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ABSTRACT

Highgrade serous ovarian cancer (HGSOC)s a heterogeneous disease with diverse clinical outcomes
highlightinga needfor prognosticbiomarkeridentification. Here,we combinedtumor microenvironment(TME
scoreswith HGSOQcharacteristicsto identify immune-related prognostic genesthrough analysis of gene
expressionprofiles and clinical patient data from The CancerGenome Atlas and the International Cance
Genome Consortiumpublic cohorts. We found that high TME scores(TMEscorespasedon the fractions of
immune cell types correlated with better overall survival. Furthermore, differential expression analysit
revealed329 differentially expressedgenesbetween patients with high vs. low TMEscoresGeneOntology and
Kyoto Encyclopediaof Genesand Geromesanalysesshowedthat these genesparticipated mainly in immune-
related functions and, amongthem, 48 TMErelated genespredicted overall survivalin HGSOCSevenof those
geneswere associatedwith prognosisin an independent HGSOGQlatabase.Finally, the two geneswith the
lowest p-valuesin the prognostic analysis(GBP1,ETV7)were verified through in vitro experiments. These
findingsrevealspecificTMErelated genesthat could serveaseffective prognosticbiomarkersfor HGSOC.

INTRODUCTION the associatiometween gene expression and clinical

prognosis [46].
Among gynecologic malignancies, ovarian cancer

(OC) has a poor prognosis. Higinade serous ovarian Accumulated evidence indicates that the tumor
cancer (HGSOC), the most common epithelial OC, is  microenvironment (TME) can help predict survival

usually diagnosed in an advanced stage [1,a2id outcomes and assess therapeutic efficacyl0T,

patients have widely different outcomes in spite or although genetic and epigenetic changes may
showing  equivalent clinical or  pathologic contribute toprogression and recurrence in different
characteristics. Conventional clinical features, such as cancer types.T h e state of t he

CA-125 levels do not accurately predict HGSOC system can be a determining factor of cancer
prognosis [3]. Given the genetic heterogeneity of initiation and progression. In recent years, immune
patients, identifying prognostic biomarkers may profiling has come to the forefront in cancer research

improve patient outcomes. The availability of large [11, 12], with studies based onimmunoscores
scale public cohorts offers the opportunity to explore  providing prognostic parameters fearious types of
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solid tumors [13]. Therefore, using computérased
analysis to explore the relationship between the TME
and prognosisn HGSOC may improve the clinical
management of HGSOC.

CIBERSORT is a deconvolution algorithm that uses a
set of reference gene expression values (a signature
with 547 geneskonsidered a minimal representation
for each cell type and, based those values, uses a
support vector regression method to inferl dgpe
proportions in data from bulktumor samples
containing mixed cell types [14, 15]. Here, for the first
time, by taking advantage of bogublic databasesf
HGSOC cohorts and CIBERSORT algoritidarived
TMEscore values, we extracted a list of Téated
genes that can predict the survival of HGSOC patients.
Furthermore, we employed molecular experiments to
confirm thein vitro functions and prognostic value of
this profile.

RESULTS
Study design and patient selection

The overall scheme is shown figure 1A.A total of

361 ovarian cancer samples were enrolled according to
the criteria (eligible clinical information, overall
survival > 1 month). Patient characteristics obtained
from The Cancer Genome Atlas (TCGA) are detailed in
Table 1. In general, we assessed the prognostic value of
the TMEscore and then attempted to identify TTME
related differatially expressed genes (DEGs) that
contribute to HGSOC overall survival in the TCGA
database. DEGs were further validated in the
International Cancer Genome Consortium (ICGC), a
separate HGSOC database.

TMEscore is associated with overall survival in
HGSOC

Of all HGSOC samples, 361 samples were
evaluated. As calculated using the CIBERSORT
algorithm, the TMEscore values ranged from
2.93883 to 2.27524 (Supplementary Table 1). Based
on the median TMEscore values, 194 patients were
in the high score groupb8.7%), while 167 were in
the low score group (46.3%, Figure 1B). The
associations between the TMEscore and cerres
ponding overall survival were then analyzed by
generating KaplaiMeier plots and evaluating the
data with a logrank test. The KaplaMeier gots
demonstrated thaa high TMEscore was positively
correlated with favorable survival in HGSOC
patients (Figure 1Cp=0.0036). Further evaluation
revealed no correlation between TMEscore and
tumor stage=0.54, Figure 1D).

