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Abstract

High-grade serous ovarian carcinoma (HGSC) accounts for 70% of all epithelial ovarian cancers but clinical manage-
ment is challenged by a lack of accurate prognostic and predictive biomarkers of chemotherapy response. This study
evaluated the role of Signal Transducer and Activator of Transcription 1 (STAT1) as an independent prognostic and
predictive biomarker and its correlation with intratumoural CD81 T cells in a second independent biomarker valida-
tion study. Tumour STAT1 expression and intratumoural CD81 T cell infiltration were assessed by immunohisto-
chemistry as a multicentre validation study conducted on 734 chemotherapy-na€ıve HGSCs. NanoString-based
profiling was performed to correlate expression of STAT1 target genes CXCL9, CXCL10 and CXCL11 with CD8A
transcript expression in 143 primary tumours. Multiplexed cytokine analysis of pre-treatment plasma from resistant
and sensitive patients was performed to assess systemic levels of STAT1-induced cytokines. STAT1 was validated as
a prognostic and predictive biomarker in both univariate and multivariate models and its expression correlated sig-
nificantly with intra-epithelial CD81 T cell infiltration in HGSC. STAT1 levels increased the prognostic and predic-
tive value of intratumoural CD81 T cells, confirming their synergistic role as biomarkers in HGSC. In addition,
expression of STAT1 target genes (CXCL9, CXCL10 and CXCL11) correlated significantly with levels of, and CD8A
transcripts from intratumoural CD81 T cells within the resistant and sensitive tumours. Our findings provide com-
pelling evidence that high levels of STAT1, STAT1-induced chemokines and CD81 T cells correlate with improved
chemotherapy response in HGSC. These results identify STAT1 and its target genes as novel biomarkers of chemo-
sensitivity in HGSC. These findings provide new translational opportunities for patient stratification for immuno-
therapies based on emerging biomarkers of inflammation in HGSC. An improved understanding of the role of
interferon-inducible genes will be foundational for developing immunomodulatory therapies in ovarian cancer.

Keywords: interferon; intratumoural CD81 T cell; ovarian cancer; chemoresistance; STAT1

Received 5 February 2016; Accepted 6 August 2016

All authors have no potential conflicts of interest to declare.

Background

Epithelial ovarian cancer (EOC) is a leading cause of
gynaecological cancer-associated deaths in women
around the world [1] with modest improvements in sur-
vival rates over the past 30 years [2]. Among all the his-
totypes of EOC, high-grade serous carcinoma (HGSC) is

the most prevalent type [3]. The majority of patients
with HGSC are diagnosed at late stages (Stage III and
Stage IV) where peritoneal or distant metastasis, respec-
tively, has already occurred [4]. Treatment of HGSC
consists of cyto-reductive surgery followed by combina-
tion chemotherapy using platinum and taxol-based
drugs [1]. Although initial response rates to

Original Article

VC 2016 The Authors The Journal of Pathology: Clinical Research published by The Pathological
Society of Great Britain and Ireland and John Wiley & Sons Ltd

J Path: Clin Res October 2016; 2: 259–270

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are
made.

The Journal of Pathology: Clinical Research

J Path: Clin Res October 2016; 2: 259–270

Published online 10 August 2016 in Wiley Online Library

(wileyonlinelibrary.com). DOI: 10.1002/cjp2.55

http://creativecommons.org/licenses/by-nc-nd/4.0/


chemotherapy are high [5], 80–90% of HGSC patients
unfortunately develop resistance to conventional chem-
otherapy with increased disease recurrence creating a
major hurdle in its management [3,6,7]. The most
widely applied classification defines patients exhibiting
a progression free survival (PFS) interval of more than
6 months after completion of chemotherapy as chemo-
sensitive whereas those with a PFS interval less than 6
months from initiation or completion of chemotherapy
as chemoresistant [6–8].

