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Abstract

immunotherapy.

Ovarian cancer remains the most fatal gynecologic malignancy worldwide due to delayed diagnosis as well as
recurrence and drug resistance. Thus, the development of new tumor-related molecules with high sensitivity and
specificity to replace or supplement existing tools is urgently needed. Cancer-testis antigens (CTAs) are exclusively
expressed in normal testis tissues but abundantly found in several types of cancers, including ovarian cancer.
Numerous novel CTAs have been identified by high-throughput sequencing techniques, and some aberrantly
expressed CTAs are associated with ovarian cancer initiation, clinical outcomes and chemotherapy resistance. More
importantly, CTAs are immunogenic and may be novel targets for antigen-specific immunotherapy in ovarian
cancer. In this review, we attempt to characterize the expression of candidate CTAs in ovarian cancer and their
clinical significance as biomarkers, activation mechanisms, function in malignant phenotypes and applications in
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Introduction

Ovarian cancer is one of the most fatal gynecologic ma-
lignancies worldwide, with an estimated incidence of
239,000 cases and 152,000 deaths each year [1]. Accord-
ing to the latest data from the National Central Cancer
Registry of China and The American Cancer Statistics,
the ratios of new cases and deaths were 2.93% and
2.24%, respectively, in China and 2.6% and 5.06%,
respectively, in America [2]. During the past decade, an
increasing trend in mortality has been observed for ovar-
ian carcinoma in China [3]. Due to delayed diagnosis,
tumor recurrence and chemotherapy resistance, the
5-year survival rate of patients with advanced disease
was approximately 30% [2]. Hence, there is an urgent
need to explore new avenues for early diagnosis, progno-
sis and therapeutic targets for ovarian cancer.
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With the development of genome-wide sequencing in
the last decade, the genomic landscape of ovarian cancer
has been gradually unveiled [4, 5]. Large-scale genomic
projects, such as The Cancer Genome Atlas (TCGA),
have identified driver mutations in ovarian carcinogen-
esis and have provided new strategies for specific tar-
geted therapies [4—6]. However, only a few mutations in
these mutation-driver (mut-driver) genes are able to in-
duce tumorigenesis [7, 8]; most of these mutations are
present at low population frequencies and in a small
proportion of patients [4, 8]. Notably, Vogelstein et al
proposed that driver genes include not only mut-driver
genes but also epi-driver genes, which are aberrantly
expressed in tumors but not frequently mutated; they
are altered through changes in DNA methylation or
chromatin modification that persist as the tumor cell di-
vides [8]. Among these genes, cancer-testis antigens
(CTAs) or cancer-testis (CT) genes have attracted par-
ticular attention due to their restricted expression pat-
terns and immunogenicity [9, 10].

CTAs consist of a cluster of genes exclusively
expressed in normal testis tissues, yet abundant levels
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are found in several types of tumor tissues. The role of
CT genes in spermatogenesis and tumorigenesis is an in-
teresting issue. Reactivation of normally silent CT gene
expression in cancer cells may confer some of the cen-
tral characteristics of tumor formation and progression,
including demethylation, angiogenesis induction, major
histocompatibility complex downregulation (immune
evasion), and chorionic gonadotropin expression [10].
The similarity between gametogenesis and tumorigenesis
includes the following: immortalization of primordial
germ cells and transformation of tumor cells; ploidy cy-
cles in meiosis and aneuploidy in tumor cells; migration
of primordial germ cells and metastasis of tumor cells.
Emerging studies have suggested that aberrant expres-
sion of CTAs may drive soma-to-germline transform-
ation and result in tumorigenesis and tumor progression
[11, 12]. Owing to their immunogenic properties, these
germ-line genes may represent novel targets for cancer
immunotherapy [13]. Indeed, several CTAs have become
a major focus for the development of vaccine-based clin-
ical trials in recent years. For example, combined ana-
lysis of NY-ESO-1-based trials revealed that patients
with NY-ESO-1-positive tumors who received immuno-
therapy exhibited a 2-year overall survival (OS) advan-
tage compared with those with NY-ESO-1-positive
tumors who did not receive vaccination [14]. Given the
increasing number of identified CT genes and the recent
research advances in ovarian cancer, we herein
summarize the characteristics, clinical applications, po-
tential activation mechanisms and function of CTAs in
ovarian cancer.

