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Investigation of the clinical significance and prospective
molecular mechanisms of cystatin genes in patients with
hepatitis B virus-related hepatocellular carcinoma
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Abstract. The present study aimed to investigate the clinical
significance and prospective molecular mechanism of cystatin
(CST) genes in patients with hepatitis B virus (HBV)-related
hepatocellular carcinoma (HCC). The role of CST genes in the
molecular mechanism of HCC was revealed through bioinfor-
matics analysis. The clinical significance of CST genes was
investigated using GSE14520-derived data from patients with
HBV-related HCC. Gene set enrichment analysis (GSEA)
was used to identify pathways in which the CST genes were
enriched, as well as the association between these pathways
and HCC. The expression levels of CST1, CST2, CST5, CSTA
and CSTB genes were higher in HCC tissue compared with
in normal tissue; conversely, CST3 and CST7 were reduced
in HCC tissue. Subsequent receiver operating characteristic
analysis of the CST genes demonstrated that CST7 and CSTB
genes may function as potential diagnostic markers for HCC.
Furthermore, the expression levels of CST6 and CST7 were
strongly associated with recurrence-free survival and overall
survival of patients with HBV-related HCC. GSEA of the CST
genes revealed that CST7 was significantly enriched in tumor
evasion and tolerogenicity, cancer progenitors, liver cancer late
recurrence, liver cancer progression and several liver cancer
subclasses. In addition, CST genes demonstrated homology in
terms of protein structure and were revealed to be strongly
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co-expressed. The present findings suggested that CST7 and
CSTB genes may serve as potential prognostic and diagnostic
biomarkers for HCC.

Introduction

Hepatocellular carcinoma (HCC) was reported to be the sixth
most common cancer and the fourth most common cause of
malignancy-associated mortality worldwide in 2018. Each
year, ~841,000 new cases of HCC are diagnosed and 782,000
deaths occur due to HCC worldwide (1). Notably, ~50% of newly
diagnosed HCC cases and HCC-related deaths are thought to
occur in China, with ~466,100 newly diagnosed patients and
~422,100 deaths occurring in China in 2015 (2). Primary liver
cancer includes several pathological types, of which HCC is
the predominant form that accounts for 75-85% of all cases,
with an incidence of 6.20 cases per 100,000 (1,3). Compared
with other types of cancer, HCC in China carried the worst
prognosis between 2003 and 2005, with a 1-year survival
rate of <50% and a 5-year-survival rate of only 10.1% (4,5).
Hepeatitis B virus (HBV) infection is the primary cause of the
high incidence of HCC in China (6). Given the poor prognosis
of this disease, early HCC detection and treatment is of the
utmost importance (7). Recent advances in genetic research
have promoted a comprehensive understanding of the role of
genetic mutations in HCC, allowing for the identification of
diagnostic and prognostic HCC biomarkers (8).

Cysteine proteases are critical in promoting the progression
of various types of tumor (9). There are eight subfamilies in
the cystatin (CST) family group (Family 1, Family 2, Family 3,
HRG, Fetuins, CRP, Spp24 and CRES) (10). Cysteine proteases
are inhibited by CSTs (11) and are concentrated in the leading
edge of tumor cells, where they dissolve extracellular matrix
(ECM) proteins to promote invasion (12,13), thus enhancing
tumor progression. Several types of CST have been discovered
to possess significantly distinct expression profiles in HCC
compared with their expression in healthy tissues. CST3, CSTA
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and CSTB are significantly highly expressed in HCC tissue
compared with in adjacent healthy tissue, and the expression
levels of CSTA and CSTB are strongly associated with node
metastasis for HCC (14,15). Additionally, it has been reported
that CST3 and CSTB may function as serum markers for
HCC (15,16). Therefore, further investigations into the role of
CST genes in HCC are warranted. The present study aimed to
uncover the prognostic and diagnostic values of Family 1 CSTs
(CSTA and CSTB) and Family 2 CSTs (CST1, CST2, CST3,
CST4,CSTS5,CST6,CST7 and CSTS) in patients with HCC using
freely available data derived from public genomic databases.

