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Background: Colorectal cancer (CRC) is one of the most lethal malignancies and the 
incidence of CRC has been on the rise. Herein, we aimed to identify effective biomarkers 
for early diagnosis and treatment of colorectal cancer via bioinformatic tools.
Methods: To identify differentially expressed genes (DEGs) in CRC, we downloaded CRC 
gene expression data from GSE24514 and GSE110223 datasets in Gene Expression Omnibus 
(GEO) and employed R to analyze the data. We further performed functional enrichment 
analysis of the DEGs on the DAVID gene ontology analysis tool. STRING database and 
Cytoscape visualization tool were employed to construct a PPI (protein–protein interaction) 
network and establish intensive intervals in the network. Immunohistochemistry, qRT-PCR 
and Western blotting were performed to identify the expression level of GINS1 in CRC. In 
vitro and in vivo experiments were performed to assess the impact of GINS1 in the 
pathogenesis of CRC in terms of proliferation, migration and metastasis.
Results: Among the two datasets, 389 DEGs were identified and used to construct a PPI 
network. These genes were mainly involved in cell proliferation and cell cycle. Among them, 
15 genes including GINS1 were found to be strongly associated with the PPI network. We 
further performed immunohistochemistry, qRT-PCR and Western blotting to identify that 
GINS1 expression was higher in CRC than in paired normal tissues. Moreover, in vitro and 
in vivo experiments demonstrated GINS1 could promote the proliferation, invasion and 
migration of colorectal cancer cells.
Conclusions: GINS1 could be considered as a potential biomarker for CRC patients.
Keywords: GINS1, colorectal cancer, bioinformatics screening

Introduction
Colorectal cancer (CRC) is one of the most lethal malignancies with high morbidity 
worldwide.1 Currently, a host of risk factors including obesity, smoking habits and 
lack of physical exercise have increased the risk of colorectal cancer.2 With the 
development of surgical techniques, surgical treatment effectively controls early 
colorectal cancer. However, treatment of patients with advanced colorectal cancer is 
challenging despite the development of therapies such as laparoscopic surgery, 
radiation therapy, palliative chemotherapy and immunotherapy.3 Although several 
biomarkers have been identified for early diagnosis of colorectal cancer, the clinical 
outcomes and prognosis of colorectal cancer patients are poor.4

Data mining with bioinformatic analysis has become an important research method in 
cancer. It can reveal the etiology and pathogenesis of CRC and novel biomarkers to 
monitor the disease progression. Bioinformatic tools have revealed that TIMP1, 
SERPINE1, CCND1, COL1A2 and SST are biomarkers of CRC which influence the 
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prognosis of CRC patients.5 CircDDX17, a circular RNA, was 
also been deemed as a tumor suppressor in CRC by bioinfor-
matic analysis.6 The purpose of this study was to identify 
potential biomarkers for early diagnosis and targeted therapy 
of colorectal cancer using bioinformatic methods. Results 
showed that GINS1 (GINS Complex Subunit 1), also named 
PSF1, is a useful biomarker for CRC and GINS1 expression 
was correlated with the progression of colorectal cancer.

Materials and Methods
Ethics Approval and Consent to 
Participate
This study was approved by the Ethics Committee of the 
Second Affiliated Hospital of Nanchang University 
(Nanchang, China). All CRC tissues and adjacent normal 
tissues performed in this study were collected from surgical 
specimens of CRC patients residing in the Department of 
gastrointestinal surgery of the second affiliated hospital of 
Nanchang University. Informed consent was obtained from 
each patient.

Data Acquisition
GSE24514 and GSE110223 datasets obtained from the 
Gene Expression Omnibus (GEO) database (http://www. 
ncbi.nlm.nih.gov/geo/)7 were used to find DEGs between 
normal samples and CRC. These RNA profiles were both 
derived from the GPL96 platform. A total of 47 CRC 
samples and 28 normal samples were analyzed.

