CD4 SP, 
however, were HSA negative (not shown). 

Thus, it appeared that differentiation of DP into either 
CD4SP or CD8SP was asymmetrical. In thymocytes com- 
mitted to the CD8 lineage, the increase in TcR expression 
was evident before the loss of CD4. The progressive 
down-modulation of CD4 was accompanied by constant 

cell size, constant levels of TcR, and rapid loss of HSA 
(Fig. 2, left dot plots). In  contrast, DP committed to the 
CD4 lineage (Fig. 2, right dot plots) showed down- 
regulated CD8 and increased TcR expression simultaneous- 
ly. By all criteria (cell size, TcR and HSA expression) 
CD4TD8'O T cells were more immature than their 
CD8+CD4l0 counterparts. 

It should be noted that DPTcRhi thymocytes expressed 
higher TcR than many CD4+CD810 cells (Fig. 2, right 
middle dot plot). This was particularly evident in the case of 
CD4+CDSi0 thymocytes with relatively higher CD8 expres- 
sion. These results suggested that at least some CD4+CD8I0 
T cells may originate from DPTcRlO thymocytes directly, 
without transit through a DPTcRhi intermediate phase of 
differentiation. 

3.3 Repertoire selection in thymocyte populations 

3.3.1 Negative selection of Vp6+ thymocytes in Mls-la 
mice 

In Mls-1" mice, VP6hi [13] but not VP61° thymocyte 
populations are deleted during ontogeny [ l l ] .  Reduced 
frequencies of VP6hi cells in all thymocyte populations can 
be detected in 1-week-old mice. This process is progressive 
[ l l ]  and differs between various Vphi populations, the 
kinetics of which in our mouse colony are shown inTable 1. 

198 G. Marodon and B. Rocha Eur. J. Immunol. 1994. 24: 196-204 

1 R3 Re R l  

5 

CD8 

a 
v) I 

CD8 

Figure 2. Modifications of cell size, TcR 
and HSA expression during the matura- 
tion of DP into SP TcekTotal thymo- 
cytes were triple labeled with anti-CD4, 
anti-CD8 and anti-TcR (middle panels) 
or anti-HSA (bottom panels) mAb. Dot 
plots correspond to 5 x lo4 thymocytes. 
Left: Differentiation of DP into CD8SP 
The upper left dot plot shows the thy- 
mocyte populations studied: 

f CD8+CD41° (R4); CD8SP (RS).Thymo- :---j-J - 

cytes CD8SP) expressing were gated CD8 (DP, as RCD8. CD8+CD41°, This 
0 : :  
3 
.- . . .  , allowed visualization of the modifica- 

: . .  : tions of TcR (middle left dot plot) and d i :  HSA (bottom left dot plot) expression 
B-TCR that accompanied down-regulation of 

CD4, during the transition of DP to 
CD8SP. Left histograms compare the 
cell size (upper graphs), TcR (middle), 
HSA (bottom) expression of 

- CD8+CD4'TcRhi (solid lines) and 
8 CD8SPTcRhi (dotted lines). Right: Dif- 'ill $ d {  :'i/ : ferentiation of DP into CD4SR The 

upper right dot plot shows the popula- 
tions studied, CD4+CD81° (R2); CD4SP 
(R3). All thymocytes expressing CD4 
(DP. CD4+CD8I0. CD4SP) were also 

- 
8 
'n - 
i( I\., , I  
a 

FSC 

. .  . .  . .  c - 
.... 

- ..a 

HSA 

gated as RCD4, to visualize the modifications of TcR (middle right dot plot) and HSA (bottom hght dot plot) expression accompanying 
down-regulation of CD4, during the transition of DP to CD4SP. Right histograms compare the cell size (upper graphs),TcR (middle) and 
HSA (bottom) expression CD4+ CDSITcRh' (solild lines) and CD4SPTcRh' (dotted lines). Similar results were obtained with all anti-Vp 
mAb studied and with any combination of anti-CD4 or anti-CD8 mAb. 

characterized CD4+CDS10 and CD8+CD410 populations. 
Gates including all CD8+ cells (DP, CD8+CD41° and 
CD8SP-RCDS) or all CD4+ thymocytes (DP, CD4+CDSk0 
and CD4SP-RCD4) permitted us to  visualize the modifica- 
tions of TcR and HSA expression during the transition of 
DP into SP thymocytes. These data are shown in Fig. 2. 

CD8+CD41TcRhi thymocytes represented an average of 
1.5% of the total thymocytes.Their size and TcRexpression 
was similar to that of CDSSP. CD4 down-modulation during 
the differentiation of DP into CDSSP was accompanied by 
rapid loss of HSA (see lower left dot plot) CD8+CD41TcRhi 
thymocytes contained 10% of HSA- cells, while 70% of 
CD8SP thymocytes were HSA-. 

CD4+CDS1TcRhi (R2) represented an average of 3% of the 
total thymocytes. They were smaller than CD4SP, and had 
lower TcR expression. The majority of CD4+CD8ITcRhi 
thymocytes expressed high levels of HSA comparable to 
most DP (see lower right dot plot). Transition of 
CD4+CD8'TcRhi to CD4SP was accompanied by a reduc- 
tion in HSA expression, but up to 60% of CD4 SP 
thymocytes still expressed high levels of HSA. LN CD4 SP, 
however, were HSA negative (not shown). 

Thus, it appeared that differentiation of DP into either 
CD4SP or CD8SP was asymmetrical. In thymocytes com- 
mitted to the CD8 lineage, the increase in TcR expression 
was evident before the loss of CD4. The progressive 
down-modulation of CD4 was accompanied by constant 

cell size, constant levels of TcR, and rapid loss of HSA 
(Fig. 2, left dot plots). In  contrast, DP committed to the 
CD4 lineage (Fig. 2, right dot plots) showed down- 
regulated CD8 and increased TcR expression simultaneous- 
ly. By all criteria (cell size, TcR and HSA expression) 
CD4TD8'O T cells were more immature than their 
CD8+CD4l0 counterparts. 

It should be noted that DPTcRhi thymocytes expressed 
higher TcR than many CD4+CD810 cells (Fig. 2, right 
middle dot plot). This was particularly evident in the case of 
CD4+CDSi0 thymocytes with relatively higher CD8 expres- 
sion. These results suggested that at least some CD4+CD8I0 
T cells may originate from DPTcRlO thymocytes directly, 
without transit through a DPTcRhi intermediate phase of 
differentiation. 

3.3 Repertoire selection in thymocyte populations 

3.3.1 Negative selection of Vp6+ thymocytes in Mls-la 
mice 

In Mls-1" mice, VP6hi [13] but not VP61° thymocyte 
populations are deleted during ontogeny [ l l ] .  Reduced 
frequencies of VP6hi cells in all thymocyte populations can 
be detected in 1-week-old mice. This process is progressive 
[ l l ]  and differs between various Vphi populations, the 
kinetics of which in our mouse colony are shown inTable 1. 

Marodon et al. EJI, Int Immunol 1994

1902 Deletion of Mis- 1a self-reactive T cells

percentages of IL-2R+ cells were increased among both
Vp6

hiCD4SP and V p S ^ D ^ T cells. This increase in IL-2R
expression was seen in 2 day old mice (Fig. 3). The frequen-
cies of Vp6wIL-2R+ T cells were maximal during the first 2
weeks after birth, when -25% of Vp6

hiCD4SP and 18% of
Vp6wCD4h1t T cells expressed IL-2R (Fig. 3). The frequency
of Vp6wIL-2R+ T cells among peripheral and thymic CD4SP
cells declined thereafter but was still increased in 1 month
old mice (Fig. 3) as well as in adult mice (not shown). Similar
results were obtained for Vp7- and Vp9-expressing T cells (not
shown), which are also negatively selected by Mls-1a antigens
(20,21). In both strains of mice, percentages of IL-2R+ cells

Vp6«CO4SP

H.-2R

Fig. 2. Expression of IL-2R in Vpe^CrjM+CDS10 (CCM**) and CD4SP
thymocytes from 10 day old Mls-1a and Mls-1b mice. Total thymocytes
were triple labeled with anti-Vp6, anti-CD8 and anti-IL-2R. Gates were
set around T cells expressing high levels of Vp6 and those with
negative or low CD8 expression, coresportding respectively to
Vp6^CD4SP and Vfi6

h'CD4w populations. CD4-CD8" (DN) had a
lower expression of TCR molecules than CD4SP. Thus, the few
DN-expressing Vo6 cells were excluded by the gate set around
TCRN cells.

among Vp8.2+ (Mls-1a unrelated) and Vp14+ T cells [positively
selected by Mls-1a antigens (27)] were not significantly differ-
ent from those in ap" TCR+ T cells (Fig. 3 and data not shown),
suggesting that only Mls-1 "-reactive T cells undergoing nega-
tive selection were enriched in IL-2R+ cells. Thus, IL-2R
expression correlates wtih Mls-1a recognition.

In contrast to T cells of the CD4 lineage, IL-2R expression
by Vp6+ T cells in the CD8SP and CDS'"' subsets remained
unchanged during ontogeny, and was similar in Mls-1a and
Mls-1b mice (not shown).

