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Abstract: Lung adenocarcinoma (LUAD) is one of the common pathological types of lung cancer, it has a poor 5-year
overall survival rate. The GINS complex was found to be a core component of replication helicases in eukaryotes,
and its abnormal function may lead to the cause of human cancers and other diseases. However, few attempts have
been made to find an association between GINS complex subunits (GINSs) and LUAD. Therefore, in this study, we
will attempt to explore the prognostic value of GINSs in patients with LUAD and the interrelated expression profile.
In this study, ONCOMINE database, UALCAN and Human Protein Atlas were used to investigate the role of GINSs in
LUAD transcription expression profiles. KM-plotter and DriverDBv3 database were used to analyzed the correlation
between GINSs gene expression and prognosis. By using LinkedOmics database, we screened GINSs-related dif-
ferentially expressed genes and performed GO, KEGG analysis on these genes. We found that all GINS genes are
highly expressed in LUAD and are associated with poor survival of patients with LUAD, especially those who have
a smoking history. Additionally, we found that co-overexpression of two or more GINSs was associated with poor
prognosis, suggesting the GINSs complex may co-operate to promote LUAD progression. We had also obtained some
GINSs-related kinase targets and transcription factor targets, which may serve as a future research direction. We
propose that individual GINSs or combinations of multiple GINS genes may be potential biomarkers for the progno-
sis of LUAD.
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Introduction oncogenic drivers, Platinum-based chemother-

apy was the most common treatment for ad-

Lung cancer has the highest morbidity in the
world and is a leading cause of death [1, 2].
Traditionally, it is classified into two primary
groups, small cell versus non-small cell types.
The non-small cell lung carcinoma (NSCLC) ac-
counts for 80-85% of all cases of lung cancer
and is mainly classified into two distinct pa-
thological subtypes: squamous cell carcinoma
(LUSC) and the adenocarcinoma (LUAD) [3].
Currently, LUAD is the most common subtype
of lung cancer found in men and women [4].
Before the application of targeted therapies for

vanced LUAD. Recently, targeted drugs of on-
cogenic drivers are more widely used, and the
prevailing oncogenic drivers in the field of lung
cancer are mutations in EGFR, BRAF, KRAS and
other important key drivers [5]. Nowadays, as
research into the role of the immune system in
tumor immunosurveillance deepens, immuno-
therapy drugs are beginning to show their po-
tential in lung cancer treatment [6]. However,
despite significant advances in treatment, the
prognosis for LUAD is not encouraging. Hence,
it is urgent to discover valuable molecular tar-
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geted therapy through investigation and trials
so as to judge the prognosis or optimize the
treatment efficacy of cancer treatment in pa-
tients.

The GINS complex subunits (GINSs) consists of
4 genes, namely GINS1, GINS2, GINS3, GINS4
in the human genome, corresponding to Psf1,
Psf2, Psf3, Sld5 proteins, respectively. The
GINS complex, which was constituted by Psf1,
Psf2, Psf3, SId5 proteins, is the basis for the
development of DNA replication forks and re-
plicators in eukaryotes, and it is one of the
core components of replication helicases in
eukaryotes (CMG complex, including Cdc45-
MCM-GINS). The GINS complex initiates the
circular structure, regulates multifunctional
proteins, growth factor signals and receptor
molecules at the beginning of DNA replication.
The GINS also participates in the initiation of
DNA replication and cell cycle progression [7-
9]. DNA helicases are necessary for genomic
stability, and their abnormal function leads to
the failure of faithful DNA replication inducing
a loss of genome integrity, which may be the
cause of human cancers and other diseases
[10]. Hence, GINSs may be considered as po-
tential targets for human cancers.

