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Background. Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, and more prevalent among males
than females. However, the biological role of enzyme 5α-reductase (SRD5A3), which plays a critical role in the androgen receptor
signaling pathway during HCC development, remains poorly understood. Methods. ONCOMINE, GEPIA, UALCAN, and
Kaplan–Meier Plotter were used to analyze the expression and prognostic value of SRD5A3 in HCC. STRING andMetascape were
applied to analyze potential target and molecular pathways underlying SRD5A3 in HCC. A real-time quantitative reverse
transcription-polymerase chain reaction was used to validate the downstream target expression of SRD5A3. Results. )e ex-
pression of SRD5A3 was significantly overexpressed in HCC tissues compared with normal tissues, while the expression of
SRD5A1 and SRD5A2 were downregulated in multiple public datasets. It may be that the low methylation of the SRD5A3
promoter leads to its overexpression. )e level of SRD5A3 tended to be higher expressed in clinical samples with advanced stage
and positive node metastasis. Furthermore, the patients with higher SRD5A3 were remarkably associated with poorer overall
survival and disease-free survival in the TCGA data. In addition, the increased mRNA expression of SRD5A3 could predict poorer
overall survival in Kaplan–Meier Plotter database including different patient cohorts. Moreover, HCC patients with higher level of
SRD5A3 had significantly shorter recurrence-free survival, progression-free survival, and disease-specific survival. Furthermore,
enrichment analysis demonstrated that multiple processes, such as steroid hormone biosynthesis, lipid biosynthetic process, and
androgen metabolic process, were affected by SRD5A1-3 alterations. In vitro experiments showed that the expression of SRD5A3
was increased in HCC tissues than that in adjacent tissues. SRD5A3 silencing promoted the expression of DOLK in two HCC cell
lines. Conclusions. )is study identified SRD5A3/DOLK as a novel axis to regulate HCC development.

1. Introduction

Primary liver cancer is one of the major causes of cancer
mortality globally, which ranks the second cause among
males, and the sixth cause in females [1]. Hepatocellular
carcinoma (HCC) represents the most common form of
primary liver carcinoma. Chronic infection with hepatitis B
or C virus (HBV or HCV) has been established to lead to the
initiation and development of HCC [2, 3]. Tumor suppressor
p53 is a well-known guardian of the genome to prevent
oncogenic mutations. Overall, 50% of human cancer carried

p53 mutation, p53 mutation promoted multiple cancer types
cell growth, survival, and metastasis to maintain the ma-
lignant behavior of cancer cells. Although single base mu-
tation in TP53 occurs in approximately 25% of HCC [4],
many literature revealed that p52mutation is one of themost
causes of HCC tumorigenesis and progression [5, 6].

HCC is a malignant tumor with a high incidence in men.
Females have significantly lower HCC incidence than males,
with a women-to-men incidence ratio ranging from 4 :1 to
7 :1 [7]. Furthermore, males with HCC had a worse prog-
nosis compared with female patients [8, 9]. )e obvious sex
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disparity of HCC progression demonstrated that sex hor-
mones and/or their receptors may exert critical functions for
the initiation and development of HCC [10]. Moreover,
female mice with estrogen receptor alpha silencing lost their
resistance to HCC, while a reduced incidence of HCC was
observed in male mice without the androgen receptor (AR).
AR signals have been reported to modulate malignant
transformation and development of HCC [11]. )ese data
indicated that active androgen and androgen-mediated
signaling pathways may contribute to HCC [12, 13].
However, the results of a clinical trial using antiandrogens
were not satisfactory, with few beneficial effects on patients
[14]. )erefore, exploring other potential targets in the AR
pathway becomes urgent. 5α-reductase is one of the im-
portant enzymes in AR signaling and converts testosterone
to the more powerful androgen dihydrotestosterone (DHT)
[15]. )ree isoenzymes of 5α-reductase have been identified
and reported, which are the products of steroid 5α-reductase
types I, II, and III encoded by srd5a1, srd5a2, and srd5a3,
respectively [16]. SRD5A1 is expressed mainly in the skin,
liver, and brain while SRD5A2 is a major enzyme in an-
drogen targets organs such as the prostate and seminal
vesicles [17]. Although SRD5A1 and SRD5A2 have some
structural homology, they have markedly different kinetic
parameters as well as chromosomal localizations [18].
Previous literature revealed that the expression of SRD5A1
and SRD5A2 is associated with the pathogenesis of poly-
cystic ovary syndrome [19]. Dysregulated expression of
SRD5A1 and SRD5A2 also were observed in prostate cancer
[20]. SRD5A3 was originally identified in hormone-refrac-
tory prostate tissue by genome-wide gene expression profiles
and SRD5A3 inhibition also suppressed the proliferation of
prostate cancer cells [21]. Godoy et al. further found that
overexpression of SRD5A3 protein in prostate cancer
compared with benign tissues [22]. )ese observations
demonstrated that SRD5A3 might play important roles
during prostate cancer growth and progression. Except for
the oncogene role in prostate cancer, recent researchers
suggested that SRD5A3 may play an important role in
protein N-linked glycosylation. SRD5A3 serves as a poly-
prenol reductase and promotes the reduction of polyprenol
to dolichol [23]. Mutations of SRD5A3 were associated with
congenital disorders [24] and Kahrizi syndrome [25]. Pre-
vious literature showed that SRD5A3 could promote tumor
proliferation of HCC. So far, there is little systematical
analysis of the expression profiles and prognostic value of
the SRD5A1-3 family in patients with HCC.

