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Background: Hepatocellular carcinoma (HCC) is the most common subtype of primary
liver cancer, which causes ~800,000 deaths annually world-wide. Immune checkpoint inhi-
bitor (ICI) has reformed cancer therapy and achieved unprecedented results in various
malignancies, including HCC. However, the response rate of immunotherapy is very low
in HCC. Considereing the complicated and unique immune status in liver, we hypothesize
that critical molecules will affect prognosis and correlate with immune context in the tumor
microenvironment of HCC.

Methods: Using Kaplan—Meier plotter, GEPIA2 and Integrative Molecular Database of
Hepatocellular Carcinoma (HCCDB), survival genes and their prognostic value were esti-
mated in HCC. Based on Tumor Immune Estimation Resource (TIMER), association
between survival genes and immune infiltration was examined in HCC. FunRich and
STRING were used to analyze gene ontology and protein—protein interaction (PPI)
Network, qRT-PCR was used to measure mRNA level of candidates; and a Cell Counting
Kit-8 was used to measure proliferation of HCC cell line.

Results: Using multiple databases, we identified 36 key prognostic genes highly expressed
in HCC and associated with poor survival of patients. Meanwhile, the 36 gene
signatures correlated with immune infiltration in HCC. Moreover, these genes were signifi-
cantly associated with exhausted T cells and polymorphonuclear myeloid-derived suppressor
cells (PMN-MDSCs) in HCC. Among the 36 key genes, SKA3, SGOL2, SPINDOC,
TEDC2, TMCO3 and NUP205 were highly expressed in tumor samples compared with
adjacent normal tissues in our HCC cohort (n=22). Additionally, proliferation of SMMC7721
cell line was inhibited when it interfered with SIRNA of each gene.

Conclusion: The 36 genes may serve as potential prognostic biomarkers and molecular
targets to ameliorate tumor immune microenvironment (TIME) in HCC and therefore
represent a novel avenue for individualized immunotherapy in HCC.
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Introduction

Hepatocellular carcinoma (HCC), which accounts for approximately 90% of pri-
mary liver cancers, is the sixth most common malignancy and the second leading
cause of cancer-related mortality in the world."? Although treatments with
Sorafenib and Regorafenib show a modest survival benefit, their overall anti-
tumor efficacies are still limited.>® Over recent decades, the landscape of cancer
treatment has been revolutionized by immunotherapies.” While such therapies as
checkpoint blockade can lead to unprecedented clinical benefits for malignant
melanoma, non-small cell lung cancer (NSCLC), bladder cancer and Hodgkin
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lymphoma, etc., the response rate is low, and it is much lower in HCC,'? the
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underlying mechanisms remain to be elucidated. As
a major immune organ, liver acts as a central immune-
modulator to protect other organs and systems by main-
taining immunologic tolerance.'® Sophisticated and unique
immune sets in liver and HCC tumor microenvironment
(TME) play important roles in virus infection, inflamma-
tory reaction, immune evasion and response to immune
therapy.'® Recently, various studies have identified that
tumor-infiltrating lymphocytes in TME are associated
with prognosis and immunotherapy response of HCC
patients. For example, increased regulatory T cells (Tr.g)
correlate with poor overall survival and resurgence-free
time, while increased ratio values of B/T cells in TME
correlate with longer survival in HCC.'"*'® In addition,
immune cell infiltration of the primary tumor affects indi-
vidual response to checkpoint inhibitors in metastatic
melanoma independent of PD-L1 status.'® Thus, there is
an urgent need to uncover the molecular mechanisms
of immune infiltrates in TME and to identify novel
immune-related  therapeutic targets in order to
improve immunotherapy in HCC.

