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Abstract. A number of studies have demonstrated the crucial 
functions of GINS2 within the GINS complex in various 
types of cancer. However, the molecular mechanisms and 
prognostic value of GINS2 in breast cancer remain unknown. 
The present study used; BC‑GenExMiner, COSMIC, UCSC 
Xena, The Human Protein Atlas, GEPIA, cBioPortal, 
GeneMANIA, TIMER and Oncomine, in order to investigate 
gene expression, co‑expression, clinical parameters and muta-
tions in GINS2 in patients with breast cancer. Furthermore, 
the present study assessed the prognostic value of GINS2 
in patients with breast cancer via the Kaplan‑Meier plotter 
database. The results of the present study demonstrated that 
the mRNA levels of GINS2 were significantly higher in breast 
cancer tissue compared with normal tissue. In addition, high 
mRNA expression levels of GINS2 were associated with high 
Scarff‑Bloom‑Richardson status grades, a basal‑like status 
and age (≤51 years); however, it was not associated with lymph 
node metastasis. The survival analysis revealed that increased 
GINS2 mRNA levels were associated with a worse prognosis 
for relapse‑free survival in all patients with breast cancer, 
particularly in those with estrogen receptor‑positive and 
progesterone receptor‑positive subtypes. In addition, a positive 
association between the GINS2, CENPM and MCM4 genes 
was confirmed. The results of the present study suggest that 
GINS2 could be used as a potential prognostic biomarker for 
breast cancer. Nevertheless, further studies are necessary to 
confirm the effects of GINS2 on the pathogenesis and develop-
ment of patients with breast cancer.

Introduction

In 2018, there were ~2.1 million newly diagnosed female breast 
cancer cases  (1). Although several advancements in early 
diagnosis and treatment have been made, the prevalence of 

breast cancer remains a crucial health issue worldwide (2‑4). 
Accurate molecular biomarkers for early diagnosis may be a 
useful way to improve the current treatments for breast cancer. 
Therefore, investigating specific and sensitive molecular 
biomarkers involved in breast cancer has significant clinical 
value.

DNA helicases unwind or rearrange duplex DNA during 
replication, recombination and repair, thus playing an essen-
tial role in the preservation of genome stability (5). A number 
of studies have demonstrated that cancer ensues when the 
activity of DNA helicases is altered, which indicates that a 
significant number of helicases are tumor‑associated (6‑10). 
In addition to its fundamental role within the GINS complex, 
GINS2 is also a vital component of the CMG complex (11). 
The CMG complex is the eukaryotic replicative helicase that 
can unwind double‑stranded DNA, including, minichromo-
some maintenance proteins 2‑7  (MCM2‑7), cell division 
cycle  45  (CDC45) and the GINS complex, at replication 
forks (11,12). Close attention should be paid to the expres-
sion of GINS2 in different human malignancies, due to the 
inextricable linkage between DNA helicases and human 
cancer types (13). In addition, the upregulation of GINS2 has 
been reported in various types of human cancer, including 
glioma, cervical cancer, rectal cancer and lung adenocarci-
noma (14‑17). Regarding breast cancer, GINS2 expression 
is also increased in triple‑negative breast cancer cells (18). 
However, to the best of our knowledge, the prognostic value 
of GINS2 and its role in other types of breast cancer remains 
unknown.

The present study sought to conduct a more in‑depth 
analysis of GINS2 in order to investigate whether it could be 
used as a potential prognostic biomarker for breast cancer. The 
following databases were used; Oncomine, Tumor Immune 
Estimation Resource (TIMER) and The Human Protein Atlas 
(HPA), in order to evaluate the differential expression of 
GINS2 between breast tumor tissue and normal tissue. The 
association between GINS2 expression and clinical parame-
ters including expression patterns, gene mutations and distinct 
prognostic values of GINS2 in breast cancer, was also analyzed 
using the publicly accessible databases. The present study 
also used the following databases; Oncomine, GeneMANIA, 
Gene Expression Profiling Interactive Analysis (GEPIA) and 
University of California Santa Cruz Xena (UCSC Xena), in 
order to analyze the co‑expression and neighboring genes of 
GINS2.
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Materials and methods

The following datasets and patients' information were acquired 
from the aforementioned publicly accessible online databases. 
No human or animal specimens were used in the present study.

