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Objective: Hepatocellular Carcinoma (HCC) has the characteristics of high incidence and 
poor prognosis. However, the underlying mechanism of HCC has not yet been fully 
elucidated. This study aims to investigate the potential mechanism and clinical significance 
of signal sequence receptor (SSR1) in HCC through bioinformatics methods.
Methods: Four online (GEPIA, TIMER, TCGA, and GEO) databases were used to explore the 
expression level of SSR1 in HCC. The summary receiver operating characteristic (SROC) 
analysis and standardized mean difference (SMD) calculation were performed further to detect 
its diagnostic ability and expression level. The Human Protein Atlas (HPA) database was 
applied to verify the level of SSR1 protein expression. Chi-square test and Fisher’s exact test 
were carried out to determine the clinical relevance of SSR1 expression. KM survival analysis, 
univariate and multivariate COX regression analyses were employed to explore the prognostic 
impact of SSR1. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis and Gene set 
enrichment analysis (GSEA) were implemented to reveal the underlying mechanism of SSR1. 
Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR) was used to verify the expres
sion of SSR1 in HCC.
Results: SSR1 was significantly overexpressed in HCC (SMD=1.25, P=0.03) and had the 
moderate diagnostic ability (AUC=0.84). SSR1 expression was significantly correlated with 
T stage, Gender, Pathologic stage (All P<0.05). Patients with high SSR1 expression had 
shorter overall survival (OS). Univariate and multivariate Cox regression analyses showed 
that high SSR1 expression was an independent risk factor for poor prognosis. KEGG analysis 
showed that SSR1-related genes were enriched in the cell cycle, DNA replication, and TGF- 
beta signaling pathway. GSEA analysis also shows that the high expression of SSR1 is 
related to the activation of the above three signal pathways. qRT-PCR showed that the SSR1 
expression in HCC was significantly higher than the Peri-carcinoma tissue (PHCC) and the 
corresponding normal liver tissue.
Conclusion: SSR1 expression was significantly up-regulated, and it had the potential as 
a biomarker for the diagnosis and prognosis of HCC. It was very likely to participate in the 
occurrence and development of HCC by regulating the cell cycle. In summary, our study 
comprehensively analyzed the clinical value of SSR1 and also conducted a preliminary study on 
its potential mechanism, which will provide inspiration for the in-depth study of SSR1 in HCC.
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Introduction
As one of the most common malignancies, Liver cancer 
seriously harms human health and hinders the develop
ment of the social economy.1 Cholangiocarcinoma, liver 
hepatocellular carcinoma (HCC), and mixed hepatocellular 
carcinoma are the three key pathological types of liver 
cancer.2 As the major component of liver cancer, HCC 
accounts for nearly 85% of liver cancer cases.3,4 It has the 
characteristics of poor prognosis, high recurrence rate, and 
low survival rate.5 As reported, the five-year survival rate 
can even be as low as 18%, while the recurrence rate is as 
high as 60% ~70%.6 Currently, clinical strategies includ
ing liver transplantation, surgical resection, and che
motherapy seem to bring greater clinical benefits to 
patients with early HCC, while their application in 
advanced HCC cases is limited.7 It is particularly critical 
to realize the early diagnosis, treatment, and effective 
monitoring of the prognosis of HCC. The diagnosis of 
HCC mainly relies on the imaging examination and 
serum alpha-fetoprotein (AFP) level detection. However, 
due to insufficient sensitivity and specificity to detect early 
HCC, satisfactory results have not been achieved.8–10 

Therefore, there is an urgent need to find new non- 
invasive diagnostic and prognostic biomarkers to improve 
the prognosis of HCC patients.

The signal sequence receptor (SSR), a translocation- 
related protein located in the endoplasmic reticulum, plays 
a vital role in translocating secreted proteins. Briefly, it acts in 
a substrate-specific manner to promote the initiation of pro
tein translocation. The SSR complex is composed of four 
subunits, namely α (SSR1), β (SSR2), γ (SSR3) and δ 
(SSR4).11 Signal sequence receptor (SSR) has been proven 
to play an essential role in various cancers such as hypophar
yngeal squamous cell carcinoma, gastric cancer, human pri
mary melanomas, hepatocellular carcinoma,12–15 and 
participate in the occurrence and development of cancers.