Materials and methods

Bioinformatics analysis of CST genes. Database for
Annotation, Visualization and Integrated Discovery (DAVID,
version 6.8; david.ncifcrf.gov/home.jsp) (17,18) was accessed
on December 17, 2018 for Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway annotation, Gene Ontology (GO)
functional annotation and enrichment analysis of CST genes.
An enrichment P<0.05 was considered to indicate a statistically
significant difference. Gene-gene interactions of CST genes
were constructed using GeneMANIA (www.genemania.org,
accessed December 17, 2018) (19,20), whereas protein-protein
interactions of CST genes were constructed using the Search
Tool for the Retrieval of Interacting Genes/Proteins (STRING;
string-db.org, accessed December 17, 2018) (21,22).

Data source. The GSE14520 dataset (www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE14520, accessed December 17,
2018), which comprises clinical data of patients with
HBV-related HCC as well as their CST gene expression
profiles, was extracted from the Gene Expression Omnibus
database (23-25). Due to multiple probe sets in GSE14520,
the expression value of each gene was regarded as the average
value corresponding to the same gene and was normalized
using the limma package of the R platform (version 3.5.1,;
WWW.r-project.org).

Analysis of gene association and assessment of diagnostic
value. Correlations between the CST genes were analyzed
using Pearson's correlation coefficient and were depicted
using the corrplot function of the R platform (version 3.5.1,;
www.r-project.org); P<0.05 as considered to indicate a statisti-
cally significant difference. Differential expression of the CST
genes between healthy liver tissues and HCC tumor tissues
were statistically analyzed using Student's t-test in SPSS
software (version 22.0; IBM Corp.); P<0.05 as considered to
indicate a statistically significant difference. Receiver oper-
ating characteristic (ROC) curve analysis was used to assess
the diagnostic value of CST genes in predicting HCC (26,27).

Survival analysis. Based on the median value of gene expression,
patients were grouped into either the low or high gene expres-
sion group. Each CST gene was analyzed for survival using
Kaplan-Meier analysis with log-rank test, and a Cox proportional
hazards regression model was conducted to analyze the associa-
tion of CST genes with clinical parameters that were strongly
associated with OS (P<0.05). The CST genes associated with
survival of patients with HCC (adjusted P<0.05) were analyzed
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in combination to explore their joint effects on survival analysis
using Kaplan-Meier analysis and log-rank test, and Cox propor-
tional hazards regression model. Nomograms based on biological
and clinical variables were used to construct a statistical prog-
nostic model of overall survival (OS) for HCC in accordance
with survival analysis results and the Cox proportional hazards
regression model (28). Data processing and plot generation were
conducted in R platform (version 3.5.1.; www.r-project.org) with
rms package. A scale that was marked on both ends of the line
corresponding to each variable represented the value range of
the variable, and the length of the line segment reflected the
contribution of this factor to the outcome event.

Gene set enrichment analysis (GSEA). The biological path-
ways targeted by CST genes were further explored with GSEA
(accessed December 17, 2018) (29) using data derived from the
Molecular Signatures Database of c2 (c2.all.v6.1 symbols) and
c5 (c5.allv6.1 symbols) (30). GSEA-derived gene enrichment
sets that attained a false discovery rate (FDR) of <0.25 and
P<0.05 were determined to confer statistical significance.

Statistical analysis. Statistical data processing was conducted
using SPSS (version 22.0; IBM Corp.) and R (version 3.5.1,;
www.r-project.org). The relative risk of patients with HCC
based on CST gene expression was expressed in terms of 95%
confidence intervals (CIs) and hazard ratios (HRs). Univariate
survival analysis of the CST genes and clinical parameters was
performed using Kaplan-Meier analysis with log-rank test.
CST genes and patient clinical parameters that were strongly
correlated with OS (P<0.05) were further subjected to a multi-
variate Cox proportional hazards regression model. Pearson's
correlation coefficient was used to assess the relationship
between co-expressed CST genes. P<0.05 was considered to
indicate a statistically significant difference. FDR control of
GSEA was achieved using the Benjamini-Hochberg procedure
and adjusted for multiple testing (31-33).