Expression of CT genes in ovarian cancer

CTAs are classified into two categories: CT-X antigens
located on the X chromosome and non-X CTAs located
on autosomes [15]. The first cancer antigen MAGE-A1
was recognized by autologous cytotoxic T lymphocytes
in a melanoma patient [16, 17]. Subsequent advances in
biotechnology have enabled scientists to explore more
cancer antigen subgroups expressed in gametogenic tis-
sues and a variety of tumors, including multiple mye-
loma [18] and ovarian cancer [19]. The list of identified
CT genes has expanded to approximately 250 genes in
the CT database (http://www.cta.lncc.br) [20]. Based on
multiple independent large databases, including
Genotype-Tissue Expression (GTEx), and human prote-
omic and TCGA data, our group recently systematically
explored the molecular landscape of CT genes in 19 can-
cer types [9]. CTA family members in ovarian cancer re-
ported to date include MAGE genes, NY-ESO-1, SSX,
and CT45, which are categorized as CT-X antigens, and
BORIS, PRAME, PIWIL, and AKAP3/4, which are cate-
gorized as non-X CTAs. A growing number of studies
have focused on the identification of CTAs in ovarian
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cancer. The characteristics of CTAs are summarized in
Table 1.

As one classical type of CT gene, the expression levels
of MAGE genes in ovarian cancer have been widely
investigated, e.g., the frequency of MAGE-A1 mRNA ex-
pression was found to be 20.7% among 58 ovarian can-
cer tissues [19]. Moreover, Daudi et al examined MAGE
expression in 400 epithelial ovarian cancer (EOC) tissues
by reverse transcription-polymerase chain reaction
(RT-PCR) and immunohistochemistry (IHC) and found
that at least one of five MAGE antigens (MAGE-A1,
MAGE-A3, MAGE-A4, MAGE-A10 and MAGE-C1)
was expressed in approximately 78% of EOC patients
[21]. Another study further demonstrated that
MAGE-A4 serum levels were significantly increased in
ovarian cancer patients compared with those with be-
nign diseases, and the MAGE-A4 protein was expressed
in 22% of primary ovarian cancer patients [22]. One in-
teresting finding is that MAGE-A3/6 protein was found
to be present on plasma-derived exosomes from all ovar-
ian cancer patients assessed but not on those from be-
nign tumors or healthy controls [23]. Coincidentally,
Hofmann and colleagues detected BAGE, MAGE-A1,
MAGE-A3 and GAGE1/-2 mRNAs in peritoneal fluid
from ovarian cancer patients using multiplex RT-PCR
analysis, with the combination of the four markers exhi-
biting increased diagnostic sensitivity of 94% compared
with cytomorphology alone [24].

Odunsi et al reported that either NY-ESO-1 or
LAGE-1 was expressed in approximately 50% of 107
EOC specimens [25], and subsequent CTA analysis in a
large cohort of ovarian cancer patients (n=1002) re-
vealed NY-ESO-1 expression by any method in 41% of
tumors [14]. In addition, aberrant expression of SSX-1,
SSX-2, or SSX-4 was identified in 26% of ovarian tumor
specimens, and SSX-1, SSX-2, and SSX-4 expression was
detected in 2.5%, 10%, and 16% of 120 EOC specimens,
respectively [26]. Among 219 ovarian cancer cases in-
cluded in a tissue microarray, CT45 was expressed in 82
samples (37%), with the majority of cases showing mod-
erate (++) to strong (+++) expression [27]. Furthermore,
high AKAP3 mRNA expression was observed in 43/74
(58%) of ovarian cancer specimens [28]. Although
AKAP4 mRNA and protein were not expressed in 21
matched adjacent non-cancerous tissues, they were de-
tected in 89% (34/38) of ovarian carcinoma tissues [29].
One study reported extensive distribution of SPAG9
mRNA and protein in 90% (18/20) of EOC tissue speci-
mens [30]. CT45 is reportedly not expressed in normal
ovary samples but is activated in a significant proportion
of EOC specimens (25%), with marked expression in ser-
ous EOC but not in non-serous EOC [31]. It has also
been reported that sperm protein antigen 17 (Spl7) is
expressed in adenocarcinoma cells of all epithelial
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ovarian cancer subtypes and in 43% (30/70) of EOC
cases [32]. Recently, findings from Garcia-Soto et al sug-
gest that CT genes (a panel of 20 CT genes) are
expressed in 95% of EOC tumor specimens, with a mean
number of 4.5 [33].