SSR1, one of the four subunits of the SSR complex, 
has been reported on its role in the occurrence and devel
opment of several tumors. The previous study has shown 
SSR1 was overexpressed in hypopharyngeal squamous 
cell carcinoma (HSCC) and was involved in the prolifera
tion, migration, and invasion of HSCC cells as 
a downstream target of lncRNA RP11-156L14.1 and 
miR-548ao-3p.12 Another study found that compared 
with the non-inflammatory breast cancer not of mesench
ymal stem-like subtype, the expression of SSR1 was 
down-regulated in the triple-negative inflammatory breast 

cancer not of mesenchymal stem-like subtype.16 Studies 
have also found that the expression of SSR1 in human 
colorectal cancer cells can be down-regulated by curcumin 
treatment, which ultimately leads to cell cycle arrest in the 
G2/M phase.17 Liu et al’s study observed that the expres
sion of SSR1 in three gynecological tumors (Cervical, 
endometrial and vulvar cancer) was significantly up- 
regulated and suggested that it may be a potential 
biomarker.18 In short, the current research shows that 
SSR1 may play a key role in tumors and has broad 
research prospects. However, to our knowledge, the 
study of SSR1 in HCC is rarely reported. It is essential 
to explore the potential mechanism of SSR1 in HCC and 
its clinical value in diagnosis and prognosis.

Herein, we combined multiple methods to confirm the 
expression of SSR1 at the protein level and mRNA level in 
HCC. ROC analysis was performed to detect the diagnostic 
value of SSR1 in HCC. Moreover, we aggregated SSR1 
expression profile data and calculated the standard mean 
deviation (SMD) and summary receiver operating character
istics (SROC) to further evaluate the expression pattern and 
diagnostic value of SSR1 in HCC. Then, we examined the 
correlation between SSR1 expression and clinical parameters 
and explored the effect of SSR1 expression on the prognosis 
of HCC. Finally, the potential mechanism of SSR1 in HCC 
was explored through Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analysis and Gene set enrichment analysis 
(GSEA). To conclude, SSR1 can be a potentially promising 
diagnostic and prognostic biomarker for HCC.

Materials and Methods
Expression Pattern of SSR1 in HCC 
Based on GEPIA and TIMER Databases
The database GEPIA (http://gepia.cancer-pku.cn/index. 
html) is an online database that contains the datasets 
from The Cancer Genome Atlas (TCGA) and Genotype- 
Tissue Expression (GTEx) projects. The TIMER (http:// 
cistrome.dfci.harvard.edu/TIMER/) database can be 
applied to detect the gene expression level of interest in 
various tumors. Our study used the above two online 
databases (GEPIA, TIMER) to detect the expression dif
ference between HCC and normal tissues.

Data Mining from TCGA and GEO 
Databases
We conducted a systematic search in the TCGA (http:// 
tcga-data.nci.nih.gov) and Gene Expression Omnibus 
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(GEO) (https://www.ncbi.nlm.nih.gov/geo/) databases to 
obtain the HCC datasets related to SSR1. Briefly, Gene 
expression and corresponding clinical data for HCC 
patients were firstly obtained from the TCGA database. 
Subsequently, log2 conversion was performed on RNAseq 
data of FPKM (Fragments Per Kilobase per Million) for
mat. Meanwhile, for validation of SSR1 expression, the 
HCC datasets available at the GEO database were also 
included to carry out data mining. The GEO datasets 
included in our current study should strictly comply with 
all the following principles: (1) The species was Homo 
sapiens; (2) The data included the expression profile data 
of SSR1 in HCC; (3) The total number of samples con
tained in tumor group and the non-tumor group was more 
than 10. All the datasets obtained from the GEO database 
were subjected to normalization and log2 transformation. 
SSR1 expression profile data were extracted from the 
TCGA and GEO datasets and used for further analysis. 
Based on R software, ggplot2 was used for data visualiza
tion, and the results of TCGA and GEO were presented in 
the form of box plots and violin plots, respectively.

Diagnostic Value of SSR1 in Patients with 
HCC
To evaluate the diagnostic capabilities of SSR1, the recei
ver operating characteristic (ROC) curve was generated 
based on the SSR1 expression profile data from the GEO 
and TCGA databases. The area under the curve (AUC) of 
SSR1 was calculated to quantify the discriminatory ability 
between the HCC and normal groups.