)e purpose of the current study was to systematically
analyze the expression and clinical value of the SRD5A1-3
family in patients with HCC. )e transcriptional level of
SRD5A1-3 was investigated in both HCC tissues and normal
tissues by public datasets. Relevant clinical information was
analyzed between low and high-expression groups.)en, the
significance of SRD5A1-3 in predicting prognosis for HCC
was analyzed based on the GEPIA database and the
Kaplan–Meier plotter database, and later the gene-gene
interaction networks were constructed for SRD5A1-3 to
explore the underlying mechanisms. Lastly, experiments in
vitrowere performed to explore the expression and potential

target of SRD5A3 in clinical HCC tissues and cell lines.
)erefore, the present study aimed to explore the expression
and clinical value of SRD5A3, so as to provide a new ap-
proach for further specific treatment for HCC.

2. Materials and Methods

2.1. ONCOMINE Analyses. )e online cancer microarray
database and ONCOMINE (https://www.oncomine.org/)
database [26] were used to evaluate the transcriptional levels
of SRD5A1-3 genes among various cancer types. )e mRNA
expression of SRD5A1-3 was compared between tumor
tissues and normal specimens. We entered the gene name
“SRD5A1,” “SRD5A2,” and “SRD5A3” and obtained the all
results generated by the ONCOMINE dataset. P value was
calculated by the Student’s t-test, and the significance of P

value was set at 0.05.

2.2. 1e Gene Expression Profiling Interactive Analysis
(GEPIA) Analysis. )e online database Gene Expression
Profiling Interactive Analysis (GEPIA) [27] is a designed
interactive web database that contains 9736 tumors and 8587
normal specimens from the TCGA and the Genotype tissue
expression (GTEx) projects, which are used to analyze mRNA
sequencing expression. Notably, GEPIA allows to offer
prognostic analyses (overall survival and disease-free survival)
on HCC patients. )e cutoff for higher or lower expression of
SRD5A1-3 was set with the median expression of whole
samples and survival plots were drawn out by GEPIA.

2.3. UALCANAnalysis. Online database UALCAN (https://
ualcan.path.uab.edu) [28] provides easy access to the pub-
licly available cancer TCGA database including 31 cancer
types. It provides convenient scatter graphs and plots
depicting the relationship between gene expression and
clinical features. In this study, we used this database to
investigate the mRNA expression of SRD5A1-3 in HCC
tissues and their adjacent normal tissues as well as cancer
stages, node metastasis status, and TP53 mutation status. P

value with significance was set at 0.05.

2.4. Kaplan–Meier Plotter Database. Kaplan–Meier Plotter
(https://www.Kmplot.com) [29] was used to evaluate the
prognostic value of the mRNA expression level of SRD5A3
gene. For analyzing HCC patient overall survival, post-
progression survival, progression-free survival, and disease-
specific survival, all specimens were separated into two groups
(high vs. low, cutoff: 50% median expression level). )e
hazard ratio (HR) with 95% confidence intervals and log-rank
P value were generated by the database.We acquired the K-M
survival curves based on the value of the SRD5A3 probe, and
the number at risk was exhibited below the curves.

2.5. Bioinformatics Analyses and Functional Enrichment.
Metascape (https://metasape.org) [30] is an extract-rich an-
notation online tool and its pathway enrichment analysis made
use of Gene Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG), Reactome, MSigDB, and so on. )e
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functional enrichment analysis of SRD5A3 gene was carried
out by Metascape based on molecular function, biological
processes, and singling pathway. )e protein-protein inter-
action networks were generated by the Retrieval of Interacting
Genes (STRING) database (https://string-db.org/) to explore
biological processes and specific pathways of SRD5A3.

2.6. Cell Lines, Cell Transfection, RNA Isolation, Real-Time
Quantitative Reverse Transcription-Polymerase Chain Reac-
tion (RT-PCR) and Clinical Samples. PLC/PRF/5 cell line
was purchased from the Guangzhou Cellcook Biotech Co.,
Ltd. (Guangdong, China). HCCLM3 was gifted by Prof.
Zhou Zhengjun, Fudan University, Zhongshan Hospital.
Small interfering RNA and control of SRD5A3 were pur-
chased from RiboBio (Guangzhou, China). )e siRNA-1
sequence for SRD5A3 was: Forward, 5′-GCAG-
TACTGTTTTGGACTT-3′; )e siRNA-2 sequence for
SRD5A3 was: Forward, 5′-GGTGGCTAGTGGTGACAAA-
3′. Total RNA from 32 for HCC tissues and 32 for paired
adjacent normal tissues and HCC cell lines were extracted by
Trizol. RT-PCR was performed as previously described [31].
)e primers used are listed as follows:

