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Abstract

Background: Cancer-testis genes can serve as prognostic biomarkers and valuable targets for immunotherapy in multiple
tumors because of their restricted expression in testis and cancer. However, their expression pattern in hepatocellular carcinoma
is still not well understood. The purpose is to comprehensively characterize the cancer-testis gene expression in hepatocellular
carcinoma as well as identify prognostic markers and potential targets for immunotherapy. Methods: Cancer-testis database and
publicly available data sets reporting new cancer-testis genes were integrated, and then restricted them in a testis and hepato-
cellular carcinoma expression pattern. Pathway enrichment analysis and survival analysis were conducted to evaluate the bio-
logical function and prognostic effect of cancer-testis genes. Clustering analysis and coexpression analysis were performed to
illustrate cancer-testis gene expression patterns in hepatocellular carcinoma. The association of gene expression of each cancer-
testis gene to the corresponding methylation status was detected. Finally, we explored the associations between cancer-testis
genes and CD8" T-cell infiltration in hepatocellular carcinoma by TISIDB, and then validated it in an independent hepatocellular
carcinoma cohort with 72 patients. Results: A total of 59 testis-specific genes were identified highly expressed in hepatocellular
carcinoma. Pathway enrichment analysis revealed that cancer-testis genes in hepatocellular carcinoma significantly involves in the
process of cell cycle regulation. Most of the cancer-testis genes were coexpressed, and cluster analysis suggested that cancer-
testis gene expressed in hepatocellular carcinoma is independent of sex, hepatitis status, and histology type. We also found that
demethylation might be a regulatory mechanism of cancer-testis gene expression in hepatocellular carcinoma. Survival analysis
indicated that cancer-testis genes could predict the prognosis of patients with hepatocellular carcinoma. Furthermore, BUBIB
was identified contributing to the resistance of CD8" T-cell infiltration in hepatocellular carcinoma and was an independent
prognostic factor both for overall survival and disease-free survival. Conclusions: Our analysis enables better understanding of
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cancer-testis genes in hepatocellular carcinoma and provides potential targets for hepatocellular carcinoma treatment. Experi-

mental and clinical studies are needed for further validations.
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Introduction

Hepatocellular carcinoma (HCC) is a leading cause of mortal-
ity of cancer-related death in many parts of the world.! The
incidence and mortality from HCC are increasing globally.!
Molecular alterations in human tumors have been extensively
studied in past decades. The identification of driver mutations
as therapeutic targets has been applied in clinical practice in
some solid tumors such as melanoma, lung cancer, or breast
cancer.” Molecular characterizations have identified the most
frequently mutated drivers (such as TP53 and CTNNBI1), and
deregulated signal pathways (such as WNT, mTOR, or IGF2
signaling, among others) associated with HCC.*” Unfortu-
nately, HCC has not reached the point of molecular-based stra-
tification of treatment.”> In fact, most patients are still
diagnosed at an advanced stage.® Although the multitarget tyr-
osine kinase inhibitor sorafenib, as the systemic therapy for
advanced HCCs, have clinical benefits, the improvements in
patient outcomes have been modest and incremental.® There-
fore, there is a need to reveal new predictive biomarkers and
explore alternative approaches to improve the clinical manage-
ment of patients with HCC, including immunotherapeutic stra-
tegies such as tumor-associated antigen (TAA)-targeting
vaccines and monoclonal antibody-based therapies.®
Cancer-testis (CT) genes have been indicated as a group of
potential targets for TAA-specific immunotherapy because
they restrictedly expressed in normal tissues except for the
testis and aberrantly expressed in tumor tissues and often trig-
ger humoral or cellular antitumor responses in patients with
cancer.”'! The testis are consequently immune privileged
because spermatogenesis occurs after a long period of time
after immune system development.'? Thus, aberrantly
expressed testis-derived antigens have never been encountered
by the immune system and therefore could be immunogenic.'®
Over the past decades, clinical trials targeting CT genes (such
as NY-ESO-1) have shown positive efficacy in multiple can-
cers such as melanoma and synovial sarcoma.'*!'* On the other
hand, immune checkpoint blockade (ICB) has contributed to a
novel improvement in the treatment options for multiple tumor

types.'>'® However, a majority of patients failed to respond to
ICB. Successful responses preferentially occur in tumors with a
preexisting CD8" T-cell infiltration.!” Thus, understanding
whether CT genes contributes to the tumor microenvironment
remains a need.