Comprehensive Analysis of SSR1 in HCC 
Based on GEO Datasets
To further investigate the SSR1expression pattern in HCC, 
we organized the expression levels of SSR1 in tumor and 
normal groups in each independent dataset and presented 
them as mean±SD (standard deviation). Then, the com
bined SMD (standardized mean difference) with 95% CI 
was calculated. If SMD>0 and P<0.05 were observed, it 
indicated that the expression level of SSR1 in HCC was 
significantly increased than that in the normal group. To 
further determine the ability of SSR1 to recognize HCC 
and normal samples, we generated the SROC (summary 
receiver operator characteristic) curve and calculated the 
area under the curve (AUC).

In addition, we also analyzed the heterogeneity 
between the various independent studies. If I2 >50%, the 

random effects model will be applied, while if I2 <50%, 
we will choose the fixed effects model. To further evaluate 
the robustness of the above results, sensitivity analysis was 
performed by omitting individual studies to evaluate each 
dataset’s impact on the aggregated results. Besides, Begg’s 
test and Egger’s test were applied to assess the publication 
bias. If P>0.05, no significant publication bias existed in 
our study. Stata was used for the Begg’s test, Egger’s test, 
and SROC analysis, and all other analyses were carried out 
via the meta package and forestplot package in R software.

Immunohistochemistry Analysis
Based on the Human Protein Atlas (HPA, https://www. 
proteinatlas.org/) database, we compared protein expres
sion of SSR1 between normal and HCC tissues, which was 
visualized in immunohistochemistry staining images.

Correlation Analysis Between SRRI 
Expression and Clinicopathologic 
Characteristics
UALCAN (http://ualcan.path.uab.edu/) was 
a comprehensive web resource for analyzing cancer data, 
allowing us to identify cancer biomarkers.19 We used 
UALCAN and GEPIA databases to explore the expression 
level of SSR1 in different clinicopathological stages. 
Besides, the chi-square test and Fisher’s exact test were 
carried out to evaluate the significance of the correlation 
between SSR1 expression and clinicopathologic character
istics. It was recommended to use the chi-square test only if 
the data meets the conditions that the theoretical frequency 
was more than 5 and the total sample size was more than 40. 
Otherwise, Fisher’s exact test should be employed.20

Prognostic Value of SSR1 in Patients with 
HCC
In our current study, the univariate and multivariate Cox 
regression methods were performed to clarify the prognos
tic value of SSR1 in patients with HCC. Firstly, we incor
porated SSR1 expression profile data and other clinical 
information into univariate Cox regression analysis to 
determine factors related to the prognosis of HCC. Then, 
the multivariate Cox regression analysis was used to inves
tigate the prognosis factors identified as significant in the 
univariate Cox regression analysis. Besides, based on the 
GEPIA database and TCGA cohorts, KM survival analysis 
was performed to compare the overall survival (OS) of 
HCC patients with different SSR1 expression. Hazard ratio 
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(HR) and p-value were implemented through Log rank 
tests and univariate Cox regression analysis.

Relevant Genes of SSR1 and Functional 
Enrichment Analysis
In this study, the UALCAN database was utilized to obtain 
a series of genes that had similar expression patterns with 
SSR1 in HCC. Correlation coefficients equal to or greater 
than 0.60 was set as the criteria. Further, we performed the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis on these related genes to explore the 
pathways in which the relevant genes were mainly 
involved. The Database for Annotation, Visualization, 
and Integrated Discovery (DAVID, https://david.ncifcrf. 
gov/tools.jsp) was used to perform the KEGG pathway 
analysis. Results obtained with DAVID were drawn by 
R software.

Gene Set Enrichment Analysis
In order to further explore the classic pathways related to 
SSR1 in HCC, we performed Gene set enrichment analysis 
(GSEA) analysis based on the expression profile data from 
the TCGA database. Briefly, all HCC patients with differ
ent SSR1 expressions in the TCGA cohort were divided 
into two groups (low and high), according to the median 
expression value of SSR1. Subsequently, GSEA was con
ducted using the R package DESeq2 and clusterProfile.21 