Results

Bioinformatics analysis of CST genes. Biological functions
(biological processes, cellular components and molecular
functions) of CST1, CST2, CST3, CST4, CST5, CST6, CST7,
CST8,CSTA and CSTB were subjected to a GO analysis using
DAVID. Each of these genes was markedly enriched in ‘extra-
cellular space’, ‘cysteine-type endopeptidase inhibitor activity’
and ‘protease binding’ (Fig. 1). KEGG pathway analysis using
DAVID suggested that CST1, CST2, CST3, CST4 and CST5
were involved in ‘salivary secretion’ (Fig. 1). CST1, CST2,
CST4, CSTA and CSTB genes and proteins had significant
co-expression relationships (Fig. 2B) and strong protein
homology (Fig. 2A) with each other.

Data source. The present study derived its data only from the
Affymetrix HT Human Genome U133A Array of GSE14520
in order to avoid a batch effect. The majority of subjects in
this cohort had HBV-related HCC, whereas the remainder of
non-HBV-related cases and those with no survival data were
eliminated. This resulted in data from 204 adjacent healthy
liver tissues and 212 HBV-related HCC tumor tissues. Data
regarding patient prognosis were available for all patients.
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Figure 1. KEGG pathway and GO term analysis of cystatin genes. BP, biological process; CC, cellular component; GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes; MF, molecular function.
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Figure 2. Interaction and correlation analysis of CST genes, and the expression level of CST genes between HCC and normal tissues in the GSE14520 dataset.
(A) STRING protein-protein association networks of the CST genes. (B) GeneMANIA gene-gene interaction networks of the CST genes. (C) Expression levels
of CST genes between HCC and normal tissues in the GSE14520 dataset. (D) Matrix graphs of Pearson correlation analysis of the CST genes in the GSE14520
dataset. "P<0.05. CST, cystatin; HCC, hepatocellular carcinoma.

Analysis of gene association and assessment of diagnostic ~ was analyzed using the Pearson correlation coefficient. CST1,
value. CST gene co-expression in HCC neoplastic tissues CST2 and CST4 were closely associated with each other in
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Figure 3. ROC curve analysis of the ability of CST genes to discriminate between hepatocellular carcinoma and adjacent healthy tissues in the GSE14520
dataset. ROC curves for (A) CST1, (B) CST2, (C) CST3, (D) CST4, (E) CSTS5, (F) CST6, (G) CST7, (H) CST8, (I) CSTA and (J) CSTB. AUC, area under the

curve; CST, cystatin; ROC, receiver operating characteristic.

GSEI14520 (Fig. 2D). Furthermore, CST1, CST2, CST5, CSTA
and CSTB expression levels were markedly increased in
HCC tumor tissue in the GSE14520 dataset, whereas CST3
and CST7 expression levels were markedly decreased in HCC
tumor tissue (Fig. 2C). There was no significant difference
in the expression of CST4, CST6 and CST8 between HCC
tumor tissues and healthy liver tissues.

ROC analysis of CST genes revealed that the expression
levels of CST7 and CSTB had significant diagnostic values
in differentiating between healthy and malignant hepatic
tissues. The area under the ROC curves of CST7 and CSTB
were 0.702 (95% CI: 0.651-0.753; Fig. 3G) and 0.919 (95% CI:
0.891-0.948; Fig. 3J), respectively. The other CST genes did
not exhibit significant diagnostic values.

Survival analysis. In GSE14520, patients with an advanced
Barcelona Clinic Liver Cancer (BCLC) stage (34), larger
tumor volume (diameter, >5 cm), higher serum a-fetoprotein
(AFP; >300 ng/ml) and cirrhosis were at high risk of death due
to HBV-related HCC (Table SI). Cirrhotic patients, males and
those with advanced BCLC stages were also more at risk of
recurrence of HBV-related HCC (Table SI). No other clinical
parameters were revealed to impact recurrence-free survival
(RFS) or OS.