SRD5A1: Forward, 5′-CTACGGGCATCGGTGCTTA-
3′; Reverse, 5′-AATCGCCATTGTACACGCCA-3′;
SRD5A2: Forward, 5′-TGCCTTCCTTCGCGGTG-3′;
Reverse, 5′-AGTACACAAATGTCCTGTGGAA-3′;
SRD5A3: Forward, 5′-CCTGCTGACCCTACTGCTG-
3′; Reverse, 5′-AAAGTGGGAAAAA-
TATCTCTTGGG-3′;
AKR1C2: Forward, 5′-CCAGTGTCTGTAAAGGAG-
GACA-3′; Reverse, 5′-AGGCTTTGAGGATTCTG-
CACT-3′;
AKR1C4: Forward, 5′-TGAAAGAAGTGGCAAGCA
ATGG-3′; Reverse, 5′-CTGTTCCTCGGAA
CCTCTGG-3′;
DOLK: Forward, 5′- AATA-
CAAGTGGGACCGGCTG-3′; Reverse, 5′-CCA-
CAATGCCAAAACGCTCA-3′;
HSD17B3: Forward, 5′-CCACAGA-
GATCGAGCGGAC-3′; Reverse, 5′-GCGTTCAG-
GAAATGGCTTGG-3′;
GAPDH: Forward, 5′-AGCCACATCGCTCAGACAC-
3′; Reverse, 5′-GCCCAATACGACCAAATCC-3′;

2.7. Ethics Statement. Our research protocol was approved
by the Ethics Committee of the Peking University Shenzhen
Hospital. 32 HCC tissues and adjacent peritumor tissues for
validation were obtained from our center. All patients had
given permission for their samples to be used in research and
the samples were administered by the Peking University
Shenzhen Hospital.

2.8. Statistical Analysis. Statistical analyses on the RT-PCR
were analyzed in the GraphPad prism 9.0.0. )e associations
between the different groups and clinical features were

assessed using the χ2 test or Fisher’s exact test. )e data were
analyzed with the student’s t-test and P value <0.05 was
considered statistically significant.

3. Results

3.1. SRD5A3 Was Overexpressed in HCC Patients. Totally,
three SRD5A genes (SRD5A1, SRD5A2, and SRD5A3) have
been identified and reported in mammalian cells. In the
present study, the ONCOMINE database was used to ex-
plore the expression of SRD5A gene transcriptional levels
between cancers and normal tissues (Figure 1(a)). As shown
in Figure 1, the expression of SRD5A3 was remarkably
overexpressed in HCC tissues, while the level of SRD5A1
and SRD5A2 were significantly downregulated in HCC
tissues [32–35]. )e expression of SRD5A1 was decreased in
tumors than that in normal tissues in the Mas liver, Roessler
liver, and Roessler liver 2 datasets, while the level of SRD5A1
was increased in the Chen liver dataset. However, the above
differences did not reach statistical significance. For
SRD5A2, the results from four datasets showed the tran-
scriptional level of SRD5A2 was downregulated in the tumor
tissues. Wurmbach’s dataset revealed a fold change of
−9.467. Of note, the differences in SRD5A2 expression
between HCC tissues and normal tissues were not reached
statistical significance. Interestingly, the results from
Wurmbach and Roessler datasets discovered the expression
of SRD5A3 was upregulated with statistical significance in
HCC tissues relative to normal tissues (Table 1). To validate
our findings based on GEO datasets, we performed the
analysis of SRD5A1-3 in the TGCA database.)e expression
of SRD5A1 was slightly downregulated in the cancer tissues
relative to those within normal tissues. )e level of SRD5A2
was significantly downregulated in the cancer tissues than
that in normal tissues. )e transcriptional level of SRD5A3
was significantly upregulated in the tumor tissues relative to
normal tissues (Figure 1(b)). DNA methylation is a critical
epigenetic modification mechanism and a potential target
for cancer treatment. Until now, no literature has reported
the correlation of SRD5A1-3 methylation with HCC. We
found that SRD5A2 and SRD5A3 expression was negatively
associated with promoter methylation of SRD5A2 and
SRD5A3, respectively, while the expression of SRD5A1 was
positively correlated with promoter methylation of SRD5A1
(Figure 1(c)). )ose findings suggested that hyper-
methylation of SRD5A3 may inhibit the expression of
SRD5A3 in promoting cancer development. To validate the
bioinformatic results, we performed RT-PCR to explore the
expression of SRD5A1-3 based on 32-pair clinical samples
from our hospital. We observed that the expression of
SRD5A3 was highly expressed in the HCC tissues than that
in the adjacent tissues, while the level of SRD5A1 and
SRD5A2 were downregulated in the HCC tissues
(Figure 1(d)).