Furtherly, the R package enrichplot was used to visualize 
the results.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
We next conducted qRT-PCR analysis on 11 heaptocellular 
carcinoma (HCC) patients, from whom the HCC tissue, Peri- 
carcinoma liver tissue (PHCC) and the normal liver tissue was 
taken for SSR1 mRNA quantification. Total cellular RNAs 
were isolated from cells using Trizol Reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s instruc
tions. The reverse transcription was conducted using the 
reverse transcription kit provided by Takara (Otsu, Shiga, 
Japan). Real-time polymerase chain reaction (RT-PCR) was 
performed using a QuantiTect SYBR Green PCR Kit 
(Takara), and on a Applied Biosystems QuantStudio 1 
(Thermo, Waltham, MA, USA). Relative quantification was 
determined using the −2ΔΔCt method. The relative expression 
of messenger RNA (mRNA) for each gene was normalized to 
the level of glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) mRNA. The specific primer sequences adopted 
in this experiment are: SSR1: Forward: 5ʹ- 
CTGCTTCTCTTACTCGTGTTCC-3ʹ;Reverse:5ʹ-TCTTCT 
TCTACCTCGGCTTCAT-3ʹ. GAPDH: Forward: 5ʹ-GGAG 
cGAGatCCCTCCAAAat-3ʹ;Reverse: 5ʹ- GGCTGTTGTCA 
TACTTCTCATGG - 3ʹ.

Statistical Analysis
All the statistical analyses were carried out based on 
R software and Stata. Comparisons between HCC and 
normal groups were performed using the Student’s t-test. 
The Chi-squared test and Fisher’s exact test were per
formed to compare the clinical variables. ROC analysis 
was generated to determine the discrimination value of 
SSR1. The R package meta and forest plot were used for 
calculating the overall SMD and sensitivity analysis, 
whereas publication bias assessment and SROC analysis 
were performed with Stata software. GSEA was conducted 
with the clusterProfiler package. KM survival analysis was 
utilized to assess the OS in each group. Unless otherwise 
specified, P<0.05 is considered significant.

Results
Research Data Sources
After screening and inspection, a total of 12 datasets from 
public databases, including 11 GEO datasets and 1 TCGA 
dataset, were collected in our study. The above 12 datasets 
all contained the expression value of SSR1 in HCC and 
normal groups, as shown in Table 1.

Analysis of SSR1 Expression Levels in 
HCC Based on Various Databases
To compare the expression pattern of SSR1 between the 
HCC tissues and normal tissues, the expression profile of 
SSR1 was investigated using the GEPIA and TIMER 
databases. Based on the analysis results of GEPIA and 
TIMER, the expression of SSR1 was significantly higher 
in HCC tissues compared to normal tissues (P<0.05). 
(Figure 1A–C). Similarly, we found that compared to 
normal tissues, the analysis results from the TCGA dataset 
also showed that SSR1 was significantly overexpressed in 
HCC tissues (Figure 1D). Meanwhile, we studied the 
expression pattern of SSR1 in HCC based on 11 GEO 
datasets (Figure 2). Interestingly, we also found that 
SSR1 expression was significantly up-regulated in HCC, 
which was consistent with the above conclusions.
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Diagnostic Value of SSR1 for HCC
Based on the TCGA and 11 GEO datasets, ROC analysis 
was carried out to determine the diagnostic value of SSR1 
in HCC. The results (Figure 3) revealed SSR1 had an 
upper-middle diagnostic ability in HCC (all AUC>0.70), 
which indicated that SSR1 had a good ability to distin
guish HCC from normal tissues.

Comprehensive Analysis of Expression 
Pattern and Diagnostic Value of SSR1
To comprehensively evaluate the expression level and 
diagnostic value of SSR1 in HCC, SSR1 expression data 
in HCC and normal tissues were integrated from the 
included 11 datasets downloaded from the GEO database. 
Then, we calculated the SMD and generated the SROC 
curve of SSR1. The fixed effect model was used to calcu
late the SMD due to the small heterogeneity (I2 = 49%, 
P =0.03; Figure 4A). The SMD of SSR1 was 1.25 (95% 
CI:1.10–1.39, P =0.03; Figure 4A), indicating that the 
expression of SSR1 was significantly overexpressed in 
HCC. Sensitivity analysis demonstrated that our results 
were relatively stable and credible (Figure 4B). The result 
of SROC analysis indicated that SSR1 had the moderate 
diagnostic ability (AUC=0.84,95% CI:0.80–0.87; 
Figure 4C). Besides, as Figure 4D and E shows, the 
P values for Begg’s test and Egger’s test were 0.213 and 
0.431, respectively, indicating no significant publication 
bias. Overall, these current results confirmed the 

overexpression of SSR1 in HCC and its potential as 
a diagnostic biomarker for HCC.

