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Aim: To analyze the association between ROCK2 gene polymorphism/expression and susceptibility/prognosis of hepatocellular
carcinoma (HCC).
Methods: Peripheral venous blood from 204 hepatocellular carcinoma patients (HCC group), 242 chronic hepatitis B patients (CHB
group), 215 liver cirrhosis patients (LC group) and 201 healthy volunteers (normal group) were collected. ROCK2 gene (including the
rs9808232 locus) was amplified by PCR and the products were sequenced. Tumor tissues from patients with HCC and liver tissues
from CHB, LC and normal groups were collected, and mRNA and protein expression of ROCK2 gene in liver tissues were tested by
RT-qPCR and immunofluorescence, respectively.
Results: Compared with the normal group, the mRNA and protein expression levels of ROCK2 in the HCC group increased
significantly (P < 0.05), but there are no obvious increases in the CHB and LC groups (P > 0.05). ROCK2 gene rs9808232
polymorphism was associated with an increased susceptibility of HCC, and genotypes AC and CC may be risk factors for HCC
(P < 0.001). There was a significant association between the ROCK2 gene rs9808232 polymorphism and the route of metastasis in
HCC patients (P < 0.05). According to the Kaplan–Meier analysis, the overall survival of patients with AC and CC genotypes of
ROCK2 rs9808232 was much shorter than that of patients with AA genotype (median overall survival, 25.5 months vs 16.0 months;
Log rank P = 0.006). The overall survival time of patients with high ROCK2 expression is much shorter than that of patients with low
ROCK2 expression (median overall survival time, 15.0 months vs 20.5 months; Log rank P = 0.008). Compared with genotype AA,
the ROCK2 protein levels of genotypes AC and CC were distinctly increased in the HCC group, especially genotype CC (P< 0.05).
Conclusion: ROCK2 gene rs9808232 polymorphism may contribute to its expression in liver tissue, which may increase the
susceptibility and poor prognosis of HCC.
Keywords: ROCK2, hepatocellular carcinoma, single nucleotide polymorphism, susceptibility, prognosis

Introduction
Hepatocellular carcinoma (HCC), a primary malignant tumor of the liver, mostly occurs on the basis of cirrhosis and
chronic hepatitis.1 According to statistics, there are about 700,000 new cases each year in the world, of which Chinese
patients account for 54%.2,3 Due to the insidious onset of liver cancer, it is often found in the middle and late stages, and
the high degree of malignancy leads to a very poor prognosis.1 Therefore, it is extremely important to study the etiology
and pathogenesis of HCC and achieve early diagnosis and treatment.

ROCK2, named Rho-associated coiled-coil containing protein kinase 2, is a downstream gene of RhoA. The human
ROCK2 gene is located in zone 4 of the second region of the short arm of chromosome 2, and the length is about 163 kb.
Because the 125592th base on the tenth exon of the gene has an A/C single nucleotide polymorphism, the 431st amino
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acid of the ROCK2 protein encoded by this gene may appear asparagine (Asn) or Threonine (Thr) (rs9808232). The
RhoA/Rock signal transduction pathway participate in various pathophysiological processes in the body.4 A number of
studies5–7 have shown that ROCK2 gene plays a key role in the pathogenesis of tumors. Currently, it is generally believed
that viral hepatitis, aflatoxin, metabolic factors, long-term drinking and smoking are the causes of liver cancer, but
genetic susceptibility (including single nucleotide polymorphism) is the basis of liver cancer.

In this study, PCR and gene sequencing methods were used to detect SNPs in HCC patients and healthy subjects in
order to explore the association between the ROCK2 gene rs9808232 polymorphism and susceptibility of HCC in the
Chinese Han population, and ROCK2 expressions in liver tissue were analyzed. Because HCC cases generally develop on
the basis of liver cirrhosis and chronic hepatitis, patients with liver cirrhosis (LC) and chronic hepatitis B (CHB) were
used as controls.

