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Abstract
Background—The liver is an immunological privileged organ – liver allografts are accepted
across major histocompatibility complex barriers in many species; however, hepatocyte
transplants are acutely rejected, suggesting a role for liver non-parenchymal cells in regulating the
immune response. We have shown potent immune regulatory activity of hepatic stellate cells
(HSCs) in mice. The aim of this study was to examine the immune regulatory activity of human
HSCs.

Methods—HSCs were isolated from normal human livers for analyses of their impact on T cell
response.

Results—HSCs expressed low HLA-DR and co-stimulatory molecules CD40, CD80, but
constitutively expressed high levels of CD54. IFNγ stimulated HSCs to express B7-H1 in a dose
dependent manner, and produce the suppressive cytokines IL-6, IL-10 and TGFβ, but not affect
expression of HLA-DR, CD40 and CD80. Human HSCs did not stimulate allogeneic T cell
proliferative response, indicating they are not professional APC. HSCs markedly inhibited T cell
response elicited by either allogeneic APC or CD3/CD28 beads, which was associated with
increases in activated CD4 and CD8 T cell apoptosis. Addition of anti-B7-H1 blocking Ab
significantly reversed the inhibitory effect.

Conclusions—Human HSCs demonstrate potent immune regulatory activity via B7-H1-
mediated induction of apoptosis in activated T cells. Understanding of the involved mechanisms
may lead to development of novel therapeutic approaches for treatment of liver diseases.
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Introduction
The liver is known for its immune tolerogenic property, including: 1) spontaneous
acceptance of liver transplants in many animal models [1–3]. In humans, total weaning off
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immunosuppression achieves in about one fourth of liver transplant recipients [4–7]; 2)
transplantation across ABO barriers leads to accelerated rejection in kidneys but is rarely in
livers [8]; 3) accelerated rejection caused by antibodies observed commonly for kidney
transplants, is rare in the liver grafts [9, 10]. Moreover, induction of tolerance by the oral
administration of antigens has also been attributed to the liver, since similar tolerance can be
induced through direct delivery of antigen via the portal vein, but not via the intravenous
route [11–13]. Hepatic tolerance may also contribute to the liver’s vulnerability to chronic
infections, such as hepatitis B, hepatitis C and parasitic infections [14]. It has been
postulated that regulation of immune response in the liver is necessary because of the
propensity for overwhelming reactivity to the food and microbial antigens from the gut [15].

We have demonstrated that the liver transplant tolerance in mice is not attributable to the
deletion of specific T cell clones since the T cells isolated from the recipients respond well
to donor antigen stimulation in vitro [16]. Histology shows abundance of T cell infiltrates
during the first week after transplantation, however they are gradually diminished via
apoptotic death thereafter [17–19]. After injection of specific antigen into TCR transgenic
mice, accumulation followed by apoptotic deletion of specific CD8+ T cells was observed in
the liver [20], suggesting that there is a mechanism residing within the liver responsible for
its immune modulation. We noted that although liver allografts in many species are
spontaneously accepted, hepatocyte transplants are acutely rejected, suggesting a role for
liver non-parenchymal cells (NPC) in regulation of the immune response. We have
identified in mice that hepatic stellate cells (HSCs) are immunosuppressive [21]. HSCs
mixed with islet allografts for transplantation under renal capsule achieves islet long-term
survival in 60% recipients without requirement of immunosuppression [22], which is
mediated by induction of CD8+ T cell apoptosis, generation of myeloid-derived suppressor
cells [23,24] and Foxp3+ regulatory T cells [25]. These findings hold great potential for
clinical application. However, all studies so far were conducted in animal models. In this
study, we investigated human HSCs, and demonstrated vigorously suppressive effect on T
cell response via induction of apoptosis in activated T cells which was mediated by B7-H1
(PDL-1) expressed on HSCs.