Notably, emerging evidence indicates that CT genes
are preferentially expressed in a cluster, indicating that
these genes may share common regulatory elements and
possible functional relevance. One study suggested that
NY-ESO-1 and LAGE-1 are dually expressed in 11% of
epithelial ovarian tumor specimens as well as the
SKOV3 cell line [25]. MAGE-A4 exhibits a relatively
high expression frequency and plays a central role in the
co-expression of other MAGE antigens [21]. MAGE-C1
expression and co-expression of CT genes are signifi-
cantly correlated with the grade of endometrioid ovarian
cancer and the histological subtype [34], and analysis of
Oncomine datasets has confirmed that CT45 is
co-expressed with other CT genes in EOC, including
MAGE and GAGE genes [31]. Importantly, a subset of
CT genes shows distinct expression in specific patho-
logical subtypes or different stages of ovarian cancer;
some CT genes are likely expressed in serous histologic
subtypes. The majority of MAGE-mRNA-positive ovar-
jan  tumors are  histologically classified as
surface-epithelial-stromal tumors, particularly serous
adenocarcinomas [19]. One study found that AKAP4
was expressed in serous adenocarcinoma and serous
papillary carcinoma but not in endometrioid adenocar-
cinoma or adenofibroma [29]. Patients with late-stage or
high-grade EOC often express increased CT45 levels
[31]. Expression of TRAG3 is also increased after the
initiation of chemotherapy following initial surgery [36].
Taken together, because of their unique characteristics,
CT genes are promising biomarkers for diagnosing ovar-
ian cancer and assessing tumor aggressiveness.

Tumor progression and prognosis

An increasing number of studies have reported correla-
tions between CT genes and tumor progression and
prognosis. Regarding MAGE members, expression of
MAGE-A1 and MAGE-A3 correlates with tumor differ-
entiation and clinical stage in ovarian cancer [37];
MAGE-A1 and MAGE-A10 expression is also signifi-
cantly associated with poor progression-free survival
(PES) in EOC [21]. MAGE-A4 is a reliable prognostic
factor for serous carcinoma patients [38]. MAGE-A9 ex-
pression was also found to be significantly associated
with high histological grade, International Federation of
Gynecology and Obstetrics (FIGO) stage, CA-125 level
and metastasis. In addition, patients with MAGE-A9 ex-
pression exhibited poor OS [39]. Consistently, one study
examined the prognostic significance of MAGE-A family
expression in EOC patients and showed MAGE-A
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expression to be associated with pathological type, FIGO
stage, and pre-operative serum CA125 level. Further-
more, the OS of EOC patients with MAGE-A family ex-
pression was significantly reduced compared with
patients negative for MAGE-A expression [40]. In
addition, the expression levels of MAGE-As and each in-
dividual MAGE-A gene in peripheral blood were associ-
ated with low OS in ovarian cancer patients [41].
Enzyme-linked immunosorbent assay (ELISA) results for
serum MAGE antigen-specific antibodies revealed that
the presence of a humoral immune response to any
MAGE antigen predicted poor OS [21].