Oncomine analysis. The Oncomine database (oncomine.org) 
is a publicly accessible online database containing 715 data-
sets and 86,733 samples (19). Oncomine was used to compare 
the mRNA expression of GINS2 in breast cancer tissues with 
normal tissues. Paired Student's t‑test was used in order to 
analyze the differences in transcriptional expression between 
datasets derived from cancer specimens and normal controls. 
The following values were used as thresholds: Gene rank, 
10%; fold change, 2; and P<0.0001.

Breast cancer Gene‑expression miner v4.1 (bc‑GenExMiner 
v4.1) analysis. bc‑GenExMiner v4.1 (bcgenex.centregauducheau.
fr) is a statistical mining tool that contains 36 annotated genomic 
datasets and the data of 5,861 patients with breast cancer (20,21). 
The association between GINS2 expression levels and different 
clinical parameters [age, Tumor‑Node‑Metastasis stage, 
Scarff‑Bloom‑Richardson (SBR) grade, Nottingham Prognostic 
Index (NPI), estrogen receptor status, progesterone receptor status 
and human epidermal growth factor receptor 2 status] of patients 
with breast cancer was analyzed using this publicly accessible 
database (22‑24). Welch's t‑test was used in order to compare 
the difference in expression of GINS2 between the groups of 
patients according to different clinicopathological parameters and 
Dunnett‑Tukey‑Kramer test was used for pair‑wise comparisons 
when a significant difference was observed. P<0.05 was consid-
ered to indicate a statistically significant difference.

Kaplan‑Meier (KM) plotter analysis. The KM plotter database 
interprets information regarding gene expression and survival 
analysis of different types of cancer including, breast, liver, 
ovarian, lung and gastric cancer (25,26). KM plotter was used 
to analyze the prognostic values of GINS2 in patients with 
breast cancer and relapse‑free survival (RFS). The log‑rank 
P‑value was presented on the website, P<0.05 was considered 
to indicate a statistically significant difference.

Catalogue of somatic mutations in cancer (COSMIC) 
analysis. The COSMIC database (cancer.sanger.ac.uk/cosmic) 
is one of the most abundant resources for searching gene muta-
tions in several types of human cancer (27). The COSMIC 
database was used in order to examine the different types of 
GINS2 mutations in breast cancer. The following formula was 
used in order to calculate the percentage of each type of muta-
tion in different types of breast cancer: [(Genetic alternation 
samples)/(total samples)] x100%.

UCSC Xena analysis. The UCSC Xena database (xena.ucsc.
edu) is a powerful genomic online tool that provides visual-
ization and integration heat maps for analyzing the publicly 
accessible datasets (28,29). The UCSC Xena database was 
used to generate a heat map of GINS2, MCM4 and CENPM 
expression, according to PAM50 breast cancer subtypes in The 
Cancer Genome Atlas (TCGA) Breast Invasive Carcinoma 
database (portal.gdc.cancer.gov/).

HPA analysis. The HPA (proteinatlas.org) database aims to 
map all the human proteins in cells, tissues and organs (30‑32). 
The HPA online tool has already helped thousands of 
researchers in the fields of biomedicine and disease. The 
HPA database was used in order to determine GINS2 protein 
expression level via immunohistochemistry (IHC) staining 
and the IHC images were obtained from the HPA database.

GEPIA analysis. The GEPIA database (gepia.cancer‑pku.
cn) is an online website that can be used to analyze the RNA 
expression data, based on TCGA and the Genotype‑Tissue 
Expression (GTEx) Projects (33,34). Pearson's correlation test 
was used in order to assess the association between GINS2, 
MCM4 and CENPM in breast cancer via the GEPIA database.

cBioPortal for cancer genomics analysis. The cBioPortal for 
Cancer Genomics database (http://www.cbioportal.org) is an 
online website that allows for the visualization, analysis and 
download of large‑scale cancer genomic datasets (35‑37). The 
cBioPortal for Cancer Genomics database was used to analyze 
the expression of and mutations in GINS2. The breast cancer 
dataset (TCGA Cell 2015) was used for further analysis within 
the database (38). Kaplan‑Meier analysis was used in order 
to assess the overall survival (OS) and disease‑free survival 
(DFS) rates of GINS2, using the database.

