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Abstract \
GINS subunits, a protein complex composed of GINS1, GINS2, GINS3 and GINS4 in the human genome and the expression level of |
each GINS subunits plays an important role in different human cancers. As one of the most common malignancies after lung cancer in
the world, precise biomarkers for early diagnosis and treatment in breast cancer are important. The purpose of our study was to
elucidate the expression and prognostic value of GINS subunits in breast cancer.

The purpose of present study was to explore the expression level of GINS subunits in breast cancer patients.

In the present study, we investigated the gene alteration, gene expression and potential prognostic value of GINS subunits by using
the Gene Expression Profiling Interactive Analysis (GEPIA), UALCAN, cBioPortal, and bc-GenExMiner databases. Then, the
GeneMANIA database was used to show the genes that associated with GINS subunits. Furthermore, gene ontology pathway
analysis was conducted by using the Metascape database. Finally, immune infiltration analysis in GINS subunits were evaluated using
the Tumor Immune Estimation Resource (TIMER) database.

Our analyses demonstrated that the expression levels of different GINS subunits were different between breast cancer and normal
breast tissues. The expression levels of GINS1, GINS2, and GINS4 were significantly higher in breast cancer tissues than in normal
tissues. Survival analysis revealed that increased the expression levels of GINS subunits were associated with poor prognoses in all
patients with breast cancer. Gene ontology pathway enrichment analysis of the GINS subunits suggested that GINS subunits
involved in pathways including the cell cycle checkpoint, DNA replication and other meaningful signaling pathways.

We systemically analyzed the expression, prognostic, clinicopathologic values, and potential functional networks of GINS subunits
in breast cancer. Our findings showed that individual GINS subunits could be new potential prognostic biomarkers for breast cancer.
However, further verification studies are still needed to prove the clinical value of GINS subunits in breast cancer patients.

Abbreviations: GEPIA = Gene Expression Profiling Interactive Analysis, GO = gene ontology, TIMER = Tumor Immune Estimation

Resource.
Keywords: biomarker, breast cancer, GINS subunits

1. Introduction

Breast cancer is one of the leading causes of cancer-related deaths
in women.'"! With the development of disease diagnosis by the

Editor: Mahesh Kathania.

This study was supported by Science and Technology Branch Project of Xinjiang
Uygur Autonomous Region, People’s Republic of China (2017E0262).

The authors have no conflicts of interests to disclose.

The datasets generated during and/or analyzed during the current study are
publicly available.

@ Department of Breast, Head and Neck Surgery, b Department of Pathology,
Affiliated Tumor Hospital of Xinjiang Medical University, Urumai, Xinjiang, China.

* Correspondence: Binlin Ma, Department of Breast, Head and Neck Surgery,
Affiliated Tumor Hospital of Xinjiang Medical University, 789 Suzhou East Street,
New Urban Area, Urumaqi, Xinjiang, China (e-mail: mbldoctor@126.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Li H, Cao Y, Ma J, Luo L, Ma B. Expression and
prognosis analysis of GINS subunits in human breast cancer. Medicine
2021,100:11(e24827).

Received: 18 October 2020 / Received in final form: 26 January 2021 /
Accepted: 26 January 2021

http.//dx.doi.org/10.1097/MD.0000000000024827

detection of gene expression in breast tumor tissues and cells, an
increasing number of breast cancer patients can be diagnosed at
the early stage. Multigene tests, such as Oncotype Dx,
MammaPrint, and PAMS50, have also been used to increase
the survival rate in breast cancer.!”) However, according to recent
research, the morbidity and mortality of breast cancer in females
have evidently increased. Approximately 1,671,000 new cases
and 522,000 breast cancer-related deaths are expected to occur
every year.!>¥ Therefore, exploring some sensitive molecular
biomarkers associated with the prognosis of breast cancer has
significant clinical value.

GINS subunits, a protein complex composed of GINSI,
GINS2, GINS3, and GINS4 in the human genome.”~"! GINS
subunits are also a key component of the CMG complex (Cdc45-
MCM-GINS), a eukaryotic replicative helicase that unwinds
double-stranded DNA at replication forks.’®*! As a result of the
close link between DNA helicases and human cancers, the
expression level of each GINS subunits plays an important role in
different human cancers."'°13! For example, Lian et al reported
that individual GINS subunit could be potential prognostic
biomarkers for hepatocellular carcinoma patients by using the
online data mining websites."* However, bioinformatics
analyses have not yet been employed to explore the role of
GINS subunits in breast cancer.