DEGs between the TMEscore grops

We computed a heatmap compare differential gene
expression profiles in the high and low TMEscore
groups (Figure 2A). We identified a total of 329 DEGs,
including 311 upregulated and 18 downregulated genes
(Supplementary Table 2)A volcano plot of gene
expression profile data between patients with a high or
low TMEscore is shown in Figure 2B. We carried out
biological enrichment analyses, including Gene
ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses, to outline the
potential functions of DEGs. These genes were mainly
involved in immunerelated functions (Figure 2QF),
such as T cell activation, cytokine receptor binding, T
cell receptor complex and Thl7 cell differentiation,
suggesting that DEGs might exert funogan immune
related pathways in HGSOC.

Survival analysis ofDEGs in HGSOC

To explore the clinical role of individual DEGs in
overall survival, we generated Kapidfeier survival
curves from TCGA data. Based on the median value of
each DEG, a total of 48enes were shown to predict
overall survival (Supplementary Table (3<0.05). The
survival curves for the prognostic gere® shown in
Figure 3A and Supplementary Figure 1. Consequently,
enrichment analyses were performed with the
prognostic DEGs. KEGGral GO analyses indicated
that these genes were mainly involved in immune
pathways such asThl7 cell differentiation,
Cytokineicytokine receptor
signaling pathways, similar to previous enrichment
analysis of DEGs (Figure 3BE).

Protein-protein interaction (PPI) network among
prognostic genes

To explorethe interplay among the 48 DEGs, we used
the STRING databasétfps://stringdb.org) to analyze
protein network interactions. We obtainetetationship
network containing 222 edges and 43 nodes (Figure
4A). Moreover, in the PPl network, CXCL9, CXCL13,
CCL5, GZMB and CD2 were the most remarkable
nodes as they had the most connections with other
nodes. Molecular COmplex DEtection (MCODE), a
Cytoscape plugin, was used to identifhe main
coregulated modules. By applying the MCODE tool, we
identified two closely related subgroups (Figure 4B). As
shown in Figure 4B, we can see that all the module
genes are upegulated genes of DEGs, including
CXCL9, CCL5, CXCL11, CD27, FOXP3, CD8A and
other immunerelated genes. The connected nodes for
each gene intersection are listed in Supplementary
Table 4.
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Prognostic validation inthe ICGC database 5), an independent HGSOC databdsearty-sevenof the

48 genes identified abovkad expression valig and
To furthervalidate the prognostic significance4® genes further analyses validated seven geres005, Figure
identified from the TCGA database, we downloaded and 5Ai 5G) associated with prognosis (Supplementary Table
analyzedthe gene expression data of a cohort of 81  6). Notably, elevated mRNA levels of these genes
HGSOC patients from the ICGC (Supplementary Table correlated with better patient OS.
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Figure 1.Association between the TMEscore and prognosis in TCGA data analyzed by the CIBERSORT glgonitniilow

of the current study. ) Based on the median TMEscore values, patients with HGSOC were divided into the high and low TMEscore groups.

(O Asshown in the KaplaiMeier plot, the median survival time ithe high TMEscore groupaslonger thanthat in the low score group
(p=0.0036). D) Distribution of TMEscores by tumor stage for HGSOC patients. The boxplot shows that there was no assoeiagon bet
tumor stage and TMEscore.
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Table 1. Clinicopathological characteristics of 361 patients with HGSOC.

Parameter Subtype Patients (n)
>=59 182
<59 179
I 1
Il 20
1] 283
v 54
Not available 3
<12 65
>=12 296

GBP1, ETV7 and CXCL13 perform molecular
functions in vitro

Crosstalk between tumor cells and their surrounding
microenvironment is necessary for cell survival, growth,
and proliferation and for epitheli@mhesenchymal
transition(EMT) and metastasis [168]. We sought to
examine the molecular functions of these gerd®
three genes witthe lowestp-values validated from the
ICGC database were selected for functional assays in
HGSOC cells. A2780 cells were separately transduced
with small interfering RNAs (siRNAs) targeting these
three genes and western blotting confirmed the
efficiency of the siRNAs in A2780 cells (Figure 6A).
The results showed that knockdown of GBP1 and ETV7
promoted the proliferation, colony formation, and
migration of cells (Figure 6B6D). In contrast, the
opposite effects were observed wh&XCL13 was
downregulatedFigure 68 6D).

Confirmation of the expression levels of GBP1,
ETV7 in patients

To further validate the clinical importance of GBP1,
ETV7 and CXCL13, we aimed to perform immuno
staining with antibodies on microarrays containing
tissue from 165 HGSOC patients. Given that no
antibodies specific for ETV7 and CXCL13 are
commercially available, RPCR was adopted to
confirm their expression levels @n prognostic
significance. We first assessed the protein expression of
GBPL1. Positive immunostaining signals of GBP1 were
seen inthe cytoplasm and membrane (Figure 7A). Of
165 patients with HGSOC, low expression (scorg) 0
was observed in 94ndhigh exression (score-3) was
observed in 7XFigure 7B). The protein level of GBP1
wasnot correlated with any pathological characteristics
of HGSOC but was potentially correlated with
diaphragmatic metastasip=0.05; Table 2). We then
plotted the overall suival curves according to GBP1
protein levels using the Kaplavieier method. As
shown in Figure 7C, patients with high GBP1 protein