In the past decade, a lot of studies have re-
ported on the role of GINSs in different can-
cers. It is shown that high expression of GINSs
indicates a poor prognosis in high-grade pros-
tate cancer and hepatocellular carcinoma, and
it can also promote the growth of breast can-
cer [11-13]. Over-expression of GINS2 promot-
es tumor progression in early-stage cervical
cancer [14]. GINS3 may become a potential
prognostic biomarker for colorectal cancer and
uterine endometrial carcinomas [15, 16]. Also,
GINS4 promotes the growth of gastric and
colorectal cancer by distinct pathways [17, 18].
There are some studies reporting GINSs in
LUAD. However, research has mainly focused
on the association between GINS3 and LUAD
[19-21]. In the current study, we extended the
research field based on different databases in
order to identify the prognostic values of GINSs
in LUAD. Some correlated genes of GINSs were
also found, and their functional enrichments
were discussed in combination with GINSs. We
also analyzed transcription factor targets and
kinase targets for GINSs and their related
genes.
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Material and methods
Oncomine database analysis

Oncomine (https://www.oncomine.org/) is a
publicly accessible online database with plenti-
ful information on cancer microarrays to help
facilitate discovery from genome-wide expres-
sion analyses [22]. In our study, we found tran-
scriptional expression of GINSs are over-ex-
pressed in distinct cancers and then compar-
ed the transcriptional data between LUAD tis-
sues and normal lung tissues by Oncomine.
The difference of transcriptional expression
was compared by student’s t-test. The cut-off
of p-values and fold changes are listed as
follows: p-value: 1E-4, fold change: 1.5, gene
rank: 10%, data type: mRNA.

UALCAN analysis

Ualcan (http://ualcan.path.uab.edu/) is a com-
prehensive, user-friendly, and interactive web
resource for analyzing cancer OMICS (The
Cancer Genome Atlas, TCGA and MET500)
data. It can provide graphs and plots depicting
gene expression [23]. We used Ualcan to ana-
lyze mRNA expression of GINSs in LUAD tis-
sues and their association with clinicopatho-
logic parameters. The difference of transcrip-
tional expression was compared with student’s
t-test and a p-value <0.05 was considered sta-
tistically significant.

Human protein atlas

The Human Protein Atlas (HPA, https://www.
proteinatlas.org/) is a database which aims to
map all the human proteins in cells, tissues
and organs using the integration of various
omics technologies, including antibody-bas-
ed imaging, mass spectrometry-based pro-
teomics, transcriptomics and systems biology
[24]. We compared protein expression patterns
of each GINSs in patients with LUAD to normal
lung tissues.

Kaplan-Meier plotter analysis

Kaplan-Meier plotter (KM-plotter, http://www.
kmplot.com/) is an online tool mainly based
on the Gene Expression Omnibus (GEO) and
TCGA data sources for survival analysis bet-
ween gene expression and a variety of cancer
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data [25]. The desired probe ID was determin-
ed according to the file of probe sets provided
by KM-plotter. Patients with LUAD were divided
into a low expression group and a high expres-
sion group according to the median value as a
cut-off point of mMRNA expression which were
analyzed by KM-plotter survival curves and
Log-rank test. All the LUAD data are analyzed
for overall survival (OS) in the KM-plotter. In
addition, we analyzed OS by selecting for two
subgroups: gender and smoking history. The
number of at-risk cases, HRs, 95% Cls, and
P-values were displayed accordingly. A p-value
<0.05 was considered statistically significant.

DriverDBv3 database analysis

DriverDBv3 is a cancer omics database whi-
ch incorporates somatic mutations, RNA ex-
pression, miRNA expression, methylation, copy
number variation and clinical data in addition
to annotation bases. There are three func-
tions, ‘Cancer’, ‘Gene’, and ‘Customized-Analy-
sis’, to help researchers visualize the relation-
ships between cancers and driver genes [26].
After combining different numbers of GINSs
genes, we used DriverDBv3 to analyze the
correlation between their expression levels in
LUAD and their prognostic value. Survival-re-
levant analysis with a log-rank P-value <0.05
was considered significant. The sample num-
bers were also divided into a high-expression
and a low-expression groups according to me-
dian values. HRs, 95% Cls, and P-values were
displayed accordingly.