In the present study, Gene Expression Profiling Interactive
Analysis (GEPIA) databases were used to show the difference
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expression level of GINS subunits between tumor and normal
tissues in breast cancer patients. Subsequently, the relationship
between GINS subunits and clinical pathological parameters,
such as lymph node metastasis, breast cancer subclasses,
individual cancer stages and distinct prognostic values of GINS
subunits in breast cancer were examined by mining accessible
public databases. In addition, genes that associated with GINS
subunits and the correlation among each GINS subunit in breast
cancer were also analyzed using GeneMANIA and GEPIA
database. Besides, the enrichment and Immune infiltration
analysis of GINS subunits were also conducted by using the
metascape and Tumor Immune Estimation Resource (TIMER)
database. Results from these different databases will help us find
the value of GINS subunits as survival biomarkers in breast
cancer patients.

2. Materials and methods

2.1. Expression and mutation analysis of GINS subunits

The GEPIA database is an online website based on The Cancer
Genome Atlas and the Genotype-Tissue Expression projects,
which contain 9736 tumors and 8587 normal samples (http://
gepia.cancer-pku.cn/)."*! To analyze the expression levels of
GINS subunits between breast cancer and normal breast tissues,
we used the GEPIA dataset. Furthermore, the associations among
GINS subunits in breast cancer were also explored by using the
GEPIA dataset. The frequencies of gene alteration of the GINS
subunits in breast cancer and pan-cancer were assessed by using
the cBioPortal dataset (https:/www.cbioportal.org/).*®!

2.2. Survival and clinical pathological analysis of GINS
subunits

To analyze the association between the expression of each GINS
subunits and lymph node metastasis in breast cancer patients, the
open access database UALCAN was used (http://ualcan.path.
uab.edu/).'” Besides, the UALCAN database was also used to
identify the relationship between the expression level of GINS
subunits and individual cancer stages as well as breast cancer
subclasses. Breast cancer Gene—expression miner v4.1 (bc-
GenExMiner v4.1) (bcgenex.centregauducheau.fr) is an online
database that has gene expression and survival data in breast
cancer patients."®”! To analyze the prognostic values of the
GINS subunits, the bc-GenExMiner v4.1 was used.

2.3. Gene interaction, co-expression, immune infiltration,
and enrichment analysis of GINS subunits

TIMER (https://cistrome.shinyapps.io/timer/) is a database for
analyzing the immune cell infiltration in different cancers.***! By
using the TIMER database, we explore the immune cell infiltration
in different subtypes of breast cancer. The GeneMANIA database
was used to show the genes that associated with GINS subunits
(https:/genemania.org/).*>*3! Metascape (http:/metascape.org/)
is an enrichment analysis tool for gene analysis. In this study, the
gene ontology (GO) term pathways of GINS subunits and their
neighboring genes were enriched on this online tool.**!

2.4. Statistical analysis

The screening conditions of the expression level of GINS subunits
in breast cancer from GEPIA database were set as follows:
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|Log2FC| cutoff was 1, P value was .01. Student ¢ test was used to
explore the expression level of each GINS subunits in the
UALCAN database and P<.05 was considered as statistically
significant different. To analyze the prognostic values of the
GINS subunits, Kaplan—-Meier analysis was used in the bec-
GenExMiner v4.1 database and P value <.05 was consider as
statistically significance. Results from the TIMER database were
displayed with cor and P value by using the Spearman correlation
analysis, P value smaller than .05 is regarded statistically
significant. Terms with P value <.01, minimum count of 3, and
enrichment factor of >1.5 were considered as statistically
significant in metascape enrichment analysis.

2.5. Ethical statement

All analyses were based on the online open-access database, thus
the ethical approval was not required.

3. Results

3.1. Expression and mutation levels of GINS subunits in
breast cancer.

The expression level of GINS subunits in breast cancer tissues
compared with normal tissues were analyzed using the GEPIA
dataset. These data indicated that the expression of GINSI,
GINS2, and GINS4 were markedly higher in breast cancer
samples than in normal breast tissues (Fig. 1E-H). The expression
of GINS subunits in pan-cancer were also shown in Figure 1A-
1D. Besides, the frequencies of gene alteration of the GINS
subunits in breast cancer and pan-cancer were assessed using the
cBioPortal. Among the breast cancer cases with gene alteration of
GINS subunits, amplification was the most common alteration
type (Fig. 1I). As for the gene alteration of GINS subunits in pan-
cancer, amplification was also the most common alteration type

(Fig. 1]).