It is now established that immune cells within the
tumour microenvironment contribute significantly
towards the survival or killing of tumour cells by chemo-
therapy [9,10]. The presence of macrophages, dendritic,
CD81 T, CD41 T, CD201 B and NK cells [9,11,12]
within the tumour microenvironment have been linked to
patient prognosis [13,14]. For example, a higher intra-
epithelial CD81 T cell density relative to CD4 1 CD251

FOXP31 and FOXP3- T regulatory cells in ovarian
tumours is associated with a better clinical outcome
[12,15]. The presence of CD41 T cells and CD201 B
cells has also been associated with a more favourable
prognosis in HGSC [16]. In addition to tumour infiltrat-
ing lymphocytes (TILs), effector molecules secreted by
both tumour and immune cells mediate tumour progres-
sion, metastasis and/or response to therapy [10]. Indeed,
four molecular subtypes of HGSC were recently defined
with the C1 and C2 molecular subtypes of HGSC show-
ing a predominance of immune-related gene signatures
[17–20]. Interestingly, the C2 subtype shows characteris-
tic higher levels of CXCL9, CXCL10 and CXCL11
expression as well as higher intra-epithelial CD31 T cell
infiltration compared to C1 which has a distinct high
stromal immune signature [17,21]. Within each subtype,
identification of the factors underlying T cell recruitment
and effector functions of immune cells in HGSC tumours
may allow discovery of prognostic and predictive bio-
markers of chemotherapy response.

We previously reported the role of NFjB gene net-
works associated with intrinsic chemotherapy resistance
in HGSC [22]. To further evaluate the role of inflamma-
tion in mediating chemoresistance, we focused on profil-
ing of inflammatory genes in HGSCs from sensitive and
resistant patients. These studies revealed the prognostic
and predictive value of STAT1 expression evaluated in
an independent cohort of 183 HGSCs and its association
with chemosensitivity at both transcriptional and protein
levels [7]. Following activation by Type I or II interferon
(IFN), STAT1 induces expression of the angiostatic che-
mokine CXCL10 by multiple cell types including
antigen-presenting dendritic cells, macrophages, T cells,
fibroblasts and epithelial cells [23]. Stimulation by IFN-
c also promotes STAT1 activation, which further indu-
ces the production of the T helper 1 (TH1) type

chemokines CXCL9, CXCL10 and CXCL11 that bind

to the common chemokine receptor CXCR3 to mediate
their functions [23]. CXCR3 signalling promotes chemo-

taxis, tissue recruitment of CD81 T cells and NK cells,

and favours a TH1 immune response [24]. Several stud-

ies in HGSC have demonstrated that levels of CXCL10

are associated with improved clinical outcome [24–26].
Increased levels of CXCL10 and CCL5/RANTES are

also associated with enhanced CD81 T cell infiltration

in melanoma, colorectal and gastric cancer but has not

been studied in HGSC [27–29].
The current study builds on our previous findings

linking STAT1 with a pre-existing tumour inflamma-

tory microenvironment in differential response to

chemotherapy in HGSC [7]. Here, we provide evi-

dence that favourable outcome in HGSC patients

treated with chemotherapy is associated with high lev-
els of STAT1 and intratumoural CD81 T cells. This is

likely explained by increased expression of STAT1

target genes, including several chemokines (CXCL9,

CXCL10 and CXCL11) that were highly expressed

within chemosensitive HGSC tumours, but were not
enriched systemically. This study provides further vali-

dation of the STAT1 signalling axis as predictive of

chemotherapy response and outcomes in HGSC.

Materials and methods

Ethics statement

Ethical approval for the study was obtained from the

Queen’s University Institutional Ethics Review

Board, the Centre hospitalier de l’Universit�e de Mon-

tr�eal (CHUM) institutional ethics committee (Comit�e
d’�ethique de la recherche du CHUM) and the Ottawa
Health Research Institute (OHRI) Research Ethics

Board. Informed patient consent was obtained prior

to sample collection.