LinkedOmics analysis

The linkedOmics (http://www.linkedomics.org/)
is an online analysis platform that provides
multi-omics data of 32 TCGA cancers types for
multi-dimensional analysis [27]. In our study,
we identified co-expressed genes associated
with GINSs in LUAD, by employing ‘Linked-
Fiinder’ module in linkedOmics. Those genes
were analyzed through Pearson’s correlation
coefficient. Then, by using the ‘LinkedCom-
pare’ module to identify the overlapping genes
associated with GINSs in LUAD, we displayed
some of the significantly positive and negative
correlated genes in the heat map and histo-
gram. In addition, we conducted biological
analysis of GINSs and related genes by Gene
Set Enrichment Analysis (GSEA) in the ‘Link-
edinterpreter’ module, mainly including GO,
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KEGG pathways, kinase-targets, miRNA-targets
and transcription factor-targets. Through wei-
ghted set coverage to reduce redundancy in
the enrichment results. The rank criterion was
an FDR <0.25, and 500 simulations were per-
formed.

Results

Over-expression of GINSs in patients with
LUAD

To begin our study, we first examined the ex-
pression levels of GINSs in different cancer
types by using Oncomine database. We discov-
ered that GINSs are over-expressed in most
cancer types, except leukemia, melanoma,
myeloma, and prostate cancer (Figure 1A).
Especially when comparing LUAD tissues ver-
sus normal lung tissues, we found 14 datasets
with high expression of GINSs in patients with
LUAD (Table 1). GINS1 mRNA expression sh-
owed a 5.722-fold elevation from Hou lung
(P=3.47e-18) [28], 3.861-fold elevation from
Bhattacharjee Lung (P=5.33e-05) [29], 3.626-
fold elevation from Su Lung (P=1.40e-10) [30],
7.817-fold elevation from Stearman Lung
(P=1.01e-08) [31], 3.105-fold elevation from
Okayama Lung (P=2.06e-18) [32], 2.295-fold
elevation from Landi Lung (P=1.68e-16) [33],
respectively. GINS2 mRNA expression showed
a 9.927-fold elevation from Su lung (P=
4.67e-12) [30], 3.601-fold elevation from Hou
Lung (P=3.72e-17) [28], 2.508-fold elevation
from Selamat Lung (P=3.80e-17) [34], 1.752-
fold elevation from Landi Lung (P=8.94e-14)
[33], 2.876-fold elevation from Okayama Lung
(P=6.25e-13) [32]. Similarly, GINS3 mRNA
expression showed 1.555-fold elevation from
Hou lung (P=2.11e-09) [28] and GINS4 mRNA
expression showed 2.56-fold elevation from Su
Lung (P=2.19e-05) [30], 1.915-fold elevation
from Hou Lung (P=6.45e-09) [28].

Next, we use Ualcan to explore the mRNA
expression difference between the LUAD sam-
ples and normal samples (Figure 1B). mRNA
expression of all four GINSs have statistically
significant differences between tumor samples
and normal samples (P<0.001).

Further, we tried to explore the protein ex-
pression patterns of GINSs in Human Protein
Atlas. As is shown in Figure 2, GINS1 was lowly
expressed in normal lung tissues, whereas a
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Figure 1. Transcriptional expression of GINSs in different types of cancer diseases (Oncomine database) and expression differences between the LUAD samples
and normal lung samples (Ualcan). The graph demonstrated the numbers of datasets with statistically significant mMRNA over-expression (red) or down-expression
(blue) of the target genes. The number in each box signifies the number of analyses that meet the threshold within those analysis and cancer types. The gene rank
was performed by means of percentile of target genes in the top of all genes measured in each research. The best gene rank percentile for the analyses within the
cell was applied to determine the cell color. t-test was employed to compare the difference of transcriptional expression. Cut-off of p-value and fold change were
listed as follows: p-value: le-4, fold change: 1.5, gene rank: 10%, data type: mRNA (A). mRNA expression of all four genes were of statistically significant difference

between tumor samples and normal samples (B). GINSs: GINS complex subunits; LUAD: lung adenocarcinoma. ***P<0.001.
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Table 1. Significant changes of GINSs expression in transcription level between LUAD and normal

lung tissues (ONCOMINE)

