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MDCs have a pivotal role in adaptive immunity by activating
naive T cells1. In animal models2–4 and human clinical trials5,6,
adoptively transferred MDCs expressing tumor antigens mediate
substantial antitumor immunity. Nevertheless, substantial pro-
tective immunity is rarely engendered naturally in tumor-bear-
ing hosts7. Suppression of MDC differentiation and function in
cancer patients may contribute to inhibition of immune re-
sponses and cancer progression1,8,9.

B7-H1 (also called PD-L1) is a cell-surface glycoprotein belong-
ing to the B7 family of costimulatory molecules. B7-H1 mRNA is
found in a variety of non-lymphoid parenchymal organs, in-
cluding the heart, placenta, skeletal muscle and lung, and B7-H1
protein has been detected in most human cancers, including
ovarian cancers10–12. B7-H1 co-stimulates T-cell growth, selec-
tively induces IL-10 during priming of T cells10,11 and promotes
programmed cell death of effector T cells through ligation of an
unknown receptor12. In addition, B7-H1 is thought to inhibit T-
cell growth by ligation of the PD-1 receptor13, which is expressed
on activated T and B cells10,14. PD-1 knockout mice develop spon-
taneous autoimmune diseases15,16, suggesting a role for PD-1 in
the inhibition of T-cell responses.

Many human cancers, including the majority of ovarian carci-
nomas, express B7-H1. Tumor-associated B7-H1 induces pro-
grammed cell death of effector T cells and is thought to
contribute to immune evasion by cancers12. B7-H1 can be upreg-
ulated in various types of cells12,17, however. Here, we show that
B7-H1 is also upregulated on the surface of tumor-associated
MDCs and may contribute to the suppressive functions of
tumor-infiltrating MDCs in patients with previously untreated
ovarian carcinomas. We undertook the present studies to deter-
mine the immunopathologic significance of this phenomenon.

Expression of B7-H1 on MDC from ovarian cancer patients
To evaluate a potential role for MDC B7-H1 in tumor im-
munopathology, we evaluated MDCs in the lymph nodes
draining the retroperitoneum of patients with ovarian carci-
noma (tumor LN-MDC). We also generated MDCs from blood
monocytes (blood MDCs) and tumor ascites CD14+ cells
(tumor MDCs). B7-H1 was weakly expressed on blood MDCs
and MDCs from lymph nodes of tumor-negative subjects (con-
trol LN-MDCs). By contrast, the percentage of B7-H1–positive
MDCs and the intensity of B7-H1 expression were signifi-
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Suppression of dendritic cell function in cancer patients is thought to contribute to the inhibi-
tion of immune responses and disease progression. Molecular mechanisms of this suppression
remain elusive, however. Here, we show that a fraction of blood monocyte-derived myeloid
dendritic cells (MDCs) express B7-H1, a member of the B7 family, on the cell surface. B7-H1
could be further upregulated by tumor environmental factors. Consistent with this finding, vir-
tually all MDCs isolated from the tissues or draining lymph nodes of ovarian carcinomas ex-
press B7-H1. Blockade of B7-H1 enhanced MDC-mediated T-cell activation and was
accompanied by downregulation of T-cell interleukin (IL)-10 and upregulation of IL-2 and in-
terferon (IFN)-γ. T cells conditioned with the B7-H1–blocked MDCs had a more potent ability to
inhibit autologous human ovarian carcinoma growth in non-obese diabetic–severe combined
immunodeficient (NOD-SCID) mice. Therefore, upregulation of B7-H1 on MDCs in the tumor
microenvironment downregulates T-cell immunity. Blockade of B7-H1 represents one ap-
proach for cancer immunotherapy.
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cantly (P < 0.05) higher on both tumor LN-MDCs and tumor
MDCs (Fig. 1a and b).

Tumor environmental factors increase MDC B7-H1
To investigate microenvironmental factors contributing to MDC
B7-H1 upregulation, we incubated immature blood MDCs with
IL-10 and vascular endothelial growth factor (VEGF), as these cy-
tokines are known to be in the ovarian carcinoma microenviron-
ment. MDC B7-H1 expression was significantly increased by
IL-10 and VEGF (P < 0.05; Fig. 1b). High concentrations of IL-10
(40 ng/ml) can moderately decrease dendritic cell CD86 expres-
sion18. VEGF (20–40 ng/ml) can suppress MDC maturation from
CD34+ progenitor cells9. We did not observe a significant effect
of IL-10 (1–20 ng/ml) or VEGF (1–20 ng/ml) on blood MDC
CD80 or CD86 expression (data not shown). Recombinant stro-
mal-derived factor-1 (SDF-1; 200 ng/ml) had no significant effect
on MDC B7-H1 expression. 

