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Abstract
Liver fibrosis is mediated by the transformation of hepatic stellate cells (HSC) from a quiescent to
an activated state. To understand the role of HSC in liver immunity, we investigated the effect of
this transition on T cell stimulation in vitro. Unlike quiescent HSC, activated HSC did not induce
proliferation of antigen-specific T cells. Phenotypic analysis of quiescent and activated HSC
revealed that activated HSC expressed the coinhibitory molecule B7-H4. Silencing B7-H4 by
siRNA in activated HSC restored the ability of T cells to proliferate, differentiate and regain
effector recall responses. Furthermore, expression of B7-H4 on HSC inhibits early T cell
activation and addition of exogenous IL-2 reversed the T cell anergy induced by activated HSC.

Conclusions—These studies reveal a novel role for activated HSC in the attenuation of
intrahepatic T cell responses via expression of the coinhibitory molecule B7-H4, and may provide
fundamental insight into intrahepatic immunity during liver fibrogenesis.

Keywords
Stellate cell; B7-family members; B7-H4; T cell proliferation; T cell anergy; liver fibrosis

Introduction
Chronic liver disease is the tenth leading cause of mortality in the United States (1).
Whether a viral infection such as HCV, or a non-infectious insult such as alcohol or a
genetic disease is the inciting agent, each shares a common route to eventual liver failure
characterized by inflammation, fibrosis, and cirrhosis (2). Hepatic stellate cells (HSC) are
the major cell types in the liver responsible for liver fibrosis (3). These cells are non-
parenchymal cells that comprise 5-8% of the normal liver, located in the space of Disse
between the endothelial layer and parenchymal hepatocytes (4), and serve as a depot of
vitamin A (5).

In the healthy liver, HSC are present in a quiescent form and perform multiple physiologic
functions including directing hepatic development and regeneration as well as producing
lipoproteins, growth factors and cytokines (5). However, during liver injury, HSC become
activated (6), leading to a phenotypic and functionally consequent transformation. Activated
HSC (AHSC) are the major mediators of liver fibrosis through extracellular matrix
deposition (type I and type III collagen), secretion of the vasoconstrictor endothelin-1 which
contributes to portal hypertension, and reduced production of matrix metalloprotease-1
necessary for the degradation of collagen type 1 (5).
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In addition to their role in liver fibrosis, recent evidence has also placed HSC at the center of
the intrahepatic immune response (7). HSC secrete chemokines, express various Toll-like
receptors and are phagocytic (7). HSC have been shown to prevent graft rejection in a
transplantation model by inhibiting T cell responses (8) and have also been shown to expand
regulatory T cells in an IL-2 dependent manner (9). AHSC interact with, and in fact, also
engulf lymphocytes through phagocytosis during liver fibrosis (10). Thus, the role that the
AHSC may play in instructing antigen-specific T cell responses during fibrogenesis is of
great interest.

HSC share many features with professional antigen presenting cells (APCs) (11), and have
been shown to process and present antigen to T cells (12). T cell activation requires
interaction of the T cell receptor (TCR) with cognate peptide antigen presented in the
context of MHC on APC, as well as the interaction of ligand-receptor pairs providing
costimulatory signals. Once T cells are activated, coinhibitory molecules play a role in
dampening the T cell response serving as an “off-switch.” APC regulate T cell responses
through the balance of signals delivered through costimulatory and coinhibitory molecules,
with B7 family ligands expressed on APC playing a major role in T cell mediated immunity
(13). Accumulated evidence demonstrates that there are at least seven members present in
the B7 family namely, B7-1 (CD80), B7-2 (CD86), B7-H1 (PD-L1), B7-DC (PD-L2), B7-
H2, B7-H3 and B7-H4 (14). B7-1 and B7-2 interact with the receptor CD28 on T cells to
provide costimulatory signals as well as interacting with CTLA4 to provide coinhibitory
signals. B7-H1 and B7-DC interact with PD-1 to induce T cell apoptosis. B7-H2 interacts
with ICOS on T cells and provides a costimulatory signal. B7-H3 and B7-H4 are newly
identified ligands that inhibit T cell responses by interacting with as yet unidentified
receptors (15).

In the present study, we have investigated the impact of AHSC upon adaptive immune
responses in the context of B7 family members, using an in vitro mouse model. AHSC
express the coinhibitory molecule B7-H4, which provides a signal to dampen antigen-
specific T cell responses. This work bears important implications for the dysfunctional
immune responses that are often described in liver fibrosis, which is the natural environment
of AHSC, and suggests a major role of these cells in modulating T cell immunity.