Discussion

Schneider et al. (17) have described deletion of Vp6
+CD4SP

T cells in the thymus of Mls-1a mice as a post-natal event. In
the present work, we describe the kinetics of this 'deletion'
process during Mls-1a mouse ontogeny in different T cell
subsets in the thymus, as well as in CD4SP and CD8SP lymph
node T cell populations. Since lymphoid organs increase
considerably in size and cellularity after birth, we have also
quantified the absolute number of Vp6-bearing cells present
in these mice. In vivo expression of Mls-1a sequentially
affected different T cell populations. Up to 2 weeks after birth,
frequencies of Vp6+ T cells were reduced among CD4SP
cells, while the frequencies of Vp6+ cells in other T cell
populations remained relatively stable. The kinetics of
Vp6+CD4SP cell deletion were similar in the thymus and
lymph nodes. We thus found no evidence that deletion of
thymocytes preceded that of peripheral T cells.

A reduced percentage of Vp6+ T cells in the
CD4+CD8kTCRhl (CDAM) population was only evident during
the third week after birth. We also found a reduction in the
percentage of DPVp6to thymocytes during Mls-1a and MIs-
1 b mice ontogeny. A similar decrease in the frequency of
Vp6+CD4+ T cells has been reported in B6 mice (28). It is
therefore difficult to relate this decrease to the presence of
Mls-1a antigens. A decrease in the generation of VP6+ cells

THYMUS

2 4 1 2 4 1 2 4

Age (weeks)

Rg. 3. Expression of IL-2R by thymocytes of the CD4 lineage during ontogeny of B6D2 mice. Results represent the percentage of IL-2R+

cells in Vp6N (O), ^8.2*" ( • ) and p TCR*1 (Q) subsets of CD4SP, CCM*11 and peripheral CD4+ T cells during the first month of life of Mls-1a

mice. Each point represents the mean ± SE of at least three independent experiments.



 HDR-GM 5 Avril 2011

Différentiation thymique 
et tolérance centrale (II)

• sélection positive de cellules CD25+foxp3+
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Manipulation de la 
tolérance centrale 

• Injections intrathymique de lentivecteur-HA

7

cells identified with the 6.5 clonotypic mAb. One week after LvHA
injection, we observed a 4-fold reduction in total numbers of
thymocytes of the LvHA-injected mice (16.5 ! 12.4 " 106, n # 7)
compared with LvGFP-injected mice (66.4 ! 20.7 " 106, n # 5)
or to noninjected control mice (data not shown), indicating

negative selection of HA-specific thymocytes. Of interest, a
massive reduction of CD4$CD8$ cells (DP) was observed in 4 of 7
LvHA-injected compared with LvGFP-injected mice (Figure 2A),
indicating that this subset was affected by negative selection. In the
CD4$CD8% single-positive (CD4SP) subset, 6.5$CD25% cells
were also affected by negative selection as attested by a slight
reduction in their frequency and a down-modulation of their
transgenic TCR (Figure 2B), as previously noted in TCR-HA
transgenic animals.28,33 This reduction in 6.5$CD25% cells in mice
injected with the LvHA vector was accompanied by a striking
enrichment of 6.5$CD25$ cells compared with mice injected with
a control vector (LvGFP) (Figure 2B) or to noninjected mice (data
not shown). In both LvGFP- and LvHA-injected mice, these
6.5$CD25$ CD4SP thymocytes expressed high levels of the
transcription factor foxp3, indicating that they have acquired a Treg
phenotype (Figure 2C). These 6.5$CD25$ CD4SP cells displayed a
higher expression of CD24 (heat stable antigen, HSA) than
6.5%CD25$ CD4SP cells (Figure 2C), indicating that they are not
mature T cells that would have re-entered the thymus from the
periphery.34 Of note, the low expression of CD24 by CD25$

CD4SP cells of the thymus has been previously noticed.17 Alto-
gether, our phenotypic analysis of LvHA-injected mice indicates
that expression of the cognate antigen induces negative selection of
HA-specific thymocytes and concomitant positive selection of
HA-specific regulatory T cells.

Overall, percentages of HA-specific 6.5$ cells within the major
CD25% fraction of CD4SP cells decreased by 2- to 2.5-fold,
whereas the percentage of 6.5$ cells within the minor CD25$

CD4SP thymocytes increased by 2- to 10-fold within one week

Figure 2. Impact of intrathymic injection of an HA-encoding lentiviral vector in
TCR-HA transgenic mice. (A) Representative staining showing CD4/CD8 expres-
sion in total cells of the thymus (TOTAL) 6 days after intrathymic injection of
GFP-expressing (LvGFP) or HA-expressing (LvHA) lentiviral vectors in TCR-HA
mice. Absolute numbers of total cells in injected thymus ! SD are indicated above the
panels. Gates defining CD4$CD8% single-positive (CD4SP) and CD4$CD8$ double-
positive thymocytes are shown. Numbers indicated on the dot plot represent
frequencies of DP cells and are representative of 4 of 7 LvHA-injected mice obtained
in 3 independent experiments. (B) Expression of the HA-specific (6.5) TCR and of
CD25 in gated thymic CD4$CD8% cells (CD4SP) in the same conditions. Indicated
are the frequencies of cells falling within each quadrant. Results are representative of
3 independent experiments. (C, left) Representative profile of foxp3 expression in
6.5$CD25% CD4SP cells (gray histogram) and 6.5$CD25$ CD4SP cells of an
LvGFP-injected (dotted line) or an LvHA-injected (solid line) mouse. (C, right)
Representative CD24 expression within 6.5%CD25$ CD4SP cells (gray histogram)
and 6.5$CD25$ CD4SP cells of an LvGFP-injected (dotted line) or an LvHA-injected
(solid line) mouse. Similar profiles were seen in 3 other mice. Total thymus was
stained with CD4, CD8, 6.5, CD25, and foxp3 or CD24 mAbs.

Figure 3. Injection of the LvHA vector in the thymus of TCR-HA mice increases
percentages and numbers of HA-specific Tregs. (A) Shown are the frequencies of
HA-specific (6.5$) CD25$ within CD4SP cells (right panel) and CD25% CD4SP cells
(left panel) 1 to 2 weeks after intrathymic injection of LvHA or LvGFP lentiviral vectors
in TCR-HA mice. Each dot represents individual mice from 3 independent experi-
ments. (B, top panels) Absolute numbers (" 104) of 6.5$CD25$ cells (closed
symbols) and 6.5%CD25$ cells (open symbols) within CD4SP thymocytes in TCR-HA
transgenic mice 1 to 2 months after injection of a GFP-expressing (LvGFP) or
HA-expressing (LvHA) lentiviral vector. (B, bottom panels) Absolute numbers (" 104)
of 6.5$CD25$ cells (closed symbols) and 6.5%CD25$ cells (open symbols) within
CD4SP thymocytes in TCR-HA or TCR-HAxIns-HA transgenic mice. Absolute
numbers of cells were calculated by multiplying the total viable cell count, as
determined by trypan blue exclusion, with the frequencies of cells in each population
of interest. Each dot represents a value from individual mice in 2 separate
experiments. The P values were calculated using unpaired t test.

Figure 1. Schematic representation of the lentiviral vectors used in this study
(not to scale). Schematic structure of the lentiviral vectors expressing eGFP
(LvGFP), hemagglutinin (LvHA), or the murine preproinsulin-2 (LvPpins2). The size
of the inserts is indicated on the figure. RSV-U3 indicates U3 promoter/enhancer of
the Rous sarcoma virus; SD, splice donor; SA, splice acceptor; psi (&), packaging
signal sequence; ga-RRE, truncated gag gene with the rev responsive element; cppT,
central polypurine tract; PGK, phospho-glycerate kinase promoter; WPRE, wood-
chuck hepatitis virus regulatory element; and LTR-SIN, self-inactivating long terminal
repeat.
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Manipulation 
thérapeutique

• Expression de la préproinsuline dans le thymus pour 
prévenir le diabète spontané de la souris NOD
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delay diabetes. We injected a Ppins2-expressing lentiviral vector
(Figure 1) in the thymus of NOD females aged from 4 to 8 weeks.
NOD mice injected with the LvGFP vector had similar diabetes
occurrence than unmanipulated NOD mice of our colony (Figure
6A). This indicates that intrathymic injection per se did not
significantly affect the autoimmune process. In contrast, there was
a significant reduction in diabetes incidence in mice injected with
the Ppins2-expressing vector (Figure 6A), indicating that the
treatment had an impact on diabetes development in prediabetic
NOD mice. These results correlated with histologic analysis of
the pancreas from treated and untreated mice (Figure 6B). In
untreated NOD mice with normal glycemia, 22 of the 37 islets
counted were heavily infiltrated with leucocytes, indicating
severe insulitis. In contrast, in LvPpins2-treated NOD mice with
normal glycemia, only 7 of 32 beta-islets were infiltrated with
leucocytes. Thus, injection of the Ppins2-expressing vector in
the thymus of NOD mice appears to regulate clinical diabetes by
partially preventing insulitis.

Discussion

We investigated the possibility to induce antigen-specific tolerance
using intrathymic injection of antigen-expressing lentiviral vectors.
We report here that the injection of an HA-expressing vector led to
sustained positive selection of HA-specific Tregs. This de novo
generation depended on antigen expression by CD45! radioresis-
tant thymic cells, thus of epithelial rather than hematopoietic
origin. Although cortical epithelial cells have been described as
sufficient for positive selection of Tregs,39 it does not exclude that
antigen cross-presentation by thymic DCs could play a role in Treg
selection. A similar cross-presentation of thymic antigen expressed

by medullary epithelial cells has been recently described as an
effective mechanism for negative selection.40 The exact nature of
the mechanisms driving Treg generation in the thymus is the
subject of intense scrutiny,41 and lentiviral vectors with defined
tropism and/or specificity for discrete cell type of the thymic
stroma could be of great help to further advance our understanding
of this process.