Differentially Expressed Genes (DEGs) 
Identification
The R (limma package) was employed to determine DEGs in 
non-cancerous and CRC samples. The log2Fold Change and 
adjusted p-value (adj. p-value) were utilized to assess the 
presence of significant genes and false-positives. Adj. 
p-value <0.01 and |log2Fold Change|>1 were set as the thresh-
old for statistical significance. For genes with multiple probe 
sets, average values were used and the probe sets lacking gene 
symbols were removed. The ggplot2 package was used to 
create volcano plots.8 DEGs at the intersection of GSE24514 
and GSE110223 datasets were used for further analysis.

Functional and Pathway Characterization 
of the DEGs
Database for Annotation, Visualization and Integrated 
Discovery (DAVID) is a tool widely used for gene func-
tional classification, annotation and ID conversion.9 It was 

employed to perform functional enrichment analysis in 
terms of biological process (BP), cell component (CC), 
molecular function (MF) and Kyoto encyclopedia of genes 
and genomes (KEGG) for the DEGs.

Establishment of a PPI Network and 
Module Analysis
To determine the central genes, a PPI network of the DEGs 
was constructed using the STRING database.10 The asso-
ciation between genes was visualized with the Cytoscape 
software.11 The Cytoscape tool contains a plug-in 
Molecular Complex Detection (MCODE) (version 1.4.2) 
which enables users to cluster some networks on the basis 
of the topology to reveal the densely connected regions. 
After establishment of the PPI network, MCODE is used 
to reveal the most important modules of the network.

Expression Profile and Prognostic Value 
of GINS1
To uncover the expression profile and prognostic value of 
GINS1 in cancers, the Gene Expression Profiling 
Interactive Analysis (GEPIA) was used to determine the 
expression profile of GINS1 in 33 common cancer types 
including colon adenocarcinoma (COAD) and rectum ade-
nocarcinoma (READ). GEPIA is a multifunctional geno-
mics analysis platform based on TCGA and GTEx data 
which contains 275 COAD samples, 349 normal colon 
samples, 92 READ samples and 318 normal rectal samples 
altogether.12 The purpose of this process was to identify 
the mRNA expression of GINS1 in CRC from another 
platform once filtered from GSE24514 and GSE110223 
as a DEG. The results of p-value were generated by 
Student’s t-test. We further analyzed the correlation 
between GINS1 expression with prognosis in different 
cancers. Based on the median expression values of 
GINS1, the patients were separately divided into high/ 
low expression groups to compare the overall survival 
(OS) and disease-free survival (RFS) difference. The 
results of p-value, hazard ratio (HR) and 95% confidence 
interval were listed in each picture.

Genetic Alteration Analysis
We employed STRING database to obtain 10 most closely 
co-expressed genes of GINS1. Subsequently, we analyze 
the genetic alteration status of the 11 genes including 
alteration rates and alteration categories in colorectal can-
cer on cBioportal platform.13
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Tissue Harvesting
In 2019, 76 samples were obtained from CRC patients 
diagnosed and histologically confirmed in the gastrointest-
inal surgery of the Second Affiliated Hospital of Nanchang 
University. Peripheral cancer-free tissues (cut more than 
5 cm from the edge of the tumor) were also harvested. 
None of the patients received preoperative adjuvant ther-
apy. After operation, tissue samples were resected and 
immediately thawed in liquid nitrogen at −80 °C freezer 
for RNA isolation. All human specimens were obtained 
with consent from patients and hospital committee.

Cell
SW480, HCT116, HT29, LoVo cells and the normal color-
ectal organelle NCM460 cell line (from Chinese Academy 
of Sciences (Shanghai, China)) were cultured in RPMI 
1640 medium containing 10% FBS (Gibco, Carlsbad, 
CA, USA) at 37 °C, 5% CO2.