3.2. Correlation between SRD5A1-3 and Clinicopathological
Parameters. To illustrate the relationship between SRD5A1-
3 and clinical features in HCC, the relationship between
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Figure 1: Continued.
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SRD5A1-3 expression and tumor stage was analyzed. )e
expression of SRD5A1and SRD5A2 was negatively corre-
lated with the HCC tumor stage, and the high expression of
SRD5A3 was significantly positively associated with the high
tumor stage (Figure 2(a)). Interestingly, the bioinformatics
analysis showed that the level of SRD5A3 tended to be
upregulated in more advanced tumor stages (stage 4> stage
3> stage 2> stage 1) and positive node metastasis
(N2>N1>N0) (Figure 2(b)). Additionally, we found that
the expression of SRD5A1/2/3 was not associated with the
TP53 mutation status (Figure 2(c)).

3.3. Higher Level of SRD5A3 Was Associated with Several
Different Clinical Outcomes in HCC. Next, to assess the
prognostic value of SRD5A mRNA expression in patients
with HCC, survival analysis was performed.)e group cutoff
for high or low SRD5A1-3 expression was set with the
median expression. As shown in Figures 3(a) and 3(b), only
the expression of SRD5A3 was positively correlated with

patients’ overall survival and disease-free survival, while the
expression of SRD5A1 and SRD5A2 did not were associated
with the patient’s clinical outcome. )e above results sug-
gested that among the SRD5A1-3 gene family, only the
expression of SRD5A3 can predict HCC patients’ survival,
the Kaplan–Meier Plotter was further utilized to validate the
prognostic value of SRD5A3. Consistent with previous
findings, elevated expression of SRD5A3 was positively
associated with OS and RFS (Figures 4(a) and 4(b)). Fur-
thermore, patients with elevated expression of SRD5A3 had
shorter disease-specific survival (DSS) and progression-free
survival (PFS) (Figures 4(c) and 4(d)). In conclusion,
SRD5A3 may act as a poor prognostic indicator for HCC.

3.4. Predicted Functions and Pathway Enrichment Analyses of
SRD5A3 Genes Family. Genes showing co-expression with
the SRD5A1-3 gene family were examined using the
STRING database. According to the results, all SRD5A1-3
gene expressions showed a correlation with the expression of
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Figure 1: )e overexpression of SRD5A3 in HCC tissues. (a) SRD5A expression at the transcriptional level among multiple cancer types
based on the ONCOMINE database. (Color read means high expression level in a cancer sample, and color blue means low expression level
in a cancer sample) (b))e expression profiles of SRD5A gene family in TCGAHCC cohort. (c) A significant correlation was found between
the expression of SRD5A family genes and their promoter methylation. (d) )e expression of SRD5A1-3 in HCC tissues from our center.
∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001, ∗∗∗∗P< 0.0001.

Table 1: Remarkable SRD5A expression changes at transcription level between HCC cancer tissues and noncarcinoma counterparts
(ONCOMINE database).

Genes T vs. N Fold change P value t-test Reference or source

SRD5A1

104 vs. 76 1.184 0.122 1.167 Chen liver [32]
38 vs. 19 −1.012 0.529 −0.073 Mas liver [33]

225 vs. 220 −2.460 1.000 −13.891 Roessler liver2 [34]
22 vs. 21 −2.891 1.000 −6.954 Roessler liver [34]

SRD5A2

35 vs. 10 −9.467 1.000 −15.344 Wurmbach liver [35]
38 vs. 19 −1.648 0.999 −3.513 Mas liver [33]

225 vs. 220 −6.034 1.000 −28.445 Roessler liver2 [34]
22 vs. 21 −7.017 1.000 −10.387 Roessler liver [34]

SRD5A3

104 vs. 76 1.085 0.195 0.862 Chen liver [32]
38 vs. 19 −1.001 0.509 −0.023 Mas liver [33]
22 vs. 21 1.008 0.393 0.273 Roessler liver [34]
35 vs. 10 1.446 0.011 2.528 Wurmbach liver [35]

225 vs. 220 1.036 0.032 1.862 Roessler liver2 [34]
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genes shown below: SRD5A3, SRD5A2, SRD5A1, HSD3B2,
HSD3B1, HSD17B6, HSD17B3, HSD17B2, HSD17B1,
DPM3, DPM2, DPM1, DPAGT1, DOLK, DHDH,
CYP19A1, CYP17A1, CYP11B1, CYP11A1, AKR1D1,
AKR1C3, AKR1C2, and AKR1C1 (Figure 5(a)). )en, the
lists of all the SRD5A1-3 genes expressed, together with
linked genes displaying the highest alteration frequency,
were compiled before they were analyzed by the GO ap-
proaches inMetascape (Figure 5(b)). Bioinformatics analysis
suggested that the processes below were subjected to the
influence of SRD5A gene alterations: steroid hormone
biosynthesis, lipid biosynthetic process, and androgen
metabolic process (Figure 5(c)).

