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Abstract. Background: To identify immunosuppressive
elements present in ovarian cancer associated ascites. Patients
and Methods: Ascites and plasma were obtained from ovarian,
primary peritoneal or fallopian tube cancer patients. Surface
markers were identified by fluorescence-activated cell sorting
(FACS). Cytokine and chemokine concentrations were
measured with LINCOplex microarrays. Antigen-specific
T-lymphocytes from ascites and plasma were expanded with
artificial antigen-presenting cells (aAPC). Cell-mediated
immune response was assessed with chromium release assays.
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Results: Samples were collected from 37 patients with
advanced ovarian cancer. FACS was performed on 27 ascites
specimens. A low CD4/CDS8 ratio (<I.6) was seen in 13
patient samples and associated with significantly improved
overall survival (p=0.040). LINCOplex evaluation of 22 paired
ascites and plasma samples demonstrated significantly
elevated levels of IL-6, IL-8, IL-10, IL-15, IP-10, MCP-1,
MIP- 1 and VEGF and significantly reduced levels of IL-2,
IL-5, IL-7, IL-17, PDGF-BB, and RANTES in ascites
compared to plasma (p<0.05). Autologous ovarian cancer cell
lysis with T-lymphocytes from ascites was limited. Although
aAPC stimulation resulted in effective expansion of antigen
specific T-cells from peripheral lymphocytes (35-fold), only
limited expansion was noted from ascites-derived lymphocytes
(10-fold). Conclusion: Ovarian cancer-associated ascites may
provide an immunosuppressive environment. A high CD4/CD8
ratio, which may indicate the presence of regulatory T-cells,
is associated with poor outcome. Reduced IL-2 and elevated
IL-6 and IL-10 levels favor a Th2 inhibitory immune response.
This immunosuppressive climate may explain our observation
of non responsiveness in ascites derived T-cells.

In the United States, ovarian cancer ranks fifth as a cause of
cancer-related deaths among females (1). Unfortunately, the
majority of cases are diagnosed at an advanced stage. Despite
optimal cytoreductive surgery and effective primary
chemotherapy, five-year survival rates of advance ovarian cancer
remain less than 30% . Novel approaches to the treatment of
ovarian cancer are necessary in order to improve survival.
Given the presence of mutations and chromosomal
abnormalities, virtually all malignancies should present novel
antigens capable of immune recognition. The development of a
clinically apparent cancer suggests either an evasion of
functional host immune responses or creation of an
immunosuppressive environment. Potentially, the host immune
response could be exploited to generate an anti-tumor response.
Several studies suggest not only the capacity to enhance
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immune response against malignancy, but also the possibility of
improved outcome. Rosenberg and colleagues (2) successfully
expanded autologous tumor-infiltrating lymphocytes (TIL), ex
vivo, and re-infused them into melanoma patients together with
the cytokine, IL-2. Re-infused TIL trafficked back to tumor sites
and directly induced tumor shrinkage. Continued refinements to
adoptive immunotherapy have resulted in increased success
rates for treatment of melanoma patients (3). Encouraging
results with adoptive immunotherapy have also been reported
in pancreatic and gastric cancer (4, 5).

Manipulation of the immune system represents an active
area of investigation in the development of ovarian cancer
therapy. Multiple attractive ovarian cancer-associated target
antigens for immunotherapy have been identified; these
include CA125, epithelial cell adhesion molecule (Ep CAM),
mesothelin, human epidermal growth factor receptor 2
(her2/neu), and mucin 1 (MUC 1) (6-10). Additionally,
tumor-specific cytotoxic T lymphocytes (CTL) have been
generated in vitro and are capable of recognition and lysis of
ovarian cancer cells (11, 12). Immune response appears to be
clinically relevant in ovarian cancer; Zhang and colleagues
(13) demonstrated that the presence of TIL in ovarian tumor
specimens correlated with improved clinical outcome.

Despite evidence of viable ovarian cancer targets for
immune response and an association of effector T-cells with
improved survival, successful clinical trials for immunotherapy
for ovarian cancer have been limited (14, 15) and have not
been replicated in larger populations. Ovarian malignancies
may alter the local environment resulting in a suppression of
the immune system. These changes may be reflected in the
large volume peritoneal fluid (ascites) associated with ovarian
cancer. In addition to tumor cells, this fluid contains cellular
components of the immune system such as lymphocytes and
regulatory factors such as cytokines and chemokines. As such,
ovarian cancer ascites provides a unique opportunity to evaluate
tumor microenvironment and potential effect on anti-tumor
immune response. The goal of this investigation is to identify
immunosuppressive factors and cells present in ovarian cancer-
associated ascites. Specifically, we analyzed ovarian cancer-
associated ascites and matched plasma samples for the
presence and concentration of immune stimulatory and
regulatory factors. We identified alterations in interleukin
expression in ovarian cancer associated ascites consistent with
a Th2 (inhibitory) effect. We evaluated the composition of the
T lymphocyte population in ovarian cancer-associated ascites.
We found an elevated CD4/CDS ratio to be associated with
poor outcome. We further compared the immune response of
T-cells isolated from either the peripheral blood or the ovarian
cancer ascites against non-ovarian cancer antigens such as
melanoma antigen recognized by T-cells (MART-1) and
cytomegalovirus (CMV). Importantly we found that in several
patients the T-cell response against these non-ovarian antigens
was impaired in T-cells isolated from the ascites fluid.
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Patients and Methods