GINSs Types of LUAD vs Lung Fold Change t-test P-value Datasets
GINS1 Lung adenocarcinoma 5.722 11.85 3.47e-18 Hou Lung [30]
Lung adenocarcinoma 3.861 4,781 5.33e-05 Bhattacharjee Lung [31]
Lung adenocarcinoma 3.626 8.034 1.40e-10 Su Lung [32]
Lung adenocarcinoma 7.817 7.126 1.01e-08 Stearman Lung [33]
Lung adenocarcinoma 3.105 13.784 2.06e-18 Okayama Lung [34]
Lung adenocarcinoma 2.295 10.462 1.68e-16 Landi Lung [35]
GINS2 Lung adenocarcinoma 9.927 8.795 4.67e-12 Su Lung [32]
Lung adenocarcinoma 3.601 11.188 3.72e-17 Hou Lung [30]
Lung adenocarcinoma 2.508 11.107 3.80e-17 Selamat Lung [36]
Lung adenocarcinoma 1.752 8.9 8.94e-14 Landi Lung [35]
Lung adenocarcinoma 2.876 10.83 6.25e-13 Okayama Lung [34]
GINS3 Lung adenocarcinoma 1.555 6.744 2.11e-09 Hou Lung [30]
GINS4 Lung adenocarcinoma 2.56 4.441 2.19e-05 Su Lung [32]
Lung adenocarcinoma 1.915 6.76 6.45e-09 Hou Lung [30]

LUAD: lung adenocarcinoma; GINSs: GINS complex subunits.

medium expression was seen in LUAD tissues
(Figure 2A). There was a low expression of
GINS2 protein expression in normal lung tis-
sues, yet a medium expression was observed
in LUAD tissues (Figure 2B). The expression of
GINS3 protein and GINS4 protein were both at
an undetectable level in normal lung tissues,
while the former was lowly expressed in LUAD
tissues (Figure 2C) and the latter moderately
expressed in LUAD tissues (Figure 2D).

Analysis of mRNA expression of GINSs in
LUAD samples combine with clinicopathologi-
cal parameters

After finding the over-expression of mRNA and
protein, we further analyzed the mRNA expres-
sion of GINSs in LUAD tissue samples com-
bine with clinicopathological parameters by
Ualcan, including individual cancer stages, dif-
ferent genders and different smoking habits
(Figure 3). In individual cancer stage groups
(Figure 3A-D), mRNA expression of GINSs was
expressed differently between normal stages
and distinct tumor stages. Patients tended
to express higher mRNA in more advanced
stages and the highest mRNA expression of
GINSs are all observed in stage 4. However,
except for stage 2 and stage 3 of GINS3 gene,
there was no statistically significant difference
in expression between different cancer stages
(Figure 3C). In the different gender groups (Fig-
ure 3E-H), GINSs mRNA expression levels were
differentially expressed in both normal sam-
ples and tumor samples of different genders.
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In GINS1 and GINS2 genes, the mRNA expres-
sion levels between tumor samples from males
and females showed statistical differences
(Figure 3E, 3F). In the different smoking habits
groups (Figure 3I-L), similar to the first two
groups, GINSs was highly expressed in tumor
tissues compared with normal tissues. Among
them, the expression of all the GINSs except
GINS3 gene was higher in LUAD patients who
smoked rather than non-smokers who never
smoked (Figure 3l, 3J, 3L). In addition, the
expression of GINSs was also related to smok-
ing age. Compared with LUAD patients who
have smoked for less than 15 years, all GINSs
had higher expression in patients who have
smoked for more than 15 years (Figure 3I-L). In
addition to the GINS3 gene, there was no sta-
tistically significant difference in mRNA expres-
sion of the other three GINS genes in non-
smokers and those who had smoked for less
than 15 years (Figure 3l, 3J, 3L). Therefore, we
compared the mRNA expression of these three
genes in patients who had smoked for more
than 15 years with that of non-smokers. Alth-
ough the expression level of GINS4 was higher
in patients who had smoked for more than 15
years, statistical differences were only found
in the expression of GINS4 (Figure 3L).

Prognostic value of expression of different
single GINS genes in LUAD patients

We next evaluated the prognostic value of
MRNA expression of GINSs in LUAD patients
by using KM-plotter. We evaluated the OS as-
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Figure 2. Representative immunohistochemistry images of distinct GINSs in normal lung tissues and LUAD tissues
(Human Protein Atlas). Protein expression of GINS1 (A), GINS2 (B), GINS3 (C), and GINS4 (D) in normal lung tis-
sues and LUAD tissues. Microscopic maghnification of all samples is 200 um. Different antibody types and staining

intensities are indicated on the graph. GINSs: GINS complex subunits; LUAD: lung adenocarcinoma.

sociated with each mRNA expression of GINSs
without restricting subtypes. As is presented
in Figure 4, the higher mRNA expression
of GINS1 (HR=1.37, P=0.0076), GINS2 (HR=
1.93, P=5.9e-08), GINS3 (HR=1.31, P=0.023)
and GINS4 (HR=1.86, P=3.2e-07) were signifi-
cantly associated with poor OS in all patients
with LUAD.