Patient samples

HGSCs in the form of fresh frozen tumour tissues and

formalin fixed paraffin embedded (FFPE) tissues were

obtained from the Terry Fox Research Institute Canadian

Ovarian Experimental Unified Resource (TFRI-
COEUR), the OHRI and the Ontario Tumour Bank

(OTB). Inclusion criteria for the study were: no chemo-

therapy pre-treatment before ovariectomy and HGSC

histopathology (supplementary material, Table S1). All

specimens were collected at the time of surgical resec-
tion prior to administration of systemic chemotherapy.

Eighty percent of tumours in this study were from Stage

III or IV disease. Similarly, plasma samples were
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derived from blood collected pre-operatively from
patients undergoing cytoreductive surgery at the
CHUM. Age matched normal plasma samples were col-
lected from women with benign disease diagnosed after
surgery or from women with no known ovarian disease.

Evaluation of STAT1 expression and intra-
epithelial CD81 T cell infiltration in HGSC by
immunohistochemistry

Tumour STAT1 expression was evaluated using immu-
nohistochemistry (IHC) on an HGSC tissue microarray
(TMA) (TFRI-COEUR) consisting of 0.6 mm diameter
FFPE tumour cores, in duplicate, from a cohort of 734
chemotherapy na€ıve HGSC cases. This large multicentre
TFRI-COEUR cohort contained 550 chemotherapy
na€ıve HGSC cases that formed our STAT1 second inde-
pendent validation cohort in addition to duplicates for
the 184 cases (designated as CHUM cohort; first inde-
pendent validation [7]) from our previous study. The
rabbit anti-human polyclonal STAT1 primary antibody
(1:2000 dilution, Abcam #ab2415) [7] and mouse anti-
human monoclonal CD8 primary antibody (1:25 dilu-
tion, Abcam # ab17147) were applied on separate TMA
slides using the Ventana automated immunostaining sys-
tem. In brief, antigen retrieval was carried out with Cell
Conditioning 1 (Ventana Medical System Inc.) for 60
min. The slides were incubated with primary STAT1 or
CD8 antibody with appropriate negative controls, at
378C for 60 min. Reactions were carried out using the
ultraView DAB detection kit (Ventana Medical System
Inc.). Slides were counterstained with haematoxylin and
bluing reagent (Ventana Medical System Inc.) for 4 min.
The IHC stained TMAs were scanned on Aperio Scan-
scope and digitally conserved.

Analysis of STAT1 expression by
immunohistochemistry

STAT1 protein expression on IHC stained TMAs was
scored according to staining intensity in the tumour
compartment of each core (value of 0 for absent, 1 for
weak, 2 for moderate, 3 for strong) as per our previously
published scoring criteria [7]. The staining was rela-
tively homogeneous and the intensity score used repre-
sents the vast majority of cells (80%). Each array was
independently analysed in a blinded study by two inde-
pendent observers. Inter-rating correlation was 0.86.
The final score for each patient tumour core was
obtained by the average score from the independent
observers and the average of two cores on the TMA.
Based on receiver operating curve analysis, STAT1
expression of �0.5 was categorised as high/positive
whereas< 0.5 was categorised as low/negative STAT1

expression. Spearman correlation coefficient was used
to estimate the correlation between clinical data and
tumour STAT1 expression.

CD81 T cell enumeration on HGSC TMAs

For enumeration of CD81 T cells using AperioVR Digi-
tal Pathology, the tumour epithelial compartments
were annotated in AperioVR Imagescope (Leica Biosys-
tems) to distinguish them from the stromal compart-
ment. Only CD81 T cells within the epithelial
compartment were enumerated using an automated
algorithm created in HALOTM (Indica Lab), in each
core that was also evaluated for STAT1 expression.

