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Abstract

High-grade serous ovarian carcinoma (HGSC) is the most lethal gynecologic malignancy. While
immune checkpoint inhibitors against PD-L1 and CTLA-4 have shown significant effects in
multiple tumor types, the response rate to single-agent immune checkpoint inhibitors is low in
HGSC. Alternative biomarkers and targets must be identified to guide patient selection and new
therapeutic strategies in HGSC. Here, we aim to investigate the clinical significance of novel
immune modulators, including B7-H4, IDO1, Tim3, IL6, and IL-8, in patients with HGSC. A total
of 48 patients with HGSCs, comprising 24 cases that were sensitive and 24 that were resistant to
standard paclitaxel and carboplatin chemotherapy, were selected for our initial analysis. A
NanoString assay including 33 immune-related genes was used to compare the expression of
different immune regulatory molecules in the sensitive and resistant groups. Differentially
expressed proteins were verified using multiplex immunohistochemical staining on tissue arrays of
202 patients with HGSCs who underwent primary surgery at MDACC. We analyzed the
expression levels of immune checkpoints and compared expression profiles with clinicopathologic
features including response, progression-free survival, and overall survival. HGSC tumors resistant
to therapy expressed higher levels of B7-H4 (69.3%), IDO1 (71.8%), Tim3 (89.1%) and
inflammatory factors IL-6 and IL-8 and expressed higher Tim3 in stromal components. High
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expression of B7-H4 and IDO1 was associated with significantly lower overall survival and
progression-free survival. B7-H4 and IDO1 were co-expressed in 49.1% of studied cases. A panel
of immunomodulatory proteins including B7-H4, IDO1, Tim3, IL-6, and IL-8 are expressed at
high levels in HGSCs. These modulators represent novel targets to enhance immunotherapy in
patients with HGSCs.

INTRODUCTION

Epithelial ovarian cancer is the most lethal gynecologic malignant tumor worldwide,
accounting for 70%-80% of gynecologic cancer—associated deaths owing to resistance to
therapy [1]. Despite intensive efforts over the past 40 years, drug resistance remains a major
problem in advanced high-grade serous ovarian carcinoma (HGSC); the overall five-year
cure rate for patients with advanced stage disease has only had modest improvements [2, 3].
Recently, immune checkpoint targeting drugs including inhibitors of PD-1 (also known as
B7-H1), PD-L1 and CTLA-4, have been successful in multiple solid tumors, including
melanoma and non-small cell lung cancer [1]. However, the majority of HGSC patients
showed no on minimal effect in clinical trial [4], the PD-1 protein is only focally expressed
in high-grade ovarian serous carcinoma [5], tumor immunity was considered to be harnessed
in HGSCs [6]. Similarly, while CTLA-4-targeted drugs have been used for melanoma and
urothelial and lung cancers, their therapeutic benefit has been limited in ovarian cancer,
although it was reported combination of nivolumab plus ipilimumab group has a longer
progression-free survival compared with the nivolumab only group (3.9 vs 2.0 months) [7].
The poor response rate is likely due to its unique immunosuppressive tumor
microenvironment [8, 9]. Thus, it is important to identify alternative immune checkpoint
inhibitors and other new markers for immune therapy.

In this study, we comprehensively examined the different components of the tumor immune
microenvironment in drug-sensitive and drug-resistant cases using the NanoString technique
and multiplex immunohistochemical staining. We showed that B7-H4 (another member of
the B7 family) and IDOL1 are expressed in HGSC patients with drug resistance and are
associated with survival in patients with HGSC.

MATERIAL AND METHODS

Patient samples and NanoString analysis

In order to study the inflammatory molecules involved in drug resistance, among 660 HGSC
cases archived by the Department of Pathology at The University of Texas MD Anderson
Cancer Center (1993-2015), 48 patients who had upfront surgery followed by standard
treatment with combined paclitaxel and carboplatin, comprising 24 drug-resistant and 24
drug-sensitive tumor samples were selected and sub-grouped for Nanostring (whole section
of tissue were used) according to the criteria described below: resistant cases including those
were none or partial response to treatment and tumor recurred within 6 months; For sensitive
cases, complete clinical response and recurrence > 6 months. These clinicopathologic
characteristics are summarized in Table S1. The overall survival the time from diagnosis to
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death and the progression-free survival time from the time from remission to death are
defined as according the criteria described in RECIST criteria, WHO, 2000 [10, 11].