We8 and others19 previously showed spontaneous secretion of
IL-10 by tumor-associated macrophages. In the present study, we
observed VEGF secretion from primary ovarian carcinoma cell
lines (430 ± 126 pg/ml in supernatants; n = 5) and in malignant
ascites (7,530 ± 2,567 pg/ml; n = 6), consistent with previous re-
ports20, which suggests that tumor macrophages and epithelial
tumor cells contribute to upregulated tumor MDC B7-H1 expres-
sion. Consistent with this concept, incubation of blood MDCs
with tumor macrophages, but not normal macrophages, signifi-
cantly (P < 0.05) upregulated MDC B7-H1 expression, which was
reversed by a neutralizing monoclonal antibody against IL-10. In
addition, incubation of MDCs with primary ovarian cancer cells
upregulated MDC B7-H1 expression, which was inhibited by
blocking VEGF binding (Fig. 1a and b).

We further explored whether tumor environmental factors
(VEGF and IL-10) could modulate B7-H1 expression on activated
MDCs. After a 48-h exposure to lipopolysaccharide (1 µg/ml),
97% of blood MDCs expressed a mature phenotype (CD1a+HLA-
DRbrightCD83+). Lipopolysaccharide activation significantly in-
creased MDC B7-H1 expression (Fig. 1a and b). VEGF (20 ng/ml)
and IL-10 (20 ng/ml), however, had no significant effects on
lipopolysaccharide-matured MDC B7-H1, CD40, CD80 or CD86
expression (data not shown).

Tumor factors impair MDC-mediated T-cell function
To explore the functional consequences of upregulated B7-H1
on MDC by tumor environmental factors, we exposed blood
MDCs to tumor macrophages or IL-10 to upregulate B7-H1, and
used these MDCs to stimulate allogeneic T cells. MDCs previ-
ously exposed to IL-10 or tumor macrophages, but not normal
macrophages, were impaired in their capacity to stimulate 
T-cell proliferation. Addition of a monoclonal antibody against
B7-H1 completely recovered the impaired T-cell proliferation
(Fig. 2a). Thus, tumor microenvironmental factors, including
macrophages and IL-10, impair MDC-mediated T-cell activation
by upregulating B7-H1 expression on MDCs.

Blocking B7-H1 increases MDC-mediated T-cell activation
To determine the role of MDC-associated B7-H1 in tumor immu-
nity, we activated allogeneic human T cells with tumor MDCs,
which induced significant T-cell IL-10 production (P < 0.05; Fig.
2b and c) from both CD4+ and CD8+ T cells (Fig. 2c, panel 4).
Parallel to our prior observations regarding blood versus tumor
plasmacytoid dendritic cells in ovarian carcinoma8, T-cell IL-10
expression induced by tumor MDCs was significantly higher
than that induced by blood MDCs (298 ± 45 compared with 134
± 37 pg/ml, respectively; P < 0.01; n = 4). Blocking B7-H1 on
tumor MDCs using a specific monoclonal antibody (clone 5H1)
significantly increased T-cell IFN-γ and IL-2 production and de-
creased IL-10 production (P < 0.05; Fig. 2b and c).

The monoclonal antibody 5H1 does not block binding of B7-
H1 to PD-1 in ELISA and fluorescence-activated cell sorting
(FACS) analysis (data not shown). In addition, blocking the in-
teraction between B7-H1 and PD-1 by soluble PD-1Ig had mini-
mal effect on the production of T-cell IFN-γ, IL-10 and IL-2 (Fig.
2b and c). Soluble PD-1Ig efficiently bound B7-H1–transfected
293 cells (Fig. 2d); therefore, soluble PD1Ig is thought to block T-
cell PD1 binding MDC B7-H1 (ref. 12). Thus, although PD-1 is
the only identified receptor for B7-H1 (ref. 13), it is possible that
the effect of MDC B7-H1 may be mediated by a non-PD-1 recep-
tor on T cells.