Statistical analysis of IHC data

The Statistical Package for the Social Science software
version 21.0 (SPSS, Inc) was used to perform statistical
analysis. Overall survival was defined as the interval
between initial diagnosis to death or the date of last
follow-up. Progression free survival was defined as the
period between the date of surgery to the first recurrence
or last follow up. The Kaplan–Meier method was
applied for survival analysis and a Log-Rank test was
applied to determine the association between STAT1
expression as a dichotomised variable with overall and
progression free survival. Logistic multivariate Cox-
regression analysis was performed to determine STAT1
association with age, stage and debulking status as varia-
bles. A p-value <0.05 was considered significant.

Plasma cytokine and chemokine analysis

Plasma samples from 27 sensitive, 27 resistant and
26-age matched normal controls were subjected to
multiplex cytokine analysis using the LuminexTM

100 system (Eve Technologies, Calgary, AB, Can-
ada). A custom multiplex assay consisting primarily
of STAT1 induced cytokines (IP-10/CXCL10, VEGF,
IL-6, IL-8, IL-10, TNF-a, FGF-2, IL-17 and IFN-c)
was applied on all 80 plasma samples. Comparisons
between the resistant and sensitive plasma cytokines
with normal controls were derived by a one-way
ANOVA test (Graphpad Prism 6.0, Inc.). A p-value
<0.05 was considered significant.

Expression analysis of STAT1 induced genes using
NanoString gene expression profiling

A 34-gene custom NanoString gene panel (supplemen-
tary material Table S3), consisting of target genes pri-
marily induced by STAT1 activation via interferon
stimulation and additional immune phenotypic
markers, was designed [30]. 143 fresh frozen tumour
tissue RNA samples (103 cases from the TFRI-
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COEUR cohort evaluated for STAT1 expression and

CD81 T cell infiltration and additional tumours from

our previous [7] study) were subjected to custom gene

expression profiling. Of the total 143, 77 cases were

classified as sensitive and 66 as resistant based on our

previously described classification criteria [7]. Digital

multiplexed NanoString nCounter system (NanoString

Technologies, Seattle, WA, USA)-based gene expres-

sion profiling was performed on 100 ng total RNA

from each sample as per our previous protocols [7].

NanoString gene expression data analysis

The NanoString nSolver platform was used for initial

quality control based on fields of view and probe bind-

ing density. The raw probe counts were then imported

into the R statistical environment and normalised using

the Bioconductor package NanoStringNorm [31,32].

We specifically applied the most recommended normal-
ization method in the R NanoStringNorm package

‘CodeCount (positive control) geometric mean, Back-
ground (negative control) mean 1 2 standard deviations
and House keeping geometric mean’ as the raw data

normalization code [32]. Welch’s t-test with false dis-

covery rate (q< 0.05) correction was applied to derive

statistically significant gene expression differences

between the sensitive and resistant tumours. Spearman

correlation analysis was performed to evaluate within

group gene expression correlations. A p-value of <0.05

was considered significant.

Results

Validation of STAT1 as an independent prognostic
biomarker in HGSC

For second independent validation of STAT1 as a
prognostic biomarker in HGSC, a total of 550
HGSCs were evaluated for STAT1 expression by
IHC on a TMA derived from the TFRI-COEUR
tumour repository. The median follow up in the
TFRI-COEUR cohort was 34 months with a mean
age of 65 at the end of follow up in this cohort. All
patients were chemotherapy na€ıve and confirmed to
have HGSC by a pathologist. The Intra Class Corre-
lation (ICC) of STAT1 expression as single and aver-
age measures were 0.75 and 0.85, respectively.
Kaplan–Meier analysis and Log-Rank (Mantel-Cox)
test showed high STAT1 expression level as a
predictor of increased progression-free survival
(p 5 0.017; Figure 1a) in our second independent bio-
marker validation study. Spearman correlation analy-
sis revealed significant positive association between
both stage of disease and debulking status and
STAT1 expression, analyzed as either a dichotomised
(p 5 0.002) or continuous variable (p 5 0.005; supple-
mentary material Table S2A). Multivariate analysis
using COX proportional hazard regression analysis
(n 5 340) revealed a significant association with
stage (p< 0.001, HR, 1.42; 95% CI, 1.13–1.77) and
debulking status (p< 0.001, HR, 1.22; 95% CI, 1.10–
1.36) as variables.