GeneMANIA analysis. GeneMANIA (genemania.org) is an 
online database that identifies other associated with a set of 
input genes. The GeneMANIA database was used to identify 
genes that are associated with GINS2 at the genetic level. 
Furthermore, the associations between pathways, shared 
protein domains, and the co‑localization and co‑expression of 
GINS2 were determined using GeneMANIA.

TIMER analysis. TIMER (cistrome.shinyapps.io/timer) is an 
online database used for the systematic analysis of immune 
infiltrates and gene expression across different types of 
cancer (39). Wilcoxon signed‑rank test was used to analyze 
GINS2 expression levels between breast cancer tissue and 
normal breast tissue via the TIMER database.

Results

Expression of GINS2 in human breast cancer. The differ-
ence in mRNA expression of GINS2 between tumor and 
normal tissues, in multiple types of cancer, was analyzed in 
the present study using the online Oncomine database. The 
Oncomine database contained a total of 374 uniquely analyzed 
GINS2. In the breast cancer analysis, the mRNA expression 
of GINS2 was significantly upregulated and downregulated in 
12 and one studies, respectively (Figs. 1 and 2). In these 13 
studies, Finak et al (40) is the only study to have demonstrated 
the downregulation of GINS2 in invasive breast carcinoma, 
(P=1.88x10‑21; fold change, ‑7.101; Fig. 2M). In contrast, 12 
different datasets revealed that GINS2 had higher mRNA 
expression in breast cancer compared with normal breast 
tissues (41,42). Different types of breast cancer, including: 
Invasive breast carcinoma (P=5.03x10‑7; fold change, 2.716; 
Fig.  2E); Invasive Ductal and Invasive Lobular Breast 
Carcinoma (P=1.97x10‑25; fold  change, 2.571; Fig.  2F); 
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invasive ductal breast carcinoma (P=1.58x10‑71; fold change, 
3.179; Fig. 2G); medullary breast carcinoma (P=1.71x10‑10; 
fold change, 2.767; Fig. 2H); invasive lobular breast carcinoma 
(P=4.43x10‑28; fold change, 2.132; Fig. 2K); mucinous breast 
carcinoma (P=1.06x10‑12; fold change, 2.586; Fig. 2L) and 
tubular breast carcinoma (P=7.01x10‑18; fold change, 2.107; 
Fig. 2I) demonstrated upregulated mRNA expression of GINS2 
in the Curtis Breast dataset  (41). Furthermore, increased 
mRNA expression of GINS2 in: Intraductal cribriform breast 
adenocarcinoma (P=8.31x10‑13; fold change, 3.192; Fig. 2A); 
mucinous breast carcinoma (P=9.38x10‑5; fold  change, 
10.070; Fig. 2B); invasive breast carcinoma (P=9.07x10‑20; 
fold change, 3.171; Fig. 2C) and invasive ductal breast carci-
noma (P=3.37x10‑29; fold change, 4.090; Fig. 2D) was observed 
in TCGA datasets  (43) Increased mRNA expression of 
GINS2 in ductal breast carcinoma (P=8.32x10‑6; fold change, 
3.935; Fig. 2J) were demonstrated in the Richardson Breast2 

dataset (42). These data all indicate that GINS2 expression is 
markedly higher in breast cancer samples compared with in 
normal breast tissues. In order to further evaluate the upregu-
lation of GINS2 in breast cancer, the present study examined 
GINS2 expression using the TIMER database. mRNA 
expression levels of GINS2 between breast cancer and normal 
breast tissues were compared. The results of the present study 
indicate that the expression level of GINS2 is higher in BRCA 
compared with in normal breast tissue (Fig. 3A).

However, IHC analysis obtained from the HPA database 
contradicts this observation. GINS2 protein was identified 
across both instances following staining with the HPA057285 
antibody in the glandular and myoepithelial cells in normal 
breast tissue and the breast cancer tissues (all samples; Fig. 3B).