Recently, Szender et al first demonstrated the associ-
ation between NY-ESO-1 expression and an aggressive
ovarian cancer phenotype, reporting that NY-ESO-1" pa-
tients had more serous histotypes and grade 3 tumors,
exhibited a higher stage and were less likely to have a
complete response to initial therapy. A trend toward re-
duced PFS and significantly reduced OS has been noted
among NY-ESO-1" patients [14]. Similarly, patients ex-
pressing AKAP-3 mRNA exhibit a significantly poorer
OS than patients lacking AKAP-3 expression [28]. Con-
sistently, =~ AKAP-3 is primarily expressed in
advanced-stage and poorly differentiated cancers [42].
Furthermore, PIWI proteins are upregulated in EOC tis-
sues and associated with tumor metastasis [43]. Zhang
et al found CT45 to be activated only in late-stage and
high-grade disease, and increased CT45 expression was
correlated with reduced OS and DFS in EOC [31]. Taken
together, these findings indicate that CT genes have the
potential to serve as prognostic markers for ovarian can-
cer patients.

Molecular mechanisms of CT gene expression

Based on the tendency of co-expression noted in can-
cers, CT genes are thought to share a common mechan-
ism of regulation at the transcriptional level [44]. A body
of work indicates that epigenetic regulation is a key
mechanism in the transcriptional regulation of CT genes
[45]. According to the literature, the mechanism of CTA
activation includes the following several categories.

DNA hypomethylation in CT gene activation

It is reported that DNA methylation plays a dominant
role in the epigenetic hierarchy governing CT gene ex-
pression. DNA hypomethylation coordinately affects CT
gene promoters in EOC and correlates with
advanced-stage disease. One study provided initial evi-
dence that activation of MAGE-A1l in cancer cells is
caused by promoter DNA hypomethylation [46]. After
exposure to the DNA  demethylating agent
5-aza-2'-deoxycytidine (DAC), human ovarian cancer
cell lines display an pattern of upregulated for many CT
genes [47, 48]. CT genes are coordinately expressed in
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EOC, and this expression pattern is associated with pro-
moter DNA hypomethylation [49]. Additionally, Yao et
al utilized sodium bisulfite sequencing of genomic DNA
to provide direct evidence that methylation of TRAG-3
exon 2 and the promoter suppresses its transcription
[50]. Intriguingly, several studies have suggested that ex-
pression levels of CT genes correlate with global gen-
omic DNA hypomethylation in cancers [51, 52]. For
example, Woloszynska-Read and co-workers reported
that in ovarian cancer, DNA hypomethylation drives ex-
pression of BORIS, which is partly determined by the
global DNA methylation status [51]. Similar intercon-
nections have been observed for NY-ESO-1, MAGE
genes and some other CT genes. Woloszynska-Read et
al reported that both intertumor and intratumor
NY-ESO-1 expression heterogeneity is associated with
promoter methylation and global DNA methylation in
EOC [52]. MAGEAL11 expression is also associated with
promoter and global DNA hypomethylation and activa-
tion of other CT genes [53]. And a link between pro-
moter DNA methylation alterations and CT45
expression was validated in EOC in clinical samples and
EOC cell models [31]. CT45 hypomethylation shows a
strong correlation with LINE-1 hypomethylation, which
is a good indicator of the level of global DNA methyla-
tion [31]. All evidence to date suggests that expression
of these genes in tumors is dependent on aberrant DNA
hypomethylation. Moreover, Ahluwalia et al/ identified
DNA methyltransferase genes as a key component of the
DNA methylation process; these genes are upregulated
in cancers and maintain the state of methylation [54]. In
addition, DNA methylation regulates nucleosome occu-
pancy and participates in CT gene activation. Indeed,
DNA methylation regulates nucleosome occupancy at
the -1 position of MAGEA11, which was correlated with
methylation of a Ets site and involved in the repression
of MAGEA11 activity [53]. Thus, it appears that DNA
methylation may cooperate with sequence-specific tran-
scription factors to regulate gene expression.