3.2. GINS subunits expression associated with individual
breast cancer stages, lymph node metastasis, breast
cancer subclasses, and poor prognosis

To further identify the expression level of GINS subunits in
different groups of patients, UALCAN database analysis was
used. As was shown in Figure 2, it showed that patients with
breast cancer had different GINS subunits expression level
between subgroups of individual cancer stages, lymph node
metastasis and breast cancer subclasses. Expression levels of
GINS1, GINS2, GINS3, and GINS4 in breast cancer based on
individual cancer stages were presented in Figure 2A, 2B, 2C, and
2D, respectively. Figure 2E, 2F, 2G, and 2H provided the
expression levels of GINS1, GINS2, GINS3, and GINS4 in breast
cancer based on lymph node metastasis, respectively. Figure 21,
2], 2K, and 2L provided the expression levels of GINS1, GINS2,
GINS3, and GINS4 in breast cancer based on breast cancer
subclasses, respectively. All subgroup comparisons were pre-
sented in Tables 1 and 3. The survival was also analyzed for each
GINS subunit by using the bc-GenExMiner database. It was
demonstrated that high GINS1, GINS2, GINS3, and GINS4
expression level predicted a worse prognosis in all patients with
breast cancer (Fig. 3A, HR:1.43, P<.0001. Fig. 3B, HR:1.54,
P<.0001, Fig. 3C, HR:1.55, P<.0001. Fig. 3D, HR:1.33,
P<.0001.).
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Figure 1. The Expression and alteration of GINS subunits in breast cancer. (A) The expression of GINS1 in pan-cancer. (B) The expression of GINS2 in pan-cancer.
(C) The expression of GINS3 in pan-cancer. (D) The expression of GINS4 in pan-cancer. (E) The expression of GINS1 in breast cancer. (F) The expression of GINS2
in breast cancer. (G) The expression of GINS3 in breast cancer. (H) The expression of GINS4 in breast cancer. (I) GINS subunits alteration across breast cancer and
(J) across 28 tumor types.
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Figure 2. The relationship between the expression level of GINS subunits and individual cancer stages, lymph node metastasis status as well as breast cancer
subclasses. (A-D) The expression level of GINS1-4 in breast cancer patients with different individual cancer stages. (E-H) The expression level of GINS1-4 in breast
cancer patients with different lymph node metastasis status. (I-L) The expression level of GINS1-4 in breast cancer patients with different breast cancer subclasses.

(""P<.05).

3.3. The correction between each GINS subunit and
interaction analysis of GINS subunits in breast cancer

We first analyzed the association between GINS1, GINS2,
GINS3, and GINS4 in breast cancer by using the GEPIA database
and summarized these data into a heatmap (Fig. 4A). We found
that GINS1 was positively associated with GINS2 (R=0.43,
P<.05), GINS3 (R=0.52, P<.05) and GINS4 (R=0.42,
P<.05). GINS2 was positively associated with GINS3 (R=

0.45, P<.05) and GINS4 (R=0.23, P<.05). GINS3 was
associated with GINS4 (R=0.3, P<.05).

To further explore the gene-gene interaction network of GINS

subunits in breast carcinoma, we then constructed an interaction
network by using the GeneMANIA online database and found
that GINS subunits were associated with CDC45, MCM2,
MCM6, MCM4, WDHD1, MCM7, MCM3, MCMS5, TIPIN,
MRE11A, TIMELESS, POLE2, BIRCS, EXO1, CLSPN, DTL,
IKBKG, PLG, ZWINT, and CHAF1A (Fig. 4B). Furthermore, the
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The Statistical significance between each comparison (Expression level of GINS subunits and individual cancer stages).

Comparison GINS1 GINS2 GINS3 GINS4
Normal VS Stagel <1E-12 <1E-12 1.17E-04 1.97E-12
Normal VS Stage2 1.62E—12 1.62E—12 1.62E—12 <1E-12
Normal VS Stage3 1.62E—12 1.62E—12 9.07E-10 <1E-12
Normal VS Stage4 1.72E—05 3.03E-04 5.75E—02 8.40E—03
Stage1 VS Stage? 1.41E-02 7.82E—05 1.02E—03 6.30E—03
Stage1 VS Stage3 6.26E—02 1.36E—03 1.10E—01 2.42E—01
Stage1 VS Stage4 8.20E—01 9.19E—-02 9.22E-01 9.12E-01
Stage? VS Stage3 9.31E-01 8.54E—01 1.25E—01 1.82E—01
Stage2 VS Stage4 4.94E—01 3.89E—01 1.33E-01 417E-01
Stage3 VS Stage4 2.29E-01 4.78E—01 5.69E—01 7.10E-01
The Statistical significance between each comparison (Expression level of GINS subunits and lymph node metastasis status).
Comparison GINS1 GINS2 GINS3 GINS4
Normal VS NO <1E-12 <1E-12 1.49E—14 1.62E—-12
Normal VS N1 1.62E—12 1.62E—12 211E-15 <1E-12
Normal VS N2 <1E-12 <1E-12 2.33E—09 6.00E—12
Normal VS N3 8.31E—12 5.65E—09 3.55E-02 1.90E—05
NO VS N1 9.00E—01 3.92E-03 6.62E—01 6.80E—01
NO VS N2 1.42E-01 3.72E—-02 6.17E—-01 6.83E—01
NO VS N3 2.85E—01 9.57E-01 1.49E—-01 7.40E-01
N1 VS N2 1.52E—01 8.77E—01 8.78E—01 9.11E-01
N1 VS N3 2.82E—-01 1.65E—01 6.72E—01 5.75E-01
N2 VS N3 6.83E—02 1.84E-01 9.32E—01 5.78E—01