3.5. Experimental Validation of SRD5A3 in HCC Cell Lines.
Among these potential targets, there were 10 targets of
SRD5A3 in the STRING database (Figure 6(a)).We used two

siRNA targeting SRD5A3 to inhibit its expression in PLC/
PRF/5 and HCCLM3 cell lines (Figure 6(b)). Next, we
performed RT-PCR to investigate the expression of random
five genes (AKR1C2, AKR1C4, DOLK, HSD17B3, and
SRD5A1). )e results showed that only the level of DOLK
showed consistent changes with statistical significance in the
two HCC cell lines (Figure 6(c)). )e above results indicated
that DOLK was a potential target of SRD5A3 in HCC.

4. Discussion

In this study, the results of this study focused on the activity
of testosterone-DHT transform and exhibited that the ex-
pression of SRD5A3 was overexpressed in the HCC tumor
tissues. Notably, the high level of SRD5A3 among the
SRD5A family can predict the survival of HCC patients.
Furthermore, SRD5A3 silencing enhanced the expression of
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Figure 2: Correlation between mRNA expression of SRD5A1-3 in HCC analyzed using UALCAN. (a)-(b) )e high level of SRD5A3 was
associated with more advanced (a) tumor stage (stage 3> stage 2> stage 1) and (b) positive node metastasis (N2>N1>N0). (c) )e
expression of SRD5A1/2/3 was not associated with the TP53 mutation status. ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001, ∗∗∗∗P< 0.0001.
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DOLK. Our observations have demonstrated that SRD5A3/
DOLK axis is critical for HCC development.

Sex hormones, including androgens and estrogens and
their corresponding receptors, as well as inflammatory re-
sponses and sex chromosomes, were involved in gender
disparity in HCC [36]. Recent literature have been dis-
covered that male hormones were increased in HCC. An-
drogens mainly served a critical role in various physiological
and pathological processes by combing with AR. Abnormal
expression of discrete sets of genes is frequently implicated
in HCC gender disparity. However, few researchers inves-
tigated the role of different forms of androgens during HCC
development. Indeed, the main finding of our study is that
SRD5A1 and SRD5A2 decreased and SRD5A3 significantly
increased in HCC tumor tissues. )is study was therefore
initiated to investigate whether SRD5A3 played an

important part in HCC. For that, we further explored the
clinical relevance of SRD5A3. )e expression of SRD5A3
tended to be increasingly upregulated in the advance cancer
stage. Previous literature revealed that SRD5A3 silencing
inhibited HCC proliferation [37]. In this study, there are two
main differences from previous studies. First, we not only
analyze the value of SRD5A3 in HCC progression but also
analyzed the value of SRD5A1 and SRD5A2 in HCC de-
velopment. Secondly, we found that DOLK were new
downstream of SRD5A3. Further experiments validated that
the expression of DOLK was increased after SRD5A3 loss.
)ese novel downstream targets would enrich our knowl-
edge of the cancer-promoting mechanism of SRD5A3. )e
gene expression is closely negatively associated with pro-
moter methylation. DNA methylation is an important
mechanism for tumorigenesis. We discovered that the
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Figure 3: )e impact of the SRD5A gene family on several clinical outcomes. (a) Significant SRD5A gene family transcriptional levels in
predicting the overall survival for patients with HCC. (SRD5A1, P � 0.34; SRD5A2, P � 0.069; SRD5A3, P � 0.000028) (b) Significant
SRD5A gene family transcriptional levels in predicting the disease-free survival for patients with HCC (SRD5A1, P � 0.34; SRD5A2,
P � 0.68; SRD5A3, P � 0.00031).
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expression of the SRD5A gene family was negatively cor-
related with their promoter methylation. It may be that the
low methylation of the SRD5A3 promoter leads to its
overexpression. TP53 is the most frequently altered gene in
multiple cancers. TP53 is a well-known tumor suppressor
and works as a multifunctional transcriptional factor that

controls cell fate. )ere was no significant correlation be-
tween SRD5A3 expression and TP53 mutation, indicating
that the level of SRD5A3 was independent of the status of
TP53 mutation.

To explore the potential targets of SRD5A3 in HCC
progression, we observed that 10 genes interacted with
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Figure 4: Survival curves showing the overall survival (OS) times of patients with HCC (Kaplan–Meier plotter). )e elevated expression of
SRD5A3 was positively associated with (a) OS, (b) DFS, (c) DSS, and (d) PFS.