Results
Phenotypic Analysis of human HSCs

The HSCs used in this study was isolated from normal human liver tissue and enriched by
gradient centrifugation. This is feasible because HSCs contain lipid droplets, becoming the
least dense fraction and floating away from other cells [27]. The HSCs cultured for 3 days
were spindle shaped, still containing multiple lipid droplets (Fig. 1A). Following culture for
7 days, the cultured cells showed no contamination with leukocytes (CD45+) (Fig. 1B), and
HSCs were transformed to fibroblast-like morphology and became α-smooth muscle actin
(SMA) positive (Fig. 1C). Cell viability was greater than 90% as determined by trypan blue
exclusion. The purity of HSCs after 7 days culture was >95% as determined by α-SMA
immunostaining. To test the response of HSCs to stimulation of IFN-γ, an important
inflammatory cytokine mainly produced by effector T cells, HSCs were exposed to IFN-γ
(100U/ml) for the last 18 hours of culture, showing marked upregulation of α-SMA (Fig.
1C). Without IFN-γ stimulation, human HSCs expressed very low co-stimulatory molecules
CD40, CD80, CD86, B7-H1 and HLA-DR, while HSCs constitutively expressed adhesion
molecule ICAM-1. Exposure to IFN-γ slightly up-regulated expression of CD80, CD40,
CD86 and HLA-DR, but markedly enhanced expression of B7-H1 and CD54 (ICAM-1)
(Fig. 1D). Cytokine expression analyzed by quantitative (q) polymerase chain reaction
(PCR), showed that IFN-γ stimulation markedly increased expression of many inhibitory
cytokines, including IL-6, IL-10, TGF-β, as well as GM-CSF and VEGF (Fig. 1E).
Exposure to IFN-γ at 100U/ml for 18 hours reached maximum effect, since increase in
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incubation time up to 48 hours or concentration up to 1000U/ml did not further enhance
expression of these cytokines (data not shown).

HSCs stimulate low T cell response
To test the immune stimulatory activity of human HSCs, CFSE labeled PBMC-derived T
cells were cultured with irradiated allogeneic DCs or HSCs at a 10:1 ratio for 5 days. CFSE
dilution data showed that compared to professional antigen presenting cells (APC) DCs,
HSCs stimulated low proliferative response in both CD4+ and CD8+ T cells (Fig. 2A). This
trend was also reflected by counting the absolute number of CD4+ and CD8+ cells at the end
of culture (Fig. 2B). The production of IFN-γ in culture supernatant in HSC group were
markedly lower than DC group (Fig. 2C), indicating that HSCs stimulate low Th1 response.
These data suggest that, unlike the professional APC, HSCs have very low allostimulatory
activity.

Human HSCs demonstrate potent immunosuppressive activity
The immune regulatory activity of HSCs was tested by addition of graded numbers of HSCs
into a one-way MLR culture in which CFSE labeled PBMC-derived T cells and irradiated
allogeneic DCs served as responders and stimulators, respectively. Thymidine uptake results
showed that addition of HSCs significantly inhibited T cell proliferative response in a dose
dependent manner – achieved ~85% inhibition when HSC:T ratio was increased to 1:10
(Fig. 2D). CFSE dilution analyses similarly demonstrated that HSCs inhibited the
proliferative response in both CD4+ and CD8+ cell populations. This was not due to over
crowding of the cells in the culture since addition the same number of DCs showed no
inhibitory effect (Fig. 2D). To determine whether HSCs directly suppressed T cell function
or via inhibition of APC, HSCs were added into the culture of T cells whose proliferative
response was stimulated by anti-CD3/CD28-coated beads. HSCs maintained their ability to
suppress T cell proliferative responses in the absence of DCs (Fig. 2E), suggesting that
HSCs can directly inhibit T cell activation. To examine the involvement of cell-cell contact,
the culture was performed in a transwell where HSCs were separated by a pored membrane
to avoid direct contact with T cells. HSCs largely lost their ability to suppress T cell
proliferative response in the transwell culture (Fig. 2F), indicating that the inhibition is
dependent on cell-cell direct contact.