Materials and Methods
Patients and Controls
From January 2017 to December 2020, 862 participants including 204 HCC patients (HCC group), 242 CHB patients (CHB
group), 215 LC patients (LC group) and 201 healthy volunteers (normal group) were enrolled in the First Affiliated Hospital
of Guangxi Medical University. Inclusion criteria: 1) patients who have lived in China for a long time and whose immediate
family members of the recent three generations are all Han nationality and have not intermarried with other ethnic groups;
2) the diagnosis meets the relative diagnosis norms and guidelines.8–10 Exclusion criteria: 1) Patients with other tumors at
the same time; 2) patients with other liver diseases except for chronic hepatitis B, chronic hepatitis C, post-hepatitis
cirrhosis, alcoholic liver disease, etc.; 3) patients who are related to each other. Tumor TNM staging is based on the
Barcelona Clinic Liver Cancer staging standard.11

The clinical characteristics of the HCC group and the control groups are shown in Table 1. In terms of age and
gender, the four groups of subjects are well balanced and comparable. The study was reviewed and approved by the
Ethics Committee of First Affiliated Hospital of Guangxi Medical University (approval number: 2016-KY-E-045), and
each subject signed an informed consent form.

Table 1 Characteristics of the Study Population

Characteristics HCC (n=204) LC (n=215) CHB (n=242) Normal (n=201)

Age (years) 52.3±13.86 50.5±15.14 49.8±13.74 51.5±14.67

Gender (n)
- Male 152(74.5) 162 (75.3) 180 (74.4) 145(72.1)

- Female 52(25.5) 53 (24.7) 62 (25.6) 56(27.9)

HBV infection (n)

- Yes 163(79.9) 149 (69.3) 242 (100.0) 0(0)

- No 41(20.1) 66 (30.7) 0 (0) 201(100.0)

HCV infection (n)

- Yes 10(4.9) 9 (4.2) 0 (0) 0(0)
- No 194(95.1) 206 (95.8) 242 (100.0) 201(100.0)

Alcoholic liver disease (n)
- Yes 39(19.1) 62 (28.8) 0 (0) 0(0)

- No 165(80.9) 153 (71.2) 242 (100.0) 201(100.0)

Note: n represents the number of subjects.
Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B.
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PCR Amplification
About 5mL of venous blood from each subject was drawn with a vacuum blood collection tube and stored in an ultra-low
temperature refrigerator at −80°C. Sample size used for testing: Normal group 201 cases, CHB group 242 cases, LC
group 215 cases, HCC group 204 cases. DNA were extracted from whole blood using Blood Genomic DNA Extraction
Kit (Takara Biotechnology Co. Ltd., Dalian, China), and then a micro-nucleic acid protein analyzer was used to detect the
concentration and purity of DNA, and qualified samples are stored in the refrigerator at −20°C.

By querying the NCBI gene database, PCR primers for ROCK2 gene (including rs9808232 site) were designed, and
they were entrusted to Takara Biotechnology Co., Ltd. for synthesis. Upstream primer (5’→3’): GAG AAT AAC TTG
AATAAA ACA GCA CA; downstream primer (5’→3’): TTC TAT CAC TTT TGG CAC TC. The target fragment length
is 388 bp. Configured with 30 μL PCR system: 10× buffer 3 μL, 25 mM MgCL2 1.8 μL, 10 mM dNTPs 0.6 μL, upstream
primer and downstream primer each 10 pmol, Taq DNA polymerase 1 U, DNA template 50 ng, and finally used ddH2

O make up to 30μL. PCR reaction conditions: pre-denaturation at 95°C for 5 minutes, DNA amplification for 40 cycles
(denaturation at 94°C for 30s, annealing at 52°C for 30s, extension at 72°C for 40s), and final extension at 72°C for 5
minutes. Five microliters of the PCR product was taken on a 2% agarose gel containing nucleic acid dye for electro-
phoresis (120V, 45min), and an ultraviolet light analyzer was used to identify the target fragment.