Protein-Level Validation of SSR1 
Overexpression via HPA Database
In our study, for further validation, the HPA database 
was explored to confirm the protein expression levels of 
SSR1. Our result demonstrated that compared with the 
normal group, the protein level of SSR1 was signifi
cantly increased in the HCC group (Figure 5A). Based 
on current results, this study has detected the overex
pression of SSR1 in HCC from the mRNA and protein 
levels.

Correlation of SSR1 Expression with 
Clinicopathological Features
The correlation between SSR1 expression and tumor stage 
in HCC patients was analyzed based on the GEPIA data
base and HCC dataset obtained from the TCGA database. 
The results demonstrated that the expression levels of 
SSR1 displayed a strong correlation with the tumor stages 
of HCC patients (P<0.05) (Figure 5B and C). Besides, the 
patients with HCC were divided into two groups (high and 
low expression of SSR1), and then the correlation between 
SSR1 expression and clinicopathological features with 
HCC was analyzed. The results indicated that overex
pressed SSR1 was significantly associated with T stage 
(P=0.005), Gender (P=0.047), Pathologic stage 
(P=0.014) (Table 2).

Table 1 Characteristics of GEO Datasets Included in the Study

Author (Update 
Year)

Country Data Source Platform Normal 
Group

Cancer 
Group

Mean0 
±SD0

Mean1 
±SD1

TCGA (2017) USA TCGA NR 50 374 3.06±0.23 4.00±0.58

Zhao et al (2018) China GEO:GSE115018 GPL20115 12 12 4.10±0.27 4.67±0.48

Hui et al (2019) Singapore GEO:GSE121248 GPL570 37 70 11.27±0.26 11.66±0.36
Bhattacharyya et al 

(2019)

Canada GEO:GSE29721 GPL570 10 10 10.45±0.25 11.05±0.42

Kim et al (2018) USA GEO:GSE39791 GPL10558 72 72 8.09±0.59 9.01±0.57
Hodo et al (2019) Japan GEO:GSE41804 GPL570 20 20 12.77±0.23 13.12±0.32

Wang et al (2019) Taiwan GEO:GSE45436 GPL570 39 95 10.25±0.27 11.04±0.50
Melis et al (2019) USA GEO:GSE55092 GPL570 91 49 11.05±0.48 11.45±0.67

Mah et al (2018) Singapore GEO:GSE57957 GPL10558 39 39 9.75±0.63 10.42±0.50

Kao et al (2018) Taiwan GEO:GSE60502 GPL96 18 18 11.40±0.30 12.17±0.62
Grinchuk et al (2018) Singapore GEO:GSE76427 GPL10558 52 115 10.05±0.36 10.57±0.48

Eun et al (2018) South 

Korea

GEO:GSE89377 GPL6947 13 40 9.60±0.30 9.99±0.42

Abbreviations: Mean1±SD1, Liver Hepatocellular Carcinoma tissues; Mean0±SD0, normal (non-tumor) tissues; NR, not reported.
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Figure 1 The expression levels of SSR1 in Hepatocellular Carcinoma (TIMER and GEPIA databases). (A) SSR1 expression in different types of tumors and normal tissues by 
TIMER (**P < 0.01, ***P < 0.001). (B) Scatter diagram of SSR1 expression in Hepatocellular Carcinoma compared to normal tissues using GEPIA. (C) Box plot of SSR1 
expression in Hepatocellular Carcinoma compared to normal tissues using GEPIA (*P < 0.05). (D) Box plot of SSR1 expression in Hepatocellular Carcinoma compared to 
normal tissues based on dataset downloaded from TCGA database (***P < 0.001).
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Figure 2 Violin plot of SSR1 expression in Hepatocellular Carcinoma based on 11 datasets downloaded from GEO database. (A) GSE115018. (B) GSE121248. (C) 
GSE29721. (D) GSE39791. (E) GSE41804. (F) GSE45436. (G) GSE55092. (H) GSE57957. (I) GSE60502. (J) GSE76427. (K) GSE89377. (**P <0.01, ***P <0.001, 
****P<0.0001).
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Figure 3 Receiver Operating Characteristic curves of SSR1 expression for the differentiation of Hepatocellular Carcinoma from normal tissues based on TCGA and 11 
GEO datasets. (A) TCGA. (B) GSE115018. (C) GSE121248. (D) GSE29721. (E) GSE39791. (F) GSE41804. (G) GSE45436. (H) GSE55092. (I) GSE57957. (J) GSE60502. (K) 
GSE76427. (L) GSE89377.
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Figure 4 Comprehensive analysis of expression pattern and diagnostic value of SSR1. (A) Forest plot for evaluating SSR1 expression between Hepatocellular Carcinoma and 
normal tissues. (B) Sensitivity analysis of standard mean deviation (fixed effects model) based on stepwise omitting one study at a time. (C) Summary receiver operating 
characteristic curve of the distinguishing capability of SSR1 for tumor from normal tissues. (D and E) Analysis of the detection of publication bias in the meta-analysis of 
studies assessing the expression pattern of SSR1 in Hepatocellular Carcinoma.
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Figure 5 SSR1 protein expression based on HPA database and expression levels of SSR1 based on clinicopathological stages. (A) A Hepatocellular Carcinoma tissue showing 
high SSR1 expression (Antibody HPA011276, Female, age 61); A normal liver tissue showing low SSR1 expression (Antibod0y HPA011276, Female, age 65). (B) Expression 
levels of SSR1 in different clinicopathological stages based on GEPIA database. (C) Expression levels of SSR1 in different clinicopathological stages based on UALCAN 
database.
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SSR1 Overexpression Was an 
Independent Risk Factor and Predicted 
a Poor Prognosis in HCC
Here, the univariate and multivariate Cox regression 
analyses were performed to unveil the prognostic 
value of SSR1 (Table 3). Increased SSR1 expression 
(HR=1.698, 95% CI=1.198–2.409; P=0.003) was sig
nificantly associated with poor survival in univariate 