Approximately 250 genes were initially recorded as CT
genes in Cancer Testis database (CTdatabase).'® After that,
several other analyses were performed based on genome-
wide transcriptomic screen, and new CT genes across different
tumor types were identified.'”*' However, definitions of CT
genes are inconsistent among the literature, from genes exclu-
sively expressed in testis to dominant testicular expression with
possible additional presence in placenta and ovary.* Also, the
expression pattern of CT genes in HCC remained largely
unknown. Therefore, in the present study, we combined CT
genes from CT database and other published data sets to pro-
vide a comprehensive landscape of CT gene with a testis-
specific pattern in HCC. The potential regulatory mechanisms
of promoter methylation on CT gene expression were analyzed.
Associations between CT genes and HCC prognosis were eval-
uated. Furthermore, potential CT gene regulating the tumor
microenvironment was explored. BUB1B was identified corre-
lating with failed CD8% T-cell infiltration and was an indepen-
dent prognostic CT gene marker for patients with HCC.
Overall, the present study provided a comprehensive insight
into the roles of CT genes in HCC and revealed promising
targets for HCC treatment.

Materials and Methods

Databases and Study Samples

CTdatabase (http://www.cta.Incc.br/) was established by the
Ludwig Institute for Cancer Research in 2009 listing detailed
CT gene information from existing literature and several data-
base.'® Three publicly available data sets identifying new CT
genes compared to CTdatabase were integrated in our present
study.'*?! Testis-restricted genes were retrieved from CTatlas
(CTatlas: http://reprod.njmu.edu.cn/ctatlas/),>® which inte-
grated normal tissue transcriptomic information derived from
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the Genotype-Tissue Expression (GTEx)** and the Human
Body Map (HBM; GSE30611). Differentially expressed genes
in HCC were retrieved from The Cancer Genome Atlas
(TCGA) database (http://cancergenome.nih.gov/). P value
<.01 and log fold change >1 were set as the inclusion criteria
for selection of upregulated genes.

The validation cohort in our analysis contains 72 patients
with HCC underwent hepatectomy from 2015 to 2018 in the
First Affiliated Hospital of Zhejiang University. The diagnosis
of primary HCC was confirmed by pathological examinations.
All enrolled patients received no preoperative treatment prior
to surgery. Patients’ clinicopathological characteristics and
follow-up information were obtained from the electronic
records in hospital. This study was approved by Clinical
Research Ethics Committee of the First Affiliated Hospital,
College of Medicine, Zhejiang University (approval #2019-
564). Written informed consent was obtained from all patients.

Function and Pathway Enrichment Analysis

Gene ontology (GO) analysis is a useful method for annotating
genes and gene sets for high-throughput genome or transcrip-
tome data.”* The online biological information Database for
Annotation, Visualization, and Integrated Discovery (DAVID:
https://david.ncifcrf.gov/)*> was used for GO analysis of CT
genes. Furthermore, Kyoto Encyclopedia of Genes and Gen-
omes (KEGG) pathway analysis was conducted by using
Cluego plug-in in an open-source bioinformatics software plat-
form Cytoscape (3.6.1 version).”® We significantly excavated
pathways with P < .05 as the cutoff value.

Protein—Protein Interaction Network Construction and
Module Analysis

The online STRING (http://string-db.org) database aims to
integrate direct or indirect function interactions between pro-
teins and helps to understand the mechanisms of diseases with a
combined score >0.4 as the cutoff criterion.?” In this study,
protein—protein interaction (PPI) network was constructed on
STRING database, and the network node file was exported to
Cytoscape for visualization. Then, the most significant module
in the PPI network was extracted using the plugin MCODE of
Cytoscape with degree cutoff = 2, node score cutoff = 0.2,
K score = 2, and maximum depth = 100.

Hub Genes Identification and Survival Analysis

Nodes with higher connectivity were considered to be more
important for maintaining the stability of the entire PPI net-
work. First, scores from the topological analysis method
Degree were granted to each node in the PPI network by
executing “compute Hubba result” function in the cytoHubba
options.?® Then, we ranked top 10 CT genes in the PPI network
to be the core candidate genes from highest to lowest according
to the degree scores.

Gene Expression Profiling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn/index.html)* is an online database
resource originated from The TCGA database and was used in
the present analysis for the overall survival (OS) and disease-free
survival (DFS) outcomes. The Cox proportional hazards regres-
sion model was used to calculate the hazard ratio in GEPIA. As
for our validation cohort, the Kaplan-Meier method was used to
determine the survival curves, and the log-rank test was used to
compare the survival differences between different groups. The
independent clinicopathological factors associated with overall
and DFS were evaluated by the multivariable Cox proportional
hazard regression model. A 2-tailed P value less than .05 was
considered to indicate a statistically significant difference.