With rapid advances in next-generation sequencing
(NGS) and bioinformatics, accumulated data have helped
us to understand complicated biological characteristics of
tumors in multiple dimensions. Simultaneously, more and
more databases have been generated to analyze cancer
pathogenesis comprehensively, such as Gene Expression
Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/) and
The Cancer Genome Atlas (TCGA, https://www.cancer.
gov/about-nci/organization/ccg/research/structural-

genomics/tcga),'’ which have already molecularly charac-
terized over 20,000 primary tumors and their matched
normal samples among 33 types of cancer. According to
the abundant data from TCGA and other databases, var-
ious related online visualized analyzing tools and software
have also been created, such as GEPIA2 (http://gepia2.
cancer-pku.cn/#index), which focuses on RNA sequencing

data of 9736 tumors and 8587 normal samples from
TCGA and GTEXx projects. This can provide customizable
functions, including differentially expressed survival-
related genes in various cancers.'® Another tool, called
Tumor Immune Estimation Resource (TIMER, https://cis
trome.shinyapps.io/timer/), is a comprehensive resource

for systematic analysis of immune infiltrates across multi-
ple cancer types.'”** Such tools based on comprehensive
databases extensively help us to uncover new potential
prognostic markers in various cancer types as well as
complicated associations between molecules and tumor

immune microenvironment (TIME), so as to provide new
potential targets for HCC immunotherapy, and to improve
the precise treatment in HCC patients.

In our present study, we identified 36 key prognostic
genes highly expressed in HCC and associated with poor
survival of patients through multiple databases.
Meanwhile, the 36 gene-signature correlated with immune
infiltration in HCC. Moreover, these genes were signifi-
cantly associated with exhausted T cells and polymorpho-
nuclear myeloid-derived suppressor cells (PMN-MDSCs)
in HCC. Among them, SKA3, SGOL2, SPINDOC,
TEDC2, TMCO3 and NUP205 were highly expressed in
tumor samples compared with adjacent normal tissues in
our HCC cohort (n=22), Additionally, proliferation of
SMMC7721 cell line was inhibited when it interfered

with SiRNA of each gene.

Materials and Methods

Gene Analysis in GEPIA2

GEPIA2 is an updated version of GEPIA that analyzes
RNA sequencing expression data of 9736 tumors and 8587
normal samples from TCGA and GTEx projects, using
a standard processing pipeline. It provides customizable
functions such as tumor/normal differential expression
profiling, according to cancer types or pathological stages,
patient survival analysis, similar gene detection, correla-
tion analysis and dimensionality reduction analysis (http://
gepia2.cancer-pku.cn/#index).'® In our study, we applied

survival analysis to the most differential survival genes in
hepatocellular carcinoma (HCC). We analyzed correlation
between these genes and immune infiltrates in HCC
through TIMER. We defined overall survival as prognosis
and the median as group cutoff.

Correlation Analysis Through TIMER
Database

Tumor Immune Estimation Resource (TIMER) is
a comprehensive resource for systematic analysis of
immune infiltrates across diverse cancer types (https:/cis
trome.shinyapps.io/timer/).'”° Relative abundances of 6
immune infiltrates (B cells, CD4+ T cells, CD8+ T cells,

neutrophils, macrophages and dendritic cells) are estimated,

which will be validated using pathological estimations.'® In
our present study, we used TIMER to analyze association
between the most differential survival genes and immune
infiltrates in HCC. Moreover, associations between each
gene and various markers of tumor-infiltrating immune
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cells were analyzed, including CD8+T cells, T cells (gen-
eral), B cells, monocytes, TAMs, M1 macrophages, M2
macrophages, neutrophils, natural killer (NK) cells, dendri-
tic cells (DCs), T-helper 1 (Thl) cells, T-helper 2 (Th2)
cells, follicular helper T (Tth) cells, T-helper 17 (Th17)
cells, Tyeq, exhausted T cells, myeloid-derived suppressor
cells (MDSC) and mucosal-associated invariant T (MAIT)
cells, as referenced in prior studies, !341:46:51-56 Then,
Spearman correlation and estimated statistical significance
of a pair of defined genes in HCC were generated through
correlation modules. The targeted gene was applied to
x-axis, and related markers were represented on y-axis.
Relatively, gene expression level was displayed with log2
RSEM.