Figure 1. STAT1 expression associates with progression free survival in HGSC. Kaplan–Meier estimates showing significant association
between high STAT1 expression and increased progression free survival (p 5 0.017) (A) and response to chemotherapy (p 5 0.018) (B)
in the Phase II COEUR validation cohort. STAT1 expression in duplicate tumour cores on a HGSC TMA was evaluated using immuno-
histochemistry using a previously validated antibody [7].
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Validation of STAT1 as a predictive biomarker of
response to chemotherapy in HGSC

Kaplan–Meier based analysis of STAT1 expression
and response to platinum based chemotherapy
(n 5 452) also identified STAT1 as a response pre-
dictive biomarker (p 5 0.018; Figure 1b). When ana-
lyzed as a continuous variable (supplementary
material, Table S2B) STAT1 expression showed sig-
nificant association with debulking status (p< 0.001;
HR, 2.77; 95% CI, 1.58–4.85) but not with patient
age and stage.

An important finding from our study is the repro-
ducibility of our previous findings on STAT1 as both
prognostic and predictive biomarker between the rep-
licates from CHUM cohort in our two independently
conducted validation studies [7]. The Spearman cor-
relation coefficient between these two validation
studies of the CHUM cohort was 0.47 (p< 0.000,
n 5 175 repeated in second independent validation of
STAT1). The inter-class correlation between both
results was 0.54. With the observed significant posi-
tive correlation our CHUM cohort thus served as an
internal control to our TFRI-COEUR cohort
(n 5 550) for evaluation of biomarker assay reprodu-
cibility (supplementary material, Figure S1A, B).

STAT1 expression correlates with intra-epithelial
CD81 T cell infiltration in chemotherapy na€ıve
HGSC tumours

With the established role of STAT1 in immune cell
recruitment [33] we hypothesised that STAT1 activation
is key to recruitment of intratumoural CD81 T cells in

the chemotherapy na€ıve HGSCs. We evaluated the num-
bers of CD81 T cells in the epithelial compartment of

all HGSCs evaluated for STAT1 expression by IHC

(Figure 2a, b). The intra-epithelial CD81 T cell number

ranged between 0 to 2164 with a median of 13. Spear-

man correlation analysis (n 5 550) revealed significant

positive correlation between STAT1 expression and

intra-epithelial CD81 T cells (p 5 0.001) dichotomized

as high (>5 per core) and low (<5 per core) based on

previously established cut offs [34,35] (Correlation coef-

ficient 5 0.460). We further analysed associations

between STAT1 expression and CD81 T cell infiltration

relative to stage of disease and significant associations

between STAT1 expression and CD81 T cell infiltration

were observed: Stage 2 (n 5 48; r 5 0.545; p 5 0.000),

Stage 3 (n 5 392; r 5 0.465; p 5 0.000) and Stage 4

(n 5 50, r 5 0.435; p 5 0.002). In Cox univariate and

multivariate analysis as a prognostic and predictive bio-

marker, CD8 associated significantly with debulking

and stage, respectively (supplementary material, Table

S4, S5A, B). These data provide strong evidence that

STAT1 expression within HGSCs correlates with den-

sity of intra-epithelial CD81 T cells in HGSCs regard-

less of stage and predicts response to chemotherapy.