Materials and Methods
Mice

C57BL/6 mice (Jackson laboratory) were used for HSC isolation. CD8+ T cells specific for
LCMV glycoprotein gp33-41 were isolated from spleens of P14 TCR transgenic mice.

HSC isolation and activation
HSC were isolated from mouse livers as previously described (16). Briefly, liver of C57BL/
6 mice was perfused through the portal vein with HBSS (Ca++Mg++ free), followed by 1mg
protease from Streptomyces griseus (Sigma-Aldrich) / gram body weight in DMEM/F-12,
and finally with 5mg collagenase type IV (Sigma-Aldrich) in DMEM/F-12. Liver tissue was
mechanically disrupted, and further digested for 20 min. Highly buoyant HSC were isolated
by gradient centrifugation with Optiprep® (Axis-Shield PoC AS, Oslo, Norway) and
washed with HBSS. HSC were cultured in non-tissue culture-treated plates in DMEM
supplemented with 10% fetal calf serum and 1% penicillin/streptomycin. HSC that were
freshly isolated ex vivo or cultured on untreated plastic plates for 1 day were considered to
be QHSC. AHSC were obtained from the plate by scrapping after continuous culture for
seven days.
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HSC and T cell co-culture assays
Quiescent, activated, or siRNA-transfected HSC (more detail in the supplementary methods
section) were pulsed with various concentrations of gp33 peptide (KAVYNFATM) or
infected with vaccinia virus expressing LCMV gp33 epitope (kind gift from Dr. Rafi
Ahmed) in DMEM containing 10% FCS. After washing, either CFSE labeled, unlabelled or
effector CD8+ T cells were added. Proliferation and cytokine production of the CD8+ T
cells were analyzed. Detail methodologies are included in the supplementary section.

Results
Activated HSC inhibits CD8+ T cell proliferation

Recent work has demonstrated that HSC can act as APC to induce CD8+T cell proliferation
in vitro (12); however, the impact of the transition of HSC from quiescence to activation on
antigen specific T cell proliferation is unknown. HSC isolated from the liver are quiescent
for 1-2 days and will attain an activated phenotype after 6 days of culture on non-treated
tissue culture plates (5). QHSC express the marker Glial Fibrillary Acidic protein (GFAP)
which is subsequently downregulated in AHSC, while alpha-smooth muscle actin (α-SMA)
is upregulated upon activation of HSC (Fig. 1A) (17). We compared the ability of QHSC
and AHSC to induce T cell proliferation in a 3 day culture of CFSE labeled-P14 TCR
transgenic CD8+ T cells with HSC pulsed with cognate peptide gp33 derived from LCMV
(18). Whereas peptide-pulsed QHSC are able to stimulate division of antigen-specific T
cells, AHSC are unable to achieve the same amount of cell proliferation, as reflected both in
the percentage and index of T cell division (Fig. 1B, C). Next we investigated whether the
reduction in T cell proliferation after stimulation with AHSC is contact dependent or
mediated by soluble factors. AHSCs secrete cytokines known to induce T cell proliferation
such as IL-6 and RANTES (19) (Fig. S1A). Indeed, coculturing of CFSE labeled, anti-CD3
stimulated T cells with conditioned medium from AHSC improves T cell proliferation rather
than abrogating it (Fig. S1B). Therefore, although AHSC secrete T cell stimulatory
cytokines, they provide a more dominant, non-secreted inhibitory signal that prevents T cell
proliferation.

B7-H4 is upregulated on AHSC
We investigated the expression of seven costimulatory and coinhibitory molecules from the
B7 family in QHSC and AHSC. In concurrence with previous reports, both QHSC and
ASHC show low levels of expression of the costimulatory molecules B7-1 and B7-2 (Fig.
2A). However, only AHSC express the coinhibitory molecule B7-H4 (Fig. 2A). No other
differential expression patterns of the costimulatory or coinhibitory molecules are detected.
We did not detect appreciable levels of B7-H4 in other liver APC (CD11c+ dendritic cells or
Kupffer cells), or in splenic dendritic cells directly ex vivo (Fig. S2). To assess whether B7-
H4 expression was tied to the activation status of HSC, we reversed the activation state of
AHSC in vitro. Reversal of HSC activation is considered to be an important process during
reversal fibrosis (20). Deactivation of AHSC by culturing HSC on a basement membrane
matrix in vitro (21) reduces the expression of the activation marker α-SMA as well as B7-
H4 expression, while no change in the constitutive HSC marker CD1d were observed (Fig.
2B). Thus, AHSC express the coinhibitory molecule B7-H4, and this expression is
specifically associated with the activated state.