Patients. The Institutional Review Board of Johns Hopkins
Medicine approved this investigation. Patients undergoing surgery
for suspected ovarian cancer were offered enrollment in the
investigation. All donors gave written informed consent before entry
into the study. Plasma and ascites was collected from patients
undergoing cytoreductive surgery for ovarian cancer. In addition,
plasma was obtained from normal subjects. Medical records were
retrospectively reviewed and relevant clinical and pathology data
extracted. The time of diagnosis was considered to be the date of
the primary surgical procedure. Time from diagnosis to death or last
follow up was calculated. Median follow-up for survivors was
calculated for subjects not censored for death.

Peptides. Peptides used in this study were prepared by the Johns
Hopkins University core facility. HLA-A2 restricted peptides from
MART-1 and CMV were generated (16). HLA-A2 restricted
peptides from ovarian cancer-associated target antigen mesothelin,
Ep CAM, her2/neu, and MUC 1 have been described and were
prepared (17-20). In addition, three HLA-A?2 restricted peptides
from ovarian cancer cell lines have been demonstrated to generate
an antigen-restricted CTL response (11). The purity (>98% ) of
each peptide was confirmed by mass-spectral analysis and high
pressure liquid chromatography.

Cell cultures from ovarian cancer-associated ascites. Ovarian
cancer cells were isolated from ovarian cancer-associated ascites.
Ascitic fluid was centrifuged at 800 x g for 15 min to pellet the
cellular component. The pellet was suspended in M’ medium
supplemented with 5% human AB-serum (21). Adherent cells were
harvested and evaluated for the presence of ovarian cancer cells by
staining for appropriate markers, vimentin, CA 125, Ep-CAM.
Alternatively, the cell pellet was resuspended and lymphocytes were
isolated by Ficoll-Hypaque density gradient centrifugation.

Plasma and peripheral blood lymphocytes (PBL). Peripheral blood
samples were obtained in heparinized tubes from healthy individuals
and from ovarian cancer patients prior to primary cytoreductive
surgery. The specimens were centrifuged. The plasma was collected
and stored. The cell pellet was resuspended and PBL were isolated
by Ficoll-Hypaque density gradient centrifugation.

Analysis of lymphocyte surface markers by flow cytometry. The
surface marker analysis of lymphocytes was performed using
fluorescence-activated cell sorter (FACS) (Becton Dickinson) and
the FCS-Express software (DeNovo). We used the following mAbs
conjugated to fluorescein isothiocyanate (FITC) or phycoerythrin
(PE) for direct fluorescence: anti-CD3, anti-CD4, anti-CDS, anti-
CD107a, anti-CD45RO (all from Becton Dickinson). Isotype-
matched FITC- or PE-conjugated monoclonal antibodies were used
as appropriate controls.

Multiplex cytokine Cytokine and chemokine
concentrations in matched plasma and ascitic fluid samples were
determined using the LINCOplex Assay. This multiplex assay is
capable of simultaneously quantifying multiple cytokines and
chemokines. The Assay evaluated for the presence of IL-1f, IL- Ira,
IL-2,IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL- 15,
IL-17, basic fibroblast growth factor (bFGF), Eotaxin, granulocyte
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colony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), interferon-y (INF-v), induced
protein 10 (IP-10), monocyte chemotactic protein-1 (MCP-1),
macrophage inflammatory protein-la (MIP-1a), macrophage
inflammatory protein- 1 (MIP-1f), platelet-derived growth factor-
BB (PDGF-BB), regulated upon activation, normal T-cell expressed,
and secreted (RANTES), tumor necrosis factor-a. (TNF-a), and
vascular endothelial growth factor (VEGF). Briefly, antibody
specific to each cytokine is covalently coupled to Luminex
microspheres. Each specific antibody is linked to a different
microsphere labeled with a unique flouorescent dye. Samples,
standards, and controls (25 pl) are incubated with the antibody
coupled microspheres in 96-well microtiter filter plates for 1 hour at
room temperature. After the plate is washed, detection antibody, a
mixture of antibodies against the individual cytokines, is added. The
plate is then incubated for 30 min. Streptavidinphycoerythrin is
added and the plate is incubated for an additional 30 min. The plate
is again washed and the beads are resuspended and read on the
Luminex instrument. All specimens were run in duplicate and
results are reported as means (22).