Western Blotting
Total protein was extracted from cells and tissues with 
RIPA lysate. The concentration of the protein was deter-
mined by BCA assay. The protein samples were mixed 
with protein buffer and boiled for 10 minutes in hot water. 
Equal amount of proteins from SW480, HCT116, HT29, 
LoVo and NCM460 cell lines separated by 10% gel elec-
trophoresis, and then transferred to a vinylidene fluoride 
film membrane. The membrane was blocked with 5% skim 
milk powder for 2 hours and incubated with primary anti-
body against GINS1 (1:10,000; Abcam) at 4 °C overnight. 
This was followed by incubation with goat anti-rabbit 
immunoglobulin G antibody for 90 minutes at room tem-
perature (RT). GAPDH served as the house-keeping gene. 
The blots were detected using ECL (Millipore) and devel-
oped by X-ray film. Because the experimental results of 
HCT116 and SW480 cell lines were the most significant, 
the above assay was repeated for HCT116, SW480 and 
NCM460 cell lines.

Immunohistochemistry
Colorectal cancer and surrounding tissues (76 cases each) 
were collected from the second affiliated Hospital of 
Nanchang University. They were fixed in neutral buffered 
formalin and then embedded in paraffin. The sections were 
dewaxed, rehydrated, and heated to retrieve antigens and 
sealed with normal goat serum for 15 minutes. The slides 
were incubated with rabbit polyclonal antibody 

(Invitrogen, PA5-62,341) against GINS1 at 4 °C overnight, 
rinsed with phosphate buffer (PBS) 5 times, and then 
incubated with horseradish peroxidase-labeled second 
antibody at room temperature for 30 minutes. After wash-
ing with PBS, it was dyed with chromogenic agent.

Quantitative Real-Time PCR
We used TRIzol reagent (Invitrogen) to extract total RNA 
from CRC tissues and paired normal tissues then test the 
concentration and purity of the extracted RNA. After pas-
sing the test, we use Prime Script RT Reagent kit (TaKaRa, 
Japan) to perform reverse transcription, we further set up 
the program according to the amplification steps in the 
SYBR Premix Ex Taq II kit (TaKaRa, Japan) manual, and 
perform real-time fluorescent quantitative PCR on the 7500 
Model Real-Time PCR instrument (Applied Biosystems, 
CA, USA). The primer sequences for GAPDH (used as 
the reference gene) were: 5ʹ-CAAGGTCATCCATGACAA 
CTTTG-3ʹ (forward) and 5ʹ-GTCCA CCACCCTGTTG 
CTGTAG-3ʹ (reverse). The sequences for GINS1 were: 5ʹ- 
TTCCCTGAGATTCAGATTGACTG-3ʹ (forward) and 5ʹ- 
GGTCATAGACCAAAGTATAAAGC-3ʹ (reverse). Each 
test was performed at least thrice and the final result was 
the average of all repeats.

Cell Transfection
About 1 × 105 HCT116 or SW480 cells were seeded in 
6-well plates and transfected after 24 hours. Two sequences 
were used for GINS1 knockdown: sh-GINS1-1, 5ʹ- 
GACACTGTTCTCTGTTAAGAA-3ʹ and sh-GINS1-2,5ʹC 
AGACAAGTTCTGGAGGAGAT-3ʹ; and one sequence for 
GINS1 overexpression: 5ʹ-CGGGGTACCATGTTCTGCG 
AAAAAGCCATGGAAC-3ʹ. Lipofectamine 3000 was 
used to enhance transfection (Invitrogen, Carlsbad, CA, 
USA). After 48 hours of transfection, RNA or protein 
were isolated from the cells. Transfection efficiency was 
determined by Western blotting and qRT-PCR assays.