Gene Sequencing
The products of PCR were sequenced by Nanjing GenScript Biotechnology Co., Ltd. The sequencing result was finally
compared with the sequence in the GenBank database.

Liver Histopathology
The cancerous tissues of HCC were obtained by surgery. Liver tissues of CHB, LC and normal groups were obtained by
liver biopsy. Sample size used for testing: Normal group 46 cases, CHB group 103 cases, LC group 108 cases, HCC
group 164 cases. Each fresh liver tissue was divided into two parts, one part was quickly stored in liquid nitrogen for later
PCR and immunofluorescence detection; the other part was fixed with 4% paraformaldehyde, embedded in paraffin, and
sliced with a thickness of 4 μm. Haematoxylin and eosin (HE) staining was used for histological structure analysis.

Reverse Transcription and Real-Time Quantitative Polymerase Chain Reaction
(RT-qPCR)
RT-qPCR was used to detect the mRNA expression of ROCK2. Total RNA was extracted with an RNA extraction kit
from liver tissues. First-strand cDNA was synthesised with 1 μg of total RNA, and cDNA sample was thereafter
amplified in an ABI Prism 7500 Sequence Detection system (Applied Biosystems, Massachusetts, United States) for
40 cycles (95°C for 3s, 60°C for 34s) with specific oligonucleotide primers (Takara, Dalian, China). The target genes
were normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression, and relative quantification was
performed using the 2−ΔΔCT method. Each sample was analysed in triplicate. Primer sequences: Forward 5′-GAG AAT
AAC TTG AAT AAA ACA GCA CA-3′, Reverse 5′- TTC TAT CAC TTT TGG CAC TC −3′.

Immunofluorescence
Next, immunofluorescence was used to detect the protein expression level of ROCK2 in liver tissues of each group. The
liver tissue sections were deparaffinized, hydrated, and soaked in 5% H2O2 for 10 min. Next, the slides were transferred
to sodium citrate buffer solution for heat-induced antigen retrieval. All antibodies are diluted in antibody diluent. The
slices were blocked with rabbit anti-ROCK2 antibody (Abcam, Shanghai, China) and incubated overnight at 4°C. The
negative control slices were incubated with PBS. The sections were incubated with fluorescence labelled secondary
antibodies for 1 hour at 37°C. 3,3’-Diaminobenzidine tetrahydrochloride (DAB) solution was used to observe the
immunoreactivity, and then the nucleus was stained with DAPI and sealed. Eventually, the slices were analyzed under
an optical microscope, and semi-quantitative evaluation was performed using Image-Pro Plus 6.0 system (Media
Cybernetics Inc., Bethesda, MD, USA).12 Each slice in each group was randomly selected at least three 200× field of
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view to take pictures. When taking photos, try to fill the entire field of view with the tissue to ensure that the background
light of each photo is consistent. Used Image-Pro Plus 6.0 software to convert green/red fluorescent monochrome photos
into black and white images, and then selected the same black as the unified standard for judging the positive of all
photos and analyzed each photo to get the integrated optical density (IOD) and the pixel area (AREA). Then, the average
optical density value (AO value) is calculated, AO=IOD/AREA. The larger the AO value, this is, the higher expression
level of the protein.

Patient Follow-Up
After diagnosis, clinical follow-up was performed every 3 months for the first 2 years and then every 6 months until the
patient died or dropped out. The follow-up content included the patient’s symptoms, physical examination, testing of
AFP, CT or MRI of upper abdomen. If necessary, liver function, HBV-DNA, or HCV-RNA were tested. When the
patients did not come to the hospital on time for follow-up, telephone follow-up was conducted instead.13

Statistical Analysis
The statistical analysis in this study was carried out using SPSS 24.0 statistical software (International Business
Machines Corporation, New York). The Hardy–Weinberg genetic balance test was used to judge the genetic balance
of SNPs. When P>0.05, it indicated that the population genes are genetically balanced, that is, the samples were from the
same Mendelian population. The genotype frequency and allele frequency between groups were compared using χ2 test.
The Kaplan–Meier method was used to analyze the overall survival time (from diagnosis to the last follow-up or death),
and the Log rank test was used for comparison. When P<0.05, the difference has statistical significance.