HSCs inhibit T cell response via induction of T cell apoptosis
To understand the mechanisms involved in HSCs-induced T cell suppression, we first
examined how the presence of HSCs impacted on expression of T cell activation markers
(upregulation of CD44 and downregulation of CD62L) and production of IFN-γ. As shown
in Fig. 3A, both CD4+ and CD8+ T cells isolated from healthy volunteers (group none)
expressed intermediate levels of CD44; most of them were CD62L high and produced little
IFN-γ (right panel) while following stimulation by anti-CD3/CD28 beads, expression of
CD44 on CD4+ and CD8+ T cells was markedly increased; expression of CD62L was
inhibited, and production of IFN-γ was dramatically enhanced, indicating vigorous T cell
activation. Addition of HSCs did not affect much expression of T cell activation markers
(CD44 and CD62L), but modestly reduced IFN-γ secretion (Fig. 3A, right panel),
suggesting HSCs do not impede T cells activation. The modest reduction of IFN-γ
production can be explained by the following observations - greater numbers of TUNEL
positive cells were identified in T cells in HSCs group, compared to that in no HSCs
controls (Fig. 3B, left panels). This was confirmed by flow analysis for annexin V
expression. The presence of HSCs enhanced the incidence of annexin V positive population
in both CD4+ and CD8+ T cells (Fig. 3B, right panels). Analysis of dividing and non-
dividing cell populations (indicated by CFSE dilution assay) revealed that most of annexin
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V positive T cells were identified in dividing cells (Fig. 3C), suggesting that HSCs
preferentially induce apoptosis in activated T cells.

The role for B7-H1 on HSCs in immunosuppressive activity
B7-H1, a member of the B7 family, negatively regulates immune response [28]. Its receptor,
PD-1, can be induced on T cells and B cells upon activation [29]. Exposure of human HSCs
to IFN-γ enhanced surface expression of B7-H1 in a time and dose dependent manner (Fig.
4A), suggesting that expression of B7-H1 on HSCs can be induced in inflammatory
environments. However, expression of PD-1 on HSCs was not enhanced following exposure
to IFN-γ, indicating that expression of B7-H1 and PD-1 on HSCs is not correlated. To
determine the role of B7-H1 expressed on human HSCs in exerting immunosuppressive
activity, graded concentrations of anti–human B7-H1 blocking mAb were added into the
cultures where T cell proliferative response was inhibited by addition of HSCs. When the
concentration of anti-B7-H1 mAb was increased up to 15 μg/ml, the inhibitory effect of
HSCs on T cell proliferative response was markedly reversed (Fig. 4B), suggesting that the
inhibition is mediated by B7-H1 ligation. This was associated with reduced annexin V
expression on T cells, particularly, in dividing cell population (Fig. 3), indicating that HSCs
inhibit T cell response via induction of activated T cell apoptosis which was dependent on
B7-H1 ligation. These data suggest a critical role of B7-H1 on human HSCs in executing
immune regulatory activity.

Discussion
While there has been extensive work done on the role of HSCs in vitamin A metabolism and
fibrosis, there has been recent accumulating evidence suggesting that HSCs also actively
participate in regulating immune response via immensely inhibiting T cell responses in the
liver. However, so far, all studies were conducted in the rodent models [21, 22, 30–32]. In
this study, we provided evidence that human HSCs did not stimulate allogeneic T cell
proliferative response, indicating they are unlikely to be the professional APC. However,
they demonstrated potent immune inhibitory activity. Thus, addition of HSCs into a one-
way MLR culture effectively inhibited T cell proliferative response, achieving ~85%
inhibition at an HSC:T ratio as low as 1:10 (Fig. 2D). Another important finding of this
study is that the inhibition of T cell response by HSCs is not via directly suppressing T cell
activation, as the presence of HSCs did not affect the expression of T cell activation marker
molecules. Our data suggested that HSCs inhibited immune response by the induction of
apoptosis of the activated T cells because HSCs preferentially enhanced apoptotic activity in
the dividing T cells but not the non-dividing cells (Fig. 3C).

HSCs were reported to present antigens as the professional APC [33], and assumed to
directly induce Foxp3+ Treg cells [34], because HSCs produce TGF-β and release retinoic
acid, both of which are implicated in the induction of Treg cells by the mucosal DC [35].
However, recent studies, using highly sorted HSCs, found that HSCs can not present antigen
to naïve T cells, or directly induce Foxp3+ Treg cell differentiation or expansion [36]. Our
data generated in mouse studies are consistent with these observations. HSCs have limited
ability to activate naïve T cells [21] and directly induce Treg cells [25]. HSCs actually are
potent inducers of MDSC which subsequently enhance Treg activity in vivo [23, 37].
Human HSCs tested in the present study also show no APC activity, but can potently inhibit
T cell response in an MLR culture. These controversial results may reflect the deviations in
cell purity and experimental settings.