Whole sections for each case were cut and total RNA was extracted using the High Pure
FFPE RNA isolation kit (Roche). A customized nCounter XT expression assay (NanoString
Technologies), including 33 immune-related genes (Table S2) and four housekeeping genes
(RPL13A, PPIA, GUSB, and TBP) as internal controls, was performed according to the
manufacturer’s protocol. The data were analyzed using nSolver software version 3.0
(NanoString Technologies).

Patient cohort, tissue microarray, and multiplex immunohistochemical staining

To further verify the expression and distribution of inflammatory molecules disclosed by
Nanostring, multiple IHC was performed on a series of tissue microarray (TMA) including
202 formalin-fixed, paraffin-embedded (FFPE) samples obtained from patients with HGSC
who underwent primary surgery without neoadjuvant chemotherapy between 2009 and 2015
at MD Anderson Cancer Center. Tissue samples were debulking tumor followed by standard
combined treatment with paclitaxel and carboplatin. Tissues were prepared in a TMA format
as previously described [12]. There were 12 cases overlapped in experiments of Nanostring
and multiple IHC. The clinicopathologic characteristics of these patients are summarized in
Table S3. Overall survival was defined from the date of diagnosis until the event endpoint or
the date of the end time of this study (April 30, 2019), while progression-free survival was
defined from the date of surgery to tumor recurrence. The use of all tissues in this study was
approved by the Institutional Review Board of MD Anderson Cancer Center.

To investigate the expression and distribution of B7-H4, IDO1, Tim3, VISTA, Lag3, and
CD8, multiplex immunohistochemistry was performed on the tissue microarray sections (4
um) staining with an Opal seven-color automation immunohistochemistry kit (PerkinElmer)
and then scanning with the Vectra Polaris automated quantitative pathology imaging system
(PerkinElmer) in Flow Cytometry & Cellular Imaging Facility at MD Anderson. Normal
fallopian tube and ovarian cystadenoma was used as a negative control and the controls for
antibodies and software training. Details of antibodies and the panel are listed in Tables S4
and S5. For B7-H4 and IDO1, the novel proteins may expressed by both cancer cells and
stromal cells, samples were scored using the sum of both the positive percentage score (0:
0%; 1: > 0% to < 25%; 2: 25% to < 50%); 3: 50% to <75%; 4: >75%) and the density score
(0: negative; 1: weak; 2: medium; 3: strong) by Vectra Polaris automated quantitative
pathology imaging system and assessment from 3 independent pathologist (JL, NN, and YZ)
as previously described [13]. Expression levels of these proteins were thus categorized as
negative (0-1), weak (2-4) or strong (5-7). For Tim3, VISTA, Lag3, and CD8 which are
markers widely used to distinguish variable subpopulations of lymphocytes, only the
positive percentage scores were considered and analyzed by software of Vectra Polaris.
Consequently, their expression levels were categorized as negative, (0), weak (1-2), or strong
(3-4). The histologic findings and scores were reviewed by and consensus was reached
among three pathologists (JL, NN, and YZ).
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2.3. Statistical analysis

Data are presented as the mean + standard deviation. Means were compared between three
or more groups using one-way analysis of variance. Comparisons between two groups were
performed using Student t-tests for means of continuous data and chi-square analysis for
categorical data. Kaplan—Meier and Cox regression analysis were used to compare survival
between groups. Statistical analyses were conducted using SPSS 19.0 statistical software
(IBM). P < 0.05 was considered to indicate a statistically significant difference.

3. RESULTS

3.1. Suppressive immune regulators and inflammatory cytokines were expressed at high
levels in tumor tissues in cases resistant to therapy