The signal delivered by TCR recognition of a self-peptide–
MHC class II molecule complex may instruct uncommitted precur-
sors to differentiate into the Treg lineage or provide a survival/
proliferation signal to precommitted Tregs. Indeed, using double-
transgenic mice for a specific antigen and for its cognate TCR,
increases of antigen-specific Treg absolute numbers in the thymus
have been reported with the OVA,24 but not with the HEL or MCC
antigens.26,27 Since the frequencies of antigen-specific Tregs were
increased in all models, the latter experiments were interpreted as
evidence for increased resistance to negative selection rather than
positive selection. Our results showing increased absolute numbers
of antigen-specific Tregs both in double-transgenic mice and in
mice injected with the lentiviral vector are more in favor of positive
selection as the likely mechanism contributing to increased frequen-
cies of antigen-specific Tregs upon recognition of the cognate
antigen in the thymus.

Figure 5. Prevention of experimental diabetes in Ins-HA mice by CD25! cells
from LvHA-injected TCR-HA mice. (A) Percentages of 6.5" cells within CD4"CD25!

(open symbols) and CD4"CD25" (closed symbols) splenocytes determined 1 to 2
months after injection of the GFP-expressing (LvGFP) or of the HA-expressing
(LvHA) lentiviral vector. (B) Percentages of diabetic Ins-HA mice upon cotransfer of
5 # 105 purified CD25" peripheral T cells from TCR-HA transgenic mice injected in
the thymus 10 days earlier with GFP-expressing (CD25" LvGFP) or HA-expressing
(CD25" LvHA) lentiviral vectors. One-hundred percent of the mice became diabetic
at day 10 without cotransfer of CD4"CD25" cells (CTRL). Data were obtained with 5
or 6 mice per group in 2 separate experiments. (C) (Top panel) Overlay histograms of
CFSE labeling of Thy1.1" cells 4 days after transfer of CD25! Thy1.1" cells alone
(solid line) or cotransfer of CD25! Thy1.1" cells and CD25" Thy1.2" cells (gray
histogram) in pancreatic lymph nodes of Ins-HA mice. (Bottom panel) Statistic
representation of the percentages of cells falling within each population of undivided
CFSE" (Undiv), intermediately divided (Int), or highly divided (High) cells defined as
shown on the right panel. Results are from 3 mice per group in a single experiment.
Not depicted are similar results obtained in 2 other experiments.

Figure 6. Prevention of diabetes and insulitis in NOD mice after intrathymic
injection of a preproinsulin-2–expressing lentiviral vector. (A) Cumulative
diabetes incidence (Kaplan-Meier survival curve) in unmanipulated mice (CTRL,
n $ 11) or after intrathymic injection of a GFP-expressing (LvGFP, n $ 10) or
preproinsulin-2–expressing (LvPpins2, n $ 14) lentiviral vector. Indicated for LvGFP
and LvPpins2 survival curves are the P values calculated with a log-rank test relative
to the untreated NOD mice. (B) Sections of formalin-fixed pancreas from 10-week-old
untreated nondiabetic mice (top left: original magnification, #20), 36-week-old
LvGFP-treated diabetic mice (top right: original magnification, #100), and LvPpins-2–
treated nondiabetic mice (bottom left and right: original magnification, #20). Paraffin-
embedded sections of pancreas from NOD mice were stained with hematoxylin for 5
minutes followed by eosin for 30 seconds to reveal nucleated cells. Images were
taken with either a 10#/0.3 PL or a 20#/0.5 FLUOTAR AB objective of a DM RB
microscope (Leica Microsystems, Wetzlar, Germany). Image digitization was per-
formed by a DXC930P CDD color video camera (Sony France, Clichy, France) with
TRIBVN ICS software v. 1.2.0.9 (TRIBVN, Châtillon, France). Images were pro-
cessed for contrast and luminosity using Adobe Photoshop CS.
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the thymus of NOD mice appears to regulate clinical diabetes by
partially preventing insulitis.

Discussion

We investigated the possibility to induce antigen-specific tolerance
using intrathymic injection of antigen-expressing lentiviral vectors.
We report here that the injection of an HA-expressing vector led to
sustained positive selection of HA-specific Tregs. This de novo
generation depended on antigen expression by CD45! radioresis-
tant thymic cells, thus of epithelial rather than hematopoietic
origin. Although cortical epithelial cells have been described as
sufficient for positive selection of Tregs,39 it does not exclude that
antigen cross-presentation by thymic DCs could play a role in Treg
selection. A similar cross-presentation of thymic antigen expressed

by medullary epithelial cells has been recently described as an
effective mechanism for negative selection.40 The exact nature of
the mechanisms driving Treg generation in the thymus is the
subject of intense scrutiny,41 and lentiviral vectors with defined
tropism and/or specificity for discrete cell type of the thymic
stroma could be of great help to further advance our understanding
of this process.

The signal delivered by TCR recognition of a self-peptide–
MHC class II molecule complex may instruct uncommitted precur-
sors to differentiate into the Treg lineage or provide a survival/
proliferation signal to precommitted Tregs. Indeed, using double-
transgenic mice for a specific antigen and for its cognate TCR,
increases of antigen-specific Treg absolute numbers in the thymus
have been reported with the OVA,24 but not with the HEL or MCC
antigens.26,27 Since the frequencies of antigen-specific Tregs were
increased in all models, the latter experiments were interpreted as
evidence for increased resistance to negative selection rather than
positive selection. Our results showing increased absolute numbers
of antigen-specific Tregs both in double-transgenic mice and in
mice injected with the lentiviral vector are more in favor of positive
selection as the likely mechanism contributing to increased frequen-
cies of antigen-specific Tregs upon recognition of the cognate
antigen in the thymus.

Figure 5. Prevention of experimental diabetes in Ins-HA mice by CD25! cells
from LvHA-injected TCR-HA mice. (A) Percentages of 6.5" cells within CD4"CD25!

(open symbols) and CD4"CD25" (closed symbols) splenocytes determined 1 to 2
months after injection of the GFP-expressing (LvGFP) or of the HA-expressing
(LvHA) lentiviral vector. (B) Percentages of diabetic Ins-HA mice upon cotransfer of
5 # 105 purified CD25" peripheral T cells from TCR-HA transgenic mice injected in
the thymus 10 days earlier with GFP-expressing (CD25" LvGFP) or HA-expressing
(CD25" LvHA) lentiviral vectors. One-hundred percent of the mice became diabetic
at day 10 without cotransfer of CD4"CD25" cells (CTRL). Data were obtained with 5
or 6 mice per group in 2 separate experiments. (C) (Top panel) Overlay histograms of
CFSE labeling of Thy1.1" cells 4 days after transfer of CD25! Thy1.1" cells alone
(solid line) or cotransfer of CD25! Thy1.1" cells and CD25" Thy1.2" cells (gray
histogram) in pancreatic lymph nodes of Ins-HA mice. (Bottom panel) Statistic
representation of the percentages of cells falling within each population of undivided
CFSE" (Undiv), intermediately divided (Int), or highly divided (High) cells defined as
shown on the right panel. Results are from 3 mice per group in a single experiment.
Not depicted are similar results obtained in 2 other experiments.

Figure 6. Prevention of diabetes and insulitis in NOD mice after intrathymic
injection of a preproinsulin-2–expressing lentiviral vector. (A) Cumulative
diabetes incidence (Kaplan-Meier survival curve) in unmanipulated mice (CTRL,
n $ 11) or after intrathymic injection of a GFP-expressing (LvGFP, n $ 10) or
preproinsulin-2–expressing (LvPpins2, n $ 14) lentiviral vector. Indicated for LvGFP
and LvPpins2 survival curves are the P values calculated with a log-rank test relative
to the untreated NOD mice. (B) Sections of formalin-fixed pancreas from 10-week-old
untreated nondiabetic mice (top left: original magnification, #20), 36-week-old
LvGFP-treated diabetic mice (top right: original magnification, #100), and LvPpins-2–
treated nondiabetic mice (bottom left and right: original magnification, #20). Paraffin-
embedded sections of pancreas from NOD mice were stained with hematoxylin for 5
minutes followed by eosin for 30 seconds to reveal nucleated cells. Images were
taken with either a 10#/0.3 PL or a 20#/0.5 FLUOTAR AB objective of a DM RB
microscope (Leica Microsystems, Wetzlar, Germany). Image digitization was per-
formed by a DXC930P CDD color video camera (Sony France, Clichy, France) with
TRIBVN ICS software v. 1.2.0.9 (TRIBVN, Châtillon, France). Images were pro-
cessed for contrast and luminosity using Adobe Photoshop CS.
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Conclusions (I)
• La sélection négative vis-à-vis de Sag 

endogènes (Ag du Soi) est indissociable de la 
sélection positive de lymphocytes T régulateurs

• Etend les résultats obtenus avec des souris 
transgéniques exprimant l’antigène cognitif 
dans le thymus

• Rare exemple d’une instruction donnée par un 
antigène du Soi sur le développement thymique

• Rôle du signal intracellulaire durant la sélection 
thymique?