Gene Expression and Prognostic Analysis
Through HCCDB Database

Integrative  Molecular Database of Hepatocellular
Carcinoma (HCCDB) was contributed by Tsinghua
University and National Center for Liver Cancer &
Shanghai Eastern Hepatobiliary Surgery Hospital. This
database curated 15 public HCC expression datasets with
up to ~4,000 clinical HCC samples and serves as a one-
stop online resource for HCC gene expression and other
comprehensive analyses, including prognostic and co-
expression analysis (http://lifeome.net/database/hccdb/

home.html).?" In our study, the most differential survival
genes associated with immune infiltrates were analyzed by
HCCDB, to compare the expression levels of these genes
in HCC tumors with normal tissues, as well as their prog-
nostic value in HCC.

Kaplan—Meier Plotter Database Analysis

The Kaplan—Meier plotter is capable of assessing potential
effects of 54,000 genes on survival in 21 cancer types.
Primary purpose is meta-analysis based discovery and vali-
dation of survival biomarkers (http://www.kmplot.com/ana

lysis/index.php?p=background).’”*® In our study, we used

this database to confirm prognostic value of selected key
genes in HCC. The HR with 95% CI was marked.

Gene Ontology and Protein—Protein
Interaction (PPl) Network Analysis

For better understanding of key prognostic genes asso-
ciated with immune infiltrates in HCC, cellular compo-
nent, molecular function and biological process were
analyzed by Gene Ontology through FunRich software

(http://www.funrich.org/). PPl network was analyzed by
STRING online tool (https://string-db.org/cgi/input.pl?
sessionld=VZH605N19gVM&input page show
search=on).

SPINDOC, TEDC2, NUP205, SGOL2,
SKA3 and TMCO3 Expression Analysis

This study was approved by Ethical Committee of Beijing
Shijitan Hospital and performed by complying with all
[No. sjtkyll-1x-2021(22)].
Written informed consent from each patient was obtained

relevant ethical regulations

prior to study commencement. All processes were con-
ducted in accordance with the Declaration of Helsinki.

About 10 mg HCC sample or adjacent normal tissue
was disrupted and homogenized in 1 mL RNA-Solv
Reagent (OMEGA R6934) containing 2% 2-mercaptoetha-
nol. Total RNA was isolated using the E.Z.N.A Total RNA
Kit II (OMEGA R6934-02) according to the tissue proto-
col. ReverTra Ace qPCR RT Kit (TOYOBO FSQ-101)
was used to synthesize the first-strand cDNA. Real-time
gPCR was done on Quant Studio 6 Real Time PCR
System with SYBR (Thermo Fisher Scientific). 18S was
used to normalize relative expression of target genes.

About 1x10"5 SMMC7721 cells were seeded into 12-
well plates. Lipofectamine 3000 reagent was added to
transfect SIRNA (final concentration=0.1MM) into cells
at 70-80% confluence, according to standard protocol
(Thermo Fisher Scientific). Cells were incubated in incu-
bator with 5% CO, at 37°C. Two days later, total RNA was
collected using E.Z.N.A Total RNA Kit II (OMEGA
R6934-02) according to cell protocol, followed by qPCR,
as described previously.

Proliferation Assays

Two thousand SMMC7721 cells were seeded in 96-well
plates. One day later, SIRNA (final concentration=0.1MM)
was transfected into cells as described above. Cell
Counting Kit-8 (YESEN 40203, Shanghai, China) was
used to measure proliferation from the Ist to 5th day
after interfered with SiRNA. Cell viability (%) = [OD450
(SiRNA)-OD450 (BLANK)]/[OD450 (SiRNA-NC)-OD4
50 (BLANK)].

Statistical Analysis

The survival curves were generated by GEPIA2, Kaplan—
Meier plotter and HCCDB. Spearman correlation was used
to evaluate association between gene expression and
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a specific parameter. The strength of correlation was defined
by absolute value as follows: 0.00-0.19 “very weak”, 0.20—
0.39 “weak”, 0.40-0.59 “moderate”, 0.60-0.79 “strong”,
and 0.80-1.0 “very strong”. Statistical comparisons of
mRNA levels between HCC tumors and adjacent normal
tissues were conducted using paired #-tests or a one-way
analysis of variance (ANOVA). Unpaired ¢-test was used to
analyze viability of cells between NC and SiRNA group.
A P-value of <0.05 was considered statistically significant.