Preparation of artificial antigen presenting-cells (aAPC). aAPC
were generated by coupling HLA-Ig and anti-CD28 onto
microbeads, (Dynal, Lake Success, NY, USA). Briefly, beads
were washed twice in sterile 0.1 M borate buffer. The beads were
incubated with a 1 to 1 mixture of the HLA-A2-Ig and the anti-
CD28 specific monoclonal antibody 9.3 in borate buffer for 24 h
at 4°C on a rotator, washed twice with bead wash buffer, and
after another 24 h incubation at 4°C in bead wash buffer, the
buffer was replaced. Resulting aAPC were found to have 0.9x105
molecules of A2-Ig/bead and 1.9x103 anti-CD28 molecules/bead.
For peptide loading, HLA-Ig-coated aAPC were washed twice
with PBS and adjusted to 107 beads/ml in 30 pg/ml of peptide,
final concentration. aAPC beads were stored in the peptide
solution at 4°C (23).

Induction and expansion of antigen-specific T-cells. CD8* T-cells,
enriched by negative selection (removal of CD8~ T-cells such as
T helper lymphocytes, B-cells, monocytes) with magnetic sorting
columns follow by positive selection with a magnetic cell sorting
columns (Miltenyi Biotec), were co-cultured with peptide-pulsed
aAPC or autologous cultured ovarian cancer cells, in a 96-well-
round-bottom plate in 200 pl M’/well supplemented with 5%
plasma and 1.7% T-cell growth factor (TCGF). On day 7, T-cells
were harvested, counted, and with fresh stimulus replated.
Restimulations were performed once a week. After 3-4 weeks of
culture, we characterized the CD8+ T-cells for their phenotype by
staining with appropriate tetrameric peptide-HLA-A*0201
complexes (24) and then analyzing with FACS. In addition, we
performed intracellular staining (ICS) and CD107a analysis
against peptide-loaded target cells as well as target cells
expressing endogenous antigens, to verify their specificity and
functionality (25).

Chromium release assay. The cytotoxic activity of T-cell lines was
measured by a conventional 4-h 51Cr release assay using triplicate
cultures in V-bottomed plates. (26) The target cells analyzed
included HLA-A2+ and HLA-A2- cultured ovarian cancer cells, and
peptide pulsed and unpulsed T2 cells. E:T ratios were 25:1, 5:1, and
1:1 on 2,000 target cells/well. Triplicate wells were averaged and

percentage specific cytotoxicity was calculated as [(sample +
spontaneous release)/(maximum release + spontaneous release)].
For spontaneous release, targets were plated without T-cells in MO
medium plus 5% autologous plasma. For maximum release, targets
were plated with 5% Nonidet P-40 (IGEPAL; Sigma) detergent.

Intracellular detection of IL-4 and IFN-y. For intracellular cytokine
detection 10° effector cells were stimulated for 5 h at 37°C with 105
T2 cells pulsed with the appropriate peptide (30 pg/ml),
supplemented by 0.5 ng/ml phorbol 12-myristate 13-acetate (PMA)
and 4 ng/ml ionomycin. (27) Control experiments revealed that low
doses of PMA and ionomycin did not induce secretion of IFN-g or
IL-4 in the effector cells. Monensin (PharMingen) was added during
the last 4 h. Cells were transferred to FACS tubes, surface stained
with anti-CD8-APC mAb (Becton Dickinson), fixed and
permeabilized with 200 pul  Cytofix/Cytoperm  Solution
(PharMingen) for 20 min at 4°C. Intracellular staining was
performed with PE-labeled mAbs against IFN-y (PharMingen) and
IL-4 (Becton Dickinson). The samples were analyzed using FACS.

Statistical analysis. Survival was calculated from time of surgery.
Patient data were otherwise censored at the time of latest contact.
Survival curves were generated using the Kaplan-Meier method and
compared using the log-rank test. (28) Ascites and plasma was
assayed for individual cytokine and chemokine concentrations as
described above. The assays were run in duplicate and results were
calculated as the average of these 2 values. For each cytokine and
chemokine, the mean and standard error of the mean (SEM) was
calculated for the 22 ascites specimens and for the 22 plasma
samples. The ascites and plasma levels for the individual cytokines
and chemokines were then compared using Student’s #-test. P<0.05
was considered significant.

Results

Patient specimens. Ascites and plasma was collected from 37
patients with ovarian, fallopian tube or primary peritoneal cancer.
Median age at time of cytoreductive surgery was 58.5 years
(range 36.6-93.0 years). The majority of patients had advanced
disease including 31 patients (84% ) with stage Illc disease and
5 patients (14% ) with stage IV disease. One patient (3% ) was
stage Ic. Specimens were collected at the time of primary
surgery in 95% (35/37) of cases. In the 5% (2/37) of cases,
collection of specimens occurred during surgery for recurrent
disease. Both patients were >6 months from chemotherapy with
no clinical evidence of immunosuppression. Pathology was
consistent with ovarian, fallopian tube and primary peritoneal
cancer in 84% (31/37), 8% (3/37) and 8% (3/37) of cases
respectively. High-grade (poorly differentiated) malignancies
were noted in 89% (33/37) of patients. Moderately differentiated
and well-differentiated tumors were reported in 3% (1/37) and
8% (3/37) of cases respectively. Serous histology was reported
in 78% (29/37) of tumors. The remaining specimens included
2 endometrioid carcinomas (5% ), 1 malignant mixed
mesodermal tumor (3% ), 2 mixed serous/clear cell carcinomas
(5% ), 2 mixed serous/ endometrioid carcinomas (5% ), and 1
adenocarcinoma not otherwise specified (3% ). Specimens were
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Table 1. Ovarian Cancer Specimen Analysis