The results of survival analyses of the CST genes are
presented in Figs. 4A-J, 5A-J and Table 1. Low expression
levels of CST6 (adjusted P=0.009; adjusted HR=1.651; 95% CI:
1.136-2.398; Table I; Fig. 4F) and high expression levels
of CST7 (adjusted P=0.048; adjusted HR=0.688; 95% CI:
0.475-0.966; Table I; Fig. 4G) were strongly associated with the

increased RFS of patients with HBV-related HCC, adjusted for
sex, BCLC stage and cirrhosis. Low expression levels of CST6
(adjusted P=0.036; adjusted HR=1.618; 95% CI: 1.033-2.533;
Table I; Fig. 5F) and high expression levels of CST7 (adjusted
P=0.014; adjusted HR=0.559; 95% CI: 0.351-0.891; Table I;
Fig. 5G) were also strongly associated with the increased OS
of patients with HBV-related HCC, adjusted for tumor size,
AFP, BCLC stage and cirrhosis.

The results of CST gene survival analysis indicated that
the expression levels of CST6 and CST7 may be significantly
associated with the recurrence and mortality of patients with
HBV-related HCC. The combined impact of CST6 and CST7
on OS and RFS of patients with HBV-related HCC was then
further analyzed. Patients were divided into four groups
according to CST6 and CST7 expression: Group A, high
CST6 and low CST7 expression; Group B, low CST6 and
low CST7 expression; Group C, high CST6 and high CST7
expression; Group D, low CST6 and high CST7 expression.
Patients who had low CST6 expression and high CST7 expres-
sion had a decreased risk of recurrence (adjusted P=0.003;
adjusted HR=0.431; 95% CI: 0.264-0.754; Table II; Fig. 6A)
and mortality (adjusted P=0.001; adjusted HR=0.315; 95% CI:
0.115-0.641; Table I1I; Fig. 6B) in HBV-related HCC. In addi-
tion, the nomogram indicated that both CST6 and CST7 may
make a contribution to the prognosis of HCC (Fig. 6C).

GSEA. A CST genome-wide RNA sequencing dataset was
used for GSEA in order to uncover the potential biological
mechanisms of CST6 and CST7 in HCC. The genome expres-
sion profile in GSE14520 was categorized based on CST6



ONCOLOGY REPORTS 42: 189-201, 2019

193

A 100 ~ Low CST1 100 ~ Low CST2 Cho0 - Low CST3
80 - High CST1 80 - High CST2 80 - High CST3
& 60 £ 60 60
ey =
% 40 ‘g 40 ‘g 40
@
Q o O 20 O 20
0 Log-rank P=0.845 0 Log-rank P=0.260 0 Log-rank P=0.821
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72
Recurrence-free survival (months) Recurrence-free survival (months) Recurrence-free survival (months)
D E
100 < LW CETA 100 ~LowcsTs 100 ~Low CST6
0 g 0814 80 ~ High CST5 80 ~High CST6
32 60 % 60 260 SN s
£ =
% 10 g 40 § 40
O 20 20 20
0 Log-rank P=0.189 0 Log-rank P=0.830 0 Log-rank P=0.030
o 12 24 365 48 80 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72
Recurrence-free survival Recurrence-free survival (months) Recurrence-free survival (months)
G
100 ~ Low CST7 H 100 ~Low CST8 100 - Low CSTA
80 — High CST7 80 — High CST8 80 ~High CSTA
£ 60 £ 60 <60
£ £ <
& 40 T 40 £ 40
8 8 3
20 20 820
0 Log-rank P=0.050 0 Log-rank P=0.482 0 Log-rank P=0.889
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72

Recurrence-free survival (months)

Recurrence-free survival (months)

Log-rank P=0.145

Recurrence-free survival (months)

—~— Low CSTB
- High CSTB

0 12 24 36 48 60 72
Recurrence-free survival (months)

Figure 4. Kaplan-Meier survival curve analysis of recurrence-free survival for CST genes in hepatitis B virus-related hepatocellular carcinoma in the GSE14520
dataset. RFS curves for (A) CST1, (B) CST2, (C) CST3, (D) CST4, (E) CSTS5, (F) CST6, (G) CST7, (H) CST8, (I) CSTA and (J) CSTB. CST, cystatin.