B7-H4 on AHSC inhibits T cell proliferation
To evaluate the function of B7-H4 in AHSC-T cell interactions, we silenced the expression
of B7-H4 in AHSC using siRNA. FITC labeled siRNA is efficiently internalized by HSC
(Fig. 3A), and qualitative and quantitative RT-PCR using primers specific for B7-H4 and
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GAPDH demonstrate that the expression of B7-H4 is efficiently silenced in B7-H4 siRNA
treated HSC (Fig. 3B, C). AHSCs treated with B7-H4 siRNA, a non-targeting control
siRNA or mock transfection were pulsed with 0.02 ug/ml gp33 peptide, and cultured
together with CFSE labeled P14 TCR transgenic CD8+ T cells for 3 days. B7-H4-silenced
AHSC induces efficient T cell proliferation in comparison to those treated with control
siRNA or mock transfected, as measured by CFSE dilution (Fig. 3D). In concordance with a
previous report, anti-CD3/CD28 induced T cell proliferation is also inhibited by the addition
of B7-H4-Ig but not by control-Ig (Fig. 3E) (22). Thus, our results demonstrate that B7-H4
on AHSC inhibits the proliferation of CD8+ T cells.

B7-H4 on AHSC inhibits cytokine production by T cells
We assessed the generation of cytokine secreting T cells stimulated by AHSC with or
without B7-H4. CD8+ T cells from P14 transgenic mice were cultured with AHSC treated
with B7-H4 siRNA or mock transfection and pulsed with various concentrations of cognate
peptide. B7-H4-knockdown AHSC generates higher levels of IFNγ secreting antigen-
specific T cells, suggesting an effect of B7-H4 both on T cell division and functional
capacity (Fig. 4A). IL-2 production by T cells was also restored by B7-H4 knockdown,
though at a relatively lesser magnitude (data not shown). We also observed a higher mean
fluorescence intensity (MFI) of IFNγ staining in the CD8+ T cells, as well as a larger
frequency of high IFNγ producing CD8+ T cells after stimulation with B7-H4 silenced
AHSC compared to control AHSC (Fig. 4B). Confirming the central role of B7-H4 in these
results, stimulation of CD8+ T cells with anti-CD3/CD28 antibodies in the presence of B7-
H4-Ig induced the generation of less IFNγ compared to stimulation with control-Ig (Fig.
4C). Altogether, our results demonstrate that B7-H4 on activated HSC inhibits the
generation of cytokine producing T cells.

B7-H4 on AHSC reduces the T cell recall response
We investigated the influence of B7-H4-expressing HSC on recall responses of previously
primed effector CD8+ T cells. Effector T cells upon re-encountering cognate antigen, are
capable of producing IFNγ. We generated CD8+ T cell blasts or effector CD8+ T cells by
pulsing P14 splenocytes with 1ug/ml gp33 peptide and subsequently purifying them after six
days of expansion. They were then cocultured with gp33 peptide-pulsed B7-H4 knockdown
and control AHSC for six hours. As shown IFNγ production is reduced after stimulation
with B7-H4 expressing AHSC compared to B7-H4 knockdown AHSC (Fig. 5A). CD8+ T
cell blasts or effector CD8+ T cells were also generated using anti-CD3/CD28, and
restimulated with anti-CD3/CD28 in the presence of B7-H4-Ig or control-Ig. The addition of
B7-H4-Ig reduces IFNγ production in a dose-dependent manner, while high levels of IFNγ
+CD8+ T cells are seen with treatment with control-Ig (Fig. 5B). These results indicate that
B7-H4 on AHSC attenuates the recall effector T cell response.