Results

Identification of the Most Differential
Survival-Related Genes and Their
Association with Immune Infiltrates in

HCC

Using TCGA database through GETIA2, the most differ-
ential survival-related genes were explored, which may
serve as potential prognostic markers in HCC (Figure 1
and Supplementary Table 1). Five hundred genes were
identified, including the top 10 genes HILPDA,
CCDCS58, B3GAT3, CLEC3B, CTB-147N14.6, SOCS2,
LPCATI1, PES1, DNASE1L3 and AHSAI1. Then, the asso-
ciation between each differential survival gene and
infiltrates in HCC was
TIMER. We defined a relation between a gene and

immune analyzed through

Figure | Thirty-six key genes were identified from multiple databases. Differential
genes: The 500 most differential survival genes in HCC through TCGA database;
Immune infiltration: the differential survival genes which are generally correlated
with immune infiltration in HCC in TCGA through TIMER; Key genes: the differ-
ential expression genes with prognostic value which are correlated with immune
infiltration in HCC from the 500 most differential survival genes.

immune infiltration as existing when >4 types of immune
cell (B cells, CD4+ T cells, CD8+ T cells, neutrophils,
macrophages and dendritic cells) were associated with
a target gene. Consequently, 119 of 500 genes were iden-
tified as being associated with immune infiltrates in HCC
(Figure 1 and Supplementary Table 2).

Identification of Key Candidate
Prognostic Biomarkers Correlated with

Immune Infiltrates in HCC

To identify new potential prognostic biomarkers in HCC,
first we compared the expression levels of 119 genes
(Supplementary Table 2) between HCC tumor and adja-

cent normal tissues, then we evaluated the prognostic
values of these genes through the database Integrative
Molecular Database of Hepatocellular Carcinoma
(HCCDB), which has integrated 15 public datasets with
up to 4000 clinical HCC samples and serves as a one-stop
online resource for HCC gene expression and comprehen-
sive analysis, including prognostic and co-expression
analyses (http:/lifeome.net/database/hccdb/home.html).?!
From the above 119 genes correlated with immune infil-

trates, 36 genes with significantly different expression
between HCC and adjacent tissues were identified
(Figure 2 and Supplementary Table 3). Further analysis

indicated that the different expression levels of the 36
genes between HCC and adjacent tissues exhibited notable
prognostic value in HCC; a higher level of gene expres-
sion was associated with much poorer survival (Table 1).
In addition, we also confirmed each gene’s prognostic
value in HCC through Kaplan—Meier plotter database ana-
lysis (http://www.kmplot.com/analysis/index.php?p=servi

ce&start=1) (Figure 3 and Supplementary Figure 1). The

results suggested that the 36 genes may serve as new
potential prognostic markers in HCC.

Correlation Between Key Biomarker
Expressions and Immune Marker Sets in

HCC

To our surprise, all 36 candidates were upregulated in HCC.
We then applied TIMER to further explore molecular
mechanisms underlying relationship between 36 key poten-
tial prognostic markers and TIME (Table 2, Supplementary
Table 4). Interestingly, these 36 genes correlated with infil-

tration of CD8+T cells, general T cells, B cells, monocytes,
tumor-associated macrophages (TAMs), and type 1 T helper
cells (Thl). The strength of correlation varied from “very
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Table | Key Candidate Prognostic Biomarkers Correlated with
Immune Infiltrates in HCC