Cox analysis. The multivariate Cox regression analysis 
also obtained a consistent result (HR=1.528, 95% 
CI=1.053–2.217; P=0.026). Besides, we also verified 
the prognostic value of SSR1 in HCC by using KM 
survival analysis. According to the median expression 
level of SSR1, HCC patients were divided into low and 
high expression groups. The analysis results from the 
GEPIA database and the TCGA dataset (GEPIA: 
HR=2.2, P=0.0022; TCGA: HR=1.70, P=0.003) indi
cate that HCC patients in the SSR1 high expression 
group had a poor prognosis than HCC patients in the 
SSR1 low expression group (Figure 6A and B). 
Summarily, our results revealed that SSR1 overexpres
sion was revealed to be an independent indicator and 
predicted a poor prognosis of HCC patients.

SSR1-Related Genes and KEGG Pathway 
Analysis
Through using the method described in the method sec
tion, 587 SSR1 related genes that had a similar expression 
pattern to SSR1 were obtained in the UALCAN database. 
Then, we conducted the KEGG pathway analysis on the 
above SSR1-related genes. The results obtained in our 
study indicated that SSR1-related genes were mainly 
enriched in “hsa03040: Spliceosome”, “hsa04110: Cell 
cycle”, “hsa04350: TGF-beta signaling pathway”, 
“hsa03030: DNA replication”, etc. (Figure 6C).

Exploring SSR1-Related Pathways 
Through GSEA
In our study, we used GSEA to initially explore the poten
tial pathways and functions of SSR1 in HCC (Figure 7). 
The results showed that the overexpression of SSR1 in 
HCC might be involved in several signal pathways related 
to cancers, such as the DNA replication signal pathway, 
Cell cycle signal pathway, and WNT signal pathway. The 
overexpression of SSR1 was also related to the MAPK and 
TGF-beta signaling pathways.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
We next conducted qRT-PCR analysis on 11 heaptocellular 
carcinoma (HCC) patients, from whom the HCC tissue, 
Peri-carcinoma liver tissue (PHCC) and the normal liver 
tissue was taken for SSR1 mRNA quantification. Figure 8 
showed that the SSR1 expression in HCC was significantly 
higher than the Peri-carcinoma tissue (PHCC) and the 

Table 2 Relationship Between the Clinical Features and SSR1 
Expression in Hepatocellular Carcinoma Patients

Characteristic Low 
Expression of 

SSR1

High 
Expression of 

SSR1

p

n 187 187

T stage, n (%) 0.005**
T1 108 (29.1%) 75 (20.2%)
T2 40 (10.8%) 55 (14.8%)

T3 33 (8.9%) 47 (12.7%)

T4 4 (1.1%) 9 (2.4%)

N stage, n (%) 0.364

N0 130 (50.4%) 124 (48.1%)
N1 1 (0.4%) 3 (1.2%)