Similar experiments were done with lipopolysaccharide-acti-
vated tumor MDCs. As expected, a monoclonal antibody against
B7-H1 significantly increased T-cell IFN-γ (4,432 ± 732 using
control antibody compared with 8,642 ± 889 pg/ml using anti-

a

b

Fig. 1 Expression and regulation of tumor MDC–associated B7-H1. a and
b, B7-H1 expression (a) and regulation (b) in tumor MDCs, blood MDCs
and LN-MDCs were determined by FACS gated on CD1a+HLA-DRbright cells
for blood MDCs and tumor MDCs, and on CD11c+HLA-DRbright cells for fresh
LN-MDCs. Mean ± s.e.m. of the mean percentage of positive cells (a) and
mean ± s.e.m. of the mean fluorescence intensity (MFI; b) are shown for 5
experiments with different blood MDCs and LN-MDCs. *, P < 0.05 as com-
pared with blood MDCs with or without control monoclonal antibody
(mAb). MΦ, macrophage; LPS, lipopolysaccharide; anti-IL10, antibody
against IL-10.
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B7-H1 monoclonal antibody; P < 0.01; n = 4), IL-2 (189 ± 68
using control antibody compared with 420 ± 112 pg/ml using
anti-B7-H1 monoclonal antibody; P < 0.01) and decreased T-cell
IL-10 (86 ± 22 using control antibody compared with 36 ± 25
pg/ml using anti-B7-H1 monoclonal antibody; P < 0.01) induced
by activated MDCs, suggesting that the effect of B7-H1 is inde-
pendent of the MDC activation and maturation status.

B7-H1 blockade upregulates MDC IL-12 and downregulates IL-10
To determine the mechanism of B7-H1 blockade in modulation
of T-cell responses, we examined the effects on MDCs of treat-
ment with monoclonal antibody against B7-H1. Twenty-four
hours after engaging T cells, MDC IL-12 p70 was detected by in-
tracellular staining (10 ± 6% of cells positive) but not by ELISA of
culture supernatants. After 48 h, 37% of MDCs expressed intra-
cellular IL-12 p70 (Fig. 3a, panel 1), which was also detected in
culture supernatants (Fig. 3b). Antibody against B7-H1 signifi-
cantly (P < 0.05) increased expression of MDC IL-12 (Fig. 3a,
panel 2 and b) but not the CC-chemokine macrophage inflam-
matory protein (MIP)-1α (data not shown). By contrast, 48 h
after blocking B7-H1, MDC IL-10 production was significantly
(P<0.05) lower (P < 0.05; Fig. 3a, panel 5 and c). Cytokine pro-
duction was also confirmed by competitive RT-PCR of MDCs
(Fig. 3d). Similarly, inclusion of PD-1Ig did not significantly in-
crease MDC IL-12 (Fig. 3a, panel 3) or decrease MDC IL-10 ex-
pression (Fig. 3a, panel 6) compared with the monoclonal
antibody against B7-H1 (Fig. 3a, panels 2 and 5). Our results in-
dicate that blockade of B7-H1 modulates the cytokine produc-
tion of MDCs, which may be responsible, at least in part, for
enhancing T-cell responses.

Because tumor MDCs express large amounts of B7-H1, it is
possible that the monoclonal antibody against B7-H1 directly af-
fected MDC activation or function. To address this possibility,
we included the monoclonal antibody against B7-H1 in the cul-
ture of MDCs alone, in the absence of T cells. The monoclonal
antibody against B7-H1 did not induce any detectable effects on
MDC phenotype (CD40, CD54, CD80, CD86 or HLA-DR expres-
sion) or cytokine or chemokine production (IL-12, IL-10 or MIP-

1α) at up to 48 h with or without lipopolysaccharide-mediated
activation (data not shown). In addition, MDCs did not express
PD-1, as assessed by FACS analysis using a specific monoclonal
antibody (data not shown). We also excluded a direct role of sol-
uble monoclonal antibody against B7-H1 in activating T cells be-
cause inclusion of the antibody did not stimulate IL-2 or IFN-γ
secretion from resting or activated T cells (L. Chen et al., unpub-
lished data). Thus, our results suggest that blockade of the MDC
B7-H1 pathway facilitates a signal(s) from T cells that modulates
MDC cytokine secretion and subsequently increases the T-cell
stimulatory capacity of MDCs.