Cell Proliferation Assay
Cell proliferation was determined using the Cell Counting 
Kit-8 (CCK-8) assay. SW480 and HCT116 cells were 
treated with trypsin-EDTA reagent and counted with an 
automated cell counter. Next, they were seeded in 96-well 
plates, at 5000 cells/well. After 24 hours, cells were trans-
fected with GINS1 mimics or control mimics and culti-
vated for 6, 12, 24, 48 or 72 hours. Thereafter, the 10 μL 
CCK-8 solution was added to the cells followed by incu-
bation for at 37 °C for 2 hours. A microplate luminometer 
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was utilized to measure optical density at 450 nm. Colony 
formation assay was carried out to examine the ability of 
transfected HCT116 and SW480 cells to form colonies and 
proliferate. After a 48-hour transfection, cells were cul-
tured in 6-well plates (300 cells/well). The capacity of 
cells to form colonies was determined by culturing them 
with a medium supplemented with 10% FBS for 12 days. 
Finally, the colonies were fixed in methanol and treated 
with 0.05% Crystal Violet (Beyotime) and counted.

Transwell Invasion and Migration Assay
A transwell chamber (polycarbonate membrane, 6.5 mm 
diameter, 8 μm diameter) (Corning Costar, USA) was 
utilized to determine the migration ability of cells. After 
48 hours of transfection, cells were bated in an FBS-free 
medium and then added to the upper chamber. The lower 
chamber was filled with RPMI 1640 medium comprising 
10% FBS as a chemoattractant. The cells were incubated 
for 48 hours after which unmigrated cells on the upper 
chamber were harvested, and those that migrated and 
invaded the lower chamber were collected from the 
lower chamber. The cells were fixed in methanol fol-
lowed by 0.1% crystal violet staining and counted under 
an inverted microscope. The invasion assay was assessed 
using a similar procedure except that the insert was pre- 
coated with a matrix gel and the amounts of cells added 

in the upper chamber was five times that of the for-
mer one.

Measurement of Tumor Growth and 
Metastasis in vivo
Animal experiments were approved by Ethics Commitment of 
the Second Affiliated Hospital of Nanchang University 
(Nanchang, China) and strictly followed the animal care and 
use guidelines of the National Institutes of Health for standar-
dized operation. Xenotransplantation experiments were pre-
formed using 6- to 8-week-old nude mice, in which 1 × 106 

sw480 cells treated with different agents were injected into the 
subrenal capsule of nude mice. After 6 weeks of treatment, the 
mice were sacrificed, and tumors were collected for subsequent 
experiments.

Statistical Analysis
All experiments were repeated thrice and data were ana-
lyzed with Statistical Package for the Social Sciences 
(SPSS 24.0). We used a threshold p-value <0.05 as statis-
tically significant.

Results
Identification of DEGs
A total of 788 DEGs were identified in GSE24514 (Figure 1A) 
and 604 DEGs in GSE110223 (Figure 1B) in colorectal 

Figure 1 Screen and classify the DEGs in colorectal cancer. (A) DEGs were selected with the threshold of FDR-P<0.01 and |log2Fold Change|>1 among the GSE24514 
dataset. (B) DEGs were selected with the threshold of FDR-P<0.01 and |log2Fold Change|>1 among the GSE110223 dataset. (C) GSE24514 and GSE110223 datasets 
showed an overlap of 389 genes. (D) The densest area in the PPI network. (E–H) Functional enrichment analysis including BP, CC, MF and KEGG of the 389 DEGs.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 11680

Bu et al                                                                                                                                                                Dovepress

http://www.dovepress.com
http://www.dovepress.com


cancer. Subsequently, we depicted a Venn diagram to show the 
overlapped DEGs between the two datasets (Figure 1C).

GO and KEGG Pathway Analyses for 
DEGs
DAVID database was used to determine the functions and 
pathways associated with the genes. The GO analyses 
showed that the biological processes (BP) of the DEGs 

were mainly involved in cell proliferation, oxidation- 
reduction process, proteolysis and cell division (Figure 1E). 
For the cell component (CC) category, the DEGs played 
a role in extracellular exosome, cytoplasm and cytosol 
(Figure 1F). In the molecular function (MF) category, the 
DEGs were involved in protein binding, ATP binding and 
identical protein binding (Figure 1G). KEGG pathway ana-
lysis showed that the DEGs were enriched in cell cycle, 