Correlation Between Methylation Levels and CT Genes

The cBioPortal (http://www.cbioportal.org) online plat-
form,**>! containing the DNA methylation data from TCGA,
displays a scatter plot of messenger RNA (mRNA) expression
compared with DNA methylation data of a gene across all
selected samples. Spearman test was used to detect the rela-
tionship between methylation and gene expression. P value of
less than .05 was considered statistically significant. The online
MethHC (http://MethHC.mbe.nctu.edu.tw),>” a database com-
prising a systematic integration of a large collection of DNA
methylation profiles in human cancer from TCGA, was utilized
to compare the methylation levels between tumor and normal
liver tissues.

Cell Culture and 5-Azacytidine Treatment

Five HCC cell lines (Huh 7, HCCLM3, HepG2, SMMC-7721,
SK-Hep-1) were purchased from Cell Bank of Type Culture
Collection of Chinese Academy of Sciences and was cultured
in Minimum Essential Media (Thermo Fisher Scientific) sup-
plemented with 10% fetal bovine serum and 1% penicillin/
streptomycin in an incubator at 37 °C and 5% CO, concentra-
tion. For methylation regulation analysis, cells were treated
with 5-Azacytidine (AZA; Selleckchem) at a concentration of
5 uM in the medium for 96 hours.

Quantitative Reverse Transcription Polymerase Chain
Reaction

In brief, RNA was extracted from cell lines using RNA-Quick
Purification Kit (YiShan Biotech). The HiScript I Q RT Super-
Mix for quantitative polymerase Chain Reaction (Vazyme Bio-
tech) was used to generate the complementary DNA.
Quantitative reverse transcription polymerase chain reaction
was then conducted using the ABI 7500 FAST RT-PCR system
(Applied Biosystems), and Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was set as the internal reference. Relative
quantitation was calculated using the AACt method. The pri-
mers we used are presented in Supplementary Table 1.
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CD8" T-Cell Infiltration Analysis

The web portal TISIDB,*® which integrated multiple types of
data resources in oncoimmunology, facilitates comprehensive
investigation of tumor—immune interactions. The relation
between the immune features (CD8 expression) and the expres-
sion of any given CT gene was analyzed using TISIDB. Spear-
man test was performed to investigate the relationship between
CD8™" T-cell infiltration and corresponding CT gene expres-
sion in our validation cohort.

Immunohistochemistry

Primary antibodies used for immunohistochemistry (IHC) of
paraffin-embedded 72 HCC tissues and their paired noncancer-
ous tissues included rabbit polyclonal anti-BUBIB antibody
(1:200, Proteintech, Cat No. 11504-2-AP), rabbit polyclonal
anti-ASPM antibody (1:100, Proteintech, Cat No. 26223-1-
AP), rabbit polyclonal anti-beta catenin antibody (1:2000,
Proteintech, Cat No. 51067-2-AP), and mouse monoclonal
anti-CDS antibody (1:200, Abcam, Cat No. ab17147). In brief,
the paraffin-embedded microarray tissues were baked at 60 °C
for 30 minutes and then dewaxed. The endogenous peroxidase
activity was blocked with 3% hydrogen peroxide for 15 minutes.
After antigen retrieval using microwave oven, the tissues were
then blocked with fetal bovine serum for 30 minutes. The tissues
were next incubated with primary antibodies at specific dilutions
overnight at 4 °C. After incubation with horseradish peroxidase—
conjugated secondary antibody at 37 °C for 60 minutes, the
sections were washed and then visualized by DAB detection kit.

Two pathologists who were blinded to the clinical data inde-
pendently evaluate the tissues, and differences in viewpoints
were evaluated in consensus with a third viewer. The BUB1B
expression was evaluated using the multiplicative Quickscore
method, which accounts for staining intensity and the propor-
tion of positive cells.** In brief, the IHC intensity was scored as
0 for no signal; 1 for light signal; 2 for moderate signal; and
3 for strong signal. The extent of the IHC staining area was
scored as 1 for <4%; 2 for 5% to 19%; 3 for 20% to 39%; 4 for
40% to 59%; 5 for 60% to 79%, and 6 for 80% to 100%. The
final score was calculated by multiplying the IHC intensity and
extent score, ranging from 0 to 18. A positive cutoff score was
defined as >3 based on Quickscore method.>* The cutoff val-
ues for high and low expression were the median of final THC
score of all the corresponding samples. The same strategy was
used to record the expression of ASPM and B-catenin in HCC
tissue. The expression of CD8 was evaluated by density mea-
surement of CDS8 for every stained core of tissue microarray.””
The cutoff values for high and low CD8 expression were the
median of the final IHC score.