expression exhibited more favorable overall survival
(p=0.0003). Univariate analysis of overall survival
revealed that GBPlevels f < 0.001), the residual
tumor margins§=0.003), diaphragmatic metastasis (p =
0.013) and mesenteric metastasig=0.021) were
prognostic indicators in HGSOC (Figure 7D). Further
multivariate analysis revealed that GBP1 expressgon (
< 0.001) andhe residual tumor marging<£0.003) were
independent predictors for overall survival in HGSOC
patients (Figure 7E). Moreover, we observed decreased
ETV7 and CXCL13 mRNA expression in HGSOC
tissues compared with normal ovary tissues (Figuie 7F
7G). KaplanMeier analysis indicated that ETV7 and
CXCL13 mRNA expression correlated wigositiveOS
(p<0.05, Figure 7F7G). Of note, the prognostic results
of CXCL13 contradicted ourin vitro experiments,
perhaps because mMmRNA expression is not always
consistent with protein levels. In addition, CXCL13,
which is a cytokine, may exert its functions outside
cells. In general, we demonstrated the prognostic value
of GBP1 and ETV7 in HGSOC patientBesides that,
CXCL13 may require further large samples validation.

DISCUSSION

Despite advances in surgery and targeted therapy for
ovarian cancer, 70% of women still succumb to this
disease.The identification of effective prognostic
biomarkers for HGSOC could enhance clinical
decision making. Recently, immune profiling in
cancers, which is based on immueel distribution
and density, has become an important indicator for
prognostic evaluations. In this studwe used the
CIBERSORT algorithm and, for the first time,
combined the calculated TMEscore with HGSOC
characteristics to explore TMElated prognostic
genes.

Numerous studiedo date have developed immune
relevant signatures tetratify cancer survival, detect
recurrence, and distinguish benign from malignant
masses based on different cohorts [19, 20].
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Table 2. Correlation between GBP1 and clinicopathological parameters.

Variable n (%) Loli\)/(pressmn of GHBighl ¢ p-value

Age (years) 1.311 0.252
O 65 140 (84.8) 78 62
> 65 25 (15.2) 17 8

Size (cm) 0.057 0.811
O 5 89 (53.9) 52 37
>5 76 (46.1) 43 33

FIGO stage 0.198 0.657
i 157 (95.2 91 66
\Y; 8 (4.8) 4 4

Residual tumor margins 3.177 0.210
Om 113 (68.5) 59 54
>1cm 52 (31.5) 35 17

Ascites (ml) 0.455 0.500
01500 94 (57.0) 52 42
>1500 71 (43.0) 43 28

Diaphragmatianetastasis 3.830 0.050
Yes 83 (50.3) 54 29
No 82 (49.7) 41 41

Mesenteric metastasis 2.991 0.084
Yes 86 (52.1) 55 31
No 79 (47.9) 40 39

For example, D Zeng [10] constructed an establishment of the TME in HGSOC. Further

immunoscoreto estimate OS in patients with gastric
cancer. XB Pan [8] provided a more comprehensive
understanding of the TME as well as a list of
prognostic immuneelated genes in cervical cancer
by public database analysis. L Deng [7] suggested that
plasma cells ad CD4 central memory T (Tcm) cells

in the TME may play a role in the subsequent
progression of tripleegative breast cancer. WH Xu
[9] obtained a list of TMEelated genes with
prognostic value using immune/stromal scores after
processing by the ESTIMAH algorithmin multiple
cohorts. However, these studies focused only on
bioinformatic analyses. To our knowledge, ours is a
novel study incorporatinghe TCGA database and
experimental exploration to confirm the prognostic
significanceof the TMEscoren HGSOC.

To explore the potential mechanisms underlying
changes in the TME in HGSOC, we derived TME
related genes for further use in functional enrichment
analysis and PPI network construction. We identified
a total of 329 DEGs byamparing the high vs. low
TMEscore groups, many of which were involved in
immune pathways, such as T cell activation, CXCR
chemokine receptor binding and chemokine activity.
This finding is consistent with those of previous
intrinsic studieshowingthat he functions of immune
cells and chemokines are interrelated in the