Genes Expression Fold Prognostic
Change Performance
NUP205 UpP 1.92 Unfavorable
CAPG UP 7.13 Unfavorable
CBXI UpP 2.53 Unfavorable
CCNBI uUpP 16.44 Unfavorable
CDC20 UP 30.06 Unfavorable
CDC45 upP 9.59 Unfavorable
CDCAS upP 14.41 Unfavorable
CDCA8 upP 9.28 Unfavorable
CDKI UpP 19.15 Unfavorable
CDTI UpP 13.63 Unfavorable
CEP55 upP 12.43 Unfavorable
CLICI upP 3.32 Unfavorable
DLGAP5 upP 1.5 Unfavorable
E2F8 upP 25.33 Unfavorable
EXOlI upP 18.1 Unfavorable
EZH2 upP 2.85 Unfavorable
FABP5 upP 5.78 Unfavorable
G6PD upP 3.44 Unfavorable
KIFI1 UpP 6.5 Unfavorable
KIFCI UP 20.8 Unfavorable
MCM3 upP 3.77 Unfavorable
MCM7 upP 2.71 Unfavorable
MCM8 UpP 2.45 Unfavorable
MKI167 upP 17.06 Unfavorable
NEK2 upP 29.18 Unfavorable
NUF2 UP 19.08 Unfavorable
OIPS UP 1.21 Unfavorable
PRCI upP 9.54 Unfavorable
SPINDOC UP 2.4 Unfavorable
SGOI uUpP 7.71 Unfavorable
SGO2 upP 6.92 Unfavorable
SKA3 UpP 22.86 Unfavorable
SPC25 UpP 13.19 Unfavorable
TEDC2 upP 5.92 Unfavorable
TMCO3 upP 2.88 Unfavorable
TRIPI3 UpP 7.38 Unfavorable

Notes: Up: The expression level of genes was higher in HCC compared with
adjacent tissues in TCGA/HCCDB; Fold change: The expression level of genes in
HCC compared with adjacent normal tissues in TCGA; Unfavorable: The higher
expression level is correlated with poorer prognostic survival in TCGA/HCCDB.

weak” to “moderate”. These genes showed no significant
correlation with subtype of macrophages (M1/M2), natural
killer cells, follicular helper T cells (Tth), Th17 and muco-
sal-associated invariant T cells (MAIT). For neutrophils and
dendritic cells (DCs), these genes showed significant corre-
lation with ITGAM and ITGAX, respectively. For exhausted
T cells, these genes were significantly positively correlated
with PDCD1, CTLA4, HAVCR2 and TIGIT. These genes

also showed general correlation with LAG3, BTLA,
ENTPDI, CD27, TNFRSF9, WARS and CXCL13. Thus,
these genes might be highly connected with T cell exhaus-
tion in TME of HCC, which may therefore affect the survi-
val of HCC patients.

In addition, for Treg cells, these genes showed very
weak correlation with FOXP3, were negatively correlated
with STATSB and positively correlated with CCR8 and
TGF-B1, suggesting these genes could probably influence
Treg differentiation in HCC TME. Moreover, for MDSCs,
these genes were significantly and positively associated
with FUT4 (CD15, the molecular marker of PMN-
MDSC) but negatively correlated with CDI14 (the
molecular marker of M-MDSC). Thus, considering their
important role in the TIME, the other underlying mechan-
ism behind the prognostic roles of these genes in HCC
may be due to their positive correlations with Treg and
MDSC.

Key Biomarkers' Gene Ontology and
Protein—Protein Interaction (PPI)

Network Analysis

To better understand potential roles of 36 key prognostic
genes associated with immune infiltration, FunRich soft-
ware was used to analyze cellular component, molecular
function and biological process. Most of these genes can
be localized in nucleus (82.4%) and nucleoplasm (58.8%)
(Figure 4A). The most enriched biological processes were
protein binding (91.7%), chromatin binding (22.2%) and
DNA replication origin binding (11.1%) (Figure 4B).
Moreover, these genes were associated with various func-
tions, including cell division (45.7%), chromosome segre-
gation (20%), and DNA replication (20%) (Figure 4C). In
addition, based on PPI analysis, there were significant
interactions among 36 proteins (avg. local clustering coef-
ficient=0.774, PPI enrichment p-value <1.0e-16, Figure 5).