Results

Identification of CT Genes in HCC

The CTdatabase'® currently recording 276 CT genes. Never-
theless, 21 of them were excluded from the present analysis

Cancer-testis genes

HCC up-regulation genes

Testis-specific genes

Figure 1. Venn diagram showing the 59 putative cancer-testis (CT)
genes in hepatocellular carcinoma (HCC) with testis-specific pattern
combined from 3 data sets.

because of either overlapped with other listed CT genes
(n = 19) or could not be retrieved (n = 2; Supplementary Data
1A and B). Further publicly available data sets identifying
putative new CT genes were checked through literature search-
ing for the comprehensive exploration in our analysis. And 3
were finally included in our study: Wang et al*® with 1019 CT
genes identified, da Silva et al*' with 745 CT genes identified,
and Bruggeman et al'® with 756 CT genes identified, respec-
tively. By omitting the overlapped CT genes combined from the
above 4 databases, 2121 CT genes were yielded as candidate CT
genes in the present study (Supplementary Data 2). Testis-
restricted genes were obtained from CTatlas*® (Supplementary
Data 3), which integrating a variety of normal tissues’ transcrip-
tomic data from GTEx>® and the HBM (GSE30611). Because
CT genes are characterized as aberrantly expressed genes in the
tumor compared with normal tissue, we therefore retrieved sig-
nificantly upregulated genes in HCC from TCGA for the further
validation of CT genes expression profile in HCC (Supplemen-
tary Data 4). Finally, our comparison yielded 59 putative novel
CT genes (see in Supplementary Data 5) that are highly
expressed in testis and highly expressed in HCC (Figure 1).

Gene Ontology and KEGG Pathway Enrichment Analysis
of CT Genes in HCC

To better understand the biological classification of the 59 puta-
tive CT genes in HCC, the online resources DAVID was used
to perform GO and KEGG pathway analyses. By subjecting the
identified CT genes to enrichment analysis, we observed
numerous enriched gene sets. The changes in CT genes in
biological processes were significantly enriched in both mitotic
and meiotic cell cycle regulation and cell division (Figure 2A).
Alterations in cell component (CC) were mainly abundant in
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Figure 2. Gene function analysis of the 59 cancer-testis (CT) genes. (A) The biological process (BP) analysis in hepatocellular carcinoma
(HCC). (B) The cellular component (CC) analysis in HCC. (C) The molecular function (MF) analysis in HCC. (D) The Kyoto Encyclopedia of

Genes and Genomes (KEGG) pathway enrichment analysis in HCC.

chromosome, and its centromeric region, and microtubule
cytoskeleton (Figure 2B). The changes in molecular function
were significantly enriched in ATP binding, adenyl ribonucleo-
tide binding, and protein serine/threonine kinase activity
(Figure 2C). We further investigated the functional implica-
tions of these CT genes in the development of HCC by KEGG
pathway analysis. A number of CT genes were enriched in 3
KEGG pathways, including cell cycle, oocyte meiosis, and
progesterone-mediated oocyte maturation (Figure 2D). In line
with previous research,?®*® these processes suggest that CT
genes in HCC might be involved in regulating tumor cell pro-
liferation, viability, and metastasis.

Coexpression Analysis and Cluster Analysis

We analyzed the expression patterns of the 59 CT genes in
HCC. As shown in Figure 3, most of the CT genes were coex-
pressed; 80.4% of the HCC cases expressed the whole of 59 CT
genes; 17.8% of the HCC cases expressed 58 CT genes; only
1.8% of the HCC cases expressed less than 58 CT genes.
Furthermore, the expression pattern of CT genes was illustrated
through hierarchical cluster analysis among the 342 HCC cases
derived from TCGA. Intriguingly, CT genes expressed in HCC
is independent of sex, hepatitis status, and histology type (Fig-
ure 4). The cluster analysis also revealed that many CT genes
were prone to express together with one CT gene or several
other CT genes simultaneously. As expected, these analyses are
consistent with CT gene expression might be the consequence

Number of expressed CTAs in a sample

100 200
Number of samples

Figure 3. Coexpression analysis of 59 cancer-testis (CT) genes in
hepatocellular carcinoma (HCC). Y-axis: the number of CT genes
coexpressed in a HCC tumor sample. X-axis: the number of tumor
samples.

of the activation of a coordinated gene expression program,
rather than being independent events.'®

Protein—Protein Interaction Network Construction and
Hub Gene Identification
To further investigate the interaction among the 59 CT genes, a

PPI network was constructed from STRING database and
visualized by Cytoscape (Figure 5SA). We uploaded 59 CT