Figure 2 Expression profile and prognostic value of GINS1 in diverse cancers. (A) GINS1 expression in cancers. Expression profile of GINS1 in 33 cancer types compared 
with adjacent normal tissues by GEPIA. Results revealed that GINS1 was overexpressed in 20 cancer types. T: tumor; N: normal; n: number of patients. (B–I) Upregulation of 
GINS1 was correlated with poor overall survival and disease-free survival of patients with ACC, KIRP, LIHC, SARC. 
Abbreviations: ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and 
endocervical adenocarcinoma; CHOL, cholangio carcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal 
carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, 
kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; 
LUSC, lung adenocarcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and para-
ganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, 
testicular germ cell tumors; THCA, thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UV, uveal melanoma.
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PI3K-Akt pathway and biosynthesis of antibiotics 
(Figure 1H).

Analysis of the PPI Network and 
Construction of Hub Module
A PPI network was constructed for the entire DEGs using 
the STRING database and the network was visualized by 
Cytoscape software. The densest area of the module was 
identified by the MCODE score for further study (Figure 
1D). This module contains 15 genes which are GINS1, 
TPX2, CDK1, TOP2A, KPNA2, PRC1, UBE2C, ASPM, 
RRM2, FOXM1, CEP55, CKAP2, MCM7, RFC3 and 
CCNB1.

Analysis of GINS1
Among the 15 genes in our module, GINS1 has not been 
sufficiently studied in CRC. We therefore aimed to 
determine whether GINS1 expression affected the 
development of CRC. Results from GEPIA revealed 
that GINS1 was overexpressed in 20 cancer types 

(Figure 2A) including COAD (colon adenocarcinoma) 
and READ (rectal adenocarcinoma) than paired normal 
tissues (Figure 3A). Overexpression of GINS1 was sig-
nificantly correlated with poor OS and RFS of ACC 
(adrenocortical carcinoma), KIRP (kidney renal papillary 
cell carcinoma), LIHC (liver hepatocellular carcinoma) 
and SARC (sarcoma) patients (Figure 2B–I). The 10 
most closely related co-expressed genes of GINS1 were 
GINS2, GINS3, GINS4, MCM2, MCM3, MCM4, MCM5, 
MCM6, MCM7 and CDC45 (Figure 3B). Previous reports 
found that these genes formed the CMG (CDC45–MCM– 
GINS) complex, which is the core of eukaryotic chromo-
some replication, the absence of any one of these com-
ponents will affect eukaryotic chromosome replication.14 

Analysis of genetic alterations of the 11 genes revealed 
that almost a half (260 of 524) of the samples had genetic 
alterations of at least one gene in CRC, the most common 
alteration category was mRNA high, and GINS1 had the 
highest alteration rate (20%) among the selected genes 
(Figure 3C and D).

Figure 3 Analysis of GINS1 in colorectal cancer. (A) GINS1 was overexpressed in colon adenocarcinoma and rectum adenocarcinoma than in paired normal tissues. *p-value 
<0.05. (B) Obtain 10 strongly associated co-expressed genes of GINS1 by STRING. (C–D) Genetic alterations of GINS1 and its co-expressed genes in CRC, GINS1 was 
circled in the picture.
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GINS1 is Highly Expressed in CRC
Western blotting assay showed that GINS1 expression was 
highest in HCT116 and SW480 cells lines (Figure 4D), and 
thus these cell lines were used in subsequent experiments. 
The protein level of GINS1 in CRC tissues was higher than 
adjacent normal tissues (Figure 4C). mRNA levels of GINS1 
were also higher in CRC than in adjacent normal tissues 
(Figure 4B). Immunohistochemistry also showed the protein 
level of GINS1 was upregulated in CRC tissues (Figure 4A). 
Results of Western blot and qRT-PCR analyses for the trans-
fected SW480 and HCT116 cells are shown in (Figure 5).