Specimen Stage Grade* Primary Tumor Histology FACS Lincoplex
0C-01 IIlc 3 Ov Carcinoma Serous Yes No
0C-02 Illc 3 Ov Carcinoma Serous Yes No
0C-03 IIlc 3 Ov Carcinoma Serous Yes No
0C-04 Illc 3 1° Peritoneal CA Serous Yes No
0C-05 IIlc 3 Ov Carcinoma Serous Yes No
0C-06 IlIc 3 Ov Carcinoma Serous Yes No
0C-07 IIlc 1 Ov Carcinoma Serous/endometioid Yes No
0C-08 Illc 1 Ov Carcinoma Endometrioid Yes No
0C-09 IIIc 3 FT Carcinoma Serous Yes No
OC-10 Illc 3 Ov Carcinoma Serous Yes No
OC-11 IIlc 3 Ov Carcinoma Serous Yes No
0C-12 v 3 Ov Carcinoma Clear cell/serous Yes No
0C-13 IIlc 2 FT Carcinoma (Rec) Serous Yes No
0OC-14 IIlc 3 Ov Carcinoma Serous Yes No
0OC-15 IIlc 3 Ov Carcinoma Serous Yes No
0OC-16 IIlc 3 Ov Carcinoma Serous Yes Yes
OC-17 1Ic 3 1° Peritoneal CA Serous Yes Yes
OC-18 IIlc 3 Ov Carcinoma Serous Yes Yes
0C-19 IIlc 3 Ov Carcinoma Serous Yes Yes
0C-20 IIlc 3 FT Carcinoma Serous Yes Yes
0C-21 v 3 Ov Carcinoma Serous/clear cell Yes Yes
0C-22 IIlc 3 Ov Carcinoma Serous Yes Yes
0C-23 1Ic 3 1° Peritoneal CA Serous Yes Yes
0C-24 IIlc 3 Ov Carcinoma Serous Yes Yes
0C-25 IIlc 3 Ov Carcinoma Serous Yes Yes
0C-26 IIlc 3 Ov Carcinoma Serous Yes Yes
0C-27 IIlc 3 Ov Carcinoma (Rec) Adenocarcinoma Yes Yes
0C-28 IIlc 3 Ov Carcinoma Serous No Yes
0C-29 Ic 1 Ov Carcinoma Endometrioid No Yes
0C-30 IlIc 3 Ov Carcinoma Serous No Yes
0C-31 v 3 Ov Carcinoma Serous No Yes
0C-32 IlIc 3 Ov Carcinoma Serous No Yes
0C-33 v 3 Ov Carcinoma Serous No Yes
0C-34 v 3 Ov Carcinoma Serous No Yes
0C-35 IIlc 3 Ov Carcinoma Serous/endometrioid No Yes
0C-36 IlIc 3 Ov Carcinoma Serous No Yes
0C-37 IIlc 3 Ov Carcinoma MMMT No Yes

Ov, Ovarian; FT, Fallopian tube; Rec, recurrent; 1° Peritoneal, primary peritoneal; *1, well-differentiated; 2, moderately differentiated; 3, poorly
differentiated; MMMT, malignant mixed mesodermal tumor; FACS, fluorescence activated cell sorting performed to determine lymphocyte population
composition; Lincoplex, multiplex microarrays performed to determine cytokine and chemokine concentrations.

available for FACS analysis to determine the composition of the
lymphocyte population and for Lincoplex, multiplex cytokine
and chemokine microarray, analysis. Specimens from 12 patients
(32% ) were available for analysis by both FACS and Lincoplex
(Table I).

CD-3% T lymphocytes. FACS analysis was performed on
unprocessed ascites from 27 patients. All specimens
demonstrated a population of CD-3" lymphocytes. In 78%
(21/27) of ascites specimens, CD4* T-cells comprised >50%
of CD3* lymphocyte population. Only 22% (6/28) of
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specimens demonstrated an excess of CD8* lymphocytes. At
Johns Hopkins Medical Institutions, plasma CD4/CDS8 ratios
between 1.6 and 2.2 are considered normal. Only 11%
(3/27) of ascites specimens had a CD4/CDS8 ratio within this
range. The CD4/CDS8 ratio was below 1.6 in 48% (13/27) of
specimens and above 2.2 in 44% (12/27) of specimens.