Then, we also correlated the mRNA expres-
sion of individual GINS genes in patient sur-
vival with subtypes sorted by gender or smok-
ing history in LUAD. In the gender sub-cohort,
higher mRNA expression of GINS1 (HR=1.58,
P=0.0068), GINS2 (HR=1.66, P=0.0026) and
GINS4 (HR=1.69, P=0.0019) were significantly
associated with poor OS in male patients with
LUAD (Figure 5A, 5B, 5D). High mRNA expres-
sion of GINS2 (HR=2.17, P=0.00012) and
GINS4 (HR=2.58, P=3.1e-06) were significant-

8073

ly associated with poor OS in female patients
with LUAD (Figure 5G, 5H); however, GINS1
showed no statistically significant difference.
No significant correlation was observed bet-
ween the mMRNA expression of GINS3 and
OS of both genders. With respect to different
smoking histories, high mRNA expression of
GINS1 (HR=2.14, P=0.0017), GINS2 (HR=
2.32, P=0.00056), GINS4 (HR=2.58, P=3.1e-
06) was associated with poor OS in patients
who smoked, except for GINS3 (Figure 5I, 5J,
5L). Whereas the mRNA expression of all four
genes had no statistically significant difference
with OS of patients who never smoked.

The co-expression of two or more GINS genes
was associated with poor prognosis

Then, in order to explore the correlation bet-
ween the co-expression of a different number

Int J Clin Exp Med 2020;13(10):8068-8085
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NS3 subgroups were not sta-
tistically significant. Finally, we
found that the co-expression
of four GINS genes in LUAD
also suggested poor progno-
sis (P=0.0144) (Figure 6J).

Screening of GINSs-related
differentially expressed
genes, and analysis of GO
and KEGG pathway of GINSs
and correlated genes in pa-
tients with LUAD

Afterward, by identifying GI-

NSs-related overlapping ge-
nes in LUAD through Link-
edOmics, we displayed some
of these genes with a signifi-
cant positive correlations and
some with significant nega-
tive correlations in the histo-

T T T
0 50 100 150 200 1] 50
Time (months)
197 a7 12 1 low 362 198
150 2 0 9 149

as7

Figure 4. The associations between mRNA expression of each GINSs in tu-
mor tissue and OS of LUAD patients (KM-plotter). mRNA expression of GINSs
in tumor tissue was stratified into high or low expression using the median
value as the cut-off point. Kaplan-Meier survival curves for (A) GINS1 (High
expression, n=359; Low expression, n=360), (B) GINS2 (High expression,
n=358; Low expression, n=361), (C) GINS3 (High expression, n=356; Low
expression, n=363), and (D) GINS4 (High expression, n=357; Low expres-
sion, n=362), and the corresponding P-value for Log-rank test in all LUAD
patients were showed. GINSs: GINS complex subunits; LUAD: lung adeno-

carcinoma.

of GINS genes and survival prognosis, we di-
vided the different GINS gene combinations
into 3 groups by number and analyzed them
through DriverDBv3 database. In the two ge-
nes group (Figure 6A-F), the co-expression of
genes in all subgroups was statistically sig-
nificant, the GINS3-GINS4 subgroup had the
most significant statistical significance (P=
0.00846), followed by the GINS1-GINS3 sub-
group (P=0.0189), and then the GINS1-GINS2
subgroup (P=0.0256). The GINS1-GINS4 sub-
group (P=0.0315), GINS2-GINS3 subgroup (P=
0.0367) and GINS2-GINS4 subgroup had simi-
lar statistical significance (P=0.0392). Among
the three gene groups (Figure 6G-l), the sub-
group of GINS1, GINS2 and GINS4 had the
highest statistical difference (P=0.00944), fol-
lowed by the subgroup of GINS1, GINS2 and
GINS4 (P=0.0112). The GINS1, GINS2 and GI-
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T
100