Histone modification and modulation of CT gene
expression

Demethylation and re-expression of CT genes in tu-
mors is generally correlated with losses in repressive
histone marks and gains in activating histone marks
[55, 56]. Treatment of A2780/cp70 with DAC and a
histone deacetylase (HDAC) inhibitor resulted in a
marked increase in expression of epigenetically si-
lenced MAGE-A1 both in vitro and in vivo [57].
Woloszynska-Read et al observed that genetic disrup-
tion of DNA methylation in human cancer cells in-
duces BORIS expression and an altered histone H3
modification pattern at the BORIS promoter [51].
Consistently, multiple BORIS isoforms are activated
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synergistically by DAC + trichostatin A (TSA) treat-
ment, indicating that both DNA hypomethylation and
histone acetylation are sufficient for BORIS isoform
expression in EOC cells [58]. Regardless, studies on
the effect of histone modification on CT gene expres-
sion are limited, and most studies thus far have typic-
ally applied a pharmacological approach. Evidence
based on direct detection of specific histone modifica-
tions in ovarian cancer tissues is not currently avail-
able. Further studies are needed to provide clarity on
this topic.

Effect of copy number alteration (CNA) on activa-
tion of CT genes

Copy number aberrations are identified as remarkable
molecular alterations in EOC and have the ability to
alter gene expression [5]. Based on cBioPortal analysis of
TCGA data [59], one recent study demonstrated that
CNA was correlated with PRAME expression in
high-grade serous ovarian cancer (HGSOC). Notably,
the proportion of PRAME amplification was low com-
pared with the high prevalence of increased PRAME ex-
pression [60]. Another study reported that among
TCGA HGSOC data, CT45 expression did not correlate
with copy number status [31]. Therefore, CNA may have
a minor contribution to the observed increased expres-
sion of CT genes in ovarian cancer.

Effect of TP53 mutation on CT gene expression
TP53 mutations are present in almost all HGSOCs [5,
7], a finding that has prompted investigation into
whether a relationship exists between CT gene expres-
sion and TP53 mutation status in serous ovarian cancer.
Devor et al presented evidence that PLACI transcrip-
tional repression occurs in serous ovarian carcinomas
only in the presence of wild-type TP53, whereas mutant
or absent TP53 protein de-represses PLACI1 transcrip-
tion [61]. These authors proposed that the inability of
mutant TP53 to occupy the TP53 binding site in the
PLACI P1 promoter allowed transcription to occur [61].
By directly binding to the promoter or interacting with
the transcription factor Spl, expression of wild-type
TP53 protein represses the activity of all BORIS pro-
moters [62]. Therefore, as a gatekeeper of genome in-
stability, TP53 mutations may contribute to activation of
CT genes. Another comprehensive study demonstrated
CT genes to be mutually exclusively correlated with
somatic mutations in significantly mutated genes (SMG)
in cancers, indicating that these CT genes may function
as novel drivers that complement known mut-driver
genes [9].

CT gene function in ovarian cancer
Based on a multidimensional functional genomics
approach, Maxfield et al uncovered that multiple CT
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genes play an obligatory role in multiple hallmarks of
cancer and function as pathological drivers of major
pathways, including HIF, WNT and TGFb signaling [63].
Cellular switching from a specific somatic designation to
acquisition of a germline cell-like state (soma-to-germ-
line transition) is the key feature of oncogenesis, and CT
genes play a functional role in initiating and maintaining
oncogenesis [64].

Although the function of many CT genes in ovarian
cancer remains unclear, it appears that these genes may
exert oncogenic functions in tumorigenesis and progres-
sion. Heat shock protein 70-2 (HSP70-2) is required for
the formation of an active CDC2/Cyclin B complex in
meiosis I division during spermatogenesis [65]. More-
over, HSP70-2 knock-out mice fail to complete meiosis
[65]. Several reports have demonstrated that HSP70-2 is
involved in cellular proliferation and the early spread of
various malignancies, including breast cancer [66] and
ovarian cancer [67]. Using in vitro and in vivo human
ovarian xenograft mouse models, one recent study dem-
onstrated that ablation of HSP70-2 resulted in cell cycle
arrest, onset of senescence and apoptosis and inhibited
cell proliferation, cell viability and colony formation in
EOC [67]. In addition, HSP70-2-depleted EOC cells ex-
hibit downregulation of anti-apoptotic proteins and in-
creased expression of pro-apoptotic genes, subsequently
leading to upregulation of cytochrome-C, caspase 3, cas-
pase 7 and caspase 9 [67]. Therefore, HSP70-2 may pro-
mote malignancy in EOC cells.