Univariate analysis. Anti-tumor cell mediated immune
responses are influenced by both CD8* cells, which directly
lyse cells, and CD4* cells, which can function as helpers cells,
augmenting response or function as regulatory cells, suppressing
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Figure 1. Kaplan—Meier analysis of overall survival for patients with
ovarian cancer, fallopian tube or primary peritoneal cancer. The x-axis
indicates overall survival in years after cytoreductive surgery. The y-
axis indicates the proportion of patients surviving with uncensored data.
Overall survival was stratified by CD4:CDS8 ratio.

response. A Kaplan-Meier curve was generated to determine the
influence of CD4/CD8 ratio on overall survival. All 27 patients
had stage IIIc or IV disease. The majority had primary disease,
with only 7% (2/27) of patients having recurrent disease. As
mentioned, both of these patients were over 6 months from
chemotherapy and had no evidence of immunosuppression.
CD4/CD8 ratio below 1.6 was associated with significantly
improved overall survival (p=0.040) (Figure 1).

Cytokine microarrays. We performed multiplex cytokine and
chemokine microarrays using the LINCOplex assay on 22
matched preoperative plasma and ascites samples from 22
patients. Specimens were simultaneously evaluated for the
presence of IL-1f, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8,
IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, bFGF, Eotaxin, G-
CSF, GM-CSF, INF-vy, IP-10, MCP-1, MIP-1a, MIP-1f3,
PDGF-BB, RANTES, TNF-a, and VEGF. All assays were run
in duplicate. Results in pg/ml for each cytokine or chemokine
for each specimen were calculated as an average of the
duplicate assays. The mean concentration and the standard
error of the mean (SEM) was then calculated for each cytokine
and chemokine. The mean concentration in ascites was
compared to plasma using Student’s ¢-test for each cytokine
and chemokine. Ascites specimens demonstrated a significant
elevated level of IL-6, IL-8, IL-10, IL-15, IP-10, MCP-1, MIP-
1B and VEGF. Ascites specimens demonstrated a significantly
reduced level of IL-2, IL-5, IL-7, IL-17, PDGF-BB, and
RANTES. (p<0.05) (Table II and Figure 2). Only 12
specimens were evaluated by both FACS and Lincoplex. Not
surprisingly given the small numbers, no correlation was noted
between CD4/CDS8 ratio and chemokine or cytokine levels
(data not shown).

Table II. Lincoplex data.

Factor Ascites pg/ml Plasma pg/ml p-Value*
(SEM) (SEM)
IL-1B 4.09 (0.76) 2.74 (0.93) 0.267
IL-1ra 430.05 (123.19) 192.06 (54.37) 0.084
IL-2 3.74 (1.44) 14.97 (5.35) 0.049
IL-4 8.11 (1.35) 2429 (9.81) 0.110
IL-5 0.50 (0.00) 243 (0.87) 0.031
IL-6 14845.28 (4658.05) 29.97 (5.14) 0.003
1L-7 4.68 (0.46) 30.99 (12.00) 0.034
IL-8 1121.61 (309.19) 28.05 (8.93) 0.001
IL-9 97.49 (22.65) 149.65 (47.72) 0.329
IL-10 137.85 (25.52) 17.60 (5.92) <0.001
IL-12 67.22 (29.69) 25.79 (11.85) 0.202
IL-13 5.40 (0.62) 3.53 (1.68) 0.303
IL-15 41.84 (9.82) 6.44 (2.69) 0.001
IL-17 4.27 (1.77) 55.12 (21.99) 0.026
Eotaxin 52.78 (18.32) 38.78 (7.62) 0.484
bFGF 3547 (7.92) 94.88 (38.03) 0.134
G-CSF 330.90 (281.51) 55.60 (21.42) 0.335
GM-CSF 20.00 (4.61) 33.85 (11.25) 0.261
IFN-y 91.55 (19.25) 284.51 (111.20) 0.095
IP-10 11689.19 (1645.89) 326.71 (62.09) <0.001
MCP-1 1456.21 (365.02) 108.45 (65.70) 0.001
MIP-1a 15.55 (6.60) 13.40 (5.21) 0.799
MIP-1f3 729.78 (184.00) 145.07 (30.02) 0.003
PDGF-BB 31.31 (12.59) 960.19 (205.83) <0.001
RANTES 228.55 (122.66) 13269.13 (3102.51)  <0.001
TNF-a 16.63 (2.66) 11.01 (4.02) 0.250
VEGF 10670.35 (2903.53) 96.65 (23.45) 0.001

Lincoplex data: Cytokine and chemokine concentrations in pg/ml.
Concentrations calculated as mean value of 22 samples for each
cytokine and chemokine in both ovarian cancer associated ascites and
plasma. *Values compared using Student’s ¢-test.