Technology in Cancer Research & Treatment

C—1

Ml

TR F T T AT A

e i

Sex Sex

Risk Factor 10 Female
Histologic Type Male
SPAGH i

PRAP1 5 Risk Factor
C110RF98 Hepatitis
NRG1 i
TPPP? No Hepatitis
RPL38L s i
SACID Histologic Type )
BIRCS Fibrolamellar Carcinoma
UBE2S =5 Hepatocellular Carcinoma
PTTG1 Hepatochelangiocarcinoma (Mixed)
SPA1T

EFCAB11

MND1 . 10

ATAD2

VPS33A

AGBLS

CCDC34

AURKA

TOP2A

NCAPG2

ASPM

DTL

PKMYT1

TEDC2

ASF1B

CDC45

SKA1

CKS2

CDCAS

MYBL2

PBK

CDCAB

KIF2C

TPX2

PLK1

NCAPH

BUB1

DLGAPS

KPNAZ

TRIP13

CDC25C

HMMR

CHEK1

CENPH

OIPS

CCNB2

BUB1B

PARPBP

CENPK

GINS1

RADS1AP1

CDKN3

EXO1

NEK2

NUF2

SPC25

HJURP

SKA3

TROAP

Figure 4. Hierarchical cluster analysis of 59 cancer-testis (CT) genes in hepatocellular carcinoma (HCC). The 342 HCC cases were clustered
according to the expression of the 59 CT genes identified in our analysis.

genes into STRING, a total of 59 nodes and 897 edges were
filtered into the PPI network complex, and the most significant
module was highlighted by the plugin MCODE (Figure 5B).
Following ranked CT genes in the PPI network from the high-
est to the lowest according to the degree scores, we selected the
top 10 as hub CT genes for further analysis (Table 1).

The Association Between Methylation Levels and CT
Gene Expression in HCC

The activation of CT genes in tumors is often considered to be
associated with the methylation level of their promoters.'® We
therefore firstly explored the methylation levels of the 59 CT
genes in 369 HCC samples and 50 normal liver samples using
online MethHC database®* which originated from TCGA.
Fifty-eight of the methylation information data of the
59 (98%) CT genes could be obtained. The analysis revealed
that 56.9% of the CT genes were hypomethylated in HCC
compared to normal liver tissue (Supplementary Data 6).
Furthermore, we focused 10 hub CT genes to explored whether

hypomethylation was correlated with CT gene expression in
HCC using cBioPortal database. The result showed that the
expression of 8 CT genes (AURKA, ASPM, BUBI1, BUBIB,
CCNB2, NUF2, PBK, TPX2) among the 10 hub CT genes in
HCC significantly exhibited negative correlations with their
methylation levels (Figure 6).

BUBIB Is a Potential Prognostic Marker Suppressing
CD8™ T-cell Infiltration in HCC

All the above, 10 hub CT genes were analyzed using the prog-
nostic values of OS via the GEPIA website data which origi-
nated from the TCGA database. We then identified 9 CT genes
of ASPM, ARUKA, BUBI, BUBI1B, CDC45, DLGAPS,
NUF2, PBK, and TPX2 may lead to poor survival of patients
with HCC (all P < .05; Figure 7).

Since studies suggest that CT genes might contribute to the
presence of CD8" T-cells within the tumor microenviron-
ment,”? we next explore the association between the above
9 potential prognostic markers of CT gene and CDS8" T-cell
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Figure 5. Protein—protein interaction (PPI) network complex of the 59 cancer-testis (CT) genes in hepatocellular carcinoma (HCC). (A) All 59
CT genes interaction networks. (B) The most significant module selected from the PPI network.

Table 1. Top 10 Hub Genes With Higher Degree Scores.

Gene symbol Functions

Degree

ASPM

DLGAPS5

AURKA

TPX2

BUBIB

CCNB2

CDC45

PBK

NUF2

BUBI

Cell cycle, spermatogenesis, regulation of
meiotic cell cycle, protein binding, positive
regulation of neuroblast proliferation

Protein binding, cell cycle, positive regulation
of mitotic metaphase/anaphase transition,
cell population proliferation

ATP binding, cell cycle, G2/M transition of
mitotic cell cycle, histone serine kinase
activity

Cell cycle, protein kinase binding, regulation
of signal transduction by p53 class
mediator, importin-alpha family protein
binding

Cell cycle, apoptotic process, ubiquitin-
dependent protein catabolic process,
anaphase-promoting complex-dependent
catabolic process

Cell cycle, protein kinase activity, cyclin-
dependent protein serine/threonine kinase
regulator activity, mitotic nuclear envelope
disassembly

DNA replication initiation, cell cycle, mitotic
DNA replication preinitiation complex
assembly, replication fork protection
complex

Mitotic cell cycle, nucleotide binding,
negative regulation of protein
phosphorylation, negative regulation of
stress-activated MAPK cascade