and CST7 median gene expression values. GSEA results of
the c2 reference gene set are shown in Table SII, in which
increased CST7 expression was associated with tumor evasion
and tolerogenicity, cancer progenitors, liver cancer late
recurrence, liver cancer progression and several liver cancer
subclasses (Fig. 7A-I). The enrichment results of ¢5 are shown
in Table SIII; high CST7 expression was revealed to also be
involved in positive regulation of the tumor necrosis factor
subfamily cytokine production, positive regulation of NF-kB
transcription factor and positive regulation of G,-S transition
of mitotic cell cycle (Fig. 7J-L). Conversely, the GSEA results
of CST6 did not exhibit a significant association between
CST6 and biological pathways relevant to HCC.

Discussion
It has been reported that cysteine proteases are involved in

the progression of several types of tumor (9). Destruction
and remodeling of the ECM is an essential process in tumor

progression (35), which can be promoted by cysteine prote-
ases (36), particularly cathepsin B, a representative cysteine
protease that serves a key role in tumor cell invasion (37-39).
However, biological functions of cysteine proteases are inhib-
ited by CSTs (11). Therefore, CSTs may also be associated
with tumor progression. Notably, CSTs have been reported to
be associated with the progression of various types of cancer,
including bladder cancer (40), breast cancer (41,42), esopha-
geal cancer (43), ovarian cancer (44) and prostate cancer (45).
The results of GSEA in the present study indicated that
CST7 was significantly enriched in liver cancer progression.
Co-expression analysis of the CST genes in GSE14520 using
Pearson's correlation coefficient revealed that CST1, CST2
and CST4 are closely associated with each other, verifying the
results of GeneMANIA and STRING.

CST7 expression was markedly decreased in HCC tissue
samples, whereas CSTB was highly expressed in HCC tumor
tissue. ROC analysis indicated that CST7 and CSTB exhibit
significant diagnostic values and may serve as potential
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Figure 5. Kaplan-Meier survival curve analysis of overall survival for CST genes in hepatitis B virus-related hepatocellular carcinoma in the GSE14520
dataset. OS curves for (A) CST1, (B) CST2, (C) CST3, (D) CST4, (E) CSTS, (F) CST6, (G) CST7, (H) CST8, (I) CSTA and (J) CSTB. CST, cystatin.

diagnostic biomarkers. The diagnostic value of CST genes has
been reported in previous studies. Having higher expression in
HCC compared with in adjacent healthy tissues, the diagnostic
value of CSTB for HCC was reported in previous research, and
the present investigation provided validation for this (14,16,46).
In addition to HCC, the diagnostic value of CSTB has been
reported in other tumor types. For example, compared with in
normal bladder tissue, CSTB immunohistochemical staining
is more intense in bladder cancer tissue (40). CSTB has also
been demonstrated to be a diagnostic biomarker of ovarian
clear cell carcinoma, due to its high expression in tumor cells
based on the results of immunohistochemical analysis, reverse
transcription-PCR and western blot analysis (47).

The survival analysis of CST genes indicated that CST6
and CST7 may be strongly associated with the OS and RFS of
patients with HBV-related HCC. The combined effects survival
analysis indicated that the risks of mortality and recurrence
in patients with HBV-related HCC were lowest in those with
increased expression of CST7 and attenuated expression of
CST6. Therefore, CST7 and CST6 may function as prognostic

biomarkers for HCC. The prognostic value of CST genes
has been reported across several malignancies. It has been
reported that overexpression of CST6 promotes pancreatic
cancer growth (48). The function of CST6 was revealed to
be similar in the present study, where the survival analysis
results indicated that high CST6 expression was associated
with poor survival of patients with HCC. However, CST6
has also been reported to act as a human tumor suppressor
gene in previous reports (45,49-54). Therefore, these findings
indicated that CST6 may exert distinct effects in different
types of cancer. The similar role of CST6 in the liver and
pancreas may be a result of the liver and pancreas stemming
from a common progenitor at the embryo stage (55). The fact
that the molecular mechanism of CST6 serves different roles
in various types of cancer still requires further exploration.
Although no significant association was detected between
CSTB and the prognosis of patients with HCC, differences
have been reported in the expression of CSTB between tumor
tissues and adjacent healthy tissues (16,46,56). In addition, the
prognostic value of CSTB has been demonstrated in several
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Table II. Joint effects analysis of CST6 and CST7 expression in the recurrence-free survival of patients with hepatocellular carcinoma.