M stage, n (%) 0.622
M0 135 (49.6%) 133 (48.9%)

M1 1 (0.4%) 3 (1.1%)

Gender, n (%) 0.047*
Female 51 (13.6%) 70 (18.7%)

Male 136 (36.4%) 117 (31.3%)

Pathologic stage, 

n (%)

0.014*

Stage I 102 (29.1%) 71 (20.3%)

Stage II 39 (11.1%) 48 (13.7%)
Stage III 34 (9.7%) 51 (14.6%)

Stage IV 2 (0.6%) 3 (0.9%)

Tumor status, 

n (%)

0.146

Tumor free 108 (30.4%) 94 (26.5%)
With tumor 69 (19.4%) 84 (23.7%)

Race, n (%) 0.388
Asian 73 (20.2%) 87 (24%)

Black or 

African American

8 (2.2%) 9 (2.5%)

White 98 (27.1%) 87 (24%)

Age, meidan 
(IQR)

62 (52, 69) 60 (51, 68) 0.265

Notes: *P < 0.05, **P < 0.01.Values in bold are statistically significant.
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corresponding normal liver tissue taken from the same 
patient. The results were analyzed using one-way 
ANOVA (**p<0.01, ***p<0.001).

Discussion
Hepatocellular Carcinoma (HCC) is a common primary 
liver cancer with a high degree of malignancy.22 Due to 
the shortcomings of existing biomarkers, most patients can 
only be diagnosed at an advanced stage. At this time, their 
treatment options were already very limited, and the prog
nosis was often abysmal.23 Therefore, finding meaningful 
biomarkers is particularly critical. SSR1 is an endoplasmic 
reticulum membrane receptor involved in protein translo
cation across the endoplasmic reticulum membrane.24 As 
a member of the SSR family, it is closely related to cellular 
growth and proliferation and is closely related to various 
tumor types.25,26 However, the role of SSR1 in HCC 
remains unrevealed. In our current study, we combined 
multiple databases to conduct data mining to comprehen
sively analyze the diagnostic value and prognostic value of 
SSR1 and try to clarify its potential molecular mechanism 
in HCC.

As mentioned in the introduction, previous studies 
have observed the overexpression of SSR1 in a variety 
of cancers, but its expression pattern in HCC has not been 
thoroughly studied. Here, we first utilized online databases 
(GEPIA, TIMER) and 12 independent datasets (from 
TCGA and GEO databases) to prove a significant upregu
lation in patients with HCC, while the immunohistochem
ical analysis from the HPA database also achieved 
consistent results. Further, as expected, the overall SMD 
(SMD=1.25, 95% CI: 1.10–1.39, P=0.03), calculated by 
integrating 11 GEO datasets, also confirmed the overex
pression of SSR1 in HCC. In summary, the above suffi
cient evidence confirmed that SSR1 overexpression in 
HCC, which was similar to its expression pattern in other 
cancers.

This study also aims to reveal the clinical significance 
of SSR1 in HCC. Our research found that SSR1 expres
sion is significantly correlated with the T stage, Gender, 
and Pathologic stage. Studies have also shown that over
expression of SSR1 was an independent risk factor for 
HCC, and its high expression indicated a poor prognosis 
for HCC. Patients with high SSR1 expression had shorter 
overall survival (OS). Meanwhile, ROC analysis from 
multiple independent datasets showed that SSR1 had an 
upper-middle diagnostic ability. SROC analysis integrating 
SSR1 expression profile data from 11 GEO datasets also 
showed that SSR1 had a moderate diagnostic ability in 
HCC, representing a strong distinguishing ability between 
HCC tissues and normal tissues. In general, all the current 
evidence revealed that over-expressed SSR1 might act as 
a cancer-promoting factor in HCC, which could be used as 
a potential diagnostic and prognostic marker for HCC.