The liver has been shown to be a site for attracting and eliminating activated T cells
following systemic T cell activation [38, 39]. The data generated in this study suggest that
HSCs may be one of the important cell types in the liver that contribute to regulation of the
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T cell response via induction of apoptotic death of activated T cells. We have analyzed
several death molecules in mouse HSCs. HSCs express very low FasL, TNF-α, TRAIL and
its receptor DR5. Following IFN-γ stimulation, only TRAIL expression was slightly
upregulated, while TNF-α and FasL remained low [40]. Considering that hepatocytes
express high Fas, and are extremely sensitive to FasL mediated injury - injection of anti-Fas
Ab results in massive hepatocyte damage [41], HSCs that locate close to hepatocytes are
smart enough to utilize B7-H1, instead of Fas pathway, in induction of apoptosis in activated
T cells in the liver. We also showed that after exposure to the inflammatory cytokine IFN-γ,
HSCs upregulate expression of B7-H1, inhibitory cytokines and adhesion molecule
ICAM-1. It is plausible to speculate that in inflammatory conditions such as hepatitis, liver
transplantation, etc., HSCs attract activated lymphocytes through adhesion molecules to
interact with them to down-regulate the immune response, in which B7-H1 plays a critical
role since blocking B7-H1 ligation by specific mAb markedly reverses the HCS-mediated
suppressive effect. B7-H1 is a member of the immunoglobulin super-family and is known to
deliver negative co-stimulatory signals to T cells [42]. The data generated in this study
suggest that B7-H1 on HSCs inhibits T cell response via induction of activated T cell
apoptotic death. These results agree with what have been shown in murine models; mice
deficient in B7-H1 results in the accumulation of CD8+ T cells in the liver [43]. In humans,
the role of B7-H1 in transplantation is not as clearly defined, However, it has been shown
that expression of B7-H1 is abundant in human carcinomas of lung, ovary and colon and in
melanomas; cancer cell-associated B7-H1 increases apoptosis of antigen-specific human T
cell clones in vitro. In addition, expression of B7-H1 on mouse P815 tumor increases
apoptosis of activated tumor-reactive T cells and promotes the growth of tumors in vivo
[44].

It is noted that the addition of anti–B7-H1 mAb only partially reverses the inhibition of T
cell response and apoptotic activity, indicating that the molecules other than B7-H1 may
also be involved in these inhibitory process. ICAM-1 is unlikely responsible, because
blockade of ICAM-1 by specific mAb did not abrogate T cell apoptosis (data not shown). In
addition, other cells in the liver may also participate in the B7-H1-mediated immune
regulation. B7-H1 has been shown to be responsible for induction of CD8+ T cell
hyporesponsiveness by liver sinusoidal endothelial cells (LSEC) since B7-H1 deficient
LSEC largely lose their capacity of inhibiting CD8+ T cell response [45].

HSCs are well known to participate in the process of liver fibrosis and cirrhosis following
chronic injury such as hepatitis B or hepatitis C that distorts the normal hepatic structure
with fatal complications, including portal hypertension, GI bleeding and ascites. The data
demonstrated in this study suggest that the participation of HSCs in liver fibrosis and
cirrhosis may also involve some immunological mechanisms, which have not been
extensively studied.

Materials and Methods
Isolation and culture of human HSCs

The research was conducted with the approval of the Institutional Review Board. Human
liver tissue was obtained from the donor livers when the size needed to be reduced for
transplantation, meshed, and agitated in collagenase IV (1 mg/ml) at 37°C for 30 minutes.
Cells were filtered through a nylon mesh. HSCs were enriched via Percoll gradient
centrifugation as previously described [26]. The isolated HSCs were cultured (105/ml) in an
uncoated plastic flask (Nunclon, Roskilde, Denmark) with RPMI-1640 (Mediatech Inc.)
supplemented with 10% fetal calf serum in 5% CO2 in air at 37°C for 7 days (unless
specified otherwise). The ages of the liver donors ranged from 19 to 52. Only those samples
that showed normal lobular hepatic architecture without histological evidence of fibrosis/
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cirrhosis were utilized. Cold ischemia time ranged from 5.5 – 8 hrs. HSCs were harvested
immediately upon receipt of the samples. HLA typing was reviewed for all donors to ensure
that the stimulators and responders were fully allogeneic.