AKAPs comprise a family of scaffolding proteins that
anchor different proteins and tether protein kinase A
(PKA) at specific locations to restrict enzymatic activities
[68]. Some of the AKAPs considered to be CT genes in
ovarian cancer include AKAP3 [42] and AKAP4 [29].
These proteins typically bind to the regulatory subunit
RI or RII domain of PKA and cooperatively terminate
cAMP signaling [68]. Notably, PKA activity and anchor-
ing are required for ovarian cancer cell migration and
invasion [69]. Kumar et al demonstrated that AKAP4
knockdown inhibits cell proliferation and viability, in-
duces cell cycle arrest, and increases reactive oxygen
species (ROS) generation, DNA damage and apoptosis
in ovarian cancer cells and reduces tumor growth in an
ovarian cancer xenograft model [70]. Furthermore,
AKAP4 knockdown inhibits wound healing and reduces
metastatic markers in ovarian cancer cells [70].

The primary function of Spl7, a protein originally re-
ported to be expressed exclusively in the testis, is bind-
ing to the zona pellucida [71]. One study reported that
the metastatic ascitic fluid from eight EOC patients was
positive for Sp17 [32], and two others consistently found
that migration of ovarian cancer cells (HO-8910) was
substantially enhanced after Spl7 overexpression [32,
72]. Several reports have demonstrated that Spl7 plays

Page 9 of 13

an important role in cell-cell adhesion and/or cell migra-
tion in transformed, lymphocytic, and hematopoietic
cells, possibly through its interaction with extracellular
heparin sulfate or binding to AKAP3 [73, 74]. Another
study demonstrated that an Sp17-based vaccine induced
an enduring defense response against ovarian cancer de-
velopment in C57BL/6 mice with ID8 cells following
prophylactic and therapeutic treatments [75].

HORMADI, a meiosis I checkpoint protein that is
expressed during gonadal development, is upstream of
ATM kinase (a serine-threonine protein kinase) activa-
tion [76]. In ovarian cancer cells, HORMADI1 siRNA
enhanced docetaxel-induced apoptosis and reduced in-
vasive and migratory capacities. In addition, HORMAD1
targeting in vivo with siRNA-DOPC significantly re-
duced tumor weight and ascites production, in associ-
ation with substantial reductions in angiogenesis and
VEGF and NF-«B levels [77]. Collectively, re-expression
of CT genes results in crucial biological activities in
ovarian cancer.

Chemotherapy resistance

Chemotherapy is widely applied for the treatment of
ovarian cancer, but drug resistance remains a major obs-
tacle for success. Indeed, some evidence suggests that
drug resistance is associated with increased expression
of a variety of CT genes. One study demonstrated that
MAGE gene families are overexpressed in some
drug-resistant ovarian cell lines and that transfection of
MAGE-A2 and MAGE-AG into a sensitive cell line can fa-
cilitate cell growth and induce paclitaxel and doxorubicin
resistance [78]. Another study indicated that overexpres-
sion of MAGE-A3 correlates with a doxorubicin-resistant
phenotype [79]. In addition, MAGE-C1 expression was as-
sociated with platinum-sensitive disease and clinical re-
sponse [21]. For other CT genes, high PLU-1 levels are
significantly associated with chemotherapy resistance, and
PLU-1 is an independent factor for chemotherapy resist-
ance in patients with EOC [80]. TRAG-3, which was ori-
ginally identified as a Taxol resistance-associated gene
from an ovarian carcinoma cell line, is associated with the
chemotherapy-resistant and neoplastic phenotype [81].
Notably, Spl7 overexpression was found to reduce the
chemosensitivity of ovarian carcinoma cells to carboplatin
and cisplatin [32, 36]. Importantly, PIWIL?2 is required for
maintaining the equilibrium between euchromatin and
heterochromatin in response to cisplatin treatment in
mammalian cells, and increased levels of PIWIL2 ex-
pression in human ovarian cancer cell lines (CDDP and
2008C13) facilitate cisplatin resistance, likely through
enhanced repair of cisplatin-induced DNA damage
[82]. In a pan-genomic siRNA screen for modifiers of
chemo-responsiveness, Whitehurst et al. identified that
OY-TES-1, a specifier of paclitaxel resistance, is
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necessary and sufficient for paclitaxel resistance in
ovarian cancer cell lines and ovarian tumor explants
[83]. Although the researchers hypothesized that over-
expression of these genes contributes to the
chemo-resistant phenotype via co-expression with mul-
tidrug resistance genes [50, 78, 80], the detailed mech-
anism by which CT genes induce drug resistance
requires further investigation.