T-cells from ovarian cancer associated ascites demonstrate
limited anti-tumor response. Ovarian cancer cells derived
from ascites were maintained in culture. In addition,
lymphocytes were isolated from ovarian cancer ascites by
Ficoll-Hypaque  density  gradient  centrifugation.
Lymphocytes from a single ovarian cancer patient (OC-01)
were maintained in culture and stimulated with terminally
radiated autologous tumor cells (OC-01). These stimulated
lymphocytes served as effector cells. A chromium release
assay was then performed. Tumor cells served as target
cells. Autologous ovarian cancer cells (OC-01) and tumor
cells from a different ovarian cancer patient (OC-02) were
labeled with !chromium. Stimulated lymphocytes (OC-01)
were incubated at different ratios with labeled ovarian
cancer target cells from either OC-01 or OC-02. Cytolytic
activity was then measured based on 3'chromium release
from lysed target cells minus background. Stimulated
lymphocytes from OC-01 demonstrated cytolytic activity
against tumor cells from OC-01 but not against tumor cells
from OC-02. It should be noted however that these T-cells
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Figure 2. Multiplex cytokine microarrays using the Lincoplex assay on matched ovarian cancer patient ascites and plasma samples. Results are
shown for 14 cytokines or chemokines with significant differences between ovarian cancer ascites levels and plasma levels. The x axis shows the 14
cytokines and chemokines (IL-6, IL-8, IL-10, IL-15, IP-10, MCP-1, MIP-1b, VEGF, IL-2, IL-5, IL-7, IL-17, PDGF-BB and RANTES); the y axis
shows pg/ml. A log scale was used to allow for the data to be presented on one figure.

could not be expanded and the observed anti-tumor
response was limited even at high effector to target ratios
(Figure 3).

Artificial antigen presenting cell expansion of T-lymphocytes.
Having found that tumor specific T-cells are present in the
ascites, we tried to expand them in vitro using aAPC. We have
previously reported that aAPC provide a reproducible method
of stimulating and expanding antigen-specific CTL (23, 29). We
chose 7 ovarian cancer-related peptides which have been
previously described to be expressed in ovarian cancer cell lines
(6-10, 17-20). Individual peptides were loaded onto aAPC and
in separate assays, CD8" T-lymphocytes isolated from ovarian
cancer-associated ascites specimens were stimulated with the
peptide-loaded aAPC. However in more than 25 experiments,
we were not able to generate or expand a significant number of
ovarian cancer-specific T-lymphocytes (data not shown).

Our findings could be secondary to the presence of
immunosuppressive elements or to a low precursor frequency
of ovarian cancer antigen-specific CTL. Therefore, we decided
to attempt to expand CMV- and MART-1-specific CTL, which
demonstrate a considerable precursor frequency in healthy
controls. As with the above experiments, we enriched CD8* T
lymphocytes from plasma and ascites obtained from ovarian
cancer patients.
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For expanding CM V-specific CTL the precursor frequencies
were 9% (0.9x10%) in the peripheral blood mononuclear cell
(PBMC) derived CD8 T-cells and 3% (0.1x10°) in the ascites
derived CD8* T-cells as determined by CMV tetramer staining.
After a single aAPC stimulation, the PBMC samples were 91%
CMV specific, which represents a 35-fold expansion, while the
ascites sample reached only a frequency of 11% CMV-specific
cells that represents a only a 10-fold expansion of the CMV
specific T-cells (Figure 4). In addition, even after 3 stimulations,
the ascites sample only reached 60% specificity for CMV and
never expanded to the level obtained by the PBMC sample after
one stimulation (data not shown). Although CTL from ovarian
cancer-associated ascites showed only limited expansion, these
T lymphocytes appear functional as demonstrated by CD107a
expression after antigen stimulation (data not shown).

Discussion

A growing body of evidence demonstrates the capacity of the
immune system to recognize tumor-associated antigens and to
develop antigen-specific humoral and cell mediated responses
to these targets. Adoptive immunotherapy has resulted in tumor
regression in melanoma patients (3). In ovarian cancer patients,
a correlation between the presence of TIL and improved
clinical has been reported (13) and suggests that efforts
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Figure 3. S/Chromium release assay. Lymphocytes from an ovarian
cancer patient demonstrated cytolytic activity against autologous tumor
cells from OC-01 (dashed line) but not from OC-02 (solid line).

towards active and /or adoptive immunotherapy in this patient
population may ultimately be successful. However despite the
identification of many ovarian cancer-specific antigens,
successful and reproducible immunotherapy for ovarian cancer
has been elusive. The presence of a tumor-induced immuno-
suppressive environment, preventing individual elements of the
immune system from providing a coordinated, effective anti-
tumor response, could explain the disappointing results.
Ovarian cancer-specific CD8* T lymphocytes can be induced
and expanded in vitro and are capable of autologous tumor cell
lysis. (30) In general, CD4™ T lymphocytes can either augment
these cell-mediated immune responses as T helper cells, or
inhibit these responses as regulatory T-cells. Santin and
colleagues (31) report an excess of CD4* compared to CD8* T
lymphocytes in multiple ovarian cancer-associated ascites
specimens but not in TIL. Ioannides et al. (30) report similar
findings with a higher percentage of CD4* T-cells compared to
CD8* T-cells in non-stimulated TAL samples. Our findings
suggest more diversity of ovarian cancer-associated ascites
lymphocyte populations, with CD4* T-cells predominating in
some specimens and CD8* T-cells predominating in others.
Recently, Sato and colleagues (32) evaluated 117 ovarian
cancer specimens for the presence of T lymphocytes. Higher
frequencies of intraepithelial CD8* TIL were associated with
improved outcome. This finding was not observed for stromal
CD8* TIL. Intraepithelial CD8/CD4 ratios ranged from 0-7.3.
High intraepithelial CD8/CD4 ratios were associated with
improved survival. Our data on ovarian cancer-associated
ascites concurs with these data from ovarian cancer tumor
specimens in that the ratio between cancer-associated CD4*
and CD8* T lymphocytes appears to be predictive of ovarian
cancer patient survival. A low CD4/CD8 (or high CD8/CD4)
ratio were associated with significantly improved survival. Our
data was limited by lower patient numbers (27 patients) and