Blockade of MDC-B7-H1 improves T cell antitumor immunity
To determine whether B7-H1 expression on MDCs affected ac-
tivation of tumor-associated T cells, we stimulated T cells iso-
lated from ascites of human ovarian carcinoma with
autologous lipopolysaccharide-activated tumor MDCs loaded
with irradiated autologous tumor cells as the source of tumor
antigens. Tumor MDCs induced T-cell IFN-γ production. When
B7-H1 was blocked, however, significantly more T-cell IFN-γ
was produced (P < 0.001; Fig. 4a). No significant T-cell IL-10
(<40 pg/ml) was induced by tumor MDCs treated with mono-
clonal antibody against B7-H1, in contrast to the significant T-
cell IL-10 expression induced by tumor MDCs without such
treatment (P < 0.05;  Fig. 2).

To test their antitumor effect, these MDC-activated T cells
were then injected into NOD-SCID mice bearing the correspond-
ing established tumors. Mice without T-cell transfusion and
mice treated with MDC-activated tumor T cells in the presence
of control monoclonal antibody (non-conditioned T cells)
showed progressive tumor growth, although tumor T cells par-
tially reduced the tumor volume. Mice treated with MDC-acti-
vated tumor T cells in the presence of a monoclonal antibody
against B7-H1 (conditioned T cells) showed no tumor growth at
each time point through day 16 after T-cell transfusion, at which
time tumors resumed slow growth (Fig. 4b).

We isolated tumors from mice 12 d after T-cell transfusion and
analyzed the infiltration of T cells. The number of human IFN-γ-

a b

c

d

Fig. 2 Function of MDC-associated B7-H1. a, Proliferation of T cells in-
duced by blood MDCs cultured under the indicated conditions, as measured
by thymidine incorporation. *, P < 0.01 as compared with MDCs plus con-
trol monoclonal antibodies (mAb). n = 5. MΦ, macrophage; anti-B7-H1, an-
tibody against B7-H1. b and c, T-cell cytokines were detected by ELISA (b)
and intracellular staining (c) on day 6 after the last stimulation with MDC.
Panels 1–3 are gated on CD3+ T cells; panel 4 is gated on IL-10+ cells.
Numbers in quadrants represent percentage of positive cells. �, control

monoclonal antibody; �, antibody against B7-H1; �, Pd-1Ig. n = 5. *, P <
0.05. d, 293 cells were transfected with empty pcDNA3 vector (Mock/293)
or B7-H1-pcDNA3 vector (B7-H1/293) for 48 h and stained with control
mAb (top, bold line) or antibody against B7-H1 (top, regular line). The B7-
H1–transfected 293 cells were stained with control human IgG (bottom,
bold line) and human PD-1Ig (bottom, regular line). The binding of antibod-
ies or immunoglobulin proteins was detected using FITC-conjugated anti-
bodies against mouse or human IgG.
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Fig. 4 Tumor MDC–associ-
ated B7-H1 inhibits tumor
immunity. a, Blocking tumor
MDC–associated B7-H1 sig-
nificantly enhanced tumor T-
cell IFN-γ induction by ELISA
(�, control monoclonal anti-
body; �, antibody against
B7-H1). *, P < 0.001. T-cell
IFN-γ was <0.05 ng/ml using
tumor MDCs loaded with
apoptotic U937 cells or
MDCs without apoptotic cell
loading. Error bars represent
mean ± s.e.m. of triplicate determinations. Shown is 1 representative exper-
iment of 4. b, Blocking tumor MDC–associated B7-H1 enhances tumor
growth inhibition in NOD-SCID mice bearing established human ovarian
carcinoma tumors. Tumor T cells were stimulated twice with autologous
tumor MDCs plus control monoclonal antibody (�; n = 5; referred to as
‘non-conditioned’ in text) or monoclonal antibody against B7-H1 (�; n = 5;
referred to as ‘conditioned’ in text). A group of tumor-bearing mice did not
receive T cells (�; n = 7). Mean ± s.d. of tumor volumes is shown. The T-cell
injection day was counted as day 0. P < 0.05 at all time points from days 8 to
24, as compared with either control group. c, Tumor-infiltrating IFN-γ–posi-
tive T cells were quantified by FACS, expressed as cells per tumor (�, control
monoclonal antibody; �, antibody against B7-H1). *, P < 0.001; n = 5. d and
e, Tumor-infiltrating T cells were stained with mouse antibodies against
human CD3 (red) and CD8 (green). Similar numbers of tumor-infiltrating T
cells were observed in mice treated with conditioned (d) and non-condi-