The molecular mechanisms and function of SSR1 in 
HCC are unclear. Therefore, we collected 587 genes with 
similar expression patterns of SSR1 in HCC and per
formed KEGG pathway analysis. The results show that 
these genes are mainly involved in the Cell cycle, DNA 
replication, and TGF-beta signaling pathway, which may 
be the mechanism by which SSR1 cooperates with similar 
genes to exert its many critical biological functions in 
HCC. In addition, the results of GSEA also showed that 
the excessive activation of the above three signaling path
ways was most closely related to the increase of SSR1 
expression in HCC patients. Based on the above results, 
SSR1 is most likely to play a potential cancer-promoting 
effect in HCC through the intersecting signal pathways. 
Among the three pathways, the role of cell cycle signal
ing pathways in cancer has received extensive attention. 
As we all know, the complete and effective cell cycle was 
necessary for normal cell proliferation.27 Cell cycle 
changes were a critical feature of malignant tumors, and 
its imbalance is an essential step in tumorigenesis.28 

Table 3 Univariate Analysis and Multivariate Analysis of Hpatocellular Carcinoma Patients’ Overall Survival

Characteristics Univariate Cox Analysis Multivariate Cox Analysis

HR (95% CI) P value HR (95% CI) P value

T stage (T2 & T3 & T4 vs T1) 2.126 (1.481–3.052) <0.001 1.316 (0.813–2.131) 0.264

Stage (Stage III & IV vs I & II) 2.504 (1.727–3.631) <0.001 2.046 (1.277–3.279) 0.003
Gender (male vs female) 0.793 (0.557–1.130) 0.200

Age (>60 vs ≤60) 1.205 (0.850–1.708) 0.295

SSR1 (high vs low) 1.698 (1.198–2.409) 0.003** 1.528 (1.053–2.217) 0.026*

Notes: *P < 0.05, **P < 0.01. Values in bold are statistically significant.
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Uncontrolled cell proliferation was an essential feature of 
cancer, which was closely related to the unbalanced cell 
cycle. The transition from normal cells to malignant 
tumor cells involved the dysregulation of various cell 
cycle control genes. Multiple signaling pathways, includ
ing MAPK, Wnt, and Notch signaling pathways, were 
involved in regulating the expression of cyclin and parti
cipating in tumor progression.29,30 The GSEA analysis in 
this study also showed excessive activation of MAPK and 

Wnt signaling pathways in HCC patients, which further 
suggested the existence of a correlation between SSR1 
and the cell cycle. Besides, successful G2 /M transforma
tion was the key to cell division.31 Limited studies have 
shown that curcumin-treated human colorectal cancer 
cells down-regulate the expression of SSR1, arresting 
the cell cycle in the G2/M phase, thereby exerting an anti- 
cancer effect.17 Therefore, based on our research and 
previous evidence, we speculate that SSR1, which is up- 

Figure 6 KM survival analysis and functional enrichment analysis of the genes relevant to SSR1 in Hepatocellular Carcinoma. (A) Overall survival of patients with different 
SSR1 expression in Hepatocellular Carcinoma based on GEPIA database. (B) Overall survival of patients with different SSR1 expression in Hepatocellular Carcinoma based 
on dataset downloaded from TCGA database. (C) The Kyoto Encyclopedia of Genes and Genomes pathway analysis of the genes relevant to SSR1 in Hepatocellular 
Carcinoma.
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regulated in HCC, promotes the occurrence and develop
ment of HCC by regulating the cell cycle and plays a role 
as a cancer-promoting factor.

However, some restrictions may affect the reliability of 
our conclusions. First, the SSR1 expression profile data 
comes from multiple platforms, and the lack of uniform 

Figure 7 GSEA plot showing that SSR1 expression positively correlated with five significant Signaling pathways. (A) Cell cycle signal pathway; (B) DNA replication signal 
pathway; (C) MAPK signaling pathways. (D) TGF-beta signaling pathways; (E) WNT signal pathway.
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standardization may lead to inaccurate results. Second, the 
specific signaling pathways regulated by SSR1 in HCC 
must still be verified using rigorous in vitro and in vivo 
experiments. Finally, the adverse effects of the asymmetric 
sample size between groups cannot be completely elimi
nated, and the results need to be interpreted carefully.

Summarily, this study shows that SSR1 may be used as 
a biomarker for HCC diagnosis and prognosis, and it is 
very likely to participate in the occurrence and develop
ment of HCC by regulating the cell cycle. However, 
further research is needed to determine the specific mole
cular mechanism of SSR1 in HCC.

Conclusion
Our research showed that overexpressed SSR1 in HCC 
was likely to participate in the occurrence and develop
ment of HCC by affecting the cell cycle. Besides, it could 
predict the poor prognosis of HCC patients and had the 

potential as a biomarker for the diagnosis and prognosis of 
HCC. Our research will provide some references for the 
further study of SSR1.
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