Total CTL PBMC
& Total CTL Ascites
BCMV CTL PBMC
Bm CMV CTL Ascites

40
91%

30

20

CTLx 10°

10

0
Total CMV Total CMV
CTL CTL CTL CTL
—
Day 0 Day 8

Figure 4. Stimulation of ovarian cancer-associated ascites and plasma
with CMV peptide-loaded aAPC. Cell numbers are given in 1x10°.
Values are given for total CTL number and CMV-specific CTL at day 0
and day 8 for both ovarian cancer-associated ascites and plasma.
Plasma sample demonstrated 35-fold expansion (from 0.9x10° to
31.9x10°) with high specify (91%). In contrast ovarian cancer-
associated ascites demonstrated only 10-fold expansion (from 0.1x10°
to 1.1x10°) with low specificity (11% ).

potentially by the inclusion of 2 patients with recurrent disease.
However, the findings do confirm earlier data which suggest
that the lymphocyte population found in ovarian cancer-
associated ascites is representative of that found in the
intraepithelial component of ovarian cancer tumor specimens.

Curiel and associates (33) reported that CD4* CD25"
FOXP3* regulatory T-cells accumulate in tumors and ascites
and that the presence of these cells was associated with reduced
survival. The presence of CD4" regulatory T-cells in ovarian
cancer ascites could explain our findings of an association
between a high CD4/CDS ratio and poor outcome. The wide
range of CD4/CDS ratios suggests that regulatory T-cells
represent one mechanism by which some but not all ovarian
malignancies may elude immune surveillance.

Secreted immunosuppressive factors could both inhibit innate
host anti-tumor immune responses and prevent successful
induction of such a response by immunotherapy. Cell-mediated
immunity is required for effective anti-tumor responses and is
regulated by Thl (enhancing) and Th2 (inhibitory) cytokines.
Thl cytokines include IL-2, IL-3, INF-y, and TNF-a. Th-2
cytokines include IL-4, IL-5, IL-6, IL-10, and IL-13. In addition
to functioning as a Th-2 cytokine, IL-6 has been associated with
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ascites formation in ovarian cancer patients by up-regulating
VEGF expression which leads to increased vascular permeability
(34). Several investigators have evaluated cytokine
concentrations in ovarian cancer associated ascites and found
increased levels of inhibitor cytokines such as IL6 and I1-10 but
in some cases also elevated levels of stimulatory cytokines such
as TNF-a and IL-1b compared to normal controls (35, 36). In
addition, Xie and associates (37) noted decreased levels of 1L-7,
which appears to have similar enhancing effects as IL-2, in
ovarian cancer-associated ascites compared to serum.

We compared levels of 27 cytokines and chemokines in
ovarian cancer-associated ascites and serum. This is the most
comprehensive comparison of plasma and ovarian cancer-
associated ascites to date. We found significant differences in
14 of the 27 tested cytokines and chemokines. These alterations
included significantly elevated levels of IL-6, IL-8, IL-10, IL-
15, IP-10, MCP-1, MIP-1f and VEGF and significantly
reduced levels of IL-2, IL-5, IL-7, IL-17, PDGF-BB and
RANTES in ovarian cancer-associated ascites compared to
serum. These differences could influence immune-mediated
anti-tumor responses.

As mentioned, several interleukins are clearly associated
with a Th1 or Th2 response. A significantly lower level of IL-
2 in ascites is consistent with a reduced Thl response.
Although lower levels of IL-2 mRNA in ovarian cancer ascites
has been reported (38), this is the first investigation to note a
significant reduction in the actual cytokine. IL-7, which is
important for lymphocyte survival, was also significantly
reduced in ovarian cancer-associated ascites. The Th2
cytokines IL-6 and IL-10 were significantly elevated in ovarian
cancer ascites compared to serum. The Th2 cytokine IL-5 was
reduced in ascites (0.5 pg/ml), but also very low in plasma (2.4
pg/ml), which was the lowest level for any serum cytokine or
chemokine. These findings together indicate a reduction in Thl
(enhancing) response and an increase in Th2 (inhibitory)
response both of which could lead to an inhibition of cell
mediated anti-tumor response.

We identified alterations in additional interleukins that could
potentially enhance tumor progression. Overexpression of the
proangiogenic chemokine IL-8 has been associated with poor
outcome in ovarian cancer (39). IL-17 is a proinflammatory
cytokine which appears to induce anti-tumor T-cell response
(40). In ovarian cancer-associated ascites, elevated IL-8 levels
may lead to neovascularization of tumor implants and decreased
IL-17 levels may reduce anti-tumor immune response.