Expression of SPINDOC, TEDC2,
NUP205, SGOL2, SKA3 and TMCO3 in
HCC Samples

To confirm differential expression of key genes, we analyzed
mRNA levels of SPINDOC, TEDC2, NUP205, SGOL2,
SKA3 and TMCO3 in clinical samples. All these genes are
highly expressed in HCC tumor tissues compared with adja-
cent normal tissues (Figure 6). The clinical information of

the patients is summarized in Supplementary Table 7.
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Figure 3 Kaplan—Meier survival curves were used to confirm the prognostic value of the key genes from Kaplan—Meier plotter database. Overall survival (OS) was used in
all the genes to evaluate their prognostic value. (A) CI1ORF84, (B) CI60ORF59, (C) CAPG, (D) CBXI, (E) CCNBI, (F) CDC20, (G) CDC45, (H) CDCA5.The OS
prognostic value analysis results of the other 28 genes can be found in Supplementary Figure |.

Interfering mRNA Expression of
SPINDOC, TEDC2, NUP205, SGOL2,
SKA3 and TMCO3 Inhibit the Proliferation

of the SMMC7721 HCC Cell Line
Considering that SPINDOC, TEDC2, NUP205, SGOL2,
SKA3 and TMCO3 were highly expressed in HCC and
higher expression is associated with poorer prognosis, we
used specific SIRNA to knock down each gene respec-
tively in human SMMC7721 HCC cell line. Interestingly,
the proliferation of the SMMC7721 cell line was signifi-
cantly inhibited when the expressions of SPINDOC,
TEDC2, NUP205, SGOL2, SKA3 or TMCO3, respec-
tively, were interfered with (Figure 7, Supplementary
Figure 2 and Supplementary Table 6).

Discussion

As the second leading cause of cancer-related death and
the fifth most common cancer, primary liver cancer causes
~800,000 deaths each year, globally*>. Generally, 80-90%
of liver cancer cases are hepatocellular carcinoma
(HCC).** With advances in basic and clinical science,
underlying mechanisms of HCC tumorigenesis and pro-
gression have been explored. The main risk factors for
HCC are well known, including hepatitis B and C virus

3

infection, alcohol consumption and aflatoxin.*® 1In

addition, molecular pathogenesis of HCC was also
revealed. Representative multiple targets drugs (Sorafenib
and Regorafenib) have been widely applied in clinical
practice and exhibit only a minor survival benefit, thus
the prognosis of HCC remains very poor.>® Recently,
immune checkpoint inhibitor (ICI) has reformed the para-
digm of cancer therapy and achieved marvelous results in
controlling several types of cancer. However, most cancer
patients, especially those with HCC, show no response to
ICL.'? Due to the complicated immune status in liver by
itself, we hypothesize that some key molecules may affect
its prognosis and correlate with the immune context
in HCC.

In this study, we first analyzed the most differential
survival-related genes in HCC using TCGA database and,
GEPIA2, 500 identified
(Supplementary Table 1). We then analyzed the relation-

through genes  were

ships between these genes and immune infiltrates in HCC
through TIMER, and 119 genes were found to correlate
with the immune infiltrates in HCC (Figure 1 and
Supplementary Table 2). To further estimate their prog-

nostic values in HCC, we first compared the expression
levels of the 119 genes between HCC tumor tissues and
adjacent normal tissues, and then evaluated their prognos-
tic values in HCC through another database, HCCDB,
which specifically collected data from HCC-related
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Figure 4 (A) Functional enrichment analysis of key prognostic markers. (A) Cellular components, (B) Biological processes, (C) Molecular functions in gene ontology
analysis using FunRich software. p<0.05 was considered a statistically significant difference.

studies and comprehensively analyzed the characteristics
of HCC.*' Among the 119 genes, 36 key genes exhibited
significantly differential expression in HCC tumors com-
pared with adjacent tissues. Meanwhile, the 36 genes
showed unfavorable prognostic value in HCC. A higher
expression of 36 genes correlated with much poorer sur-
vival (Table 1). In addition, the gene ontology analysis
revealed that these 36 molecules were mostly located in
the important organs of the cell (nucleus and nucleo-
plasm), participating in significant biological processes
(protein binding, chromatin binding and DNA replication
origin binding), and were associated with various key
functions (cell division, chromosome segregation, DNA
replication) (Figure 4). Moreover, (PPI network analysis
that
correlations (Figure 5). As we all know, uncontrolled

indicated these 36 molecules had mutual

cell division is one of the most significant
characteristics of cancer and the results of our gene ontol-
ogy and PPI analysis may partly confirm the significant
correlation between these 36 genes and the prognosis
of HCC.