GINS2 mutation in breast cancer. The genetic alterations 
affecting GINS2 in breast cancer samples were analyzed 
using the COSMIC online database. The GINS2 mutations 
were tested in 2,522 samples from patients with breast cancer. 
Of the five point mutations in the GINS2 gene, three were 
synonymous and two were a missense mutation (Table I). A 
total of nine copy number variations (CNV) were identified 
in breast cancer including, two CNV gains and seven CNV 
losses (Table I). A summary of the types of mutations in GINS2 
are presented on the pie chart in Fig. 4A. The occurrence of 
a particular type of mutation is presented in Table I, with the 
number next to it indicating the percentage of mutations in all 
samples. The most common type of mutation was synonymous 
substitution, which accounts for 50% of all mutations. The 
mutations of the coding strand in GINS2 are presented on the 
pie chart in Fig. 4B and there was 40% G>A mutations in the 
GINS2 coding strand.

In order to investigate the association between survival 
time and gene alterations of GINS2 in breast cancer, genetic 
alterations affecting GINS2 in breast cancer samples were 
analyzed in the present study using the cBioPortal for Cancer 
Genomics database. Mutations of GINS2 were tested in 816 
samples from patients with breast cancer in TCGA (38). Gene 
alterations of GINS2 were demonstrated to have occurred in 
20 of the 816 (2.5%) queried samples. However, the results of 
the present study demonstrated that there were no statistically 
significant difference between OS/DFS and patients with 
breast cancer, with or without GINS2 alterations (P=0.320 and 
P=0.385, respectively; Fig. 4C).

Co‑expression and neighboring genes of GINS2 gene. 
Co‑expression of the GINS2 gene in breast cancer was performed 
using the Oncomine database and genes co‑expressed with 
GINS2 were analyzed by Lu et al  (44). The present study 
demonstrated that GINS2 was associated with CENPM, 
LRP8, DIAPH3, MCM4, APOBEC3B, CENPN, KIFC1, 
ERCC6L, CDC25A, MCM10, SPC24, CENPW, CDCA7, 
FAM64A, MCM10, TTK, ASPM and DEPDC1  (Fig.  5A). 
Subsequently, the present study constructed a network analysis 
of the neighboring genes of GINS2 using the GeneMANIA 
database. The results of the present study demonstrated that the 
following 20 genes; GINS4, GINS1, GINS3, CDC45, MCM2, 
MCM4, MCM7, WDHD1, MCM6, MCM5, MCM3, BIRC5, 
GTF2B, DHFR, AHSA1, AAR2, POLE2, CTSA, CASP7 and 
HSD17B12 were closely associated with GINS2 (Fig. 4D). In 

Figure 1. mRNA expression levels of GINS2 in different types of cancer 
based on data obtained from the Oncomine database. Red or blue represents 
the numbers of datasets which statistically significant upregulation or down-
regulation of GINS2 expression levels, respectively.
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https://www.spandidos-publications.com/10.3892/ol.2020.11651
https://www.spandidos-publications.com/10.3892/ol.2020.11651


YU et al:  GINS2 IS A BIOMARKER AND PROGNOSTIC FACTOR IN BREAST CANCER 1303

the Oncomine co‑expression analysis, CENPM ranked first 
with a score of 0.658. Furthermore, the MCM4 also ranked with 
a high score of 0.598 in the Oncomine co‑expression analysis. 
Thus, heat maps derived from the UCSC Xena database were 
used in order to compare GINS2, CENPM and MCM4 expres-
sion. The results of the present study demonstrated that GINS2 

was upregulated when the expression level of CENPM and 
MCM4 were increased, which was determined using TCGA 
database (Fig. 5D). Furthermore, data mining in GEPIA also 
revealed a positive association between GINS2, CENPM and 
MCM4. However, the coefficients were relatively low between 
GINS2 and CENPM (0.4) or MCM4 (0.33) (Fig. 5B and C). 