First, we used NanoString analysis to examine 33 genes (Table S6) grouped into four
clusters (Figure 1): T lymphocyte—related genes (FOXP3, CD4, CD8, PTPRC which codes
for CD45R0), non-T lymphocyte—related cell markers (/COS, CD160, ITGAE which code
for CD103, CD14, MS4A1 which codes for CD20), immune regulators, and pro-
inflammation molecules. Compared with the drug-sensitive group, the drug-resistant group
had higher expression levels of B7-H4, IDO1, IL-6, and IL-8 (Table S6 and Figure 1).
However, the widely studied novel immunotherapy targets PD-L1, and PD-L2, were
minimally expressed in the drug-resistant group. Also expressed at low levels in the resistant
group were CD8 (marker for cytotoxic T lymphocytes), CD20 (marker for B lymphocytes),
CD103 (marker for regulatory T cells and alloantigen-induced regulatory CD8 cells), and
CD14 (marker for macrophages). These results suggested that negative immune regulators
(B7-H4 and IDO1) and pro-inflammatory molecules (IL-6 and 1L-8) are produced at high
levels in tumor tissues in drug-resistant cases while cell-mediated and humoral immunity are
attenuated.

3.2. Expression levels of B7-H4 and IDOL1 in tumor cells were associated with immune-
inhibitory effects mediated by Tim3 and VISTA

Histologic evaluation of HGSC was performed by independent pathologists (JL and YZ) via
H&E staining and immunofluorescent of cytokeratin (CK, marker of epithelium. Figure S1).
Among the 202 surgery-treated cases (Table S3, Table 1), there were 140 (69.3%), 145
(71.8%) and 180 (89.1%) cases show positive expression of B7-H4, IDO1 and Tim3
respectively, and this positive expression was significantly associated with advanced TNM
stage (Table 1), but not with age. B7-H4 and IDO1 were both expressed in 68.6% of IDO1-
positive cases and in 49.1% of all studied cases (Figure 2A and B), suggesting the close
positive association of B7-H4 and IDO1 (Table S7, £=0.012) as inhibitors of immune
response indicated as increased positivity of Tim3 and VISTA as discussed below.

B7-H4 and IDO1 were expressed both in the cell membrane and cytoplasm of cancer cells,
but IDO1 was expressed predominantly in cell membrane (Figure 2A and B, indicated with
arrow heads), although a few stromal cells were positive for B7-H4 and IDO. Expression of
B7-H4 was positively associated with expression of Tim3 (P=0.004) but not with CD8
(P=0.056) (Table S7). Representative images depicting scoring are shown in Figure S2.
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Positive signals for Tim3 and VISTA were found in stromal cells. There were co-expression
of VISTA and CD8, but not Tim3 and CD8 (circled in Figure 2C). Expression of Tim3, an
immune-suppressing regulator in cancer [14] which was predominantly localized to myeloid
cells such as intratumoral dendritic cells [15], was positively associated with B7-H4, VISTA,
and CD8 Table S7). Tumor cells positive for B7-H4 and IDO1 were distributed near stromal
cells, which were enriched for Tim3 and VISTA (Figure 2C). However, there were no
significant differences in expression of Tim3, VISTA, and CD8 in paired groups listed in
Table S7. These results indicated that expression of B7-H4 and IDO1 in tumor cells is
closely correlated with immune-inhibitory effects mediated by Tim3 and VISTA.

3.3. Expression levels of B7-H4 and IDO1 were correlated with a poor prognosis

As shown in Figure 3, Table S8, Table S9, the expression of B7-H4 and IDO1 was
associated with poor overall survival (Figure 3A) but not with poorer progression-free
survival in HGSC patients (Figure 3B). Overall survival durations were 44.6 + 5.6 months
for B7-H4 strong-positive and 55.5 = 7.0 months for B7-H4 weak-positive cases,
significantly shorter than that of the B7-H4—negative group (87.0 # 9.5 months, 2= 0.031.
Table S8 and Figure 3A). Overall survival durations for the IDO1-positive group (strong and
weak) were 48.4 + 5.8 months and 59.9 + 10.2 months, respectively, significantly shorter
than that of the IDO1-negative group 94.6 + 9.9 months, 2= 0.024, Table S8 and Figure
3C). Progression-free survival durations for the IDO1-positive group (strong and weak) were
24.5 + 6.3 months and 33.0 = 21.5 months, respectively, significantly shorter than that of the
IDO1-negative group (62.3 + 13.3 months, 2= 0.046, Table S9 and Figure 3D). However,
strongly-positive and weakly-positive groups did not significantly differ in overall survival
or progression-free survival. Neither were the expression levels of Tim3, VISTA, or CD8
significantly associated with either survival measure.