9
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Méthodes d’analyse

• Cytométrie de flux multiparamétrique 
détectant les formes phosphorylées des 
molécules du signal

• qPCR foxp3 

• Chromatin Immunoprécipitation (ChIP)

• Epigénétique (méthylation)

10



 HDR-GM 5 Avril 2011

Le signal IL-2 

11

• CD25: IL-2Ra
• CD122: IL-2Rb
• CD132:IL-2Rgc



 HDR-GM 5 Avril 2011

Le signal IL-2 

11

• CD25: IL-2Ra
• CD122: IL-2Rb
• CD132:IL-2Rgc



 HDR-GM 5 Avril 2011

Rôle du signal IL-2 durant 
la sélection thymique

• Peu d’effet de la délétion d’IL-2, de CD25 ou de CD122 
sur la cellularité thymique (diminution des cellules 
foxp3+ en périphérie)

• Effet massif de la délétion de CD132 et CD122 sur les 
cellules foxp3+ du thymus (CD132≠CD122 car pas de 
thymus?)

• Rôle de STAT5 dans l’induction de l’expression de foxp3 
(STAT5-Tg CA + in vitro RA)

• Quid in vivo dans des souris non manipulées?

12
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Etude du signal IL-2
• Expression de pSTAT5 dans les thymocytes CD4/CD25/foxp3

13
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Rôle de pSTAT5 dans 
l’expression de foxp3 (I)

• Inhibition de CD122 conduit à la perte de foxp3 in vitro et in vivo
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Rôle de pSTAT5 dans 
l’expression de foxp3 (II)

• pSTAT5 joue un rôle dans le maintien de 
l’expression de foxp3 dans les Treg

15Goldstein et al.  résultats non publiés
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Rôle de pSTAT5 dans 
l’expression de foxp3 (II)

• pSTAT5 joue un rôle dans le maintien de 
l’expression de foxp3 dans les Treg
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Rôle de pSTAT5 dans 
l’expression de foxp3 (III)

• Perte de fonction suppressive in vivo: colite expérimentale

Goldstein et al.  résultats non publiés
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Rôle de pSTAT5 dans 
l’expression de foxp3 (III)
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Projet

• Validation du rôle de pSTAT5 sur l’expression 
de foxp3 humain

• Déplétion Treg --> immunothérapie du cancer

• avant transfert de T autologues

• in vivo (effet synergique sur la tumeur et les 
Treg)

• Validation dans un modèle animal plus proche 
de la clinique que la souris

17
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Les souris NSG: in vivo 
«test tubes»
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Purification CD34+ sang de cordon

Banque

Injection intra-hépatique
3.104/105 cellules
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lymphocytes T humains

20

B

A

10 12-13 18-19
0

20

40

60

80

100

weeks p.i

10 12-13 18-19
0

20

40

60

80

100

weeks p.i

0 10
3

10
4

10
5

CD8

0

10
3

10
4

10
5

C
D
4

CD4SP DP CD8SP DN

0

20

40

60

80

100

CD4SP

DP

CD8SP
DN

Supplemental figure 1. (A) Thymic reconstitution in NSG mice. Left panel: CD4 and CD8 staining

profile of a NSG thymus 12 weeks after injection of CD34+ cells. Numbers indicate the percentage of cells

within each region. Right panel: percentages of the main thymic populations defined by the expression of

CD4 and CD8; CD4+CD8- single positive (CD4SP), double positive CD4+CD8+ (DP), CD4-CD8+ single

positive (CD8SP), and CD4-CD8- double negative (DN) cells. Each dot represents a single mouse. (B)

Kinetics of B- and T-cell reconstitution in NSG mice. Percentages of CD19+ (left panel) and CD3+ cells

(right panel) within CD45+ cells in the blood of NSG mice at the indicated weeks after injection of cord

blood-purified CD34+ cells from a single donor. A single dot correspond to a single mice from three separate

experiments.

combinatorial diversity index for each analyzed thymic sample

(Fig. 3B). The combinatorial diversity index represents the

percentage of detected rearrangements over the total number of

theoretical rearrangements (i.e. 276 for the TRBV chain and 168

for the TRAV chain). Our data revealed that the combinatorial

diversity at the TRBV and TRAV loci in the thymus was similar to

the reference for four out of six mice (Fig. 3B), showing that the

human repertoire generated in the thymus did not suffer major

alterations. In order to compare the TRBV repertoire in the

thymus and in the periphery of humanized NSG mice, we plotted

the mean value of PCR signals detected in the thymus of six

individual mice against the one detected in sorted CD451CD31

T cells from the spleen. As shown in Fig. 3C, there was a statis-

tically significant correlation between the two, indicating that on

average the human repertoire generated in the thymus of NSG

mice was well preserved once exported to the periphery.

We next wanted to compare the TRBV repertoire generated in

NSG mice and in humans. For this, we compared the mean

combinatorial diversity index of NSG mice with six healthy

subjects and 26 cancer patients. Cancer patients with lymphocyte

Table 1. Seven-color phenotypic analysis of T cells in spleen and mesenteric LN of humanized NSG micea)

Spleen Mesenteric LN

CD41 CD81 CD41 CD81

CD45RA!CCR71 23.775.8 5.471.5 17.478.7 6.273.5
CD45RA1CCR71 33.0722.6 69.2723.9 50.8727.3 80.7722.3
CD45RA1CCR7! 2.771.0 7.172.3 1.470.7 2.070.8
CD45RA!CCR7! 40.4720.3 18.2721.7 30.4724.4 11.0718.5

a) Splenocytes and mesenteric LN from 12–20wk-old NSG mice were stained with fluorescent mAb against human CD45, CD3, CD19, CD4, CD8,
CD45RA and CCR7 and analyzed by flow cytometry. Shown are the frequencies of cells of the indicated phenotype within CD451CD19!CD31

CD41 or CD451CD19!CD31CD81 cells7SD determined in six mice in three independent experiments. A representative analysis is shown in
Supporting Information Fig. 2.
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Figure 1. Percentages of hCD451 cells and total numbers of cells in reconstituted NSG mice. (A) Lymphoid-sized cells were selected based on
forward-size scatter /side-size scatter profiles from the indicated organs of reconstituted NSG mice and the frequencies of human CD451 cells
within the lymphoid cell population was measured by flow cytometry. (B) Absolute numbers of cells in the indicated organs were determined by
trypan blue exclusion. Analysis was performed in 1622 wk-old mice. (C) Kinetics of CD41 and (D) CD81 T-cell reconstitution in NSG mice.
Percentages of CD41 and CD81 T cells within the CD451CD31CD19! cell population in the blood of reconstituted NSG animals over time.
(A–D) Results shown are from two separate experiments and are representative of five independent experiments. Each dot represents data from a
single mouse. The mean values are indicated by a horizontal bar.
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Supplemental figure 1. (A) Thymic reconstitution in NSG mice. Left panel: CD4 and CD8 staining

profile of a NSG thymus 12 weeks after injection of CD34+ cells. Numbers indicate the percentage of cells

within each region. Right panel: percentages of the main thymic populations defined by the expression of

CD4 and CD8; CD4+CD8- single positive (CD4SP), double positive CD4+CD8+ (DP), CD4-CD8+ single

positive (CD8SP), and CD4-CD8- double negative (DN) cells. Each dot represents a single mouse. (B)

Kinetics of B- and T-cell reconstitution in NSG mice. Percentages of CD19+ (left panel) and CD3+ cells

(right panel) within CD45+ cells in the blood of NSG mice at the indicated weeks after injection of cord

blood-purified CD34+ cells from a single donor. A single dot correspond to a single mice from three separate

experiments.

combinatorial diversity index for each analyzed thymic sample

(Fig. 3B). The combinatorial diversity index represents the

percentage of detected rearrangements over the total number of

theoretical rearrangements (i.e. 276 for the TRBV chain and 168

for the TRAV chain). Our data revealed that the combinatorial

diversity at the TRBV and TRAV loci in the thymus was similar to

the reference for four out of six mice (Fig. 3B), showing that the

human repertoire generated in the thymus did not suffer major

alterations. In order to compare the TRBV repertoire in the

thymus and in the periphery of humanized NSG mice, we plotted

the mean value of PCR signals detected in the thymus of six

individual mice against the one detected in sorted CD451CD31

T cells from the spleen. As shown in Fig. 3C, there was a statis-

tically significant correlation between the two, indicating that on

average the human repertoire generated in the thymus of NSG

mice was well preserved once exported to the periphery.