Figure 2. GINS2 expression in different studies and different types of breast cancer using the Oncomine database. (A-M) Box plots of GINS2 expres-
sion comparing different subtypes of breast cancer and normal tissues using the Oncomine database. Upregulated mRNA expression of GINS2 in TCGA 
datasets of (A) intraductal cribriform breast adenocarcinoma (P=8.31x10‑13); (B) mucinous breast carcinoma (P=9.38x10‑5); (C) invasive breast carcinoma 
(P=9.07x10‑20); (D) invasive ductal breast carcinoma (P=3.37x10‑29). Upregulated mRNA expression of GINS2 in the Curtis breast datasets of (E) invasive 
breast carcinoma (P=5.03x10‑7); (F) invasive ductal and invasive lobular breast carcinoma (P=1.97E‑25); (G) invasive ductal breast carcinoma (P=1.58x10‑71); 
(H) medullary breast carcinoma (P=1.71x10‑10).
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Collectively, the results of the present study suggest that in 
breast cancer, GINS2 may be associated with the CENPM and 
MCM4 signaling pathways.

GINS2 expression and clinical parameters of patients with 
breast cancer. Using the bc‑GenExMiner database, the present 
study also evaluated GINS2 expression in different groups, 
such as age and ER expression status. Regarding age, GINS2 
expression was demonstrated to be significantly elevated in 
patients ≤51 years (P=0.012; Fig. 6D). Patients with estrogen 
receptor (ER)‑negative breast cancer were demonstrated to 
have significantly increased GINS2 gene expression compared 
with ER‑positive patients (P=0.0093; Fig.  6E). Regarding 
progesterone receptor (PR) status, human epidermal growth 
factor receptor 2 (HER2) and triple‑negative status, there were 
no statistically significant differences in GINS2 expression 
between the positive and negative groups (Fig. 6F, G and I). 
Similarly, there was no statistically significant difference in 
GINS2 expression between patients with positive and nega-
tive lymph nodes in breast cancer (Fig. 6H). However, GINS2 
expression was significantly elevated in those patients with 
the basal‑like subtype of breast cancer compared with those 
with the non‑basal‑like subtype (P<0.0001; Fig. 6C). The SBR 

Table I. Genetic alterations affecting GINS2 in 2,522 breast 
cancer samples Catalogue of Somatic Mutations in Cancer 
database.

Genetic alteration	 No.	 Percentage, %

Substitution missense	 2	 0.08
Substitution synonymous	 3	 0.12
Substitution nonsense 	 0	 0.00
Copy number gain	 2	 0.08
Copy number loss	 7	 0.28
Insertion	 0	 0.00
Deletion	 1	 0.04

Figure 2. Continued. GINS2 expression in different studies and different types of breast cancer using the Oncomine database. (A-M) Box plots of GINS2 
expression comparing different subtypes of breast cancer and normal tissues using the Oncomine database. Upregulated mRNA expression of GINS2  in the 
Curtis Breast dataset of (I) tubular breast carcinoma (P=7.01x10‑18); (J) upregulated mRNA expression of GINS2 in the Richardson Breast2 dataset of ductal 
breast carcinoma (P=8.32x10‑6); (K) invasive lobular breast carcinoma (P=4.43x10‑28); (L) mucinous breast carcinoma (P=1.06x10‑12); (M) downregulation 
mRNA expression of GINS2 in the Finak dataset of invasive breast carcinoma, (P=1.88x10‑21).
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grade and the NPI are commonly accepted prognostic factors 
for histological grade and tumor grade in breast cancer, respec-
tively (22,23). The results from the bc‑GenExMiner database 
in the present study demonstrated that an advanced SBR 
grade was associated with higher GINS2 expression (Fig. 6B; 
Table II). As for NPI, GINS2 expression was demonstrated to 
be higher in NPI2 compared with NPI1 (Fig. 6A; Table II).