top 5 additional ways that GINS subunits were found to be
correlated with other genes were: pathway (Fig. 4C), co-
expression (Fig. 4D), physical interaction (Fig. 4E), predicted
interaction (Fig. 4F), and co-localization (Fig. 4G).

3.4. The enrichment and immune infiltration analysis of
the GINS subunits in breast cancer

The GO terms of GINS subunits and their neighboring genes
(CDC45, MCM2, MCM6, MCM4, WDHD1, MCM7, MCM3,
MCMS, TIPIN, MRE11A, TIMELESS, POLE2, BIRCS, EXO1,
CLSPN, DTL, IKBKG, PLG, ZWINT, and CHAF1A) were
enriched in metascape. DNA replication, double-strand break
repair via break-induced replication, DNA strand elongation,
replication fork protection complex, cell cycle checkpoint,
telomere maintenance, transferase complex, transferring phos-
phorus-containing groups, chromatin binding, cell division, and

regulation of chromosome organization were mainly enriched in
these input genes (Fig. SA-C).

To explore the immune cell infiltration in different subtypes
breast cancer (basal-like, HER-2, and luminal) we used the
TIMER database. By using this database, the correlation of the
expression level of GINS subunits with various immune cells (B
cells, CD4+ T cells, CD8+ T cells, Neutrophils, Macrophages,
and Dendritic cells) and tumor purity in breast cancer were
explored. The expression level of GINS1 had a positive
correlation with tumor purity (r=0.205, P=6.51e—11), besides,
it also had positive correlations with levels of infiltrating B cell
(r=0.187, P=3.95¢-09), CD8 + T cell (r=0.127, P=
6.87e—03), Neutrophil (r=0.165, P=2.97¢—07) and Dendritic
cell (r=0.162, P=5.35¢e—07) (Fig. 6A). Similarly, the GINS2
expression level had a positive correlation with tumor purity (r=
0.264, P=2.25e—17), a positive correlation with level of
infiltrating B cell (r=0.116, P=2.81e—04) and a negative

The Statistical significance between each comparison (Expression level of GINS subunits and breast cancer subclasses).

Comparison GINS1 GINS2 GINS3 GINS4

Normal VS Luminal <1E-12 <1E-12 6.65E—11 1.62E—-12
Normal VS HER2 Positive 2.31E-12 411E-08 1.38E—03 1.12E-03
Normal VS TNBC <1E-12 1.62E—12 1.11E-16 <1E-12
Luminal VS HER2 Positive 1.08E—02 8.53E—01 7.98E—-02 6.72E—-01
Luminal VS TNBC 8.86E—10 9.10E—02 7.32E-10 4.74E-10
HER?2 Positive VS TNBC 1.30E—02 4.47E-01 7.50E—-02 1.04E—-04
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Kaplan-Meier survival estimates of GINST expression
(node mixed; ER mixed)
(all DNA microarray data)
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Figure 3. The prognostic values of GINS subunits in all breast cancer patients. (A) GINS1 expression level in all breast cancer patients. (B) GINS2 expression level in
all breast cancer patients. (C) GINS3 expression level in all breast cancer patients. (D) GINS4 expression level in all breast cancer patients.

correlation with level of infiltrating Macrophage (r=—0.122 P=
1.30e—04) (Fig. 6B). As for GINS3, the GINS3 expression level
had a positive correlation with tumor purity (r=0.123, P=
9.80e—05) and had positive correlation with levels of infiltrating
B cell (r=0.205, P=1.09¢—10), CD8 + T cell (r=0.186, P=
4.87¢—09), neutrophil (r=0.184, P=1.02e—08) and dendritic
cell (r=0.193, P=1.81e—09) (Figure 6C). For GINS4, the GINS4
expression level had a positive correlation with tumor purity (r=
0.174, P=3.44e—08) and had positive correlation with levels of
infiltrating B cell (r=0.136, P=1.89e—05), Neutrophil (r=0.16,
P=7.31e—07), and Dendritic cell (r=0.131, P=4.88¢—05)

(Fig. 6D). These results showed that some GINS subunits
expression is correlated with the level of different immune
infiltration in breast cancer.