We next wanted to compare the TRBV repertoire generated in

NSG mice and in humans. For this, we compared the mean

combinatorial diversity index of NSG mice with six healthy

subjects and 26 cancer patients. Cancer patients with lymphocyte

Table 1. Seven-color phenotypic analysis of T cells in spleen and mesenteric LN of humanized NSG micea)

Spleen Mesenteric LN

CD41 CD81 CD41 CD81

CD45RA!CCR71 23.775.8 5.471.5 17.478.7 6.273.5
CD45RA1CCR71 33.0722.6 69.2723.9 50.8727.3 80.7722.3
CD45RA1CCR7! 2.771.0 7.172.3 1.470.7 2.070.8
CD45RA!CCR7! 40.4720.3 18.2721.7 30.4724.4 11.0718.5

a) Splenocytes and mesenteric LN from 12–20wk-old NSG mice were stained with fluorescent mAb against human CD45, CD3, CD19, CD4, CD8,
CD45RA and CCR7 and analyzed by flow cytometry. Shown are the frequencies of cells of the indicated phenotype within CD451CD19!CD31

CD41 or CD451CD19!CD31CD81 cells7SD determined in six mice in three independent experiments. A representative analysis is shown in
Supporting Information Fig. 2.
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forward-size scatter /side-size scatter profiles from the indicated organs of reconstituted NSG mice and the frequencies of human CD451 cells
within the lymphoid cell population was measured by flow cytometry. (B) Absolute numbers of cells in the indicated organs were determined by
trypan blue exclusion. Analysis was performed in 1622 wk-old mice. (C) Kinetics of CD41 and (D) CD81 T-cell reconstitution in NSG mice.
Percentages of CD41 and CD81 T cells within the CD451CD31CD19! cell population in the blood of reconstituted NSG animals over time.
(A–D) Results shown are from two separate experiments and are representative of five independent experiments. Each dot represents data from a
single mouse. The mean values are indicated by a horizontal bar.
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demonstration that sorting human cells is key to detect rare

antigen-specific T cells in humanized mice, our results suggest

that the major restriction elements of the HCV-specific response

could be HLA molecules. However, these results do not rule out a

possible role for murine antigen presenting cells in vivo, as

proposed earlier in RAG2!/!gc!/! mice [2]. Our data revealed

the presence in humanized NSG mice of cells with a plasmacytoid

DC phenotype and it is possible that these cells may have primed

T cells in vivo. Further studies are needed to determine the

implications of human versus murine MHC molecules and of

human plasmacytoid DC in the immune response elicited in

humanized animals. We and others have been unable to detect

antigen-specific IgG antibodies in humanized mice [4, 19]. A

robust IgG secretion has however been reported in immunized

NSG mice and also in non-immunized RAG-2!/!.gc!/! mice [2,

37]. Therefore, there is still some uncertainty relative to T–B

cooperation in humanized mice.

In summary, we have shown a high combinatorial diversity of

the T-cell and B-cell repertoires in humanized NSG mice that can

translate into a weak but specific cellular immune response after

immunization with a genetic vaccine. Therefore, our results

support the usefulness of humanized mice for the evaluation of

some aspects of vaccine development.

Materials and methods

Mice

NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG) (stock 6¼ 005557, The

Jackson Laboratory) were bred in our own animal facilities in SPF

conditions (accreditation number from the Veterinary services:

A75-13-10) with an enriched fat regime and addition of Bactrim

in drinking water every other week. The colony was regularly

checked for g-c deficiency by PCR according to the Jackson

Laboratory protocol. The Regional Ethical Committee on Animal

Experimentation has approved the project the October 17, 2006.

24–48 h-old NSG neonate mice were irradiated at 1Gy and 105 to

3# 105 purified human CD341 cells were directly injected in the

liver using a 300 mL insulin syringe (Terumo, Tokyo, Japan) to

generate reconstituted NSG mice.
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Figure 5. (A) HCV-specific cellular immune response after a single immunization in NSG mice. IFN-g production assessed by ELISPOT from
splenocytes of NSG mice immunized with either a single dose of 108pfu of Ad5 defective vector either encoding GFP (AdGFP, n55) or the E1/E2
glycoproteins of HCV (AdHCV, n5 10). Unsorted splenocytes from each immunization protocol were stimulated with a VSV-G pseudotyped lentiviral
vector encoding the E1/E2 glycoproteins of HCVor with an empty lentiviral vector 9–11 days later. Represented is the difference in the number of SFU
per million cells (DSFU) in the two stimulation conditions, hence there are negative values for some mice. Results shown were obtained in five
independent experiments. Each dot is a single mouse. The horizontal bar indicates the mean value for this particular group (B) Cellular immune
response in splenocytes and gangliocytes from HCV-vaccinated humanized mice. IFN-g production by splenocytes alone (spleno.) or a three to one
mixture of splenocytes and mesenteric LN cells (spleno1LN) of AdHCV and AdGFP immunized mice upon restimulation with lentiviral vectors as
described in (A) in two mice tested out of the ten represented in (A) in two independent experiments. (C) Cellular immune response in human cells
fromHCV-vaccinatedmice. IFN-g production by sorted human CD451 cells of AdHCVand AdGFP immunizedmice upon restimulation with lentiviral
vectors as described in (A) in five mice tested out of the ten represented in (A) in three independent experiments. (D) Kinetics of appearance of
adenovirus neutralizing antibodies in serum of three different mice (S2, S3 and S4) after two intra muscular injections of 108pfu AdHCV defective
vector starting 30 days after the first immunization (days post-boost). Percentage of neutralization was determined at 1/100 dilution of serum.
Similar results were obtained at lower dilutions although the background tended to increase. Serum from non-immunized humanized mice is
represented by the dotted line on the graph. Percentage of neutralization was calculated as described in the Materials and methods.
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réarrangements V-J
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• Semi-quantitative PCR detecting 100% of  V-J 
rearrangements at the TCR b locus (ImmunID)
• Discrimination by size on gels
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Discussion

In this study, we report that the combinatorial diversity of the NSG

mice repertoire recapitulates up to 100% of the one detected in

humans. We also observed that the diversity originated in NSG

mice was clearly superior to lymphopenic cancer patients. Thus,

T cells in the periphery of NSG mice did not originate solely from

lymphopenia-induced proliferation, in which case a constriction of

their repertoire would have been expected [22, 23]. That human

T cells originated from spontaneous post-thymic expansion rather

than homeostatic proliferation (driven by self-antigens) is also

supported by our observations that the diversity of the peripheral

repertoire in NSG mice was not vastly different from the one

observed in the thymus and that a high proportion of naı̈ve T cells

were observed in the periphery. The high combinatorial diversity of

the human T-cell repertoire detected in the murine thymus also

suggests that the recombination ‘‘machinery’’ at the origin of V(D)J

rearrangements was fully functional in this organ. Previous report

showed that IL-7 was able to enhance human T-cell reconstitution

in NSG mice [15], suggesting that murine IL-7 produced by thymic

epithelial cells participate to the development of immature human

progenitors in the murine thymus [24]. Whether IL-7 also

contributes to the diversity of the TRBV–TRAV repertoire, as

recently demonstrated in humans [25], remains a matter for future

studies. It is also unclear whether human HLA molecules expressed

in the thymus (presumably by progenitors or resident DC) played a

role in the generation of repertoire diversity. It has been shown that

human T cells generated in BALB/c RAG-2!/!.gc!/! mice are

tolerant to BALB/c but not to C57Bl/6 background and also less

reactive against donor-derived DC than against allogeneic DC [2].

We thus speculate that the humanized mice repertoire was selected

on both human and murine MHC molecules recognition. Recon-

stitution experiments in either murine MHC-KO humanized mice or

in mice transgenic for human HLA molecules will clarify this point.

On the other hand, we observed that male mice invariably fell

ill 20–24wk after reconstitution and suffered from various

symptoms such as weight loss, anemia or skin afflictions. These

symptoms correlated with expansion of activated CD41CD31

T cells in peripheral lymphoid organs (data not shown), a

phenotype remminiscent of a strong homeostatic proliferation.
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Figure 3. (A) Constel’ID analysis of TCR-b chain repertoire diversity. Comparison of PCR signals obtained by multiplex PCR on a human sample of
reference (PBMC, left panel) and on a splenic sample of a reconstituted mouse (NSG, right panel). The signal corresponding to each TRBV–TRBJ
rearrangement is represented on a 3-D plot by a spike. (B) High level of combinatorial diversity of the T-cell repertoire generated in the thymus of
NSG mice. Results show the percentage of detected rearrangements over the total number of possible rearrangements for the a (white bars) and b
(black bars) chain of the TCR in the thymus of six NSG mice (C2, C3, C4. C6, M and 5) each reconstituted with CD341 cells from one of three
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corresponding to single TRBV–TRBJ in six thymuses and six spleen samples. The coefficient of determination (r2) and the p-value calculated by the
Prism software are shown.
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Conclusions (II)

• Répertoire TCRb se chevauche significativement entre 
humains et souris humanisées

• Rôles des molécules HLA? 

• Biais inné du répertoire contre le Soi?

• Souris NSG permettent la mise en place de nouveaux 
projets appliqué à la levée de la tolérance via la 
manipulation de l’expression de l’antigène et/ou de foxp3

• Reconstitution des lymphocytes T CD4+ est favorisée: 
quid de l’intérêt du modèle pour les études sur le  VIH?

22
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• Charge virale et délétion CD4

Petit et al.  résultats non publiés

Modèle d’infection du 
VIH chez la souris NSG (I)
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Modèle d’infection du VIH 
chez la souris NSG (II)

• Analyse de la diversité virale (boucle V3 gp120)

24

Souris Nombre de clones Bulk versus BAL Clones versus Bulk
Souris B 48 N13H, F20L E25G (1), G28R (1)

Souris D 47 N13H, N36S S36N (14)

Souris 5 36 / K10E (1),G15R (1), E25A (1),N36K (1)

Souris 11 56 / F20I (1),R31G (1)

Souris 21 48 / /

Souris 22 19 F20I, T22A T2I (3), I20L (6),H34R (2)

Souris Nombre de clones Bulk versus BAL Clones versus Bulk
Souris B 48 N13H, F20L E25G (1), G28R (1)
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Petit et al.  résultats non publiés



 HDR-GM 5 Avril 2011

Modèle d’infection du VIH 
chez la souris NSG (II)

• Analyse de la diversité virale (boucle V3 gp120)

24Petit et al.  résultats non publiés
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Les cibles de 
l’infection par le VIH

• Dogme:

• cellules T CD4+CCR5+ mémoires (>95% du 
virus)

• Hypothèse: si CD4 est perdu après infection, alors 
une population de cellules DN T HIV+ devrait être 
présente chez les patients

25
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using a simple curve fit with CRICKET GRAPH 1.3 (Cricket
Software, Malvern, PA).