No. of MRT Crude HR Crude Adjusted Adjusted
Group CST6 CST7 Patients events (months) (95% CI) P-value HR (95% CI) P-value®
A High Low 53 34 22 1 - 1 -
B Low Low 53 29 42 0.788 (0.480-1.294) 0.48 0.753 (0.458-1.237) 0.263
C High High 53 32 36 0.815 (0.503-1.322 0.408 0.880 (0.541-1.4330) 0.608
D Low High 53 21 NA 0.452 (0.262-0.779) 0.004 0.431 (0.264-0.754) 0.003

*Adjusted for sex, cirrhosis and Barcelona Clinic Liver Cancer stage in the GSE14520 cohort using multivariate Cox proportional hazards regression model. CI, confidence
interval; CST, cystatin; HR, hazard ratio; MRT, median recurrence time; NA, not available.

Table III. Joint effects analysis of CST6 and CST7 expression in the overall survival of patients with hepatocellular carcinoma.

No. of MST Crude HR Crude Adjusted Adjusted
Group CST6 CST7 Patients events (months) (95% CI) P-value HR (95% CI) P-value®
A High Low 53 26 61 1 - 1 -
B Low Low 53 23 NA 0.849 (0.484-1.488) 0.567 0.785 (0.447-1.739) 0.399
C High High 53 21 NA 0.723 (0.407-1.286) 0.27 0.721 (0.396-1.310) 0.283
D Low High 53 12 NA 0.367 (0.185-0.728) 0.004 0.315(0.115-0.641) 0.001

*Adjusted for tumor size, cirrhosis, Barcelona Clinic Liver Cancer stage and a-fetoprotein in the GSE14520 cohort using multivariate Cox proportional hazards regression
model. CI, confidence interval; CST, cystatin; HR, hazard ratio; MST, median survival time; NA, not available.
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Figure 6. Combined effect of CST6 and CST7 on the overall survival and recurrence-free survival of patients, and nomogram for predicting 1-, 2- and 3-year
events. (A) Recurrence-free survival curves for the combined effect of CST6 and CST7; (B) overall survival curves for the combined effect of CST6 and CST7.
Group A, high CST6 and low CST7 expression; Group B, low CST6 and low CST7 expression; Group C, high CST6 and high CST7 expression; Group D, low
CST6 and high CST7 expression. (C) Nomogram for predicting 1-, 2- and 3-year events (death) that combine clinical data with CST6 and CST7 expression.
AFP, a-fetoprotein; BCLC, Barcelona Center Liver Cancer; CST, cystatin.

other tumors. For example, high CSTB expression is associated ~ scenario of CSTB functioning as a prognostic biomarker
with a more favorable prognosis in lung cancer (57). A similar  has been reported in gastric cancer, where it restrains tumor



ONCOLOGY REPORTS 42: 189-201, 2019

A Enrichment plot:
HOSHIDA_LIVER_CANCER_LATE_RECURRENCE_UP
ES=0.649
0.8 P=0.006
0.5 FDR=0.047

Enrichment score (ES)
o
'

0.0/ . —

! ‘ | l ‘ | ‘ w
K=}
=
%0_50 ["High' (positively correlated)
D oos
2 Zero cross at 5638
g 000/
w025 . ‘Low’ {negalively correlated)
g o 2,500 5,000 7,500 10,000 12,500
E Rank in ordered dataset
i |—Enn‘chmem profile — Hits —— Ranking metric seoresl
Enrichment plot:
C ENGELMANN_CANCER_PROGENITORS_UP
0.6 ES=0.639
P=0.004