CD81 T cells and association with survival in
HGSC

We analysed the association between intra-epithelial

CD8 1 T cell numbers dichotomised as high and low,
based on previously established thresholds for HGSC
[34,35], in both cohorts. In the CHUM cohort intra-
epithelial CD81 T cell numbers were significantly

Figure 2. STAT1 expression correlates with intratumoural CD81 T cell density. (A) Immunohistochemical analysis of STAT1 expression
and CD81 T cells in HGSCs (B) Spearman correlation analysis showing significant association between STAT1 expression and intratu-
moural CD81 T cell numbers.
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associated with overall survival (Figure 3a; p 5 0.02),
but not with response to chemotherapy (supplementary
material, Figure S2; dichotomised as high vs low). In
the TFRI- COEUR cohort, intra-epithelial CD81 T
cell numbers did not associate with overall survival
(Figure 3b; p 5 0.96), progression-free survival or
response to chemotherapy (supplementary material,
Figure S3A, B). However, intra-epithelial CD81 T
cell numbers, dichotomised as high and low, did show
significant association with progression-free survival
in patients who were optimally debulked in both
CHUM (Figure 3c; p 5 0.017) and TFRI-COEUR
cohorts (Figure 3d; p 5 0.013). These findings suggest

that prognostic relevance of intratumoural CD81 T
cell numbers is affected by debulking status in HSGC.

We next analysed the value of combining high or
low CD81 T cell infiltration with high or low STAT1
expression as prognostic and predictive markers. Inter-
estingly, with STAT1 expression as a categorised vari-
able, intratumoural CD81 T cell infiltration displayed
significant associations with both PFS and response to
chemotherapy in both the CHUM (Figure 4a, b), and
TFRI-COEUR cohorts (Figure 4c, d). These findings
provide evidence for enhanced prognostic relevance of
intratumoural CD81 T cells in combination with
STAT1 expression.

Figure 3. Prognostic relevance of intratumoural CD81 T cell density in HGSC. Kaplan–Meier analysis was performed using intratu-
moural CD81 T cell density (using average of two cores) dichotomised with the threshold of� 5 vs >5 as established for ovarian
cancer. Tumour samples were derived from two HGSC retrospective cohorts; (A) CHUM cohort, (n5 184) and (B) TFRI-COEUR cohort,
(n 5 515). Analysis performed on optimally debulked cases on two independent retrospective HGSC patient cohorts (C, CHUM and D,
TFRI-COEUR) showed significant prognostic relevance of intratumoural CD81 T cells. Log-rank test was applied to determine statisti-
cal significance (p< 0.05).

264 KK Au et al

VC 2016 The Authors The Journal of Pathology: Clinical Research published by The Pathological
Society of Great Britain and Ireland and John Wiley & Sons Ltd

J Path: Clin Res October 2016; 2: 259–270



Differential expression of interferon inducible
STAT1 target genes in chemosensitive and
chemoresistant HGSC tumours

Gene expression analysis of STAT1 target genes
revealed their significant differential expression
between the chemoresistant and sensitive HGSC
tumours (Figure 5). The primary STAT1 target genes,
CXCL9, CXCL10 and CXCL11, showed a fold change
difference of >1.5 (p< 0.05; FDR< 0.05%) between
the two groups. Spearman correlation analysis
revealed significant correlations between STAT1,
CXCL9, CXCL10 and CXCL11, with CD8A (T cell
surface marker) expression within the two cohorts
(Figure 6a–c, supplementary material, Figure S5). A
significant positive correlation between STAT1
expression with IRF1, MX1 and IFITM1 genes was
also observed (supplementary material, Figure S6).

Collectively, increased expression of STAT1, CXCL9,
CXCL10, CXCL11 and CD8A correlated with chemo-
sensitivity. Our gene expression analysis-based find-
ings thus support the STAT1-induced CXC
chemokine mediated recruitment of prognostically
relevant CD81 T cells in HGSCs. Spearman correla-
tion analysis conducted between gene expression and
IHC data showed a positive correlation between
STAT1 levels evaluated by these two assays (supple-
mentary material, Figure S7).