Time (months)

30

150 200 grams (Figure 7A) and heat-
maps (Figure 7B), respective-
ly. We also analyzed these
GINSs-related overlapping ge-
nes for GO and KEGG path-
ways. The results show that
the overlapped genes are
mainly involved in the bio-
logical processes of chromo-
some separation, DNA repli-
cation, rRNA metabolic proce-
ss, tRNA metabolic process,
translational elongation and
RNA splicing (Figure 7C). KEGG pathway analy-
sis showed that these overlapped genes acti-
vate these pathways of cell cycles, spliceo-
somes, RNA transport, purine metabolisms,
ribosomes and Parkinson disease (Figure 7D).

5 o

Enrichments of GINSs-related kinase targets,
transcription factor targets and miRNA targets
in LUAD

Due to the correlations between survival and
the mRNA expression of GINSs, we tried to
find some potential targets for further therapy.
Therefore, we applied LinkedOmics to analyze
GINSs-related kinase targets, transcription fac-
tor targets and miRNA targets in LUAD by GSEA.

As was shown in Table 2, the top 5 most signifi-
cant kinase targets of correlated gene sets of
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Figure 5. Two stratification factors are selected to analyze the associations between mRNA expression of GINSs and OS of LUAD patients (KM-plotter). According
to gender, LUAD patients are divided into male patients (A-D) and female patients (E-H). Kaplan-Meier survival curves in male LUAD patients for (A) GINS1 (High
expression, n=172; Low expression, n=172), (B) GINS2 (High expression, n=172; Low expression, n=172), (C) GINS3 (High expression, n=172; Low expression,
n=172), and (D) GINS4 (High expression, n=172; Low expression, n=172), or in female LUAD patients for (E) GINS1 (High expression, n=159; Low expression,
n=158), (F) GINS2 (High expression, n=159; Low expression, n=158), (G) GINS3 (High expression, n=159; Low expression, n=158), and (H) GINS4 (High expression,
n=157; Low expression, n=160). Similarly, LUAD patients are divided into patients who smoked (I-L) and patients who never smoked (M-P). Kaplan-Meier survival
curves in smoked LUAD patients for (I) GINS1 (High expression, n=123; Low expression, n=123), (J) GINS2 (High expression, n=123; Low expression, n=123), (K)
GINS3 (High expression, n=123; Low expression, n=123), and (L) GINS4 (High expression, n=122; Low expression, n=124), or in LUAD patients who never smoked
for (M) GINS1 (High expression, n=71; Low expression, n=72), (N) GINS2 (High expression, n=71; Low expression, n=72), (0) GINS3 (High expression, n=71; Low
expression, n=72), and (P) GINS4 (High expression, n=67; Low expression, n=76). The corresponding P-value for Log-rank test were showed. GINSs: GINS complex
subunits; LUAD: lung adenocarcinoma.
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Figure 6. Association between co-expression of two or more genes and prognosis (DriverDBv3 database). There are
two genes group (A-F), three genes group (G-1) and four genes group (J). The number of high-expression and low-
expression patients in each subgroup was 250. The corresponding P-values for Log-rank test were showed in figure.
LUAD: lung adenocarcinoma.

GINSs were related mainly to PLK1 (polo like
kinase 1), CDK1 (cyclin dependent kinase 1),
AURKB (aurora kinase B), CDK2 (cyclin depen-
dent kinase 2) and CHEK2 (checkpoint kinase
2). We also found that transcriptional levels of
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these kinase genes, with the exception of
CDK2, were significantly elevated in LUAD tis-
sues. Also, the expression levels of all kinase
genes were significantly associated with the OS
in LUAD patient, except CDK1 (Supplementary
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Figure 7. The differentially expressed genes were screened and analyzed by GO and KEGG (LinkedOmics). The most significantly different positive and negative
correlated genes were plotted in red and green bars (A). Heatmaps of some correlated differentially expressed genes. Red represents positive correlation. Blue
represents negative correlation (B). Biological process analysis and KEGG pathway analysis of GINSs and correlated genes in LUAD patients (C, D). GINSs: GINS
complex subunits; LUAD: lung adenocarcinoma.
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Table 2. The kinase targets, transcription factor targets, and miRNA targets of GINSs in LUAD (Linke-

dOmics)