Application in immunotherapy

In addition to traditional operation or chemotherapy, a
subset of burgeoning cure modalities, including target
therapy and radiation therapy, aims to abrogate tumor
cells, and CT genes may represent a class of potential
targets for tumor immunotherapy due to their specific
expression patterns and oncogenic function. These
genes also respond to T-cells and subsequently stimu-
late the immune response. Some NY-ESO-1 clinical tri-
als thus far have been carried out in ovarian cancer
patients, and the indicated NY-ESO-1 targeted therapy
has a potential clinical benefit [13]. For example, the
antigen was able to induce cellular and humoral im-
mune responses in a high proportion of patients with
NY-ESO-1 expression. Odunsi et al reported that
NY-ESO-1;57_170 with dual HLA class I and II specific-
ities should elicit integrated Ab, HLA-DP4-restricted
CD4+ T cell and HLA-A2 and A24-restricted CD8+ T
cell responses in ovarian cancer patients [84]. Seven
years later, these researchers described an encouraging
result that a combination of decitabine and the
NY-ESO-1 vaccine resulted in disease stabilization or a
partial clinical response in relapsed EOC patients [85]
Decitabine may enhance the response to the NY-ESO-1
vaccine by promoting CTA promoter hypomethylation
and immunity [86—88]. This regimen complements
standard second-line chemotherapy. Another CT anti-
gen vaccine undergoing assessment in clinical trials is
MAGE-A3, which is frequently expressed in various
cancers [89]. However, there are currently no ongoing
clinical studies of MAGE-A3-directed anti-ovarian can-
cer immunotherapies. In addition, Chiriva-Internati et
al demonstrated that HLA class I-restricted
Sp17-specific cytotoxic T-lymphocytes (CTLs) enable
autologous tumor killing through the perforin pathway
[90, 91]. To date, two studies have confirmed the differ-
ent formulations of the Sp17 vaccine in a murine ovar-
ian cancer model. One vaccine was CpG-adjuvated
Sp17, which inhibited tumor growth and prolonged the
OS of vaccinated mice [92]. The other vaccine was the
nanoparticle-based hSp;7111_142 peptide, which induced
mixed Th1/Th2 responses and subsequently stimulated
B-cell production of IgG1 and IgG2a. This vaccine ex-
hibited advantages leading to the promotion of im-
munogenicity and strong cross-reactivity of the
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antibody [93]. Nonetheless, clinical trials on ovarian
cancer patients must be initiated to verify whether the
Sp17 vaccine exhibits treatment efficacy in humans.

Conclusions

In summary, our current understanding of the expres-
sion, mechanism and function of CT genes in ovarian
cancer is still largely in the early stages. Given advances
in whole-genome sequencing and shared large databases,
such as Gene Expression Omnibus (GEO) and TCGA,
further studies on the characteristic features of CT genes
in testis and ovarian cancers are warranted to provide
insight into similarities and differences. More import-
antly, the unique properties of CT genes, such as their
inherent immunogenicity and heterogeneity in their ex-
pression patterns, indicate that they have great potential
for clinical application. To better understand the im-
munological processes of CT genes in ovarian cancer,
more clinical trials directed against CT antigens and the
development of combination therapies are needed. Such
efforts will contribute to targeted immunotherapies for
ovarian cancer.
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