Cell cycle, protein binding, mitotic spindle
organization, attachment of mitotic spindle
microtubules to kinetochore

Kinase activity, cell cycle, apoptotic process,
cell population proliferation

45

45

45

45

45

45

45

44

44

44

infiltration in HCC by TISIDB. And the analysis revealed that
higher expression of ASPM and BUB1B was associated with
poor CD8" T-cell infiltration (Figure 8A). Then, we tested
these 2 genes in our cohort of 72 HCC specimens for potential
suppressor of CD8" T-cell infiltration. However, ASPM was
negatively expressed in our HCC specimens based on the
Quickscore (score <3), which limits the association analysis.
Positive BUB1B was detected expressed in 62 (86.1%) of our
HCC specimens, and the analysis showed that BUBIB was
associated with a decreased CD8" T-cell infiltration of our
cohort (r = —0.489, P < .001; Figure 8B). Representative
immunostaining images of BUB1B and CD8 are shown in
Figure 8C. Since the activation of cancer-intrinsic f-catenin
pathway frequently results in T-cell exclusion,*®*' we there-
fore explored the association between BUB1B mRNA expres-
sion levels and B-catenin mRNA expression levels via GEPIA,
and the result revealed a significant positive relation between
them (r = 0.46, P < .001; Figure 8D). Next, we validated a
positive association between BUB1B protein expression levels
and B-catenin protein expression levels in our cohort (r =
0.588, P < .001; Figure 8C and E).

The baseline clinicopathological characteristics of the
72 patients with HCC are shown in Table 2. Multivariate Cox
regression analysis showed that the expression of BUBIB is an
independent predictive factor both for OS and DFS (all P <.05,
Tables 3 and 4; Figure 8F and G). Moreover, we evaluated the
effect of 5-AZA, a DNA methyltransferase inhibitor, in
2 BUBI1B mRNA relatively low HCC cell lines. As expected,
BUBIB mRNA was increased significantly after AZA treat-
ment in both Huh 7 and HCCLM3 cell lines (Supplementary
Figure 1). Collectively, these results indicated that BUB1B
might be regulated through hypomethylation and is a potential
target for immunotherapy in HCC.
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Figure 6. Correlation between methylation levels and cancer-testis (CT) gene expression. Promoter methylation and gene expression data from The
Cancer Genome Atlas (TCGA) were visualized using cBioPortal to demonstrate the correlation among selected hub CT genes, and significant
negative relationship was identified in: (A) ARUKA, (B) ASPM, (C) BUBI, (D) BUB1B, (E) CCNB2, (F) NUF2, (G) PBK, (H) TPX2.

Discussion

Cancer-testis genes are considered as promising prognostic
markers and targets for cancer treatment because of their spe-
cific expression patterns in multiple tumor types.** However,

the classification of CT genes based on its expression pattern
in normal tissues is a critical issue.?* Previous study revealed
that CT genes can be stratified into testis-restricted or non-
testis-restricted group according to their expression profiles.?>
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Figure 7. Prognostic values of 9 cancer-testis (CT) genes identified by overall survival analysis using Kaplan-Meier curve from GEPIA: (A)
ASPM, (B) ARUKA, (C) BUBI, (D) BUBIB, (E) CDC45, (F) DLGAPS, (G) NUF2, (H) PBK, (I) TPX2.

Therefore, this imposes a challenge to identify the CT genes
that are most suitable for cancer therapies without side effects
against other normal tissues.”” Hepatocellular carcinoma,
along with other tumors such as melanoma, tend to frequently
express CT genes.'? Thus, the systematic evaluation of the CT
genes with testis-restricted pattern in HCC may help us better
understand the role of them in the development of HCC and
identify precision therapeutic targets. To our knowledge, this

present study first provides a systematic and comprehensive
profiling of the expression of the CT genes in HCC, which
contributes to identifying prognostic and therapeutic markers
in HCC.

Molecular-based therapies have been used increasingly as
an alternative option to chemotherapy in cancer treatment for
decades,*® which requires the identified targets play a key role
in the progression and survival of cancer cells. Considering the
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Table 2. Clinical and Pathological Features of the 72 Patients.

Sex (M/F) 55 (16%)/17 (24%)

Age (median, years) 46.5

Risk factors
HBV 55 (76%)
HCV 16 (22%)
Nonalcoholic steatohepatitis 1 2%)

AFP level >20 ng/mL 51 (711%)

Mean tumor size (mm, range)
Tumor numbers

93.4 (15-250)

Single 38 (53%)
Multiple 34 (47%)
TNM stage
I-1T 33 (46%)
11 23 (32%)
v 16 (22%)
Vascular invasion 19 26%)
Tumor differentiation (Edmondson-Steiner 31 (43%)
grade III-1V)
BUBIB
Low 36 (50%)
High 36 (50%)
CD8
Low 47 (65%)
High 25 (35%)

Table 3. Univariate and Multivariate Analyses of Clinicopathologic
Factors in Patients With HCC With Respect to OS.