Enriched category Gene set LEN FDR

Kinase target Kinase_PLK1 (polo like kinase 1) 90 0.00e+00
Kinase_CDK1 (cyclin dependent kinase 1) 258 0.00e+00
Kinase_AURKB (aurora kinase B) 87 0.00e+00
Kinase_CDK2 (cyclin dependent kinase 2) 278 0.00e+00
Kinase_CHEK2 (checkpoint kinase 2) 27 0.00e+00

Transcription factor target V$E2F1_Q6 213 0.00e+00
SGCGSSAAA_V$E2F1DP2_01 155 0.00e+00
V$E2F_Q6 211 0.00e+00
V$E2F4DP1_01 220 0.00e+00
V$E2F_Q4 212 0.00e+00

LUAD: lung adenocarcinoma; GINSs: GINS complex subunits; LEN: Leading Edge Number.

Figure 1). The enrichment of transcription fac-
tor targets for GINSs and their related ge-
nes were E2F1_Q6, E2F1DP2_01, E2F_Q6,
E2FADP1_01 and E2F_Q4. It was reported that
E2F family members with an abnormal tran-
scriptional expression could serve as poten-
tial targets in LUAD [35]. We fond that over-
expression of E2F1 and E2F4 indicated poor
prognosis in patients with LUAD (Supplemen-
tary Figure 1). No miRNA targets were found
to be significantly correlated.

Discussion

Although the current treatment methods for
LUAD have been continuously improved, the
actual survival rate is still not satisfactory. As
core genes in DNA replication, abnormal ex-
pression of GINSs may lead to the dysfunction
of the DNA helicase and further tumorigene-
sis [10]. In order to clarify the prognostic value
of GINSs in LUAD, our study explored the rela-
tionship between the expression and survival
of different GINSs in LUAD through online
databases.

In the present study, we demonstrated that all
GINS genes were highly expressed in LUAD
and found that GINS1/2/4 was more highly
expressed in LUAD patients with a history of
smoking. Moreover, over-expression of GINSs
was significantly correlated with poor progno-
sis, in which patients who smoked had high
expression of GINS1/2/3 and poor prognosis.
Actually, smoking has been shown to promote
the development of lung cancer, and the inci-
dence of lung cancer soared with the increase
of smoking rate [36]. Therefore, smoking may
promote the expression of GINSs and thus
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affect the prognosis of patients with LUAD. We
also attempted to analyze the correlation bet-
ween different GINS gene expressions group-
ed by gender and prognosis. The results show-
ed that gender did not appear to be a factor
affecting the correlation between GINS expres-
sion and prognosis. Next, we found that the
co-expression of two or more genes were as-
sociated with poor prognosis, except for the
expression of the GINS1, GINS2 and GINS3
gene subgroups that was not associated with
prognosis. Enrichment of function and pathway
in GINSs and their correlated genes in LUAD
patients were also analyzed. Biological pro-
cesses such as chromosome separation and
pathways such as cell cycle were remarkably
regulated by the GINSs mutations in LUAD.
GINSs-related kinase targets (PLK1, CDK1,
AURKB, CDK2 and CHEK2) and transcription
factor targets (E2Fs) that we had explored can
serve as the future research direction in LUAD.

In GINSSs, previous studies respectively demon-
strated that downregulation of GINS1 expres-
sion could inhibit cell proliferation and induc-
ed cell cycle arrest in lung cancer cells, high
expression of GINS1 prompted poor prognosis
in patients with NSCLC which were treated with
surgery following by preoperative chemothera-
py or chemoradiotherapy [37, 38]. In our study,
we found that the mRNA expression of GINS1
increased with the development of cancer
stage and high expression of GINS1 suggested
poor prognosis. Interestingly, high mRNA ex-
pression of GINS1 showed poor prognosis in
male patients and patients who smoked, res-
pectively. As we all know, a large proportion of
men regard smoking as their hobby, and smok-
ing can promote the progression of lung can-
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cer. Therefore, we have reason to believe that
one of the reasons for the poor prognosis of
male patients is that these male patients have
a history of smoking.