Prognostic value of GINS2 in patients with breast cancer. 
The RFS rate was analyzed for GINS2 using the KM plotter 
database. The present study demonstrated that elevated GINS2 
expression was associated with a poor prognosis of RFS in 
patients with breast cancer [hazard ratio (HR), 1.61; P<1x10‑16; 
Fig. 7A]. In particular, the sub‑analysis revealed that elevated 
GINS2 mRNA expression was significantly associated 
with a poor prognosis of RFS in the ER‑positive (HR, 1.78; 
P<1x10‑16; Fig. 7B) and PR‑positive (HR, 1.86; P=0.00059; 
Fig. 7C) subgroups of patients with breast cancer, but not in 

the ER‑negative (HR, 1.2; P=0.094; Fig. 7H) and PR‑negative 
(HR, 1.2; P=0.21; Fig. 7G) subgroups of patients. Furthermore, 
increased GINS2 mRNA expression was significantly associ-
ated with a poor prognosis of RFS in patients with unique 
molecular subtypes in Luminal‑A (HR, 1.69; P=2.1x10‑9; 
Fig. 7E) and Luminal‑B (HR, 1.42; P=0.00038; Fig. 7F), but not 
in other molecular subtypes, including basal‑like type (HR, 1.2; 
P=0.15; Fig. 7I) and HER2 type (HR, 1.2; P=0.35; Fig. 7D).

Discussion

Breast cancer comprises different subtypes that are associ-
ated with unique biological and clinical features  (45,46). 
Previously, critical molecular biomarkers, such as ER, PR and 
HER‑2, have been identified and well characterized in breast 
cancer (47,48). Therefore, understanding the role of biomarkers 
in determining the prognosis and identifying appropriate 
therapies in patients with breast cancer is critical.

Figure 3. GINS2 expression at the mRNA and protein levels. (A) GINS2 expression levels between breast tumor tissue and normal tissue in different 
types of tumors from The Cancer Genome Atlas database were determined using the Tumor Immune Estimation Resource database. *P<0.05; **P<0.01; 
***P<0.001 vs. respective normal tissue. (B) GINS2 protein expression was determined using the Human Protein Atlas database. mRNA, messenger RNA.
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The GINS complex is a protein complex that is composed 
of SLD5, PSF1, PSF2 and PSF3 subunits, which correspond 
to GINS4, GINS1, GINS2 and GINS3 in the human genome, 
respectively (5). These four subunits are structurally similar 
and are likely to have derived from a single protein through 
gene duplication and a subsequent domain swap  (49). 
Previous studies have demonstrated that GINS1 expression 
is elevated in bladder cancer and GINS4 is upregulated in 
lung adenocarcinoma (50,51). Furthermore, upregulation of 
GINS2 has also been reported in different types of human 
cancer, including glioma, cervical cancer, rectal cancer and 
lung adenocarcinoma (14‑17). Unlike GINS1 and GINS4, 
GINS2 is the only GINS subunit that has previously been 
reported to be upregulated in patients with breast cancer (18). 
Therefore, the role of GINS2 in breast cancer requires further 
analyses.

GINS2 is a vital component of the CMG complex (11). 
The CMG complex is the eukaryotic replicative helicase and 
when the activity of DNA helicases is altered diseases, such 
as cancer may occur, suggesting that the CMG complex is 
tumor‑associated (6‑10). Therefore, as a critical component 
of the CMG complex, the upregulation of GINS2 may 
contribute to breast cancer. Furthermore, the GINS complex 
plays an essential role in multiple biological processes, such 
as cell cycle regulation, cell proliferation and apoptosis; 
thus, as a significant part of the GINS complex, GINS2 may 
be closely associated with tumorigenesis (52,53). However, 
to the best of our knowledge, the function of GINS2 as a 
valid biomarker for poor prognosis in breast cancer remains 
unknown.

In the present study, analyses of the TIMER, bc‑GenEx-
Miner and Oncomine databases were performed in order to 

Figure 4. Network of alterations and neighboring genes of GINS2 using the COSMIC, cBioPortal and GeneMANIA databases. (A) Summary of the types of 
GINS2 mutations in breast cancer according to the COSMIC database. (B) Summary of the mutations of the coding strand in GINS2 according to the COSMIC 
database. (C) Kaplan‑Meier analysis was used in order to assess the disease‑free survival and overall survival rates, with or without GINS2 alterations in breast 
cancer. (D) Gene‑gene interaction network of GINS2. COSMIC, Catalogue of Somatic Mutations in Cancer.

https://www.spandidos-publications.com/10.3892/ol.2020.11651
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determine the expression of GINS2 in breast cancer. In the 
Oncomine and TIMER analyses, the present study demon-
strated that upregulated GINS2 expression was observed 
in different types of cancer. Regarding breast cancer, the 
results of the present study indicated that GINS2 expression 

was markedly higher in breast cancer tissues compared 
with normal breast tissues. Furthermore, the results of the 
bc‑GenExMiner database in the present study demonstrated 
that increased GINS2 expression was also associated with a 
basal‑like status, age ≤51 years and high SBR grade status in 
patients.