Effect of GINS1 on Cell Proliferation
To explore the impact of GINS1 on CRC proliferation, 
stably transfected CRC cells were used. GINS1 knockdown 

decreased the proliferation of cells relative to the control 
groups. Opposite results were obtained when GINS1 was 
overexpressed (Figure 6B). The colony formation assay 
demonstrated that the rate of colony formation decreased 
after GINS1 knockdown in HCT116 or SW480 cells, 
whereas GINS1 overexpression promoted cell proliferation 
(Figure 6A). In summary, our results show that GINS1 
promoted the proliferation potential of CRC cells. In vivo 
experiments revealed that overexpression of GINS1 
enhanced the tumor weight (Figure 6C).

Effect of GINS1 on Cell Invasion and 
Migration
Results of Transwell assays revealed that knockdown of 
GINS1 in SW480 and HCT116 cells decreased the 

Figure 4 GINS1 was overexpressed in colorectal cancer. (A) Staining of GINS1 in colorectal cancer tissues and paired normal tissues by immunohistochemistry. ***p-value 
<0.001. (B) Relative expression level of GINS1 in 76 paired human colorectal cancer tissues (T) and the corresponding non-tumor tissues samples (N) are quantified by qRT- 
PCR. (C) The representative images of protein expression level of GINS1 in colorectal cancer tissues (T) and paired normal tissues (N) by Western blotting. * p-value <0.05. 
(D) The representative images of protein expression level of GINS1 in different colorectal cancer cell lines and normal colorectal organelle NCM460 cell line by Western 
blotting. *p-value <0.05, **p-value <0.01.
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migratory and invasive ability of CRC cells whereas over-
expression of GINS1 produced opposite results (Figure 7A 
and B). These results indicated that GINS1 promoted inva-
sion and migration of CRC cells thereby enhancing CRC 
progression. In vivo experiments also revealed that the 
upregulation of GINS1 promoted metastasis in the liver 
of CRC cells (Figure 7C–F).

Discussion
Advanced colorectal cancer is hard to treat with available 
treatment modalities. Therefore, it is important to identify 
new biomarkers for early diagnosis and targeted therapy of 
colorectal cancer. The purpose of this research was to iden-
tify original hub genes that drive the pathogenesis of color-
ectal cancer using bioinformatics tools. Initially, 389 DEGs 
were identified in normal and CRC tissues based on data 
from GSE24514 and GSE110223 datasets. Subsequently, 
a PPI network was established to reveal interactions among 

the DEGs and reveal the densest collections. Results showed 
that one core gene, GINS1, has not been studied in CRC. 
GINS1 is a member of the GINS complex. The main domain 
of GINS1 contains an alpha-helical bundle-like structure 
which is essential for DNA replication.15 We uncovered 
that GINS1 was overexpressed in 20 cancer categories 
including colorectal cancer and the upregulation of GINS1 
was correlated with poor prognosis of patients in adrenocor-
tical carcinoma, kidney renal papillary cell carcinoma, liver 
hepatocellular carcinoma and sarcoma. These findings 
demonstrated the important role of GINS1 in cancer devel-
opment. Previous researchers reported that GINS1 was over-
expressed in lung cancer and GINS1 depletion affected 
proliferation and cell cycle arrest in lung cancer cells.16 

Nakahara has demonstrated that GINS1 is highly expressed 
in breast cancer tissues, which is a function of increased 
activity of the GINS1 promoter. Meantime, the down- 
regulation of GINS1 inhibits anchor-independent growth of 

Figure 5 Overexpression and knockdown of GINS1 in CRC cells. (A) Representative transfected images of SW480 and HCT116 cells. (B and C) Transfection efficiency was 
validated by qRT-PCR and Western blotting. *p-value <0.05, **p-value <0.01.
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breast cancer cells.17 Elsewhere, it was found that GINS1 was 
strongly associated with clinical factors of prostate cancer 
such as tumor grade and stage. Its expression correlated with 
poor overall survival and progression-free survival in pros-
tate cancer patients.18 However, the impact of GINS1 in the 
pathogenesis of CRC is not well defined. Herein, we per-
formed cell experiments in vivo and in vitro to determine 
GINS1 expression with the progression of CRC. Not only the 
data from online databases showed GINS1 was overex-
pressed in colorectal cancer. Moreover, qRT-PCR assay, 
Western blot and immunocytochemistry tests confirmed the 
mRNA expression and protein level in colorectal cancer 
tissues and colorectal cancer cell lines were higher. 
Furthermore, overexpression of GINS1 in HCT116 and 
SW480 cells increased the proliferation, invasion and migra-
tion of CRC cells. In vivo, the upregulation of GINS1 
resulted in larger tumor weight and liver metastasis.