GINS2 was discovered to enhance migration,
invasion viability, and epithelial-mesenchymal
transition (EMT) in NSCLC cells, which were
dominantly mediated by PI3K/Akt and MEK/
ERK signaling pathways [39]. Recently, a stu-
dy showed that down-regulated expression of
GINS2 can inhabit the cell proliferation and in-
crease apoptosis through the p53/GADD45A
pathway in NSCLC [40]. According to our re-
sults, the expression of GINS2 augmented the
increase of cancer stage. We observed that
high expression of GINS2 in patients with LU-
AD with smoking habits had apoor prognosis,
so we hypothesed that smoking promoted the
expression of the GINS2 gene, while the high
expression of GINS2 reduced the survival of
patients with LUAD. Among them, there was a
statistical difference in GINS2 mRNA expres-
sion between male and female patients, and
the high expression of GINS2 in both genders
indicated a poor prognosis, which might sug-
gest that gender had no decisive effect on
GINS2 expression. In short, for smokers, smok-
ing can promote the expression of GINS2 and
have an impact on clinical outcomes.

In LUAD, the relationship between the expres-
sion of GINS3 and its prognhosis had been
studied most. High expression of GINS3 dem-
onstrated a poor prognosis and may need
additional treatment in LUAD, especially in the
early stages of LUAD [19-21]. Nevertheless,
its role as a prognostic biomarker is not as
strong as previously suggested. We observed
that mRNA expression of GINS3 was associat-
ed with OS in LUAD. However, in the sub co-
hort analysis concerning gender and smoking
history, no statistically significant differences
were observed. Therefore, we considered that
smoking and gender are not influential factors
in MRNA expression of GINS3 in LUAD. In com-
bination with previous studies, we assumed
that the statistical difference between GINS3
expression and survival was mainly caused by
early stage, but according to this study, the
MRNA expression of GINS3 in early stage LU-
AD was not high. Therefore, more studies are
needed to verify the relationship between
GINS3 expression and OS.
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A study showed that GINS4 expression may be
related to many procedures during tumorigen-
esis in NSCLC, including cell growth, epithelial-
mesenchymal transition, clonal formation, mi-
gration and invasion [41], all of which lead to
poor prognosis. Similar to the GINS2 gene anal-
ysis result, high mRNA expression of GINS4 in
patients with LUAD who had asmoking history
have an indicated poor OS. It is possible to
hypothesize that GINS2 and GINS4 genes may
be similar in structure and function, and that
they are more susceptible to other adverse fac-
tors to promote tumor growth and develop-
ment, but more research is needed to prove
these hypotheses.

GINSs needed to be transcribed and assem-
bled to form the GINS complex, which bind to
other key components to form the CMG com-
plex. Therefore, GINSs dod not necessarily
play a role alone. We explored the correlation
between the co-expression of two or more
GINS genes and the prognosis [7]. We found
that almost all subgroups showed statistical
differences, which suggested that the combi-
natory use of GINS expression levels could be
of clinical significance for prognosis prediction
of patients with LUAD.

There are several limitations in our investiga-
tion. Firstly, our study of prognostic prediction
was mainly based on the LUAD patient cohort
from different online databases without pre-
clinical or clinical research to verify our results.
Secondly, our study only carried out single fac-
tor analyses due to an insufficient sample size.
Hence, researchers in the future need to use
a larger sample size to verify our findings th-
rough more basic and clinical trials, and to
explore the clinical application of GINSs mem-
bers in the treatment of LUAD.

In conclusion, the present research demonstr-
ated that all GINS genes are highly expressed
in LUAD and associated with poor survival of
patients with LUAD, especially those who have
a smoking history. The combinatory use of ex-
pression of GINSs could provide a good prog-
nostic prediction for patients with LUAD.
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Supplementary Figure 1. Expression and survival outcome in GINSs-related kinase and transcription factor targets (UALCAN and KM-plotter). Expression and sur-

vival outcome of top 5 GINSs-related kinases targets in LUAD patients (A). E2F regulators of GINSs co-expressed genes (B). Aliases: CDC2 (CDK1); STK12 (AURKB);
bA444G7 (CHEK2).