Most of these genes (30/36) have been reported to
correlate with the prognosis of HCC by other authors**

(Supplementary Table 5), and our results were very much

in accordance with those of previous studies. In addition,
our results indicated that all 36 genes had a significant
correlation with the immune infiltration in HCC. This kind
of relationship, to the best of our knowledge, hads never
been reported before. Furthermore, for the 6 critical

potential prognostic genes (NUP205, SKA3, SPINDOC,
SGOL2, TMCO3 and TEDC2) no type of relationship
with HCC, including with the prognosis of HCC, to our
knowledge, has ever been reported before. Moreover, the 6
genes were confirmed to highly express in HCC tumors in
our own cohort (n=22) (Figure 6). Notably, the prolifera-
tion of SMMC-7721 human hepatocellular carcinoma cell
line was inhibited when the expressions of NUP205,
SKA3, SPINDOC, SGOL2, TMCO3 and TEDC2, respec-
tively, were interfered with (Figure 7). Their underlying
molecular mechanism is worth further exploration to dis-
cover potential therapeutic targets for HCC.

In a previous study, SPINDOC was shown to directly
bind Spindlinl (SPIN1) and to strongly disrupt the histone
methylation reading ability of SPINI1.>> SPINI is
a transcriptional coactivator with critical functions in
embryonic development and plays emerging roles in can-
cer. However, the interaction between SPINDOC with
SPIN1 in HCC is worth deep exploration.

The functions of TEDC2 remain unexplored. Using
a triple-level (gene-, transcript-, and exon-level) analysis
in lung adenocarcinoma transcriptomes with 77 paired
tumor—normal tissues, one previous study proposed
TEDC2 as a differentially expressed gene.”® So far, the
role of TEDC2 in HCC is unclear, and fundamental and
clinical investigation is needed.

NUP205 (nucleoporin 205) encodes a nucleoporin,
which can actively transport proteins, RNAs and ribonu-
cleoprotein particles between nucleus and cytoplasm. One
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Figure 5 Protein—protein interaction (PPl) network for key potential prognostic genes in HCC. Those 36 key prognostic genes related to the PPl network are analyzed by
STRING online tool (avg. local clustering coefficient=0.774, PPl enrichment p-value<l.Oe-16).

previous study identified NUP205 as a TMEM209-
interacting protein. Mass spectrometric analysis indicated
that, when stabilizing NUP205, c-Myc was upregulated in
the nucleus. Overexpression of TMEM209 and
TMEM209-NUP205 interaction could drive the prolifera-
tion of lung cancer.?” It is promising to explore its role and
underlying mechanisms in HCC tumorigenesis.

SGO2 (shugoshin 2), also known as SGOL2 or
TRIPIN, plays an important role in cell cycle progression
during meiosis.?*** SGO2 contains a MAD1/CDC20-like—
MAD?2 interaction motif and competes with MAD1 and
CDC20 for binding to Mad2.?’ CDC20, one key prognos-
tic gene as identified in our present study, has also been
reported previously.>*>? Moreover, it was recognized as

a potential cancer therapeutic target by other researchers.*
Thus, further studies are required to elucidate the functions
of SGO2/CDC20 in HCC.

SKA3 (spindle and kinetochore associated complex
subunit 3), also called RAMAI1 or Cl3orf3, participates
in mitosis,** and is considered one of the genes susceptible
to prostate cancer metastasis.”> Overexpression of SKA3
contributes to the progression of colorectal adenoma to
carcinoma progression.®® Thus, high expression of SKA3
associated with immune infiltration in HCC suggests it is
a promising candidate for prognosis evaluation and ther-
apy of HCC.