Figure 1 HE staining pictures in each group (original magnification, 200×).
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B.
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Results
Expression of ROCK2 Gene in HCC and Control Groups
HE staining pictures of the liver tissue sections in the HCC, LC, CHB and normal groups are shown in Figure 1. As
shown in Figures 2 and 3, compared with the normal group, the mRNA and protein expression levels of ROCK2 in the
HCC group increased significantly (P<0.05), but there are no obvious increases in the CHB and LC groups compared
with the normal group (P>0.05). The results clearly indicate that ROCK2 could take part in pathogenesis of HCC.

Association of ROCK2 Gene rs9808232 Polymorphism with Susceptibility of HCC,
LC and CHB
Table 1 shows the characteristics of the study population. The sequencing results of all target fragments were consistent
with the sequences on the GenBank gene bank. There are three genotypes at rs9808232 locus of ROCK2 gene: AA, AC
and CC. The genotype frequency and allele frequency distribution are shown in Table 2. The distribution of genotypes in
each group conformed to the law of genetic balance (all P>0.05), which was representative of the population. The
rs9808232 polymorphism of ROCK2 gene was significantly correlated with HCC susceptibility, suggesting that AC and
CC genotypes may be risk factors for HCC (P<0.05). However, the rs9808232 polymorphism of the ROCK2 gene was
not associated with increased susceptibility to CHB and LC (P>0.05).

Figure 2 The mRNA expression levels of ROCK2 in liver tissue.
Notes: **P<0.01. Sample size used for testing:Normal group 46 cases, CHB group 103 cases, LC group 108 cases, HCC group 164 cases.
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B.
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Association of ROCK2 Gene rs9808232 Polymorphism with Clinical Parameters in
HCC
There was a significant association between the ROCK2 gene rs9808232 polymorphism and the route of metastasis in
HCC patients, suggesting that patients with genotypes AC and CC are more likely to have extrahepatic metastases
(P<0.05). However, there is no obviously association between ROCK2 gene rs9808232 polymorphism and image
classification, AFP level or TNM stage in HCC patients (P>0.05) (Table 3).

Figure 3 The protein expression levels of ROCK2 in liver tissue. (A) Immunofluorescence staining of ROCK2 (original magnification, 200×). (B) Quantification of ROCK2
staining by digital image analysis.
Notes: *P<0.05. Sample size used for testing: Normal group 46 cases, CHB group 103 cases, LC group 108 cases, HCC group 164 cases.
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Table 2 ROCK2 Gene rs9808232 Polymorphism Genotype and Allele Frequencies in Patients with HCC,
LC and CHB

Genotype HCC (n=204) Normal (n=201) χ2 P value

AA 40(19.6) 89(44.3) 30.372 <0.001

AC 113(55.4) 86(42.8)

CC 51(25.0) 26(12.9)

Allele A 193(47.3) 264(65.7) 27.784 <0.001

Allele C 215(52.7) 138(34.3)

Genotype LC (n=215) Normal (n=201) χ2 P value

AA 101 (47.0) 89(44.3) 0.457 0.796

AC 85 (39.5) 86(42.8)

CC 29 (13.5) 26(12.9)

Allele A 287 (66.7) 264(65.7) 0.107 0.744

Allele C 143 (33.3) 138(34.3)

Genotype CHB (n=242) Normal (n=201) χ2 P value

AA 96 (39.7) 89(44.3) 1.226 0.542

AC 108 (44.6) 86(42.8)

CC 38 (15.7) 26(12.9)

Allele A 300 (62.0) 264(65.7) 1.291 0.256

Allele C 184 (38.0) 138(34.3)

Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B.