B7-H4 on AHSC inhibits T cell activation
CD8+ T cells that are stimulated by B7-H4 silenced HSC exhibit a highly activated
phenotype with a high frequency of CD44hi cells, even before cell division has ensued (Fig.
6A). Thus, in concordance with previous reports (22,23) B7-H4 inhibits or delays T cell
activation. To show whether HSC were capable of processing and presenting antigen and
whether inhibition of T cells by B7-H4 on infected HSC still occurred, AHSC were infected
with 5 pfu/ml with vaccinia virus expressing gp33 epitope of LCMV for 24 hours.
Subsequent to vaccinia infection expressing gp33, AHSC were then transfected with B7-H4
siRNA or control siRNA. Two days post transfection, P14 transgenic CD8+ T cells were
added and the level of activation based on CD44 expression was evaluated. Our results
demonstrate that in the absence of B7-H4, the vaccinia-gp33 infected HSC induces T cell
activation efficiently as compared to the control siRNA treatment (Fig. 6B). However, it is
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important to note that similar to stimulation with peptide pulsed HSC, the effect of B7-H4
mediated inhibition of T cell activation and proliferation, is dose dependent.

B7-H4 mediated inhibition of T cells by AHSC can be reversed by exogenous IL-2
To elucidate the mechanism of B7-H4 inhibition of T cells, we assessed the early signaling
pathway and phosphorylation state of various signal transduction molecules on T cells. T
cell activation is associated with MAPK signaling through ERK1/2. We evaluated the
initiation of MAPK signaling via the presence of phosphorylated ERK molecules in T cells
with and without B7-H4-Ig. Phosphorylated ERK1/2 could be detected in T cells with
control-Ig as early as 5-15 minutes after stimulation. In contrast, the addition of B7-H4-Ig
inhibits the phosphorylation of ERK-1/2 in CD8+T cells (Fig. 7A). Together, our results
demonstrate that B7-H4 on AHSC inhibits early steps of CD8+ T cell activation.
Additionally, CD8+ T cells that are stimulated with B7-H4 knockdown AHSC expressed
higher levels of phosphorylated STAT-5 as compared to control HSC (Fig. 7B). Similarly
CD8+ T cells stimulated in the presence of B7-H4-Ig demonstrate lower levels of
phosphorylated STAT5 molecules as compared to T cells stimulated in the presence of
control-Ig (Fig. 7C). Previous reports have shown that STAT-5 phosphorylation is induced
via the IL-2 signaling pathway (24). In addition, lower levels of IL-2 receptor CD25 were
observed on T cells stimulated with B7-H4 expressing AHSC compared to the B7-H4
silenced AHSC (data not shown). This demonstrates that the T cells are potentially
anergized by AHSC. It has been well established that IL-2 signaling prevents T cell anergy
(25) and in fact, addition of exogenous IL-2 overcomes the inhibition of CD8+ T cell
proliferation initiated by B7-H4-Ig and by AHSC in a dose-dependent manner (Fig. 7D).
Importantly, these results demonstrate that HSC B7-H4 mediated T cell anergy can be
overcome through provision of exogenous IL-2.

Discussion
These studies reveal a novel potential mechanism for liver T cell anergy, which is mediated
by the coinhibitory molecule B7-H4 on AHSC. To our knowledge, this is the first report of
the functional role for B7-H4 in the liver. B7-H4 is a GPI anchored coinhibitory molecule
identified through database sequence analysis of B7 family like molecules and has been
shown to inhibit T cell proliferation by interacting with an unknown receptor on T cells
(22,23,26). Expression of B7-H4 has been shown in several human cancers such as ovarian
carcinoma (27), breast cancer (28), brain tumors (29), prostate cancer (30), and renal cell
carcinoma (31). B7-H4 expressing tumor macrophages from human ovarian carcinoma were
immunosuppressive contributing to tumor escape from the immune response (32). Some
studies have demonstrated an inverse correlation between B7-H4 expression and tumor T
cell infiltration (33). Our results show that AHSC, through the expression of this
coinhibitory molecule B7-H4, may occupy a more important niche in modulating
intrahepatic immune responses than previously recognized. Other B7 family ligands, present
on professional APC, have been widely implicated in intrahepatic immunity: B7-H1
mediated inhibition of T cells in the liver has been shown by several groups (34-36) and
B7-1, B7-DC have also been reported for their role in immune modulation in the liver (37).
In the present study we have demonstrated for the first time the role of B7-H4 on the
activated HSC suggesting a link between fibrogenesis and immune modulation. We have
shown that compared to QHSC, in vitro AHSC inhibit peptide antigen-induced T cell
proliferation, and may contribute to the fibrotic liver's tolerogenic environment. While
QHSC do stimulate T cell proliferation, they are present at very low frequency so that their
effect on T cell responses in the normal liver is largely unkown. In contrast, in the injured or
fibrotic liver, HSC exist in a predominantly activated state and acquire proliferative capacity
themselves (5). We hypothesize that HSC activated in vivo also upregulate B7-H4
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expression, and then dominate the liver environment with T cell inhibitory signals leading to
attenuation of the immune response.