Antibodies and flow cytometry
Mouse anti-human monoclonal antibodies (mAb) anti-CD3, CD4, CD8, CD54, CD80,
CD40, CD42, CD62L, CD86 or HLA-DR were purchased from BD PharMingen (San
Diego, CA), anti–B7-H1 from eBioscience (San Diego, CA). The appropriate isotype
control antibodies were used in all experiments. For carboxyfluorescein diacetate
succinimidyl ester (CFSE) labeling, cells (107/ml) were incubated with 6.5 μmol/l CFSE
(Molecular Probes, Eugene, OR) from a 10-mmol/l stock solution (in dimethylsulfoxide) for
10 minutes at 37°C. Flow analysis was performed on a FACSCalibur flow cytomer (BD
Biosciences, Mountain View, CA), using FlowJo software.

Mixed lymphocyte reaction (MLR) assay
Peripheral blood mononuclear cells (PBMC) were collected from healthy human volunteers,
and T cells were enriched using the Pan T Cell isolation Kit (Miltenyi Biotec, Auburn, CA).
CFSE labeled human T cells (2 × 105/well in 100 μl) were incubated for 3 days with anti-
CD3/CD28 coated beads (Invitrogen, Grand Island, NY) or culture with γ-irradiated (20–50
Gy; X-ray source) allogeneic stimulators, such as PBMC-derived dendritic cells (DCs) or
HSCs for 5 days, at an indicated ratio in triplicate in 96-well round-bottom microculture
plates (Corning Inc., Corning, NY) in RPMI-1640 complete medium in 5% CO2 in air. T
cell proliferation was measured by thymidine uptaking or CFSE dilution analysis. IFN-γ
concentration in the culture supernatant was measured by using Cytokine Bead Array (CBA)
kit (BD Biosciences) according to the manufacturer’s instruction. To examine the inhibitory
activity, γ-irradiated (50 Gy) human HSCs were added at the beginning into a one-way
MLR culture in which T cell proliferative response was elicited by DCs at a HSC:DC ratio
of 1:1.

TUNEL staining
Cell suspensions were fixed with 3.7% (W/V) formaldehyde in methanol for 10 minutes,
dropped onto a slide, dried at room temperature, and stained for TUNEL using an in situ
apoptosis detection kit (Intergen, Norcross, GA) according to the manufacturer’s
instructions.

Culture of human DCs
PBMC (2×106 cells/well) obtained from the blood of healthy volunteers via elutriation
method were cultured in RPMI-1640 medium containing 10% fetal calf serum in the
presence of human recombinant granulocyte-macrophage colony-stimulating factor
[granulocyte-macrophage colony-stimulating factor (GM-CSF), 1000U/mL, Schering-
Plough, Kenilworth, NJ] and interleukin (IL)-4 (500U/mL) for 5 days. The floating cells
were harvested and used in the experiments.

Statistical Analysis
The statistical significance of the parametric data was determined using the Student t test; p
values of less than 0.05 were considered statistically significant.
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Abbreviations