FDR=0.035

Enrichment score (ES)
o
(5]

F]
=
§ e
E, 0.50/ High' (positively correlated)
@ g8
] Zero cross at 5638
E 0.00
E-0.25 ; ‘Low’ (negatively correlated)
§ 2,500 5,000 7,500 10,000 12,500
S Rank in ordered dataset
= |—Enrichmenl profile — Hits —— Ranking metric soores'
E Enrichment plot:
IIZUKA_LIVER_CANCER_PROGRESSION_LO_L1_DN

= 0.7 ES=0.738
& o6 l‘r P=0.003
o o.s-J\f FDR=0.009
§ 0.4

0.3

0.2

00 ™~

I

.50, High' (positively correlated)

g 0= Zero cross at 5638
2 000
2 -0.25 : ! ‘Low" gnsgaliusiy corrslauad}_ |
g [ 2500 5000 7500 10,000 12,500
3 Rank in ordered dataset
E [FEnrichment profile— Hits —— Ranking metric scores|
Enrichment plot:

G BOYAULT _LIVER_CANCER_SUBCLASS_ G5 DN
a o ES=0911
% o7 P<0.001
§ 06 FDR=0.037

0.5

0.4

03

0.2
& o4

0.0

0.50 'High' (positivaly correlazt-!]
@ 025
T Zero cross at 5638
§ 0.00
B -0.25 : ‘Low’ (negatively correlated)
g a 2,500 5,000 7,500 10,000 12,500
H Rank in ordered dataset
o

|—Enrichmen1 profile — Hits —— Ranking metric scores]

B Enrichment plot:
BOYAULT_LIVER_CANCER_SUBCLASS_G1_DN
_ os
o 07
2 o
5 0.5
5 04
§ 03
g 0.2
£ o1
w00
g
s
'§ .50/ High' (positively correlated)
=
9 pes
2 Zero cross at 5638
= 0.00
E
% -0.25 : . ‘Low’ (negatively correlated)
o 2,500 5,000 7,500 10,000 12,500
% Rank in ordered dataset
& [—Envichment profile — Hits —— Ranking metric scores
D Enrichment plot;
HOSHIDA_LIVER_CANCER_SUBCLASS_S1

& 07 ES=0.753
w ogg P=<0.001
g 05 FDR=0.026
0.4
03
0.2
£ 01
w po

0

2 LR T
& 0,50 High (positively correlated)
w
= |
o
@ 025 Zaro cross at 5638
£ 0.00
w
E-pas ‘ 1 i ‘Low’ (negatively correlated)
2 o 2,500 5,000 7,500 10,000 12,500
E Rank in ordered dataset
é |—Enrlchment profile — Hits ~— Ranking metric scores
F Enrichment plot:
CHIANG_LIVER_CANCER_SUBCLASS_INTERFERON_UP
_ 08| ES=0.844
& o7 P=0.004
E’ 0.6 FOR=0.44
g 05
2 04
E 0.3
£ 02
§ 01
w 00
g | ‘
é 0.50 “High' {positively comelated)
-
=4
=
a 025 Zero cross at 5638
£ 000
E .0,255 E + ‘Low' f:negatively_curlelaled]_
£ 0 2500 5000 7500 10000 12,500
§ Rank in ordered dataset
& [~ Enrichment profie — Hits ——Ranking metric scores |
Enrichment plot:
H NZUKA_LIVER_CANCER_PROGRESSION_L1_G1_UP
@
[}
=
@
£
F
2
&
0.0+
2 | | | ‘ | H
s —
E 0.50 'High' {positively comelated)
on
o 025
o Zero cross al 5638
= 0.00
£
@ -0.25 - " ‘Low’ (negatively comelated)
§ 0 2,500 5,000 7,500 10,000 12,500
é Rank in ordered dataset

l—Enﬁchrnent profile — Hits —— Ranking metric scmes|

Figure 7. GSEA results of CST7 in GSE14520. (A-H) GSEA results of c2-reference gene sets for groups with elevated CST7 expression.
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Figure 7. Continued. GSEA results of CST7 in GSE14520. (I) GSEA results of c2-reference gene sets for groups with elevated CST7 expression; (J-L) GSEA
results of c5-reference gene sets for groups with elevated CST7 expression. CST7, cystatin 7; ES, enrichment score; FDR g-val, false discovery rate g-value;
FWER p-val, familywise-error rate P-value; GSEA, gene set enrichment analysis; NES, normalized enrichment score; NOM p-val, nominal P-value.