Univariate Multivariate
P HR P
Variables value (95% C1) value
Sex Male vs female .566
Age >46.5 vs <46.5 852
HBV HBYV vs others .889
AFP levels >20 ng/mL vs 013 2.37(0.72-7.78) .154
<20 ng/mL
Tumor Single vs 137
numbers multiple
Vascular Present vs 954
invasion absent
Differentiation ES III-IV vs 534
ES I-11
BUBIB High vs low <.001 6.03 (1.82-19.99) .003
CD8 High vs low 012  0.87 (0.26-2.89) .824

Abbreviations: HCC, hepatocellular carcinoma; HR, hazard ratio; OS, overall
survival.

nature of the CT genes being expressed exclusively in the testis
and tumors, there is a significant possibility that CT gene
expression might contribute to the process of tumorigenesis.
Evidence revealed that dysploidy in tumorigenesis shares sim-
ilar characteristics with meiosis in gametogenesis.'® The
breaks of the DNA double strand are essential for proper chro-
mosome segregation at the first step of meiotic division, which
makes it a crucial process during meiotic recombination.**

Table 4. Univariate and Multivariate Analyses of Clinicopathologic
Factors in Patients With HCC With Respect to DFS.

Univariate Multivariate
P HR P
Variables value (95% CI1) value
Sex Male vs female .804
Age >46.5 vs <46.5 .14
HBV HBYV vs others 531
AFP levels >20 ng/mL vs .01 2.47(0.79-7.74) .122
<20 ng/mL
Tumor Single vs .08
numbers multiple
Vascular Present vs .084
invasion absent
Differentiation ES III-IV vs .69
ES I-11
BUBIB High vs low .008 6.426 (2.22-18.64) .001
CD8 High vs low .098

Abbreviations: HCC, hepatocellular carcinoma; HR, hazard ratio; DFS,
disease-free survival.

Mitosis inhibits this process and may therefore lead to telomere
fusion, leading to diploid development.*> Recently, a study
revealed that HORMADI, a CT gene involved in the process
of nonconservative recombination during meiosis, induce chro-
mosome instability in triple-negative breast cancers.*® Further-
more, several studies found that CT genes play fundamental
roles in the cell cycle pathway in tumorigenesis.’>*” In line
with this, in our present analysis, CT gene in HCC was found
mainly involves in the regulation of cell cycle, intriguingly
both in mitotic and in meiotic, which is essential for tumori-
genesis. This is consistent with the fact that CT gene is highly
testicular and cancer-specific, making it a promising candidate
molecular-targeted therapies for HCC.

Cancer-testis genes are frequently coexpressed and are thus
expected to act concertedly in many cases.'® In a study of CT
genes in lung cancer, most Cancer-testis antigens (CTAs) were
coexpressed except for 5.5% of cases where no CT gene was
detected.*® Similarly, in our analysis, we found that 80.4% of
the HCC cases expressed the whole of 59 CT genes and only
1.8% of the HCC cases expressed less than 58 CT genes. It is
therefore possible that CT genes may play more effective role
when jointly expressed in tumor cells. Moreover, several CT
genes were reported to have physical interactions with other
CT genes® or to act as transcriptional regulators for other CT
genes,”” thus suggesting functional cooperativity. On the
other hand, cooperation between CT genes can also be regu-
lated by comprehensively affecting common signaling path-
ways. For example, the Melanoma Antigen Gene (MAGE)
family is shown to target p53 depend of apoptosis,”’ while
other CT genes might prevent the process by affecting other
regulators in the apoptotic pathway.*®

This similar regulatory mechanism and coordinated expres-
sion pattern of CT genes might also be supported by the methy-
lation analysis of CT genes. In our study, we revealed that in
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HCC, over 50% of the CT genes were hypomethylated com-
pared with normal liver samples; moreover, most CT genes
were demonstrated to have negative correlations between
methylation and their expression levels. Indeed, it is commonly
recognized that DNA demethylation might be a primary
mechanism of transcriptional activation for many CT genes.
There is evidence that demethylation of the CT gene promoter
by experimental methods can induce the expression of antigens
that are not normally expressed in cells.’? Mechanically, global
DNA hypomethylation occurs during tumorigenesis and has
been associated with CT gene expression.'® In line with this,
we found that AZA treatment significantly increased BUB1B
mRNA expression. In HCC, epigenome disruption has
emerged as a major hallmark.? Therefore, it is of clinical
importance to better understand the mechanisms of CT gene
activation through epigenetic changes.