Analysis of co-expression revealed that the 10 most closely 
related co-expressed genes of GINS1 were GINS2, GINS3, 
GINS4, MCM2, MCM3, MCM4, MCM5, MCM6, MCM7 and 
CDC45. Previous studies have reported that these genes 
formed the CMG (CDC45–MCM–GINS) complex which is 
the core of eukaryotic chromosome replication.15 The interac-
tion between MCM and several key replication factors is 
mediated by the GINS complex. The GINS complex binds 
to the MCM2-7 complex and CDC45 to activate helicases that 
maintain eukaryotic microchromosome.15,19 CDC45 and 
GINS families participated in the activation of helicase. For 
instance, the GINS complex allows MCM helicases to interact 
with key regulatory proteins in complexes (RPCs) in large 
replicas.20,21 We suspect that the role of GINS1 in the patho-
genesis of colorectal cancer is related to the members of the 
CMG complex. Genes involved in the CMG complex were 
reported to influence the progression of colorectal cancer. The 

Figure 6 In vitro and in vivo experiments demonstrated GINS1 could promote proliferation of CRC cells. (A) Effects of overexpression and knockdown of GINS1 on the 
formation of colonies in SW480 and HCT116 cell lines. *p-value <0.05, **p-value <0.01. (B) CCK8 results showed that down-regulation of GINS1 reduced the growth of 
CRC cells, up-regulation of GINS1 promoted the growth of CRC cells. *p-value <0.05, **p-value <0.01. (C) Up-regulation of GINS1 enhanced tumor weight in vivo. **p-value 
<0.01.
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expression of MCM2 affects several clinical factors in CRC 
such as the histological grade of tumor, nodular metastasis, 
malignant degree of adenoma, and vascular invasion.22 The 
expression pattern of GINS4 correlated with clinical factors in 
CRC such as TNM stage, advanced T stage and poor differ-
entiation. Moreover, GINS4 overexpression associated with 
poor prognosis of CRC patients, whereas downregulation of 
GINS4 inhibited growth and cell cycle in vitro, accelerated 
apoptosis, and suppressed tumorigenesis in vivo.23 Xiaoli 
reported that GINS3 expression was higher in CRC than in 
adjacent normal tissues based on qRT-PCR experiments of 
137 consecutive samples. The study also revealed that GINS3 
expression was correlated with poor overall survival and dis-
ease-free survival of CRC patients. A cox regression model 
constructed proved that GINS3 was an independent prognostic 
factor of CRC.24 A study by Yumi Nagahama further proved 
that GINS3 expression was correlated with tumor grade and 
the knockdown of GINS3 in CRC cell lines inhibited cell 
growth, especially in S-phase progression.25

In our study, using bioinformatic methods and molecular 
experiments, we observed that GINS1 was overexpressed in 
CRC and we further demonstrated that GINS1 expression was 
associated with proliferation, invasion and migration of CRC 
cells. In conclusion, our results indicate that GINS1 is a new 
biomarker of colorectal cancer. Nevertheless, further experiments 

are required to prove whether the role of GINS1 in the pathogen-
esis of CRC involves other members of the CMG complex.
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Figure 7 In vitro and in vivo experiments demonstrated GINS1 could promote invasion and migration of CRC cells. (A and B) Transwell test demonstrated knockdown of 
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experiments demonstrated GINS1 promoted metastasis of CRC cells to liver, the metastasis parts are circled in subfigure (C and E).
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