4. DISCUSSION

In our analysis of immune modulators in HGSC, tissues treated with standard chemotherapy,
we showed that immune inhibitors including B7-H4 and IDO1 and inflammation-related
molecules including IL-6 and IL-8, but not CTLA-4 or PD-1, were elevated in resistant
HGSCs. Furthermore, in HGSCs from patients who underwent surgery, high expression of
B7-H4 and IDO1 together with Tim3 expression in stromal components was associated with
advanced TNM stages. Expression of B7-H4 and IDO1 was associated with worse overall
survival of HGSCs. Our findings suggest that these three newly discovered immune
checkpoint inhibitors play major roles in the immune suppression of the tumor
microenvironment in HGSCs.

B7-H4 is a member of the B7 family, including PD-1 (B7-H1), B7-H2, and B7-H3. In
esophageal squamous cell cancer, B7-H4 was co-expressed in cancer stem cells, positively
associated with cell cycle regulators such as cyclin D1 and p27, negatively associated with
CD8-positive T cells, and associated with a poor prognosis [16]. High serum B7-H4 levels
were also correlated with advanced TNM stage in patients with hepatocellular carcinoma
and were thought to contribute to the tumorigenesis of the disease [17]. It has been
suggested that B7-H4 be included in panels of markers involved in cancer stem cell
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maintenance [18]. In pancreatic cancer, B7-H4 was a negative prognostic marker, indicating
more resistance to chemotherapy with gemcitabine [19]. In breast cancer, B7-H4 was highly
expressed in both breast cancer and stroma cells, independently of the intrinsic subtypes of
breast cancer [20]. B7-H4 expression on the tumor border also associated with increased
distant spread and metastases in cervical cancer [21]. In murine models of urothelial
carcinoma, blocking B7-H4 with antibodies reduced tumor size and increase infiltration of
CD8+ T cells within stroma [22].

Several studies have been previously performed on B7-H3 or B7-H4 family in ovarian
cancer. It has been reported that B7-H3 was expressed in both cancer cells and stroma cells,
but B7-H4 was found restricted in cancer cells [23]. Yigit et al found B7-H4 is positive in
macrophages which could play a key role in establish a suppressive microenvironment
favoring cancer cells to escape immune elimination [24]. Pagnotti et al reported that B7-H4
is inversely related with lymphocyte infiltration in clear cell carcinoma but not in other type
of epithelial ovarian cancer [25]. Simon et al found B7-H4 over-expression was related with
advanced stage of malignant ovarian cancer [26], while Ye et al reported that no correlation
was found between B7-H4 expression and clinicopathologic features of ovarian cancer,
including stages, grade, tumor metastasis and histologic type in ovarian cancer, although B7-
H4 expression was found significantly associated with a worse progression free survival
[27]. Increased expression level of B7-H4 was positively related with expression of
proliferative cell nuclear antigen, both of which were related with poor level of
differentiation of ovarian cancer and lymph node metastasis [28].

We have previously showed that the percentage of B7-H4 positive cancer cells, but not the
percentage pf B7-H3 positive cancer cells, was significantly higher in HGSC than in low-
grade serous ovarian carcinoma [29]. In the current study, we combined percentage and
density to evaluate the positivity of B7-H4, which was distributed mainly in the cytoplasm
and membrane of cancer cells. B7-H4 was diffusely expressed in 68.5% of patients with
HGSCs. Higher expression of B7-H4 was associated with drug resistance, poor overall
survival and advanced pTNM stage of HGSC. Although patients with resistant tumors
showed other changes, including increased densities of tumor-infiltrating lymphocytes
(marked as positive for CD3, CD8, TIA-1, PD-1, or CD20), there was no change in the
major immunosuppressive subpopulations, including regulatory T cells and IDO-positive
cells. In addition, these changes had minimal effect on clinical outcomes.