8 Evidence-Based Complementary and Alternative Medicine



DPAGT1

DPM1

SRD5A3
AKR1D1

DPM2
DOLK

HSD3B2

HSD3B1 CYP11B1

DPM3

SRD5A1 HSD17B2

CYP17A1

CYP11A1

SRD5A2

HSD17B1

CYP19A1

DHDH
AKR1C2

HSD17B3

HSD17B6
AKR1C3

AKR1C1

(a)

Figure 5: Continued.
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Figure 5: Continued.
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Figure 5: )e protein-protein interaction network of SRD5A gene family. (a) SRD5A gene expression showed correlation with the expression of
genes shown below: SRD5A3, SRD5A2, SRD5A1, HSD3B2, HSD3B1, HSD17B6, HSD17B3, HSD17B2, HSD17B1, DPM3, DPM2, DPM1,
DPAGT1, DOLK, DHDH, CYP19A1, CYP17A1, CYP11B1, CYP11A1, AKR1D1, AKR1C3, AKR1C2, and AKR1C1. (b))e network of enriched
GO terms. Nodes represent GO terms, and node size indicates the number of genes involved. Nodes that share the same cluster are usually close to
each other, and the thicker the edge, the higher the similarity. (c) GO enrichment analysis predicted three main functions, including biological
process, cellular components, and molecular functions (P< 0.05), and each GO term is colored based on the value of −log10 (P-value).
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Figure 6: Continued.
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SRD5A3 in the STRING dataset.)e knockdown of SRD5A3
was constructed by two siRNA in the HCC cell lines.
Moreover, we found that SRD5A3 loss promoted the level of
DOLK in the two HCC cell lines. DOLK is involved in the
synthesis of Dol-P-formation, and is an essential glycosyl
carrier lipid for N- and O-linked glycosylation of proteins in
the endoplasmic reticulum. However, the role of DOLK in
cancer remains unclear.

An obvious limitation of this study is that the biological
function of AR signals in the HCC initiation still remains
controversial [38], and the conclusion from different studies
suggested that AR might motivate tumorigenesis and cancer
development at the early stage [39], yet might inhibit the
tumor invasiveness at the advanced stages of HCC [40].
Whether inhibition of the AR pathway makes HCC patients
benefit needs more experimental observation in the further.

In summary, our comprehensive bioinformation inte-
grated approach identified that the transcriptional level of
SRD5A3 was markable upregulated in HCC. )is result was
detected in clinical samples originating from GEO and
TCGA populations which were analyzed by microarray

hybridization and sequencing. In the mechanism, low
methylation in the SRD5A3 promoter may lead to its
overexpression. Moreover, overexpression of SRD5A3 can
predict multiple types of poor survival. Experimental
revealed that SRD5A3 knockdown enhanced the expression
of DOLK in the two HCC cell lines. )erefore, SRD5A3/
DOLK was a novel axis to regulate HCC development and
presented a therapeutic target for HCC patients.
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Figure 6:)e experimental validation of SRD5A3 in HCC cell lines. (a) SRD5A gene expression showed a correlation with the expression of
genes shown below: SRD5A1, HSD17B6, HSD17B3, HSD17B2, DOLK, CYP17A1, AKR1D1, AKR1C3, AKR1C2, and AKR1C4. (b) )e
knockdown efficiency of SRD5A3 through two siRNA was confirmed by RT-PCR. (c) RT-PCR revealed that the level of DOLK was
consistently significantly increased by the SRD5A3 loss among five genes. ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001, ∗∗∗∗P< 0.0001, NS, no
significance.
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DHT: Dihydrotestosterone
ARE: Androgen response elements
SRDA5: Steroid 5α-reductase
RT-
PCR:

Real-time quantitative reverse transcription-
polymerase chain reaction

GTEx: Genotype tissue expression
DSS: Disease-specific survival
PFS: Progression-free survival
DOLK: Dolichol kinase.

Data Availability

)e data used to support the findings of this study are
available from the corresponding authors upon request.

Conflicts of Interest

)e authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Authors’ Contributions

EBC and JKL designed the idea of the study; EBC and JY
drafted the manuscript. EBC, JY, QQR, YNM, ZG, and JKL
processed the data and conducted the data analysis. All
authors approved the final manuscript. Erbao Chen and Jing
Yi contributed equally to this work and share the first
authorship.

Acknowledgments

)is work was supported by the Sanming Project of Med-
icine in Shenzhen under Grant (No. SZSM201612021) and
the China Postdoctoral Science Foundation (2020M682779,
2021T140295).

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries,” CA: A Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394–424, 2018.

[2] M. S. Ascha, I. A. Hanouneh, R. Lopez, T. A. R. Tamimi,
A. F. Feldstein, and N. N. Zein, “)e incidence and risk factors
of hepatocellular carcinoma in patients with nonalcoholic
steatohepatitis,” Hepatology, vol. 51, no. 6, pp. 1972–1978,
2010.

[3] H. B. El-Serag, “Epidemiology of viral hepatitis and hepa-
tocellular carcinoma,” Gastroenterology, vol. 142, no. 6, 2012.

[4] M. Olivier, R. Eeles, M. Hollstein, M. A. Khan, C. C. Harris,
and P. Hainaut, “)e IARC TP53 database: new online
mutation analysis and recommendations to users,” Human
Mutation, vol. 19, no. 6, pp. 607–614, 2002.

[5] X. Zhang, Q. Zheng, X. Yue et al., “ZNF498 promotes he-
patocellular carcinogenesis by suppressing p53-mediated
apoptosis and ferroptosis via the attenuation of p53 Ser46
phosphorylation,” Journal of Experimental & Clinical Cancer
Research, vol. 41, no. 1, p. 79, 2022.