development by suppressing proliferation and migration of
neoplastic cells (58). The present study did not determine a
prognostic value of CST3 in HCC; however, CST3 has been
demonstrated to act as a tumor suppresser that restrains
tumor cell invasion in previous studies (56,59). A recent study
reported that the rate of glomerular filtration of creatinine and
CST3 may serve as potential predictors of OS in HCC (60).
By reviewing these studies, the different roles of CST genes in
numerous types of cancer can be identified. The present results
corresponded with the results of previous studies. Although in
the same subfamily, the expression levels and biological func-
tions of each CST gene are not the same as those of others,
even in different types of cancer. CST genes may also function
as oncogenes; however, further studies are needed to validate
the present findings.

The GSEA conducted in the present study revealed that
CST7 was enriched in tumor evasion and tolerogenicity,
cancer progenitors, liver cancer late recurrence, liver cancer
progression, several liver cancer subclasses, tumor necrosis
factor subfamily cytokine production, regulation of NF-kB
transcription factor and regulation of G,-S transition of the

mitotic cell cycle. These results suggested that CST7 may be
closely associated with liver cancer. However, the association
between CST genes and HCC requires further validation in
future studies. In addition, although GSEA of CST6 indicated
that CST6 was not involved in any pathway or molecular
mechanism associated with cancer, the effects of CST6 on
different types of cancer have been confirmed by previous
studies (45,49-54).

One limitation of the present study was that the sample size
was insufficient, which could affect the validity of the results.
Secondly, the clinical data obtained from the GSE14520
dataset are not complete, barring the opportunity to carry out
a more comprehensive survival analysis using multivariate
Cox proportional hazards regression model. In order to better
evaluate the association between CST subfamily members and
HCC prognosis, likely HCC risk factors, including the pres-
ence of a tumor capsule and vascular invasion, Child-Pugh
score and alcohol intake, should be taken into consideration.
Thirdly, the current investigation only explored the relation-
ship between CST gene mRNA expression and HCC prognosis
and did not explore the effects of CST protein levels on HCC
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prognosis. Finally, further studies are warranted to determine
the effects of Family 3 and Family 4 CSTs on HCC.

Although there are several limitations to the present study,
to the best of our knowledge, this is the first to discover the
clinical significance of CST6 and CST7 in the prognosis of
patients with HBV-related HCC. In addition, our result verified
the findings of previous reports and suggested that CSTB may
act as a diagnostic biomarker for HCC. Furthermore, CST7 was
discovered to be enriched in several tumor-related signaling
pathways and biological processes, including tumor evasion and
tolerogenicity, cancer progenitors, liver cancer late recurrence,
liver cancer progression, several liver cancer subclasses, tumor
necrosis factor subfamily cytokine production, regulation of
NF-«B transcription factor and regulation of G,-S transition of
the mitotic cell cycle. The prospective molecular mechanisms
underlying the effects of CST7 gene expression on patients
with HBV-related HCC were determined using GSEA.

In conclusion, the gene expression levels of CST1, CST2,
CST5, CSTA and CSTB were significantly increased in HCC
tissue, whereas CST3 and CST7 were overexpressed in normal
tissue compared with in HCC tissue. Notably, the present study
revealed that CST7 and CSTB may serve as diagnostic markers
for HCC, and survival analysis of CST genes indicated that
CST6 and CST7 expression levels may be closely associated
with the OS and RFS of patients with HCC. However, this
investigation requires further validation using a sufficient
sample size spread across multiple geographical regions.
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