The positive association between increased GINS2 expres-
sion and the poor outcome of patients with breast cancer was 
confirmed using the KM plotter database. In particular, the 
sub‑analysis revealed that elevated GINS2 mRNA expression 
was associated with a poor prognosis of RFS in the patients 
with ER‑positive and PR‑positive subgroups of breast cancer. 
In summary, high GINS2 expression may serve as a useful 
prognostic biomarker in patients with breast cancer. The 
present study also analyzed the co‑expression and neigh-
boring genes of GINS2 using the Oncomine, GeneMANIA, 
GEPIA and UCSC Xena databases, and confirmed that the 
CENPM and MCM4 genes were positively associated with 
GINS2 expression. The results of the present study indicate 

Figure 5. Co‑expression genes of GINS2. (A) Co‑expression genes of GINS2 were obtained using the Oncomine database. Red or blue represent the upregulation 
or the downregulation of GINS2 gene, respectively. (B) The association between GINS2 and CENPM expression in breast cancer was analyzed using the Gene 
Expression Profiling Interactive Analysis database. P<0.001. (C) Association between GINS2 and MCM4 expression in breast cancer was analyzed using the Gene 
Expression Profiling Interactive Analysis database. P<0.001. (D) Heat maps of GINS2, CENPM and MCM4 expression according to the PAM50 breast cancer 
subtypes using the University of California Santa Cruz Xena web‑based tool. Red or blue represent the upregulation or the downregulation of GINS2, respectively.

Table II. GINS2 expression levels according to the SBR grade 
status and NPI values.

Group comparison		  Group comparison
(GINS2) 	 P‑value 	 (GINS2) 	 P‑value

SBR2>SBR1	 P<0.0001	 NPI2>NPI1 	 P<0.0001
SBR3>SBR1	 P<0.0001	 NPI3=NPI2 	 P>0.10
SBR3>SBR2	 P<0.0001	 NPI3=NPI1	 P>0.10

SBR, Scarff‑Bloom‑Richardson; NPI, Nottingham Prognostic Index.
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Figure 6. Association between mRNA expression of GINS2 and different clinical parameters using the bc‑GenExMiner database. Analysis is demonstrated 
for: (A) NPI (P<0.001); (B) SBR (P<0.001); (C) basal‑like status (P<0.001); (D) age (P=0.012); (E) ER (P=0.0093); (F) PR (P=0.2139); (G) HER2 (P=0.6003); 
(H) Nodal (P=0.2124); and (I) triple‑negative status (P=0.4954). NPI, Nottingham prognostic index; SBR, Scarff‑Bloom‑Richardson; ER, estrogen receptor; 
PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

Figure 7. Prognostic values of GINS2 in breast cancer. Analysis is demonstrated for (A) All patients (P<1x10‑16); (B) ER‑positive (P<1x10‑16); (C) PR‑positive 
(P=0.00059); (D) HER‑2 (P=0.35); (E) Luminal A (P=2.1x10‑9); (F) Luminal B (P=0.00038); (G) PR‑negative (P=0.21); (H) ER‑negative (P=0.094); and 
(I) Basal‑like (P=0.15). HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER‑2, human epidermal growth factor receptor 2.
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that GINS2 could be associated with the CENPM and MCM4 
signaling pathways in breast cancer.

Overall, the present study demonstrated that increased 
GINS2 expression may be a useful and predictive biomarker 
for poor prognosis in patients with breast cancer. In addition, 
GINS2 may be an effective predictive biomarker for prognosis 
with co‑expressed CENPM and MCM4 genes in breast cancer. 
The results of the present study provide insight into the current 
understanding of GINS2 in breast cancer. Nevertheless, further 
experiments and clinical trials are required in order to clarify 
the involvement of GINS2 in breast cancer.
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