Table 3 ROCK2 Gene rs9808232 Polymorphism in Relation to Clinical Parameters in Patients with Hepatocellular Carcinoma

AFP >400ng/mL (n=182) <400ng/mL (n=22) χ2 P value

AA 37(20.3) 3(13.6) 1.852 0.396
AC 102(56.1) 11(50.0)

CC 43(23.6) 8(36.4)

Imaging Classification Lump Type (n=125) Nodular/Diffuse Types (n=79) χ2 P value

AA 19(15.2) 21(26.5) 4.476 0.107
AC 71(56.8) 42(53.2)

CC 35(28.0) 16(20.3)

TNM Staging I/II (n=81) III/IV (n=123) χ2 P value

AA 16(19.7) 24(19.5) 0.007 0.996
AC 45(55.6) 68(55.3)
CC 20(24.7) 31(25.2)

Transfer Route Intrahepatic Metastasis (n=89) Extrahepatic Metastasis (n=115) χ2 P value

AA 11(12.4) 29(25.2) 6.133 0.047

AC 51(57.3) 62(53.9)
CC 27(30.3) 24(20.9)

Abbreviations: OR, odds ratio; AFP, alpha-fetoprotein; TNM staging, tumor node metastasis staging.
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ROCK2 Gene rs9808232 Polymorphism and Prognosis
Next, survival analysis was performed on patients in the HCC group. At the end of the follow-up, survival information
for 164 patients was available (genotype distribution: 37 AA, 83 AC, and 44 CC). The dropout rate was 19.6%. The
dropout was due to the lack of data. The allele C of ROCK2 rs9808232 was significantly correlated with the susceptibility
of HCC (P<0.001); in addition, the proportions of AC and CC genotypes in the HCC group were 55.4% and 25.0%,
respectively, which were significantly higher than those in the normal group (42.8% and 12.9%). Therefore, AC and CC
genotypes were risk factors for HCC and were analyzed together. According to the Kaplan–Meier analysis, the overall
survival of patients with AC and CC genotypes of ROCK2 rs9808232 was much shorter than that of patients with AA
genotype (median overall survival, 25.5 months vs 16.0 months; Log rank P = 0.006) (Figure 4). These results show that
AC and CC genotypes may be indicators of poor prognosis for HCC patients.

ROCK2 Expression Level and Prognosis
Taking the median expression level of ROCK2 in liver tissue (AO value=0.006265) as the cut-off point, 164 HCC
patients with survival information were divided into high expression group (n=82) and low expression group (n=82).
According to the Kaplan–Meier analysis, the overall survival time of patients with high ROCK2 expression is much
shorter than that of patients with low ROCK2 expression (median overall survival time, 15.0 months vs 20.5 months; Log
rank P=0.008; Figure 5). These data indicate that the high expression of ROCK2 may be an indicator of poor prognosis.

Protein Expression Levels of ROCK2 in Patients with HCC Patients with Different
Genotypes
Compared with genotype AA, the ROCK2 protein levels of genotypes AC and CC were distinctly increased in the HCC
group, especially genotype CC (P<0.05) (Figure 6). These results indicate that ROCK2 rs9808232 polymorphism may
contribute to its expression in liver tissues.

Figure 4 Kaplan–Meier survival curves for patients with different genotypes of ROCK2 rs9808232. Overall survival of patients with the AC and CC genotypes was much
shorter compared with those with AA genotype (Log rank P=0.006).
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Figure 6 ROCK2 protein level of different genotypes in HCC group.
Note: *P<0.05 compared with AA genotype.