positive T cells in tumors was significantly higher in the group
treated with conditioned T cells as compared with mice treated
with non-conditioned T cells (P < 0.001; Fig. 4c). We did not,
however, detect IL-10-positive T cells in the tumor mass by in-
tracellular staining. Confocal microscopy analysis showed simi-
lar numbers of human CD8+CD3+ T cells (352 ± 62 cells in 10
high-powered fields compared with 371 ± 82) and CD8–CD3+ T
cells (132 ± 37 compared with 148 ± 55) migrating into tumors

from mice treated with conditioned or non-conditioned T cells,
respectively (Fig. 4d and e). We did not observe a significant dif-
ference in apoptotic human tumor-infiltrating T cells in mice
that received the conditioned T cells (Fig. 4f) as compared with
mice that received the non-conditioned T cells (12 ± 5 cells in
ten high-powered fields compared with 13 ± 6 CD3+ apoptotic T
cells), suggesting that T cells conditioned with monoclonal anti-
body against B7-H1 are not more resistant to apoptosis. These

a b c d

Fig. 3 Downregulation of MDC IL-12 and upregulation of MDC IL-10 by B7-H1-stimulated T cells.
a–d, Tumor MDCs were cultured with allogeneic CD3+ T cells for 48 h in the presence of control
monoclonal antibody (mAb), antibody against B7-H1 (anti-B7-H1), or the PD-1 blocking regeant
soluble PD-1Ig. MDC-derived cytokines were detected by FACS gated on CD1a+HLA-DRbright cells (a),
ELISA (b and c) or competitive RT-PCR using CD3+-depleted cells (d). n = 4. *, P < 0.05.

a b c d

e f

tioned (e) T cells. f, Images for individual channels are shown on the left and
top; a larger merged image containing all channels is shown on the right.
Arrow indicates an apoptotic T cell (yellowish). Red, CD3+ T cells; green,
apoptotic cells; grayscale, differential interference contrast (DIC); blue,
Topro3-stained nuclei. Scale bar, 10 µm.
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data indicate that blockade of tumor MDC–associated B7-H1 fa-
cilitates infiltration of IFN-γ–secreting CD8+ T cells that correlate
with protection against tumor growth.

Discussion
To evade host immunity, tumors use numerous strategies to hinder
normal MDC function, differentiation and trafficking. For exam-
ple, the tumor-associated cytokines IL-6, macrophage colony-stim-
ulating factor and VEGF inhibit MDC differentiation and
maturation9,21, preventing activation of potentially protective anti-
tumor immunity. We have shown that human tumor environ-
mental factors upregulate B7-H1 on differentiated MDCs, which
subsequently leads to impaired T-cell antitumor immunity. This
new finding is distinct from our previous work showing that
human cancer-associated B7-H1 promotes apoptosis of effector T
cells, and points to a new mechanism by which human cancers
evade immunity.

Differentiated MDCs also enter the tumor microenvironment
and may be phenotypically or functionally altered as a result. In
this regard, we showed that MDCs in tumor-draining lymph
nodes, and those derived from tumor CD14+ cells, expressed sig-
nificantly more B7-H1 than blood MDCs, suggesting that tumor
microenvironmental factors induce MDC B7-H1 expression. We
also identified tumor macrophages and tumor epithelial cells as
sources of IL-10 and VEGF, respectively; these cytokines are in-
volved, at least in part, in induction of MDC B7-H1. Nevertheless,
the intensity of MDC B7-H1 expression induced by recombinant
IL-10 and VEGF or purified tumor macrophages and tumor cells
was lower than that on MDCs in tumor-draining lymph nodes
and tumors, suggesting involvement of additional factors in vivo
in B7-H1 induction.