T cell responses can be divided into two major stages; (i) primary and (ii) recall responses.
Antigen specific primary T cell responses have been shown in the liver (38). Similarly, T
cells activated in the peripheral lymphoid tissues that traffic through the liver have poor
survival, earning the liver the reputation as a graveyard for activated T cells (39). It has been
shown that the coinhibitory molecule B7-H1 expressed on hepatocytes promotes priming but
inhibits recall T cell responses (40). In contrast, we report here that B7-H4 on AHSC
inhibits both priming and recall CD8+ T cell responses. Inhibiting T cell responses at
different stages also renders HSC's key role in modulating intrahepatic immunity in fibrosis.

Here we provide evidence that B7-H4 expression on AHSC induced T cell inactivation or
anergy that could be reversed by exogenous IL-2. The rescue mechanism from B7-H4 is
similar to B7-H1 mediated T cell inhibition since the B7-H1 (PD-L1)-PD-1 inhibitory
pathway can also be overcome by provision of exogenous IL-2 (41). This may have
interesting implications in chronic viral diseases such as hepatitis C virus infection as the
inhibitory effects of B7-H4 on T cells may be perpetuated or amplified by a relative
deficiency of IL-2 (42,43).

Still unknown is the cellular regulation of B7-H4 in AHSC, although our studies are starting
to offer some intriguing clues. In tumor macrophages the upregulation of B7-H4 is
dependent on IL-6 and IL-10 (32). Interestingly, AHSC also secrete IL-6; however, while
QHSC can be isolated from IL-6 knockout mice, these cells do not seem to proliferate or
transition to an activated state (data not shown). Altogether, it will be of further interest to
investigate whether B7-H4 expression on HSC results in, is coincidental with, or is a
consequence of HSC proliferation and activation.

In summary, our results demonstrate that AHSC inhibit T cell responses in a B7-H4
dependent manner. In the tumor microenvironment, B7-H4 attenuates T cell responses and
the tumors use this mechanism to evade the T cell immunity. In the present study, our results
suggest that AHSC proliferate, perpetuate fibrosis and inhibit intrahepatic T cell immunity.
AHSC expressed B7-H4 provides a novel link between liver fibrosis and impaired
intrahepatic immunity and highlights the potential importance of targeting interventions
toward the AHSC in hepatotropic infections such as HCV.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used in this paper