[6] Y. Midorikawa, S. Yamamoto, K. Tatsuno et al., “Accumu-
lation of molecular aberrations distinctive to hepatocellular
carcinoma progression,” Cancer Research, vol. 80, no. 18,
pp. 3810–3819, 2020.

[7] A. Ruggieri, M. C. Gagliardi, and S. Anticoli, “Sex-Dependent
outcome of hepatitis B and C viruses infections: synergy of sex
hormones and immune responses?” Frontiers in Immunology,
vol. 9, p. 2302, 2018.

[8] L. A. Torre, R. L. Siegel, E. M. Ward, and A. Jemal, “Global
cancer incidence and mortality rates and trends--an update,”
Cancer Epidemiology, Biomarkers & Prevention, vol. 25, no. 1,
pp. 16–27, 2016.

[9] W. Chen, R. Zheng, P. D. Baade et al., “Cancer statistics in
China, 2015,” CA: A Cancer Journal for Clinicians, vol. 66,
no. 2, pp. 115–132, 2016.

[10] Z. Li, G. Tuteja, J. Schug, and K. H. Kaestner, “Foxa1 and
Foxa2 are essential for sexual dimorphism in liver cancer,”
Cell, vol. 148, no. 1-2, pp. 72–83, 2012.

[11] J. L. Ostrowski, P. M. Ingleton, J. C. Underwood, and
M. A. Parsons, “Increased hepatic androgen receptor ex-
pression in female rats during diethylnitrosamine liver car-
cinogenesis,” Gastroenterology, vol. 94, no. 5, pp. 1193–1200,
1988.

[12] W. E. Naugler, T. Sakurai, S. Kim et al., “Gender disparity in
liver cancer due to sex differences in MyD88-dependent IL-6
production,” Science, vol. 317, no. 5834, pp. 121–124, 2007.

[13] S. H.Wang, S. H. Yeh,W. H. Lin, H. Y.Wang, D. S. Chen, and
P. J. Chen, “Identification of androgen response elements in
the enhancer I of hepatitis B virus: a mechanism for sex
disparity in chronic hepatitis B,” Hepatology, vol. 50, no. 5,
pp. 1392–1402, 2009.

[14] Groupe d’Etude et de Traitement du Carcinome, “H. ran-
domized trial of leuprorelin and flutamide in male patients
with hepatocellular carcinoma treated with tamoxifen,”
Hepatology, vol. 40, no. 6, pp. 1361–1369, 2004.

[15] S. Andersson and D. W. Russell, “Structural and biochemical
properties of cloned and expressed human and rat steroid 5
alpha-reductases,” in Proceedings of the National Academy of
Sciences, vol. 87, no. 10, pp. 3640–3644, 1990.

[16] J. F. Lu, J. Li, Z. Ding et al., “Androgen regulation of 5α-
reductase isoenzymes in prostate cancer: implications for
prostate cancer prevention,” PLoS One, vol. 6, no. 12, Article
ID e28840, 2011.

[17] A. E. )igpen, R. I. Silver, J. M. Guileyardo, M. L. Casey,
J. D. McConnell, and D. W. Russell, “Tissue distribution and
ontogeny of steroid 5 alpha-reductase isozyme expression,”
Journal of Clinical Investigation, vol. 92, no. 2, pp. 903–910,
1993.

[18] E. G. Occhiato, A. Guarna, G. Danza, and M. Serio, “Selective
non-steroidal inhibitors of 5 alpha-reductase type 1,” 1e
Journal of Steroid Biochemistry and Molecular Biology, vol. 88,
no. 1, pp. 1–16, 2004.

[19] A. J. Jakimiuk, S. R. Weitsman, and D. A. Magoffin, “5α-
reductase activity in women with polycystic ovary Syn-
drome1,” Journal of Clinical Endocrinology and Metabolism,
vol. 84, no. 7, pp. 2414–2418, 1999.

[20] L. N. )omas, C. B. Lazier, R. Gupta et al., “Differential al-
terations in 5alpha-reductase type 1 and type 2 levels during
development and progression of prostate cancer,” 1e Pros-
tate, vol. 63, no. 3, pp. 231–239, 2005.

[21] M. Uemura, K. Tamura, S. Chung et al., “Novel 5 alpha-steroid
reductase (SRD5A3, type-3) is overexpressed in hormone-
refractory prostate cancer,” Cancer Science, vol. 99, no. 1,
pp. 81–86, 2008.

Evidence-Based Complementary and Alternative Medicine 13



[22] A. Godoy, E. Kawinski, Y. Li et al., “5α-reductase type 3
expression in human benign and malignant tissues: a com-
parative analysis during prostate cancer progression,” 1e
Prostate, vol. 71, no. 10, pp. 1033–1046, 2011.