The T-cell CD40 ligand (CD40L) is a critical signal for activating
MDCs to induce antigen-specific T-cell responses22–24. Molecular
pathways involved in negative regulation of dendritic cell func-
tion remain largely unknown, however. CD8+CD28– T cells pro-
vide as-yet-unidentified signals for upregulating dendritic-cell
immunoglobulin-like transcript receptors (ILT)-3 and ILT-4 to in-
duce T-cell tolerance25. Normal MDCs express low levels of B7-H1,
and receptors for B7-H1 are not normally found on naive 
T cells10,12. Tumor MDCs, however, express high levels of B7-H1,
which could engage T cells, leading to downregulation of MDC IL-
12 and upregulation of IL-10. Because MDC IL-12 is crucial for es-
tablishing tumor-specific immunity and Th1 polarization26, and
because IL-10 inhibits tumor-specific immunity in ovarian carci-
nomas8, MDC-associated B7-H1 signals could determine the na-
ture of subsequent T-cell activation. In support of this concept, we
found that blockade of tumor MDC–associated B7-H1 decreases T-
cell IL-10 expression, increases T cell IFN-γ production and im-
proves clearance of tumor in xenotransplanted mice. This
clearance is associated with tumor infiltration by IFN-γ–secreting
T cells. We propose that B7-H1 blockade improves the effector
function of tumor-infiltrating T cells, based on our in vivo observa-
tions. Protection from T-cell apoptosis does not seem to be a
mechanism by which B7-H1 blockade improves tumor infiltration
with IFN-γ–secreting T cells.

PD-1Ig had minimal effects on MDC-induced T-cell cytokine
secretion. In addition, although the monoclonal antibody 5H1
blocked inhibitory effects of tumor-associated MDCs, 5H1 does
not block the binding between B7-H1 and PD-127 (L. Chen et al.).
We previously reported that B7-H1Ig, a soluble fusion protein
prepared by fusing the extracellular domain of human B7-H1 to
the CH2-CH3 domain of mouse immunoglobulin G2a in the ex-

pression plasmid pmIgV, could bind a PD-1–negative human T-
cell clone, and that the apoptotic effect of tumor-associated B7-
H1 on some human T-cell clones could be blocked by 5H1 but
not by PD-1Ig12. Taken together with our recent observation that
B7-H1Ig can co-stimulate growth and cytokine secretion of T
cells isolated from PD-1–deficient mice28 (L. Chen et al.), these
findings support the existence of receptor(s) in addition to PD-1.

Our results suggest that blocking B7-H1 could be therapeutic in
ovarian carcinoma. This notion is directly supported by our ex-
periments showing increased regression of xenografted ovarian
cancers after adoptive transfer of conditioned T cells in the pres-
ence of B7-H1 blockade. A single injection of T cells activated
with MDCs in the presence of B7-H1 blockade significantly
slowed tumor growth. Repeated treatments would probably me-
diate additional benefits. Reduced growth correlated with tumor
infiltration by IFN-γ–positive CD8+ T cells, suggesting a plausible
mechanism of action. A similar mechanism may also operate in
other cancers as the production of IL-10 and VEGF in the tumor
microenvironment has been reported in many other cancers29–32.

Many tumors, including the majority of ovarian carcinomas, ex-
press B7-H1. Tumor B7-H1 induces T-cell apoptosis and is likely to
contribute to immunopathology12. Thus, blocking B7-H1 signals
may be useful to treat certain cancers not only by inhibiting im-
munosuppression from B7-H1–expressing MDCs, but also by pre-
venting tumor-mediated T-cell apoptosis through tumor B7-H1.

Methods
Human subjects and clinical samples. Subjects gave written, informed con-
sent. The study was approved by the Institutional Review Board of the Tulane
Medical School. Malignant ascites and tumor-draining lymph nodes were
from previously untreated ovarian carcinoma patients. Control lymph nodes
were from subjects without tumors. Ascites cells (macrophages, tumor cells
and T cells) were prepared as described8. Normal macrophages were pro-
duced as described33.

MDCs. Normal MDCs and tumor MDCs were differentiated in vitro from pe-
ripheral blood monocytes and malignant ascites macrophages, respec-
tively33. LN-MDCs were prepared by mechanical disruption of freshly
obtained lymph nodes draining the retroperitoneum of patients. Lineage-
positive cells were depleted as described8 and LN-MDCs were determined
by flow cytometry gating on lineage-negative CD11c+HLA-DRbright cells.
Blood and tumor MDCs on day 6 of culture were used for in vitro experi-
ments. MDCs were activated by culture for 2 additional days with
Escherischia coli lipopolysaccharide (1 µg/ml, Sigma, St. Louis, Missouri) for
in vivo experiments.

MDC phenotype and cytokines. MDC phenotype was determined by flow
cytometry analysis using specific monoclonal antibodies (all from BD
PharMingen, San Diego, California). MDC cytokines were detected by intra-
cellular staining (PharMingen; gated on CD1a+HLA-DRbright cells), ELISA (R&D
Systems, Minneapolis, Minnesota) and competitive RT-PCR34. MDCs were pu-
rified from T-cell co-culture using CD3 magnetic bead depletion (Miltenyi,
Auburn, California).