Magnetic Bead Sorting. PBL were first incubated with a mouse
anti-human CD4 antibody (FFB2.3) for 1 h at 4°C. CD4! cells
were positively selected with magnetic beads coated with a goat
anti-mouse antibody as recommended by the manufacturer
(Dynal, Great Neck, NY). The same procedure was repeated
sequentially for CD8! and CD3! cells to get the CD3! DN. Note
that for some data (see Table 2 and Fig. 4), the CD4 and CD8
antibodies were used simultaneously to isolate a common subset
including CD4 single positives, CD8 single positives, and possible
CD4!8 double positives (CD4 ! CD8). The efficacy of the sorts
was "95%. The triple-negative (TN) fraction
(CD4#CD8#CD3#), i.e., the remaining negatively sorted cells,
contained B cells, monocytes, and natural killer cells (data not
shown) and served as an internal control.

HIV RNA in T Cell Subsets. RNA was isolated, and cDNA was
synthesized (7). cDNA was diluted to obtain substrate cDNA
levels corresponding to the indicated cell number equivalents.
PCR with primers specific for MS, US, and actin RNA were
performed (ref. 7; see Table 2 and Fig. 4).

Coculture Infectivity Assay. The different fractions of cells com-
plexed with magnetic beads were plated directly with 2 $ 106 to
3 $ 106 phytohemagglutinin-activated blasts (harvested after 2

Fig. 1. Cell-sorting strategy and efficiency. Presort gates were set around
TCR! cells. Subsequently, CD4!CD8#, CD4#CD8#, and CD4#CD8! cells were
sorted. Typically, the purity for the sorted T cells subsets exceeded 98%, and
the sorted subsets were virtually all TCR-!"! (Insets).

Table 1. Clinical characteristics of patients

HIV DNA in
cell type Patients*

Age,
years Gender†

CD4
count

per mm3

Viral
load, copies

per ml‡

Present medications§ Duration of present
treatment, months

(or year of diagnosis)
Response to

HAART¶PI NRT NNRT Other

CD4 CSS9 44 M 257 %400 1 1 1 — 4 !
CSS12 37 M 522 %400 1 2 — — 7 !
H1 41 M 659 4,266 — — — — Naive (1985) NA
Met91 43 F 268 36,349 — — — — Naive (1990) NA

CD4 DN CSS22 33 M 241 632 1 2 1 — 6 !
CSS25 37 F 265 1,318 1 2 1 — 3 !
CSS21 36 M 437 %400 1 2 — — 22 !
CSS8.1 44 M 717 546 — 3 — — 8 !
CSS8.2 — — 595 %400 — 3 1 — 6 !
CSS10 34 F 337 %400 1 2 — — 11 !
CSS15 53 M 469 18,109 1 2 — — 1 !
CSS13 39 M 92 %500 1 2 — — 7 !
CSS23 44 M 287 %25 1 2 — T 18 !
CSS26 25 T 96 198,996 — — — — Naive (1995) NA
Met70 44 M 354 15,930 1 2 — — 6 #
Met90.1 39 M 253 64,000 1 1 — T 1 #
Met90.2 — — 195 53,000 1 1 — T 2 #
Met90.3 — — 220 %400 1 2 1 T 7 !

CD4 DN CD8 CSS19 47 M 518 157,000 — — — Zl 1 #
CSS20 38 M 141 121,292 — — — — — #
CSS24 39 T 303 "1,000,000 — 1 1 — 2 #
CSS3 47 M 146 100,479 — — — — — #
CSS18 36 F 965!363 %400!233,272 1 3 — — 5 NA
CSS16.1 45 M 388 9,000 — — — — Naive (1991) NA
CSS16.2 — — 566 11,498 — — — — — NA

Patients are arranged in three groups: HIV detectable (i) in only CD4, (ii) in CD4 and DN, and (iii) in CD4, DN and CD8. For CSS23 (see below), one experiment
(shown in Fig 2A) revealed HIV DNA only in DN cells, but in another experiment, HIV DNA was also found in CD4 T cells.
*CSS denotes patients from an AIDS clinic at New York Hospital (NYH); Met denotes a methadone maintenance clinic at NYH; and H denotes a hemophilia clinic
at NYH.

†M, male; F, female; T, transgender (genetic male on female hormones).
‡Viral copies per ml were assessed by RNA PCR (Roche Diagnostics), or by bDNA assay (Chiron) in CSS13 and CSS23. When two values are indicated (CSS18), the
experimental sample was obtained within a few months in between.

§The number of HAART medicines within each class of drugs is indicated. PI, protease inhibitors (Crixivan, indinavir; Viracept, nelfinavir; Invirase, saquinavir); NRT,
nucleoside RT inhibitors (Zidovine, AZT; Zerit, D4T; Epivir, 3TC; Hivid, DDC; Videx, DDI); NNRT, nonnucleoside RT inhibitors (Viramune, nevirapine; Rescriptor,
dilavridine); and other (T, interleukin-2; ZI, Zintevir, AR177, an integrase inhibitor).

¶Response to HAART is defined as "70% decrease in the viral load or consistently undetectable viral load. NA, not applicable.
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Patients are arranged in three groups: HIV detectable (i) in only CD4, (ii) in CD4 and DN, and (iii) in CD4, DN and CD8. For CSS23 (see below), one experiment
(shown in Fig 2A) revealed HIV DNA only in DN cells, but in another experiment, HIV DNA was also found in CD4 T cells.
*CSS denotes patients from an AIDS clinic at New York Hospital (NYH); Met denotes a methadone maintenance clinic at NYH; and H denotes a hemophilia clinic
at NYH.
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days) from a noninfected individual and cultured in the presence
of IL-2 for 2–4 weeks. Cell-free supernatants were collected
every 3–4 days and stored at !20°C. p24 was measured in the
supernatants by using an ELISA kit (NEN).

Results
To test whether HIV-infected DN T cells exist in vivo, peripheral
blood T cells from 19 HIV-infected individuals (Table 1) were
sorted based on expression of TCR!", CD4, and CD8 (Fig. 1).
DNA from the sorted subsets was analyzed by PCR (Fig. 2A).
HIV gag DNA was detected in CD4" T cells from 94% (17 of 18)
of the HIV-positive individuals studied. HIV was found in DN
T cells from 84% (16 of 19) of these individuals. The high
frequency of HIV detection in DN cells was confirmed by using
primers specific for the pol gene of HIV (data not shown). By
contrast, HIV gag was detected in the CD8" fraction in only 31%
(6 of 19) of HIV-positive individuals. The number of viral copies
per million cells was then estimated (Fig. 2B). The cell number
equivalents used for PCR correlated well with PhosphorImager

band intensity of HLA-DQ PCR bands, as a measure of con-
sistent PCR efficiency (Fig. 2C). Therefore, we used cell number
data to calculate viral loads per 106 cells (Fig. 2B).

The numbers of viral copies were 5,146 # 6,591 gag copies per 106

cells (mean # SD; range undetectable to 17,937) in the CD4" subset
and1,603#3,047gagcopiesper106 cells (rangeundetectable to10,564)
in the DN subset. The highest viral copy numbers in the DN subset were
detected in subjects CSS3, CSS13, CSS19, CSS24, and CSS26. Of these
patients, four had high plasma viral loads, and one (CSS13) had
undetectable plasma viral loads. HIV-positive DN T cells were often
present in subjects without detectable plasma viral load after successful
HAART. Among the seven HIV-positive subjects with undetectable
plasma viral loads (Table 1), five had HIV DNA in the DN subset,
whereas all had HIV DNA in CD4" and none had HIV DNA in CD8
cells. In most patients, the DNA viral load was higher in CD4 versus DN
cells, but in some patients (CSS13, CSS24, and CSS26) the viral loads
per 106 cells were about equivalent for CD4 and DN T cells. Consid-
ering,onaverage,5- to10-foldgreaternumbersofCD4thanDNTcells,
the viral load in the DN subset represented 10–20% of the total T cell

Fig. 2. (A) HIV gag DNA PCR in sorted subsets from 19 HIV-infected individuals. Gels were exposed to a Phosphoscreen detector (Molecular Dynamics) and scanned
onaPhosphorImager.Thecontrols, labeledHIV-1copies, represent the indicatedcellnumbersofACH-2cells, containingasinglecopyofHIV-1percell, thatwerediluted
in a constant number of uninfected CEM cells (14). The patient samples are arranged in the same order in Table 1. (B) Estimate of HIV gag copy numbers in each sorted
cell subset and quantification of the band intensities (see A). The estimated gag copy numbers were corrected by cell numbers, as measured with the FACSvantage
counters at the end of each sort. (C) Correlation between cell number equivalents used for PCR and intensity of HLA-DQ! PCR bands. Band intensities of cellular DQ!
PCRs correlated well with cell number equivalents determined by the FACS counter at the end of each sort. A good correlation was obtained with samples derived from
sorted DN subsets of HIV-positive patients (similar results were obtained with sorted CD4 subsets). This result rules out variable efficiencies of DNA isolation and PCR
amplification and indicates that the chosen range of cell number equivalents ($20,000 DN cells) allows quantitative assessment of cellular DNAs, such as HLA DQ!. It
also shows that HIV gag copy number can be calculated as a function of cell number (see B). (D) The correlation between plasma viral load and CD4 cellular viral load
indicates that there is a variable viral load in CD4 cells in HAART-treated patients who have no detectable plasma viral load. (E) The correlation between plasma viral
loadandDNcellularviral load indicates that there isavariableviral load inDNTcells inHAART-treatedpatientswhohavenodetectableplasmaviral load.Undetectable
plasma viral loads were assigned a value of 400 RNA copies per ml, i.e., the limit of detection of the clinical test used.
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noted that apoptosis in ex vivo LN tissues is not correlated with
the stage of the disease or viral burden (22) and that it rarely
affects productively HIV-infected T cells, affecting instead the
surrounding uninfected bystander T cells (23). These results

point to indirect mechanisms of cell death that may contribute
to overall CD4! depletion. Of these mechanisms, gp120-induced
cell death has been the focus of several studies (4, 24, 25). One
possibility is that CD4 down-regulation protects against apopto-
sis induced by cross-linking of CD4 by gp120. Indeed, we have
shown that, in human PBL infected with a reporter virus (7), DN
T cells are protected from gp120-induced apoptosis (G.M.,
unpublished data). It is therefore possible that CD4 down-
regulation extends the half-life of productively infected T cells in
vivo by rendering them less prone to gp120-induced apoptosis.