4. Discussions

After diagnosis, the determination of prognosis and identification
of appropriate treatments have become the most immediate
challenge in patients with breast cancer. In recent years, emerging
evidence has continued to identify the effect of novel multigene
prognostic biomarkers, such as Oncotype Dx and MammaPrint
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Figure 5. The enrichment analysis of the GINS subunits and neighboring genes in breast cancer. (A) Heatmap of Gene Ontology (GO) enriched terms. B-C,
Network of enriched terms: (B) colored by P value (C) colored by enriched terms.

in breast cancer. These novel multigene prognostic biomarkers
have significantly contributed toward the understanding of the
pathogenesis and development of breast cancer.[*>?¢! Therefore,
biomarkers play an essential role in breast cancer.

The GINS complex, a circular nucleic acid replication factor,
was first discovered by Takayama et al.*”! In recent years,
researchers have found that the GINS complex is highly
expressed in many tumors, such as breast cancer, melanoma,
and colon cancer.*-3% Additionally, the GINS subunits show an
important effect in cell cycle regulation and apoptosis.>1733!
However, the role of each GINS subunits in breast cancer remains
unknown. According to GEPIA databases, the expression level of
GINS1, GINS2 and GINS4 was significantly higher in breast
cancer tissues than that in normal tissues. In addition, we
analyzed the association among GINS1, GINS2, GINS3, and
GINS4 in breast cancer using the GEPIA database and found that
these GINS subunits are positively correlated in terms of
expression. Besides, the results from UALCAN database
suggested that the expression level of GINS subunits in breast
cancer patients were associated with some clinical pathological
parameters, such as lymph node metastasis, individual cancer
stages and breast cancer subclasses.

Research has shown that expression of GINS1 is high in
bladder cancer and that overexpression of GINS1 may lead to the

abnormal proliferation of cancer cells.** However, the associa-
tion between GINS1 expression and breast cancer is not yet clear.
Therefore, analysis via the bc-GenExMiner database laid out that
increased the expression level of GINS1 indicated poor survival in
all breast cancer patients. Overexpression of GINS2 has been
found in breast cancer, and interfering with the expression level
of GINS2 could promote the proliferation of breast cancer
cells.®>! However, the clinical significance of GINS2 in breast
cancer remains unclear. The results from the be-GenExMiner
database revealed that higher expression of GINS2 levels result in
poor survival in breast cancer patients. Unlike other GINS
subunits, GINS3 was not significantly highly expressed in breast
cancer tissue. Nevertheless, similar to GINS1 and GINS2, GINS3
overexpression could result in poorer survival in breast cancer
patients. Recent studies have mainly focused on the role of GINS4
in human lung adenocarcinoma, and a study found that lung
adenocarcinoma patients with higher expression level of GINS4
had a lower survival rate.’®3”! Nevertheless, the role of GINS4
has not been discussed in breast cancer. According to our
database analysis, the increased expression level of GINS4
showed poorer survival in breast cancer patients.

As far as we know, this study is the first to analyze the role of
GINS subunits as a whole in breast cancer with their prognostic
values, expression pattern, and potential regulatory mechanisms.
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Figure 6. Correlation between GINS subunits expression and immune infiltration levels in breast cancer. Scatter plots showed the correlations between (A) GINST,
(B) GINS2, (C) GINSS, (D) GINS4 expression and immune infiltration levels in different subtypes of breast cancer.

However, there are still some limitations in our study. This is a
bioinformatics analysis based on different online databases, and
thus caution should be practiced regarding the background
heterogeneity in the overall estimations provided in this study.

5. Conclusions

In summary, based on bioinformatics analysis, we systemically
analyzed the expression, prognostic, and clinicopathologic values
of GINS subunits in breast cancer. The present study showed that
increased expression level of GINS subunits might play a
significant role in breast cancer patients. In summary, GINS
subunits might act as new survival biomarkers or potential
therapeutic target for breast cancer patients, and we hope that
our study will enhance the accuracy of prognostic determination
in breast cancer patients.
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