Transwell experiments. Blood MDCs (5 × 105 cells/ml) were added to the
lower chambers of 0.4-µm pore size Transwells (Costar, Cambridge,
Massachusetts). Tumor macrophages (106 cells/ml) or primary ovarian carci-
noma cells (106 cells/ml) were added to the upper chamber. Recombinant
human IL-10 (1–20 ng/ml), monoclonal antibody against human IL-10 (500
ng/ml), recombinant human VEGF (1–20 ng/ml) or VEGFR Fc (3 ng/ml; all
from R&D Systems) were added as indicated. After 48 h, B7-H1 expression on
blood MDCs was determined by FACS, and blood MDCs were used to stimu-
late allogeneic T-cell responses.

Allogeneic mixed lymphocyte reaction. Allogeneic CD3+ T cells were stimu-
lated twice, 1 week apart, with MDCs. Where indicated, MDCs were pre-in-
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cubated for 1 h with monoclonal antibody against B7-H1 (5H1; 500 ng/ml)12

and T cells were pre-incubated for 1 h with PD-1Ig (30 µg/ml)12 as indicated.
T-cell proliferation and cytokine production were assessed on day 6 after the
second stimulation.

Activation of tumor-associated T cells. Autologous tumor MDCs were incu-
bated with irradiated apoptotic ovarian carcinoma cells or apoptotic U937
cells (American Type Culture Collection, Manassas, Virginia) in a 1:10 ratio as
previously described8,35 for 2 h, activated with lipopolysaccharide (1 µg/ml)
for 48 h and co-cultured with autologous tumor ascites T cells. After 1 week,
a second identical stimulation was performed. Monoclonal antibodies against
human B7-H1 and human IgG1 (1 mg/ml, BD PharMingen) were added as
indicated. The resulting cell suspension was comprised of 25 ± 8% CD4+ T
cells and 67 ± 12% CD8+ T cells. These T cells were injected into NOD-SCID
mice bearing previously established human ovarian carcinomas autologous
to the T cells.

Immunohistochemistry and confocal analysis. Immunohistochemistry was
performed on 8-µm cryosections of acetone-fixed tissues. Tumor tissues were
incubated for 1 h at room temperature with rabbit polyclonal antibody
against human CD3 (1:10; Dako, Carpinteria, California) and biotin-labeled
mouse IgG1 against human CD8 (clone DK25; 5 µg/ml; BD PharMingen) fol-
lowed by Alexa 568-conjugated goat antibody against rabbit IgG (1:1,000;
Molecular Probes, Eugene, Oregon) and streptavidin-labeled Alexa 488
(Molecular Probes) for 30 min. Apoptotic cells were detected with the
ApopTag Kit (Intergen, Norcross, Georgia). The number of positive cells was
expressed as the mean ± s.d. in 10 different ×200 fields using confocal mi-
croscopy with a Leica TCS-NT SP equipped with argon, krypton, and he-
lium/neon lasers.

NOD-SCID mouse model. The study was approved by the Institutional
Animal Care and Use Committee of the Tulane Medical School. Female
NOD.CB17-SCID mice (6–8 weeks old; Jackson Laboratory, Bar Harbor,
Maine) were used as previously described36. Primary ovarian tumor cells (2 ×
107) in 200 µl of buffered saline were injected into dorsal subcutaneous tis-
sues37. Tumor size was measured twice weekly using calipers fitted with a
Vernier scale. Tumor volume was calculated based on 3 perpendicular mea-
surements37. Tumor-associated T cells were conditioned with MDCs as de-
scribed above. The activated tumor-associated T cells (5 × 106) were injected
into the peritoneum in 100 µl buffered saline on day 12 after human tumor
inoculation. In some cases, tumor tissues were extracted from mice 12 d after
T-cell infusion and mechanically disrupted into a single-cell suspension. Cells
were analyzed by FACS for human IFN-γ expression by intracellular staining,
gating on human CD3+ cells. Human T-cell tumor infiltration and apoptosis
were further assessed using immunohistochemistry and analyzed using con-
focal microscopy.

Statistical analysis. Differences in cell surface molecule expression were de-
termined by χ2-test, and in other variables by unpaired t-tests, with P < 0.05
considered significant.
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