A major current obstacle in eradicating HIV from patients is
the persistence of virus in quiescent T cells despite years of
HAART. Quiescent CD4! T cells have been described as a
major ‘‘reservoir’’ of replication-competent virus after initiation
of HAART (26–29). These infected cells may have a long
half-life in vivo (30) and are thought to be important in continued
low-level viral production after initial viremia has abated and
also in the reappearance of infectious virus after cessation of
HAART. The DN T cells described herein are unlikely to
represent quiescent T cells similar to the long-lived reservoir
CD4 cells. Rather, we surmise that they represent the direct
descendants of the quiescent cells, namely those producing
infectious HIV. In vitro studies showed that the infected DN cells
were observed exclusively after T cell activation and that they
had a phenotype of activated memory T cells (7). We hypoth-
esize that the same applies to infected DN cells in vivo.

Infected DN cells can be readily detected in patients on
successful HAART in which the plasma viral load is undetect-
able. These infected DN cells represent evidence of continued
HIV production in most patients even after a HAART response.
HIV infection is rarely monitored by testing cellular viral loads.
The reticence may be related to the presence of much abortive
infection in CD4! cells and therefore ‘‘dead’’ viral DNA.
However, infected DN cells may be T cells that by definition
contain live virus that is able to produce the viral proteins that
down-modulate CD4.

The authors would like to thank all the subjects for their participation in
this study, Dr. W. Telford for expert cell sorting, and Dr. A. Chadburn
for the LN specimens. This work was supported in part by a fellowship
from the Association pour la Recherche Contre le Cancer to G.M. and
Public Health Service Grant RO-1 AI22333 (to D.N.P.).
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Fig. 5. Efficient production of infectious HIV from sorted DN subset. Differ-
ent fractions of cells from HIV-positive patients were sorted with magnetic
beads and cocultured with phytohemagglutinin-activated blasts. Cell-free
supernatants were assayed for p24 by using an ELISA. DNA gag PCRs on
preculture and postculture sorted subsets are shown in the Insets.
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noted that apoptosis in ex vivo LN tissues is not correlated with
the stage of the disease or viral burden (22) and that it rarely
affects productively HIV-infected T cells, affecting instead the
surrounding uninfected bystander T cells (23). These results

point to indirect mechanisms of cell death that may contribute
to overall CD4! depletion. Of these mechanisms, gp120-induced
cell death has been the focus of several studies (4, 24, 25). One
possibility is that CD4 down-regulation protects against apopto-
sis induced by cross-linking of CD4 by gp120. Indeed, we have
shown that, in human PBL infected with a reporter virus (7), DN
T cells are protected from gp120-induced apoptosis (G.M.,
unpublished data). It is therefore possible that CD4 down-
regulation extends the half-life of productively infected T cells in
vivo by rendering them less prone to gp120-induced apoptosis.

A major current obstacle in eradicating HIV from patients is
the persistence of virus in quiescent T cells despite years of
HAART. Quiescent CD4! T cells have been described as a
major ‘‘reservoir’’ of replication-competent virus after initiation
of HAART (26–29). These infected cells may have a long
half-life in vivo (30) and are thought to be important in continued
low-level viral production after initial viremia has abated and
also in the reappearance of infectious virus after cessation of
HAART. The DN T cells described herein are unlikely to
represent quiescent T cells similar to the long-lived reservoir
CD4 cells. Rather, we surmise that they represent the direct
descendants of the quiescent cells, namely those producing
infectious HIV. In vitro studies showed that the infected DN cells
were observed exclusively after T cell activation and that they
had a phenotype of activated memory T cells (7). We hypoth-
esize that the same applies to infected DN cells in vivo.

Infected DN cells can be readily detected in patients on
successful HAART in which the plasma viral load is undetect-
able. These infected DN cells represent evidence of continued
HIV production in most patients even after a HAART response.
HIV infection is rarely monitored by testing cellular viral loads.
The reticence may be related to the presence of much abortive
infection in CD4! cells and therefore ‘‘dead’’ viral DNA.
However, infected DN cells may be T cells that by definition
contain live virus that is able to produce the viral proteins that
down-modulate CD4.
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expression was quantified in secondary lymphoid organs, thymus,
and bone marrow 2 months after reconstitution. At this time, the
proportion and absolute numbers of T and B cells in the spleen,
lymph nodes, thymus, and bone marrow were similar to control
C57Bl/6 mice (not shown). This indicated that the transduction
protocol used herein did not alter the stem cell competency of
Lin!Sca-1" cells. All mice analyzed were reconstituted with a
sizable population of eGFP" cells, ranging from 4% to 30% of
CD45.1" (donor-derived) cells in the spleen.

Specificity of eGFP expression in spleen and lymph nodes of
RAG-2–deficient mice reconstituted with transduced HSCs

Lymph nodes (LNs) and spleens of reconstituted animals were
studied to assess the specificity of transgene expression conferred
by the CD4 regulatory sequences. Results of a representative
experiment showing eGFP expression in CD4" and CD8" T cells
and in B220" B cells are shown in Figure 2A. With the LvPGK
vector, reporter gene expression was readily detectable in all
subsets. With the LvCD4 vector, B cells expressed little eGFP
whereas CD4" and CD8" T cells exhibited similar proportions of
transduced cells. In contrast, with the LvCD4-Sil vector, eGFP
expression was dramatically reduced in frequency and in intensity

in CD8"T cells compared with CD4"T cells. In these experiments,
2 peaks of eGFP" cells could sometimes be observed with either
vector tested.
Although CD4" T cells are the major cell subset expressing the

CD4 molecule in mice, we also analyzed the specificity of our
vectors in NK1.1" natural killer (NK) cells and CD4loCD11c"

splenic DCs. To evaluate cell specificity independently of the
variability of HSC transduction efficiencies, we present our results
as an index relative to the frequency of eGFP" CD4" T cells
(Figure 2B). However, it should be stressed that this index only
partially reflects cell specificity because it does not confer the
intensity of expression in positive cells. With the LvPGK vector,
indexes were increased by an approximate factor of 2 in B cells,
NK cells, and DCs, but they were comparable in CD8" T cells.
With the LvCD4 vector, the indexes were similar in CD8" T cells,
markedly reduced in B cells and DCs, and moderately reduced in
NK cells. Compared with the LvCD4 vector, reporter gene
expression was efficiently silenced with the LvCD4-Sil vector in
CD8" T cells, as evidenced by an index reduced by a factor of 4.
When 2 peaks of eGFP" cells could be observed in CD4" T cells
with the LvCD4-Sil vector, the strongest peak was efficiently
silenced whereas the weakest peak appeared not to be, which called
into question its specificity (not shown). These specificity index
variations were correlated with variations in the intensity of eGFP
expression in positive cells (Figure 2A). Altogether, CD4" T cells
appeared as the main lymphocyte subset expressing eGFP after in
vivo maturation of Lin!Sca-1" cells transduced with the
LvCD4-Sil vector.