Multiplex cytokine analysis of major STAT1
induced cytokines showed increased levels of only
IL-6, CXCL-10 and VEGF (p <0.05) in pre-
treatment plasma from resistant patients compared to
the age matched normal women (supplementary
material, Figure S4) suggesting a tumour microenvir-
onment restricted effect of STAT1 induced cytokine
alterations.

Figure 4. STAT1 expression enhances the prognostic and predictive value of intratumoural CD81 T cells in HGSC. Average intratu-
moural CD81 T cell numbers and STAT1 expression levels in corresponding tumour cores from CHUM (A & B) and TFRI-COEUR (C &
D) cohorts were included in the Kaplain Meier survival analysis. Log-rank test was applied to derive statistical significance (p< 0.05).
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Discussion

A major hurdle in HGSC management is the develop-
ment of resistance to chemotherapy via both intrinsic
and acquired mechanisms [36–38]. In the current study,
we investigated elements within the IFN pathway that
potentially mediate the STAT1 associated pre-existing
tumour immune state and determine eventual response
to chemotherapy via recruiting effector cytotoxic CD81

T cells in the chemotherapy na€ıve HGSC tumours. An
important determinant of successful immune based
therapies is a guided and stratified approach such that
maximum survival benefit is achieved in addition to
reducing therapy associated side effects. The role of
Type I IFN has been previously correlated with thera-
peutic outcome in cancer [39]. Further, its role in estab-
lishing anti-tumour immune response as danger signals

initiating specific T cell responses has also been sug-
gested [33]. We initially extended our first independent
validation findings [7,40] on STAT1, as a biomarker of
prognosis and response to chemotherapy, to a larger
multicenter independent HGSC cohort derived from the
TFRI-COEUR repository, as a second independent bio-
marker validation study. In a cohort of 550 HGSC
patient tumours, STAT1 expression was confirmed as
prognostic and predictive biomarker in both univariate
and multivariate cox-regression models. Similar prog-
nostic relevance of STAT1 has been reported in other
cancers such as pancreatic, lung, colorectal and breast
[41–43]. As per our previous report these findings are
suggestive of tumour evolutionary pathways affected by
the co-evolving tumour microenvironment, in these can-
cers [7]. These common associations across cancers sug-
gest that tumour inflammatory pathways follow and

Figure 5. Differential expression of STAT1 target genes in chemoresistant and sensitive HGSC. NanoString based expression profiling
of a customised gene panel of 34 genes including those induced by STAT1 as well as immune phenotypic markers in 77 sensitive and
66 resistant HGSCs. NanoString Data analysis was performed using nSolver software from NanoString and R Bioconductor Nano-
Stringnorm package. Statistical significance (p< 0.05) between the two groups was determined using Welch’s t-test.
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culminate into a specific axis (IFN in this case) across
these cancer types that evolves into a pre-existing
tumour immune state and eventually corresponds to dis-
ease prognosis. Intra-epithelial CD81 T cells in ovarian
cancer have been reported to be of prognostic signifi-
cance [12,44]. IFN-induced STAT1 activates chemo-
kines that recruit CD81 T cells at the site of induction.
In the current study, we therefore evaluated the intra-
epithelial CD81 T cells in the same tumours that were
assessed for STAT1 expression. The correlation between
tumour STAT1 expression and intra-epithelial CD81 T
cells within the sensitive and resistant cohorts confirmed
the significant and possible key role of tumour STAT1
in immune cell recruitment within the HGSC tumours.
Intratumoural CD81 T cells exhibited a significant asso-
ciation with overall survival in the CHUM cohort, how-
ever, did not associate with overall survival in the TFRI-
COEUR cohort. These findings could reflect heterogene-
ity in the tumour microenvironment and presence of