Prognostic values of CT genes were reported in many tumor
types, such as multiple myeloma,™ clear cell renal cell carci-
noma,’* testicular germ cell tumor,” and esophageal squamous
cell carcinoma.*’ In our study, survival analysis revealed that
9 CT genes of our identified hub CT genes were associated with
the poor survival of HCC, which makes them promising can-
didate prognostic biomarkers for HCC. These findings lead to a
possibility that these CT gene products might have a functional
role in the pathogenesis of cancer resulting in a bad evolution.
However, this oncogenic role might be influenced by complex
confounders and thus be weakened at the late stage of HCC
process since the survival difference disappeared after
80 months of OS in some cases. Studies validating CT gene
oncogenic functions are needed. The prognostic potential of
some of these CT genes was reported in recent studies. In
support of this, NUF2, one of a potential prognostic marker
detected in our analysis, was reported to be a prognostic bio-
marker for early HCC recurrence in another HCC cohort.>® In
addition, ASPM, another potential prognostic marker reported
in our analysis, which mRNA levels was overexpressed in HCC
tissues and was found as a marker predicting enhanced invasive
potential and poor prognosis of HCC by Lin et al.”” The corre-
lation between mRNA and protein expression is a matter of
scientific issue, and studies have revealed that the process of
mRNA translation to protein is complicated.?’ Of note, the
expression of some CT proteins might be regulated posttran-
scriptionally; thus, the expression of CT gene mRNA may not
guarantee protein expression, which therefore limits its gener-
alization as candidate therapeutic targets.” Positive ASPM
expression was detected in another HCC cohort,® and its prog-
nostic value was also highlighted. The negative ASPM findings
in our study might due to the heterogeneous expression pattern
of CT genes, or the low sensitivity of the IHC antibody used.
More studies are needed to investigate the regulation of ASPM
expression as well as other CT genes.

Except for the oncogenic role of CT genes in driving tumor-
igenesis, these genes might also influence the tumor microen-
vironment. Negative regulation pathways, such as the immune
checkpoint of PD-1/PD-L1 axis, can be used by cancers to
evade immune-mediated tumor clearance.'” Recently,

antibodies targeting PD-1/PD-L1 axis have shown broad
applicability across a range of tumor types including HCC.®
However, only a small group of patients benefit from ICB
therapies. The presence of a preexisting CD8" T-cell infiltra-
tion within the tumor microenvironment positively correlates
with immune checkpoint immunotherapy.’ ° Thus, understand-
ing the mechanism of tumors developing the non-T cell-
inflamed phenotype is of vital importance for fighting against
treatment failure for many patients. A recent study found that
the expression of SAGE, a CT gene, was associated with a non-
T cell-inflamed phenotype.3 8 In line with this, we revealed that
the expression of BUB1B was associated with a decreased
CD8" T-cell infiltration in HCC. This finding suggests patients
with higher BUB1B expression in HCC might confront resis-
tance against immune checkpoint therapy. T-cell infiltration is
associated with chemokines in the tumor microenvironment,
which are likely to mediate their recruitment.®® Importantly,
we also found that BUBIB expression was significantly asso-
ciated with decreased expression of other T cell-inflamed gene
signatures, such as CCL2 and CCL3, through TISIDB (data not
shown). Mechanical studies using in vivo tumor models
revealed that activation of the Peroxisomal Proliferator
Receptor gamma (PPARY) pathway results in reduced CD8*
T-cell infiltration through the reduction of CCL2 and other
chemokines.®' This lead to a hypothesis that overexpression
of BUBIB activate the PPARY pathway mediated reduction
of CCL2, which resists the CD8" T-cell infiltration. Further
studies should validate this hypothesis. On the other hand,
cancer-intrinsic f-catenin pathway frequently results in T-cell
exclusion.*™*! We observed a positive correlation between
BUBIB expression and B-catenin in HCC, which suggested
that BUB1B might influence CD8" T-cell infiltration through
activating the oncogenic B-catenin signaling pathway. Besides,
we also find that BUB1B was correlated with poor OS as well
as DFS in our HCC cohort through multivariate Cox regression
analysis. Overall, BUB1B might be a promising target for
immunotherapy given its potential not only for prognosis pre-
diction but also for expanding the proportion of patients
responding to current immunotherapies.

Conclusion

Our study provides a systematic and comprehensive profiling
of the expression of the CT genes in HCC. The detailed profil-
ing provides us a better understanding of the role of CT genes
in HCC, and further experimental or clinic studies should be
performed to confirm the potential candidate targets for
immunotherapy.
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