Specificity of eGFP expression in the thymus of
RAG-2–deficient mice reconstituted with transduced HSCs

We next sought to analyze at which stage of T-cell differentiation in
the thymus the transgene would be expressed. Representations of
immature CD4!CD8! double-negative (DN) and CD4"CD8"

double-positive (DP) cells and of mature CD4"CD8! and
CD8"CD4! single-positive (SP) cells in eGFP! and eGFP"

thymocytes are illustrated from a representative experiment in
Figure 3A for the LvCD4 vector and are summarized in Figure 3B.
With the LvPGK vector, the proportions of DN, DP, CD4-SP, and
CD8-SP were similar in eGFP" and eGFP! cells, in agreement
with the ubiquitous nature of this promoter. In contrast, compared
with eGFP! cells, there was an increased proportion of SP cells and
a decreased proportion of DP cells among the eGFP" cells with the
LvCD4 vector. Moreover, eGFP expression was clearly correlated
with thymocyte maturation as indicated by the analysis of CD3
expression, which is absent or low in immature thymocytes and
high in mature thymocytes. With LvCD4, almost all eGFP" cells
expressed high levels of CD3 (Figure 3A, inset); with the LvPGK
vector, there was an even distribution of CD3-expressing cells
among the eGFP" and eGFP! cells (not shown). This shows that
eGFP expression in DP cells occurs at a late stage of their

Table 1. Lentiviral vector titers and concentrations

LvPGK, n # 3 LvCD4, n # 4 LvCD4-Sil, n # 4

Unconcentrated, ip/mL 106 $ 4.9 % 105 1.8 % 106 $ 1.2 % 106 1.8 % 106 $ 1.5 % 106

Concentrated, ip/mL 4.7 % 107 $ 1.7 % 107 6 % 107 $ 3 % 107 5.3 % 107 $ 4 % 107

Fold enrichment (range) 57.6 (18-109) 44.6 (18-105) 70 (12-216)

Lentiviral vectors were produced by cotransfection of 293T cells with 5 &g VSV-G envelope plasmid, 10 &g packaging plasmid pCMV ! R8.91, and 10 &g transfer vectors.
The table shows the comparison in titers of concentrated versus nonconcentrated lentiviral vectors supernatants on CEM % 174 cells. Titers of lentiviral vectors
(ip/mL) $ SD were calculated as described in “Materials and methods.” Enrichment in viral titers was calculated as the ratio between lentiviral titers before and
concentration (range).

Figure 2. eGFP expression in secondary lymphoid organs from RAG-2 KOmice
reconstituted with HSCs transduced with lentiviral vectors. (A) Representative
results of eGFP expression in CD4" (left panels), CD8" (middle panels), and B220"

cells (right panels) in lymphoid organs of reconstituted RAG-2 KO mice with HSCs
transduced with the nonspecific LvPGK (upper panels), the T-specific LvCD4 (middle
panels), or the CD4-specific LvCD4-Sil (lower panels) lentiviral vectors. Numbers
indicate percentages of eGFP" cells; MFI indicates mean fluorescence intensity of
eGFP" cells. (B) Specificity index in various cell subsets after reconstitution of RAG-2
KO mice. The histograms shown represent the index of specificity relative to the CD4
subset in CD8", B220", NK1.1", and CD4loCD11c" cells and was calculated as the
ratio between the frequency of eGFPhi cells in the subset of interest divided by the
frequency of eGFPhi in the CD4 subset for each vector. A lower index relative to the
CD4 subset, therefore, indicates better specificity. Results are the average $ SD of
the index obtained from 3mice except B cells with the LvCD4 vector and NK cells with
the LvCD4-Sil, where results were calculated from 2 mice. When applicable, Student
t test was used to calculate a P value relative to the CD4 subset, as indicated by the
asterisk (0.01 ' P ! .05) and (P ! .01) above each histogram.
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expression was quantified in secondary lymphoid organs, thymus,
and bone marrow 2 months after reconstitution. At this time, the
proportion and absolute numbers of T and B cells in the spleen,
lymph nodes, thymus, and bone marrow were similar to control
C57Bl/6 mice (not shown). This indicated that the transduction
protocol used herein did not alter the stem cell competency of
Lin!Sca-1" cells. All mice analyzed were reconstituted with a
sizable population of eGFP" cells, ranging from 4% to 30% of
CD45.1" (donor-derived) cells in the spleen.

Specificity of eGFP expression in spleen and lymph nodes of
RAG-2–deficient mice reconstituted with transduced HSCs

Lymph nodes (LNs) and spleens of reconstituted animals were
studied to assess the specificity of transgene expression conferred
by the CD4 regulatory sequences. Results of a representative
experiment showing eGFP expression in CD4" and CD8" T cells
and in B220" B cells are shown in Figure 2A. With the LvPGK
vector, reporter gene expression was readily detectable in all
subsets. With the LvCD4 vector, B cells expressed little eGFP
whereas CD4" and CD8" T cells exhibited similar proportions of
transduced cells. In contrast, with the LvCD4-Sil vector, eGFP
expression was dramatically reduced in frequency and in intensity

in CD8"T cells compared with CD4"T cells. In these experiments,
2 peaks of eGFP" cells could sometimes be observed with either
vector tested.
Although CD4" T cells are the major cell subset expressing the

CD4 molecule in mice, we also analyzed the specificity of our
vectors in NK1.1" natural killer (NK) cells and CD4loCD11c"

splenic DCs. To evaluate cell specificity independently of the
variability of HSC transduction efficiencies, we present our results
as an index relative to the frequency of eGFP" CD4" T cells
(Figure 2B). However, it should be stressed that this index only
partially reflects cell specificity because it does not confer the
intensity of expression in positive cells. With the LvPGK vector,
indexes were increased by an approximate factor of 2 in B cells,
NK cells, and DCs, but they were comparable in CD8" T cells.
With the LvCD4 vector, the indexes were similar in CD8" T cells,
markedly reduced in B cells and DCs, and moderately reduced in
NK cells. Compared with the LvCD4 vector, reporter gene
expression was efficiently silenced with the LvCD4-Sil vector in
CD8" T cells, as evidenced by an index reduced by a factor of 4.
When 2 peaks of eGFP" cells could be observed in CD4" T cells
with the LvCD4-Sil vector, the strongest peak was efficiently
silenced whereas the weakest peak appeared not to be, which called
into question its specificity (not shown). These specificity index
variations were correlated with variations in the intensity of eGFP
expression in positive cells (Figure 2A). Altogether, CD4" T cells
appeared as the main lymphocyte subset expressing eGFP after in
vivo maturation of Lin!Sca-1" cells transduced with the
LvCD4-Sil vector.

Specificity of eGFP expression in the thymus of
RAG-2–deficient mice reconstituted with transduced HSCs

We next sought to analyze at which stage of T-cell differentiation in
the thymus the transgene would be expressed. Representations of
immature CD4!CD8! double-negative (DN) and CD4"CD8"

double-positive (DP) cells and of mature CD4"CD8! and
CD8"CD4! single-positive (SP) cells in eGFP! and eGFP"

thymocytes are illustrated from a representative experiment in
Figure 3A for the LvCD4 vector and are summarized in Figure 3B.
With the LvPGK vector, the proportions of DN, DP, CD4-SP, and
CD8-SP were similar in eGFP" and eGFP! cells, in agreement
with the ubiquitous nature of this promoter. In contrast, compared
with eGFP! cells, there was an increased proportion of SP cells and
a decreased proportion of DP cells among the eGFP" cells with the
LvCD4 vector. Moreover, eGFP expression was clearly correlated
with thymocyte maturation as indicated by the analysis of CD3
expression, which is absent or low in immature thymocytes and
high in mature thymocytes. With LvCD4, almost all eGFP" cells
expressed high levels of CD3 (Figure 3A, inset); with the LvPGK
vector, there was an even distribution of CD3-expressing cells
among the eGFP" and eGFP! cells (not shown). This shows that
eGFP expression in DP cells occurs at a late stage of their
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Unconcentrated, ip/mL 106 $ 4.9 % 105 1.8 % 106 $ 1.2 % 106 1.8 % 106 $ 1.5 % 106
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Lentiviral vectors were produced by cotransfection of 293T cells with 5 &g VSV-G envelope plasmid, 10 &g packaging plasmid pCMV ! R8.91, and 10 &g transfer vectors.
The table shows the comparison in titers of concentrated versus nonconcentrated lentiviral vectors supernatants on CEM % 174 cells. Titers of lentiviral vectors
(ip/mL) $ SD were calculated as described in “Materials and methods.” Enrichment in viral titers was calculated as the ratio between lentiviral titers before and
concentration (range).

Figure 2. eGFP expression in secondary lymphoid organs from RAG-2 KOmice
reconstituted with HSCs transduced with lentiviral vectors. (A) Representative
results of eGFP expression in CD4" (left panels), CD8" (middle panels), and B220"

cells (right panels) in lymphoid organs of reconstituted RAG-2 KO mice with HSCs
transduced with the nonspecific LvPGK (upper panels), the T-specific LvCD4 (middle
panels), or the CD4-specific LvCD4-Sil (lower panels) lentiviral vectors. Numbers
indicate percentages of eGFP" cells; MFI indicates mean fluorescence intensity of
eGFP" cells. (B) Specificity index in various cell subsets after reconstitution of RAG-2
KO mice. The histograms shown represent the index of specificity relative to the CD4
subset in CD8", B220", NK1.1", and CD4loCD11c" cells and was calculated as the
ratio between the frequency of eGFPhi cells in the subset of interest divided by the
frequency of eGFPhi in the CD4 subset for each vector. A lower index relative to the
CD4 subset, therefore, indicates better specificity. Results are the average $ SD of
the index obtained from 3mice except B cells with the LvCD4 vector and NK cells with
the LvCD4-Sil, where results were calculated from 2 mice. When applicable, Student
t test was used to calculate a P value relative to the CD4 subset, as indicated by the
asterisk (0.01 ' P ! .05) and (P ! .01) above each histogram.
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Ciblage 
transcriptionnel

• Expression spécifique chez la souris et chez l’homme

33Marodon et al.  Blood 2003;  Petit et al.  résultats non publiés
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Les vecteurs

• vecteur bicistronique exprimant analogue de 
gp41 (T20) et un agoniste de CCL5 (P2i)
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Résultats préliminaires
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Projet TG VIH

• Transduction CD34+ humaines

• Reconstitution T CD4 «résistants»

• Infection virus R5

• Mesure CV, délétion CD4 et avantage sélectif 

• Analyse de la diversité virale
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