Several chemokines could affect tumor progression. Our
data confirms earlier findings of elevated levels of the
chemokine, VEGF, in malignant ovarian cancer ascites
compared to serum. (41) Overexpression of VEGF appears to
play a role in ovarian cancer progression and blocking this
pathway appears to improve survival (42, 43). Neutralization
of the chemokine MCP-1 with antibody results in reduced
tumor burden in a mouse prostate cancer model (44). RANTES
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is a chemokine, which appears to induce the activation and of
natural-killer cells and enhances anti-tumor immunity in a
mouse model (45). The over-expression of VEGF and MCP-1
and the reduction of RANTES in ovarian cancer-associated
ascites may provide pathways for tumor growth.

Other changes found in cytokine and chemokine levels in
ascites may limit tumor growth. IL-15 binds to the IL-2
receptor and induces both antigen-independent expansion and
long-term survival of anti-tumor CD8* CTL (46). In addition,
it has been reported that IL-15 induces and enhances anti-
tumor CTL responses against an ovarian cancer cell line (47).
The chemokines IP-10 and MIP-1f3 are both elevated in
ovarian cancer-associated ascites. Expression of IP-10
enhances anti-tumor responses in a mouse central nervous
system model (48). Intratumoral expression of MIP-1f induced
inhibition of colorectal tumor growth and associated tumor-
specific CTL response (49). Therefore in contrast to our other
findings, the overexpression of IL-15, IP-10 and MIP-1f in
ovarian cancer-associated ascites could be associated with
inhibition of tumor growth.

PDGF regulates cell growth and division with a significant
role in angiogenesis. PDGF induces VEGF production in
ovarian cancer cells and expression of PDGF-BB has been
correlated with VEGF expression in ovarian cancer ascites.
(41) Our data is the first to demonstrate a significantly
decreased expression of PDGF-BB in ovarian cancer associated
ascites compared to plasma. A reduction in PDGF-BB
expression should be associated with a reduction in VEGF.
However, we observed elevated VEGF levels compared to
plasma. This suggests the effects of reduced PDGF-BB
expression are outweighed by stimulatory effects of increased
IL-6 levels on VEGF expression.

While our observations indicate a mixed picture, the overall
comparison of cytokine and chemokine levels in ovarian
cancer associated ascites and plasma suggests an interleukin
pattern favoring a Th2 (inhibitory) pattern in ascites.
Nevertheless, reduced to a single patient, these findings
suggest a patient specific battle between the immune system
and the ovarian malignancy with actions by the immune
system to limit tumor growth and responses by the ovarian
cancer to circumvent these measures.

We utilized chromium release assays and aAPC to determine
the potential for antigen-specific CD8% T-cell response in
PBMC from ovarian cancer patients and in ovarian cancer-
associated ascites. CD8* T lymphocytes, isolated from ovarian
cancer-associated ascites demonstrate only limited anti-tumor
activity in vitro, even at high effector to target ratios. Attempts
to expand ovarian cancer antigen-specific T lymphocytes from
ovarian cancer using aAPC have been unsuccessful. Given our
previous success with expansion of anti-CMV T lymphocytes
isolated from the plasma of healthy donors (23) we attempted
to expand CM V-specific T-cells from ovarian cancer patients.
Using aAPC, we successfully expanded anti-CMV T
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lymphocytes from ovarian cancer patients, but detected only
limited expansion from CTL isolated from ovarian cancer-
associated ascites. Despite the modest expansion, these T-cells
appear functional with appropriate target lysis.

Interestingly, while these findings could potentially explain
the limited cytotoxic activity and expansion of the ascites
derived CTL described in Figure 3, they should not impact on
the aAPC stimulation experiment. In this experiment, we have
not only removed the T-cells from their inhibitor cytokine
milieu, but also depleted potentially regulatory CD4* T-cells.
The fact that the CD8" T-cells still did not respond as expected
suggests that the T-cells were either previously altered by their
environment or it could reflect the presence of a subpopulation
of regulatory CD8* T lymphocytes that have been previously
described by Zou et al. (50) These regulatory CD8" T-cells
lack cytotoxic effector functions and secrete inhibitory
cytokines upon stimulation.

The immune system appears capable of effective anti-tumor
responses against melanoma and several other cancers.
However, such responses have not been associated with ovarian
malignancies. Our findings demonstrate two potential
mechanisms of ovarian cancer-mediated suppression of effective
anti-tumor response including the presence of regulatory T-cells
and secreted inhibitory factors. The association of elevated
CD4/CDS ratio with poor outcome may reflect suppression of
immune function by regulatory T-cells, which could explain
increased levels of inhibitory cytokines and chemokines in the
ascites fluid and the non-responsiveness of ascites derived T-
cells against autologous tumor cells as well as against antigen-
specific aAPC stimulation. In contrast, aAPC stimulation of
PBMC-derived T-cells in matched samples resulted in induction
and expansion of antigen-specific T-cells as expected. Future
studies to dissect detailed mechanisms of the observed
immunosupression are ongoing. The identification and
neutralization of these inhibitory cells and factors will improve
the likelihood of developing successful ovarian cancer-specific
immunotherapy.
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