HSC hepatic stellate cells

QHSC quiescent hepatic stellate cells

AHSC activated hepatic stellate cells

APCs antigen presenting cells

TCR T cell receptor

MHC major histocompatibility complex

LCMV lymphocytic choreomeningitis virus

CFSE Carboxyfluorescein diacetate succinimidyl ester

GFAP Glial Fibrillary Acidic protein

α-SMA alpha smooth muscle actin

MFI mean fluorescence intensity

MAPK mitogen activated protein kinase

IFNγ interferon gamma

IL-2 interlukin 2

HCV hepatitis C virus

GAPDH Glyceraldehyde 3-phosphate dehydrogenase

FACS fluorescence activated cell sort
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Figure 1. AHSC inhibit CD8+ T cell proliferation
(A) Murine QHSC and AHSC were stained with GFAP and α-SMA. F4/80+ cells were
excluded from the FACS analysis. Gray histograms represent staining with an isotype
control antibody. (B) QHSC and AHSC were pulsed with gp33 peptide and cultured with
CFSE labeled P14 TCR transgenic CD8+ T cells. After 3 days, proliferation of CD8+ T
cells was determined by dilution of CFSE. Representative histograms are shown gated on
CD3+CD8+ cells. (C) Proliferation index analysis was performed with Flow Jo software,
and calculated as the average number of cell divisions. Average and standard deviation is
shown from three independent experiments.
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Figure 2. AHSC expresses B7-H4
(A) Flow cytometric analysis of the B7 family of costimulatory and coinhibitory molecules
in QHSC and AHSC. Representative histograms are gated on F4/80− and either GFAP or α-
SMA+ cells. (B) AHSC were cultured on a basement membrane matrix and were stained for
expression of molecules as indicated. Representative data is shown from two independent
experiments.
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Figure 3. B7-H4 on AHSC inhibits T cell proliferation
(A) AHSC were transfected with FITC-labeled siRNA or mock, and uptake of siRNA was
evaluated by flow cytometry. (B) AHSC transfected with either B7-H4 siRNA or control
siRNA were analyzed for the B7-H4 RNA expression using qualitative and (C) quantitative
RT-PCR. Results are shown as fold difference of B7-H4 amplification over GAPDH
control. (D) Mock or control siRNA or B7-H4 siRNA transfected HSC were pulsed with
gp33 peptide and cocultured with CFSE labeled P14 CD8+ T cells for 3 days and T cell
proliferation assayed by flow cytometry. Numbers indicate percent divided cells. (E) CFSE-
labeled CD8+ T cells were added to plate-bound anti-CD3/CD28 along with the indicated
concentrations of B7-H4-Ig or control-Ig and cultured for three days. Proliferation was
assessed by CFSE dilution. Representative data is shown from six independent experiments.
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Figure 4. B7-H4 on AHSC inhibits cytokine producing CD8+T cells
(A) Mock or B7-H4 siRNA transfected HSC were pulsed with gp33 peptide and cocultured
with P14 CD8+ T cells for three days. The CD8+ T cells were then restimulated with plate
bound anti-CD3/CD28 antibodies (1ug/ml) for 5 hours and intracellular IFNγ levels were
analyzed. Thin black gate and grey numbers represent the percentage frequency of total
IFNγ producing CD8+ T cells. Thick black gate and black numbers represent the frequency
of high IFNγ producing CD8+ T cells. Plots are gated on CD3+CD8+ cells. Representative
data is shown from two independent experiments (B) Fold difference in the frequency of
total (left panel) or high MFI (right panel) IFNγ producing CD8+ T cells between B7-H4
knockdown and control HSC. Average and standard deviation is shown from three
independent experiments. (C) CD8 + T cells cultured with anti-CD3/CD28 in the presence
of B7-H4-Ig or control-Ig for three days were restimulated with plate coated anti-CD3/CD28
antibodies (1ug/ml) for 5 hours and intracellular IFNγ was measured. Representative data is
shown from three independent experiments.
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Figure 5. B7-H4 on AHSC reduces the recall response
(a) B7-H4 knockdown and control siRNA transfected AHSC were peptide pulsed and
cocultured with effector CD8+ T cells for five hours. IFNγ expression on CD8+ T cells was
analyzed using intracellular cytokine staining. (b) Effector CD8+ T cells were cultured with
anti-CD3/CD28 antibodies and B7-H4-Ig or control-Ig and IFNγ was measured as above.
Representative data is shown from two independent experiments.
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Figure 6. B7-H4 on AHSC inhibits the T cell activation
(A) CD8+T cells stimulated with B7-H4 knockdown or control AHSC were analyzed for the
surface expression of CD44 after 24 hrs by flow cytometry. Percentage of CD44hi + cells of
total CD8+ T cells are shown (Top). CFSE dilution after 24 hrs is also shown (Bottom). (B)
P14 CD8+ T cells were stimulated with vaccinia-gp33 infected followed by B7-H4 siRNA
or control siRNA transfected HSC were analyzed for the surface expression of CD44 after
24 hrs by flow cytometry. Representative data is shown from four independent experiments.
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Figure 7. Exogenous IL-2 can overcome the B7-H4 mediated inhibition of T cells by AHSC
(A) CD8+ T cells stimulated with anti-CD3/CD28 and either B7-H4-Ig or control-Ig
proteins at indicated timepoints were analyzed for pERK1/2 by flow cytometry (left).
Average of ERK1/2 phosphorylation at 30 min time point is shown from of three
independent experiments. (B) P14 CD8+T cells stimulated with peptide pulsed B7-H4
knockdown or control AHSC and (C) anti-CD3/CD28 in the presence of B7H4-Ig or
control-Ig for two days were analyzed for the presence of phosphorylated STAT-5
molecules. Grey histograms represent expression levels in CD8+ T cells stimulated with
control AHSC or B7-H4-Ig or control-Ig and black histograms represent expression levels in
T cells stimulated with B7-knockdown AHSC or control-Ig. (D) B6 or P14 CD8+ T cells
were labeled with CFSE and cultured with either anti-CD3/CD28 and B7-H4-Ig or AHSC
pulsed with cognate peptide. Various concentrations of IL-2 was added on to the culture and
proliferation was assessed as described before. Representative data is shown from two
independent experiments for each panel.
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