analysis via additional validation in public datasets
revealed seven significant genes (GBP1l, ETV7,
CXCL13, UBD, TAP1, GBP5, and PLA2G2D) related
to HGSOC outcomes. GuanylaBinding Proteinl
(GBP1) is a member of the large GTPase family and
is induced by interferons and inflammatory cytokines
[21123]. ETV7 (also referred to as TEL2) is a member
of the ETS transcription factor family and playseyk
role in hematopoiesis [226]. Chemaokine (€X-C
motif) ligand 13 (CXCL13) is a B cehttracting
chemokinethat serves as an important factor during
tumor proliferation and migration [27, 28]. UBD, a
member of the ubiquitiike protein (UBL) family, is
involved in various essential cellular development
processes, including immumaediated inflammation,
apoptosis, cell cycle progression, and proliferation
[29, 30]. Transporter associated with antigen
processing 1 (TAP1) is essential for peptide delivery
from the cytosol to the lumen of the endoplasmic
reticulum in the major histocompatibility complex
(MHC) class | antigempresenting pathway [31]. As
described above, Guanylabénding protein (GBP) 5
belongs to the GBP family, which is involved in
importart  cellular processes, including signal
transduction, translation, vesicle trafficking, and
exocytosis [32]. The PLA2G2D protein is expressed
in  human monocytelerived macrophages, nasal
epithelial cells and bronchial epithelial cells following

www.agingus.com 11403

AGING



A GBP1 ETV7 CXCL13 uBD
t - -
1 H ; ;
H H H 3
p=0018 p = 0.00087 p = 0.00027 p=0023
Toe T Te Tine *
Expression W Group=High s Group=Low Expression = Group=High = Group=Low Expression ™ Group=High e GroupsLow
TAP1 GBP5 PLA2G2D CD38
z = o
3 3
@ @ . @ A,
p=00075 p=0.021 p = 0.00052
i - = - : —
Expression e Group=High i Group=Low Expression S Group=High ™ Group=Low Expression e Group=High 8 Group=Low ip=Hig
B Byl Procass c s D E KEGE Pamuay
- . [ —
- . .

0 —
H

{
i
.
G eess - |
i
!
1
Efi
i
.
o
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Figure 4.Construction ofthe PPI network for the 48 prognostic DEG8) The PPI network was constructed using the 48 prognostic
DEGuwith the R software package STRING&@).MCODE was used to identifie main coregulated modules. The most significant module is
indicatedin two closely related subgroups.
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stimulation  with, for

[33].

inflammatory
interferono

example,

Given that the TME playsa critical role in the
progression of tumors we also preliminarily
investigated the role of TMiEerived genesn vitro.
We were particularly interested in the three genes
with the lowestp-values in the prognostic analysis
(GBP1, ETV7 and CXCL13). Cellular verification
demonstrated that GBP1 and ETV7 nagtas tumor
suppressors in HGSOC, whereas CXCL13 may
promote cell proliferation and migration. These
findings are consistent with thosé mrevious studies,
although the functions of GBP1 and ETV?7 in different
tumors are controversial [21, 22, 34, 35]. Moreover,

we  conducted  immunohistochemistry  (IHC)
experiments to assess the expression of GBP1
Multivariate analysis revealed that GBP1 egpsion
was an independent prognostipredictorin HGSOC
patients. Notably, CXCL13 was specifically
associated with more favorable OS, a finding
contradicted by our experimental results. Ignacio
RMC arrived at the same conclusion regarding
survival in p53mutant serous OC [36]. The specific
reason may be attributed to the ascites of HGSOC and
our use of RTIPCR, but further studies are needed to
confirm these findings.

Our study suffered from some limitations. First, the
TME-related prognostic genes were identified from
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Figure 5.Validation of prognostic DEGs extracted frothe TCGA database ithe ICGC cohort(Ai G) KaplaaMeier survival
curves were generated for seven validated DEGs in an additional cohort of 81 HGSOC fpatietite ICGCp<0.05 by a logank test.

OS=overall survival time in days.
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the TCGA database. These genes should be further changes in the TME. Fourth, more mechanistic studies
validated in large prospective clinical trials. Second, are required to further elucidate the biological
the methodology for interpreting immune infiltration functions underlying the discovered prognostic genes.
and the appropriate cutoff value needs to be Nonetheless, we identified several prognostic genes
standardized. Thirdgonsideringtumor heterogeneity, related tothe TME that may become new effective
single-cell sequencing may more accurately reflect  prognostic biomarkers for HGSOC.

Figure 6.In vitro assessment of GBP1, ETV7 and CXGAJ'Bae protein levels of GBP1, ETV7 and CXCL13 were measured by western
blotting in A2B0 cells transfected with sSiRNAB) CCI3 assays were performed to evaluate the proliferation of GBEIV7and CXCL13
knockdown cells. @ The colomforming ability of A2780 cells was assessed to determine the effects of GBP1, ETV7 or CXCL13
downregudation on cell growth.d) The invasion potential of cells was assessed using a Transwell assay. The scale bar represenidC00
negativecontrol. * indicatep< 0.05.
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