[23] V. Cantagrel, D. J. Lefeber, B. G. Ng et al., “SRD5A3 is re-
quired for converting polyprenol to dolichol and is mutated in
a congenital glycosylation disorder,” Cell, vol. 142, no. 2,
pp. 203–217, 2010.

[24] E. Morava, R. A. Wevers, V. Cantagrel et al., “A novel cer-
ebello-ocular syndrome with abnormal glycosylation due to
abnormalities in dolichol metabolism,” Brain, vol. 133, no. 11,
pp. 3210–3220, 2010.

[25] K. Kahrizi, C. H. Hu, M. Garshasbi et al., “Next generation
sequencing in a family with autosomal recessive kahrizi
syndrome (OMIM 612713) reveals a homozygous frameshift
mutation in SRD5A3,” European Journal of Human Genetics,
vol. 19, no. 1, pp. 115–117, 2011.

[26] D. R. Rhodes, S. Kalyana-Sundaram, V. Mahavisno et al.,
“Oncomine 3.0: genes, pathways, and networks in a collection
of 18, 000 cancer gene expression profiles,” Neoplasia, vol. 9,
no. 2, pp. 166–180, 2007.

[27] Z. Tang, C. Li, B. Kang, G. Gao, C. Li, and Z. Zhang, “GEPIA: a
web server for cancer and normal gene expression profiling
and interactive analyses,” Nucleic Acids Research, vol. 45,
2017.

[28] D. S. Chandrashekar, B. Bashel, S. A. H. Balasubramanya et al.,
“UALCAN: a portal for facilitating tumor subgroup gene
expression and survival analyses,” Neoplasia, vol. 19, no. 8,
pp. 649–658, 2017.

[29] A. Nagy, A. Lanczky, O. Menyhart, and B. Gyorffy, “Vali-
dation of miRNA prognostic power in hepatocellular carci-
noma using expression data of independent datasets,”
Scientific Reports, vol. 8, no. 1, p. 9227, 2018.

[30] S. Tripathi, M. O. Pohl, Y. Zhou et al., “Meta- and orthogonal
integration of influenza “OMICs” data defines a role for UBR4
in virus budding,” Cell Host & Microbe, vol. 18, no. 6,
pp. 723–735, 2015.

[31] E. B. Chen, Z. J. Zhou, K. Xiao et al., “)e miR-561-5p/cx3cl1
signaling axis regulates pulmonary metastasis in hepatocel-
lular carcinoma involving CX3CR1(+) natural killer cells
infiltration,”1eranostics, vol. 9, no. 16, pp. 4779–4794, 2019.

[32] X. Chen, S. T. Cheung, S. So et al., “Gene expression patterns
in human liver cancers,”Molecular Biology of the Cell, vol. 13,
no. 6, pp. 1929–1939, 2002.

[33] V. R. Mas, D. G. Maluf, K. J. Archer et al., “Genes involved in
viral carcinogenesis and tumor initiation in hepatitis C virus-
induced hepatocellular carcinoma,” Molecular Medicine,
vol. 15, no. 3-4, pp. 85–94, 2009.

[34] S. Roessler, H. L. Jia, A. Budhu et al., “A unique metastasis
gene signature enables prediction of tumor relapse in early-
stage hepatocellular carcinoma patients,” Cancer Research,
vol. 70, no. 24, pp. 10202–10212, 2010.

[35] E. Wurmbach, Y. B. Chen, G. Khitrov et al., “Genome-wide
molecular profiles of HCV-induced dysplasia and hepato-
cellular carcinoma,” Hepatology, vol. 45, no. 4, pp. 938–947,
2007.

[36] Y. Li, A. Xu, S. Jia, and J. Huang, “Recent advances in the
molecular mechanism of sex disparity in hepatocellular
carcinoma,” Oncology Letters, vol. 17, no. 5, pp. 4222–4228,
2019.

[37] Q. Mai, D. Sheng, C. Chen et al., “Steroid 5 alpha-reductase 3
(SRD5A3) promotes tumor growth and predicts poor survival
of human hepatocellular carcinoma (HCC),” Aging (Albany
NY), vol. 12, no. 24, pp. 25395–25411, 2020.

[38] W. L. Ma, H. C. Lai, S. Yeh, X. Cai, and C. Chang, “Androgen
receptor roles in hepatocellular carcinoma, fatty liver, cir-
rhosis and hepatitis,” Endocrine-Related Cancer, vol. 21, no. 3,
pp. R165–R182, 2014.

[39] W. L. Ma, C. L. Hsu, M. H. Wu et al., “Androgen receptor is a
new potential therapeutic target for the treatment of hepa-
tocellular carcinoma,” Gastroenterology, vol. 135, no. 3,
pp. 947–955, 2008.

[40] W. L. Ma, C. L. Hsu, C. C. Yeh et al., “Hepatic androgen
receptor suppresses hepatocellular carcinoma metastasis
through modulation of cell migration and anoikis,” Hep-
atology, vol. 56, no. 1, pp. 176–185, 2012.

14 Evidence-Based Complementary and Alternative Medicine