IDO1 is another immune checkpoint inhibitor that has been studied in ovarian cancers,
although their mechanisms of immune suppression remain poorly understood. IDO1 was
extensively overexpressed in tumor cells of HGSCs, and this overexpression was associated
with advanced pTNM stage and impaired survival [30]. The effect of IDO occurs at least in
part via creating an immune-tolerant environment by inhibiting the recruitment of tumor-
infiltrating leukocytes and enhancing the production of immunosuppressive cytokines,
including TGF-B and IL-10, in ascites in mouse models [31]. In addition, IDO1 expression
was positively correlated with B7-H4 expression of in tumor cells. However, contrary to
expectation, IDO1 was found to promote rather than suppress anti-tumor immune escape by
inducing the expression of IDO1 in tumor cells in an /n vitro experiment [32]. IDO1 may
function at least in part through modulating the expression of Tim 3. The overexpression of
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Tim3 enables tumor-infiltrating regulatory T cells to be more immunosuppressive than their
counterparts in peripheral blood [33], and Tim 3 may serve as a biomarker for suppressed
immune response in HGSCs [33].

We also found that IL-6 and IL-8 levels were elevated significantly in drug-resistant cases
compared with the drug-sensitive group. The tumor-promoting effects of IL-6 and IL-8 are
well studied in cancers of the breast, colon, pancreas, and lung, but not in ovarian cancer
[34, 35]. In triple-negative breast cancers, inhibition of IL-6 and IL-8 expression
dramatically inhibited colony formation and cell survival [36]. Stronger IL-6 and 1L-8
expression predicted worse survival times [36]. In HER2-positive breast cancer, IL-6
contributes to the development of drug-resistant cancer cells and expanding population of
cancer stem cells via an 1L-6 feedback loop [37]. IL-6 was therefore considered to represent
a new therapeutic target for cancer. Further study is needed to understand the roles and
mechanisms of 1L-6 and IL-8 in the development and drug resistance of ovarian cancer.

In summary, elevated expression of B7-H4 and IDO1 in tumor cells was associated with
intrinsic drug resistance and was a negative prognostic indicator for ovarian HGSC. B7-H4
was highly co-expressed with IDO1, indicating a close synergistic function in creating an
immunosuppressive microenvironment in the initiation and progression of ovarian cancer.
Therefore, therapy targeting B7-H4 and IDO1 in combination may be a novel strategy to
disrupt the immune barrier and improve the clinical outcomes of patients with HGSC.
Further work is needed to understand the underlying mechanisms by which B7-H4 and
IDOL1 contribute to this disease.
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Expression levels of 33 genes in drug-resistant and drug-sensitive HGSC cases, analyzed by
NanoString. Relative expression levels of B7-H4, IDO1, BRCA1/2, IL-6, and IL-8 were
higher in the resistant group compared with the sensitive group.
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Figure 2.
Representative images of co-expression of B7-H4 and IDO1 and the enrichment of Tim3-

positive and VISTA-positive cells in the stroma. A and B: Co-expression of B7-H4 and
IDO1 in membrane and cytoplasm of tumor cells, indicated by white arrows. Panels in B are
magnifications of lined areas in A. C: Circled are clustered immune-suppressing stromal
cells that were positive for Tim3 and VISTA and negative for CD8. These stromal cells were
distributed close to the tumor cells positive for B7-H4 and IDOL1. Bars, 50 pm.
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Association of overall survival (OS) and progression-free survival (PES) with expression of

B7-H4 and IDOL1 in high-grade ovarian serous carcinoma.
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Table 1.
Correlation of stage with immune checkpoints
Stage
Protein Group (score) N 1/11(%)  11/IV(%) P value
B7H4
Negative (0-1) 62 29(46.8) 33(53.2) 0.027°
Weak positive (2-4) 49  20(40.8) 29(59.1)
strong positive (5-7) 91  19(20.9) 72 (79.1)
IDO1
Negative (0-1) 57 27(474) 30(52.6) 0.042°
Weak positive (2-4) 122 35(28.7) 87 (71.3)
strong positive (5-7) 23 6(26.1) 17 (73.9)
Tim3
Negative (0) 22 10(454) 12(545) 0.035"
Weak positive (1-2) 152 52 (34.2) 100 (65.8)
strong positive (3-4) 28 6 (21.4) 22 (78.6)
VISTA
Negative (0) 14 8(444)  6(555)  0.152
Weak positive (1-2) 156 49 (31.4) 107 (68.6)
strong positive (3-4) 32 11 (34.4) 21 (65.6)
CD8
Negative (0) 44  14(31.8) 30(68.2) 0.074
Weak positive (1-2) 134 43(32.1) 91(67.9)
strong positive (3-4) 24  11(45.8) 13 (54.2)

Chi-square analysis.

*
significant difference.
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