APC antigen-presenting cells

CFSE carboxyfluorescein diacetate succinimidyl ester

DCs dendritic cells

GM-CSF granulocyte-macrophage colony-stimulating factor

HSCs hepatic stellate cells

IL interleukin

IFN interferon

MLR mixed lymphocyte reaction

mAb monoclonal antibody

NPC non parenchymal cell

PBMC peripheral blood mononuclear cells

PCR polymerase chain reaction

SMA smooth muscle actin
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Figure 1. Phenotypic analysis of human HSCs
Cells were isolated from the tissue of a donor liver the size of which needed to be reduced
for transplantation, enriched for HSCs through percoll gradient centrifugation, and cultured
in uncoated plastic plates as described in Materials and Methods. (A) Images of HSCs at day
3 of culture. The pictures in right panel were taken through the phase contrast microscope,
showing the intra-cellular lipid droplets. (B) HSCs at day 7 of culture show without
contamination of CD45+ hematopoietic cells as determined by flow analysis (histogram).
Shaded profile represents isotype control. (C) INF-γ stimulation enhances HSCs activation.
HSCs were exposure to INF-γ (100U/μl) for the last 18 hours of culture (7 days).
Expression of α-SMA was determined by immunohistochemical staining (red). (D)
Expression of surface key molecules on HSCs determined by flow analysis with or without
INF-γ stimulation. (E) Expression of key cytokine mRNA in HSCs. RNA was isolated from
the cells harvested after culture for 7 days with or without IFN-γ stimulation. Expression of
cytokines was determined by q-PCR. The data are representative of three separate
experiments.
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Figure 2. Human HSCs markedly inhibit T cell response
(A) Human HSCs stimulate low T cell proliferative response. CFSE-labeled PBMC-derived
T cells were cultured with irradiated stimulators (allogeneic DC or HSCs) at a stimulator:
responder ratio of 1:10 for 5 days. Proliferative response was analyzed by CFSE dilution
assay gated in CD4 and CD8 cell populations. (B) Less CD4 and CD8 T cells are generated
following HSCs stimulation. Cells in each well were counted at the end of cultures. The
numbers of CD4 and CD8 T cells were calculated based on flow analysis. (C) Less IFN-γ is
produced by T cells stimulated by HSCs. Supernatant was collected at the end of culture,
and the IFN-γ levels were measured by cytometric bead array (CBA, BD biosciences)
assay. (D) HSCs inhibit T cell responses. Graded number of irradiated HSCs or DC (as
regulators) were added at beginning into a one-way MLR culture in which T cell
proliferative response was elicited by allogeneic DC at DC:T ratio of 1:10 for 5 days. T cell
proliferative response was examined by thymidine up-take assay (left panel) or by CFSE
dilution assay (right panels). (E) HSCs inhibited T cell response elicited by TCR ligation.
Irradiated HSCs were added at the beginning into a culture (3 days) of CFSE-labeled T cells
(at a ratio of 1:10), proliferation of which were elicited by anti-CD3/CD28 beads. T cell
proliferative response was determined by CFSE dilution assay gated in CD3+ cells. (F)
HSCs induced T cell suppression is mediated by cell-cell contact. To avoid cell-cell contact,
transwell was used, in which irradiated HSCs were separated with CFSE-labeled T cells
(stimulated by anti-CD3.CD29 beads). T cell proliferative response was determined by
CFSE dilution assay gated in CD3+ cells. The data are representative of three separate
experiments.
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Figure 3. HSCs inhibit T cell response via induction of B7-H1-mediated apoptotic death
Irradiated human HSCs were added (at a ratio of 1:10) at the beginning into a one-way MLR
culture in which the proliferation of PBMC-derived T cells was elicited by anti-CD3/CD28
beads. (A) HSCs do not suppress T cell activation. Expression of CD44 and CD62L were
analyzed on naïve CD4 and CD8 T cells (None), stimulated by anti-CD3/CD28 beads or
plus addition of HSCs by flow cytometry. The concentration of IFN-γ in supernatant was
measured by CBA assay. Naïve T cells expressed intermediate levels of CD44. TCR
stimulation markedly enhanced expression of CD44, but modestly inhibited expression of
CD62L on both CD4 and CD8 T cells, and markedly increased IFN-γ production. Addition
of HSCs did not affect these parameters of activation. The number is percentage of positive
cells in each gated area. (B) HSCs induce T cell apoptosis. Apoptosis of the T cells were
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determined by staining of TUNEL (cytospin histochemistry), as well as by expression of
annexin V on T cells (flow analysis gated in CD3+ cells). The number is percentage of
annexin V+ T cells. (C) HSCs preferentially induce apoptosis in activated T cells.
Expression of annexin V was analyzed in dividing and non-dividing CD4 and CD8 T cells.
The number is percentage of annexin V+ cells.
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Figure 4. Regulation of B7-H1 expression on HSCs and its role in induction of T cell apoptosis
(A) Expression of B7-H1 on HSCs is enhanced by IFN-γ stimulation. HSCs were incubated
with IFN-γ (100 U/ml) for various (indicated) durations. B7-H1 expression was analyzed by
q-PCR (left panel). HSCs were exposed to graded concentrations of IFN-γ for 18 hours and
stained with anti–B7-H1 or anti-PD-1 mAb for flow analysis, and demonstrated as
histograms. The filled area represents isotype control (right panel). (B) HSCs-induced T cell
inhibition is mediated by B7-H1 ligation. Inhibition of (1×105) were added to HSCs (1×104)
and cultured for 3 days. Irradiated HSCs were added at the beginning of a CFSE labeled
PBMC-derived T cell culture (at a ratio of 1:10), the proliferation of which was elicited by
anti-CD3/CD28 beads. T cell proliferative response was determined by CFSE dilution assay
gated in CD3+ cells. Apoptotic activity was analyzed by staining for annexin V expression.
The number is percentage of annexin V+ dividing cells. Data are representative of three
separated experiments.
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