Figure 5 Kaplan–Meier survival curves for patients with low or high expression levels of ROCK2. Overall survival of patients with high expression level of ROCK2 was
much shorter compared with those with low expression levels (Log rank P=0.008).
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Discussion
ROCK is a kinase that belongs to the serine-threonine kinase family of AGC (PKA/PKG/PKC), which is the main
downstream effector of small GTPase RhoA. When the two are combined, it will increase the activity of ROCK kinase.14

ROCK is composed of a kinase domain, a coiled-coil region, and a pleckstrin homology (PH) domain. Without RhoA-
GTP binding to it, it will reduce the kinase activity of ROCKs through self-inhibitory intramolecular folding.15 The
molecular weight of ROCK is about 160 kDa, including two subtypes of ROCK1 and ROCK2. ROCK2 plays a central
role in regulating cytoskeleton reorganization and cell shape movement, and is widely involved in cell contraction,
adhesion, migration, proliferation and apoptosis.16

More and more studies17–22 have confirmed that ROCK2 can play an important role in the occurrence and development
of tumors by regulating many cell functions, such as tumorigenicity, tumor growth, metastasis, angiogenesis, and tumor cell
apoptosis or survival and chemical resistance. Our findings confirm that ROCK2 is involved in the pathogenesis of HCC,
and high expression of ROCK2 may be an indicator of poor prognosis. ROCK2 is overexpressed in hepatocellular
carcinoma, which is related to more aggressive biological behaviors; moreover, ROCK2 plays an important role in
regulating cytoskeletal events and contributes to the invasion of HCC.23 Huang et al24 showed that ROCK2 can promote
the invasion and metastasis of liver cancer by modifying the ubiquitination and degradation of MMP2 in liver cancer cells.
In vitro studies25 have also shown that when ultraviolet rays induce DNA damage in liver cancer cells, Rock2 can protect
the survival of liver cancer cells by down-regulating the level of Cdc25A. Therefore, it is believed that Rock2 may be
a therapeutic target that determines gene expression regulation in liver cancer cells. Du et al26 showed that ROCK2 can
promote ubiquitin-mediated degradation of MKP1 by activating ERK1/2, thereby promoting the invasion and metastasis of
HCC. In liver cancer tissues and liver cancer cell lines, miR-185-5p can inhibit HCC cell metastasis by down-regulating
ROCK2; The miR-185/ROCK2 axis may be a target to improve the therapeutic effect of HCC and increase the survival
rate.27 Thus, ROCK2 played an important role in the pathogenesis of HCC.

The high incidence of HCC in China may be related to the high rate of hepatitis B virus infection in the Chinese
population, but genetic susceptibility is the basis for liver cancer. A large number of studies28 have shown that individual
heredity is a key factor that directly affects the occurrence and development of liver cancer; among genetic factors, single
nucleotide polymorphisms located in the promoter region or coding region that determine the regulation of gene
expression are of great significance. The 429–1131th amino acid residues of ROCK2 protein constitute the coiled-coil
region, of which the 979–1047th amino acid may be the region where RhoA molecules bind, and the rs9808232 site
polymorphism is located at the beginning of this region.29 Therefore, the ROCK2 gene rs9808232 polymorphism may
directly affect the biological function of the ROCK2 protein. Previous studies30–32 found that the ROCK2 gene single
nucleotide polymorphism is related to the pathogenesis of breast cancer, colorectal cancer, lymphoma and other
malignant tumors. However, we have not found a correlation study between ROCK2 gene polymorphism and hepato-
cellular carcinoma through searching multiple Chinese and English databases. Therefore, this study is innovative. The
results of this study indicate that ROCK2 gene rs9808232 polymorphism is related to the susceptibility of HCC, and
genotypes AC and CC leads to an increased risk. In addition, we also found that ROCK2 gene rs9808232 polymorphism
is related to the metastasis and poor prognosis of HCC, and patients with genotypes AC and CC are more likely to have
extrahepatic metastasis and poor prognosis. The high expression of ROCK2 may be an indicator of poor prognosis, and
ROCK2 rs9808232 polymorphism may contribute to its expression in liver tissues. So far, due to the lack of similar
studies, our research results cannot be compared horizontally.

In conclusion, the high expression of ROCK2 may be an indicator of poor prognosis. ROCK2 gene rs9808232
polymorphism may contribute to its expression in liver tissue, which may increase the susceptibility of HCC and poor
prognosis. However, our research results have yet to be further verified by more and larger sample studies.

Ethics Approval and Consent to Participate
This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from
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