TMCO3 (transmembrane and coiled-coil domain 3),
also known as Cl13orfll, was identified as one of the
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6 genes were more highly expressed in HCC samples compared with adjacent normal tissues.*p<0.05, **p<0.01, ***p<0.001.
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interaction partners of EGFR (epidermal growth factor
receptor).”’ Considering that the EGFR-related pathway
plays an important role in HCC tumorigenesis,*® " it is
necessary to clarify whether TMCO3 affects the prognosis
and immune status through the EGFR-related pathway.

In a previous study, we used single-cell sequencing to
analyze the landscape of infiltrating T cells in liver cancer
and revealed that subsets of exhausted T cells correlated
with poorer prognosis in HCC patients.*' In present study,
we analyzed the relationship between the 36 key potential
prognostic genes and the immune sets in HCC with
TIMER. The results showed that the 36 key potential
prognostic genes were significantly associated with
exhausted T cell markers, including PDCDI1, CTLAA4,
HAVCR2 and TIGIT, suggesting these genes were closely
related to T cell exhaustion in TME of HCC. Previous
studies demonstrated that exhausted T cells in TME highly
expressed inhibitory receptors, exhibited lower effector
cytokine secretion and cytolytic activity and ultimately
led to failure of tumor eradication. Reversing exhausted
status of T cells represents a promising breakthrough in
cancer immunotherapy.*** Thus, the 36 genes in this
study may be used as potential targets to improve the
prognosis of HCC, probably through reversing T cell
exhaustion in TME.

Our results also showed that the expression of these 36
genes significantly and positively correlated with PMN-
MDSC (CD14-CD11b+CD33+CD15+), whose phenotypes
are similar to granulocytes, whereas it negatively corre-
lated with M-MDSC, whose phenotypes are similar to
monocytes.** Previous studies indicated that subtypes of
MDSC varied in different cancer types, depending on
TME.* A lower level of MDSC in cancer was related to
favorable prognosis after immune checkpoint inhibitor
therapy.***® In a spontaneous model of uveal melanoma,
PMN-MDSC infiltrated in primary tumors could promote
the dissemination of cancer cells through inducing epithe-
lial-mesenchymal transition (EMT).*” Thus, the 36 key
genes may regulate the differentiation of MDSCs in
TME of HCC, and influence the prognosis through up-
regulating PMN-MDSC. In addition, our TIMER analysis
showed that the 36 genes positively correlated with CCRS8
and TGF-B1, while they negatively correlated with
STAT5B. CCRS8, TGF-B1 and STAT5B are well-known
Treg regulating molecules, therefore these genes may
affect the prognosis of HCC by participating in the differ-
entiation of Treg in TME of HCC.

Recently, immune infiltration in TME has been exten-
sively explored. Tumor-infiltrating lymphocytes can affect

the response to 4849

immunotherapy and prognosis.
A recent study indicated that immune cell infiltration
within primary tumors plays a more important role than
PD-L1 status in response to checkpoint inhibition in meta-
Additionally,

specific T cells may have limited reinvigoration capacity

static melanoma.'® pre-existing tumor-

through checkpoint blockade therapy;’® however, the
underlying mechanisms remains unknown. In our study,
the 36 key genes related to the suppressive immune status
in HCC may partly elucidate their connection with the
poor survival of HCC patients. To our knowledge,
although prognostic value was reported in most of these
36 key genes (Supplementary Table 5), their correlations

with TIME in HCC were rarely explored. Better under-
standing of the correlation between these key prognostic
genes and immune sets will open a promising avenue to

ameliorate TIME and improve the immunotherapy
in HCC.
Conclusions

In our study, 36 key potential prognostic genes are highly
expressed in HCC and correlate with poor prognosis.
These genes are significantly associated with suppressive
immune status in HCC. These genes may serve as prog-
nostic markers and potential targets to improve immu-
notherapy in HCC. Among them, SPINDOC, TEDC?2,
NUP205, SGOL2, SKA3 and TMCO3 are confirmed to
be highly expressed in HCC tumors compared with adja-
cent normal tissues. These 6 genes may regulate prolifera-
tion of SMMC7721 (human HCC) cells. Collectively,
these findings hugely enrich our knowledge of molecular
characteristics and immune status in HCC.
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