different molecular subtypes of HGSC within these
cohorts. Lack of significant association between intratu-
moural CD81 T cells with progression free survival and
response to chemotherapy in both cohorts is also indica-
tive of their activation state as a determinant in disease
prognosis. Similar findings were recently reported where
additional activation markers enhance the prognostic
relevance of intratumoural CD81 T cell density in
HGSC [34,45]. An important finding in our study is that
STAT1 expression enhanced the prognostic value of
intratumoural CD81 T cells. It can thus be speculated
that STAT1 activation induced key chemokines that
recruit tumour reactive CD81 T cells to the tumour
microenvironment. However, these associations need
functional evaluation to confirm the effects of STAT1 in
immune cell recruitment in HGSC tumours. Further-
more, in our study we confirmed the prognostic rele-
vance of CD81 TILs with PFS in only optimally
debulked cases in both cohorts. Webb and colleagues

Figure 6. STAT1 target chemokine genes exhibit significant correlation with CD8A expression. Spearman correlation analysis was per-
formed between STAT1, CD8A, CXCL9, CXCL10 and CXCL11 gene expression in the sensitive and resistant tumours. Significant positive
correlation was noted between STAT1 and CXCL9 (A), STAT1 and CD8A (B) as well as CXCL9 and CD8A (C) gene expression (measured
as house keeping gene normalised NanoString counts) within the two groups.
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[34] recently reported that CD1031 (marker for T cell
activation) expression enhanced the prognostic relevance
of intratumoural CD81 T cells [34]. A recent report
from Wouters and colleagues also suggests that the prog-
nostic relevance of CD81 TILs in HGSC is affected by
their differentiation status, where CD271 CD81 TILs
associated with patient survival [46]. This study also
attributed the variability in TIL association and restricted
survival benefit to tumour resection and residual volume.
Since STAT1 activation also leads to clonal expansion
of memory T cells that express CD271/CD1031 [47,48]
it is possible to some extent that increased levels of
STAT1 expression is also represented by activated
CD81 T cells. However, in our cohorts we observed
STAT1 expression in tumour compartment with and
without CD81 T cells. Further studies based on co-
localization of these markers could possibly address this
question. Further evaluation of these companion markers
in the context of STAT1 is essential to confirm if the
variability in immune cell type infiltration is affected
with regards to their prognostic relevance. Overall, these
findings provide compelling evidence towards the signif-
icance of surrogate markers in application of CD81 T
cell infiltration as a marker of disease prognosis. We
thus provide the first evidence for an association
between STAT1 induced CXC chemokine recruited
cytotoxic T cells with chemotherapy resistance in HGSC
and their putative role in mediating immune mediated
chemosensitivity. Nevertheless, our findings based on
these large independent HSGC cohorts confirm STAT1
as an independent prognostic and predictive biomarker
in HGSC and thus the immune independent effect of
STAT1 in mediating chemosensitivity cannot be under-
mined. Gene expression analysis further confirmed sig-
nificant differential expression of STAT1 and its
downstream effector genes including IRF1, MX1,
IFITM1, CXCL9, CXCL10 and CXCL11 that correlated
significantly with CD8A expression. Plasma cytokine
levels did not reflect the changes induced by tumour
STAT1 expression in the systemic circulation further
emphasising their tumour restricted functions. However,
significant differences between IL-6 and VEGF in the
resistant compared to age matched control plasma are in
concordance with previous findings on these cytokines
and their association with poor outcomes [49,50]. It is
necessary to determine the activation state of intratu-
moural CD81 T cells in HGSC that correlate strongly
with STAT1 expression levels which will aid in proper
design of immunotherapies.

Finally, our findings add to the current knowledge
on the immunoreactive C2 molecular subtype of
HGSC [17,51] that exhibits high tumour IFN path-
way gene expression. Immune mediated chemosensi-
tivity to platinum and taxol based therapy in HGSC

could present a classifier for patient stratification in
addition to providing novel insights into their role in
active or underactive tumour microenvironment. Re-
educating the chemotherapy na€ıve tumour microen-
vironment in selected patients via incorporation of
accurate predictive biomarkers is key to informing
benefit with conventional chemotherapy as well as
novel immunotherapies.
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