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Abstract. Molecular heterogeneity determines the differ-
ences in the pathological features, prognosis and survival
after relapse when comparing left-sided colon cancer (LCC)
and right-sided colon cancer (RCC). At present, the discrep-
ancy in the underlying molecular events between the two
types of colon cancer has not been thoroughly investigated.
The present study aimed to explore novel targets to predict
the disease stage and prognosis of LCC and RCC. Expression
analysis of guanine nucleotide binding-protein y subunit 4
(GNG4) was performed using the Gene Expression Profiling
Interactive Analysis (GEPIA) and Oncomine databases.
Survival and association analyses were performed using
GEPIA and the colon adenocarcinoma dataset from The
Cancer Genome Atlas database. GNG4-positive cells in a
tissue microarray were examined using immunohistochem-
istry. According to the GNG4 expression data from Caucasian
patients included in the TCGA dataset, GNG4 was highly
expressed and positively associated with pathological stage
and overall survival (OS) rates in colon cancer. GNG4 expres-
sion was higher in LCC than in RCC. Patients with LCC with
high GNG4 expression exhibited higher pathological stage
and lower survival rates, whereas this was not observed in
patients with RCC. In addition, the clinical tissues used in
the microarray showed that GNG4 expression was increased
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in Chinese patients with LCC compared with that in patients
with RCC. Consistently, GNG4 expression was negatively
associated with OS in patients with LCC, but not in patients
with RCC. However, no association was observed between
GNGH4 expression and the disease stage of colon cancer in
both patients with LCC and RCC. Overall, the molecular
heterogeneity of GNG4 in LCC and RCC suggests that
GNG4 may be used as a diagnostic and prognostic biomarker
in patients with LCC.

Introduction

Colon adenocarcinoma (COAD) is the third leading
cause of morbidity (46.9 per 100,000 men and 35.6 per
100,000 women) and mortality (17.7 per 100,000 men and
12.4 per 100,000 women) among malignant neoplasms
worldwide, according to statistics from 2013 (1). Alcohol and
processed meat consumption, advanced age, family history
and tumor metastasis are closely associated with the incidence
of COAD (2). Although surgical resection, chemotherapy and
radiotherapy have been widely used to treat colon cancer,
most patients with advanced disease exhibit drug resistance,
leading to a particularly poor prognosis (3,4). Increasing
evidence has suggested that left-sided colon cancer (LCC),
which arises from the embryonic midgut, and right-sided colon
cancer (RCC), which originates from the hindgut, exhibit
distinct differences in embryonic origin, biology, anatomy,
genetic mutations and alterations, and clinical outcomes, and
this may be the major cause of the poor prognosis following
surgery and medical procedures in COAD (5). Therefore,
identification of tumor-driven genes underlying the progres-
sion of LCC and RCC is of great importance for monitoring
the progression and improving the prognosis of patients with
COAD.

The cecum, ascending colon, hepatic flexure and transverse
colon are anatomically referred to as the right colon, while the
descending colon and sigmoid colon are classified as the left
colon (6). Cancer located in the right and left colon is defined as
RCC or LCC, respectively. The incidence of RCC is associated
with sex, age, cancer history and insulin resistance, whereas
LCC is closely associated with a low fiber diet, heavy smoking
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and alcoholism (7). Cancer located in the right colon has a
prevalence toward being of a more advanced tumor stage and
having a large tumor size, and often metastasizes to the lymph
nodes or peritoneal region (8). Poor survival rate is observed
in patients with RCC compared with LCC (9). LCC is associ-
ated with a reduced risk of death, which may be due to the
observation that patients with LCC more commonly present
with early-stage disease, and this results in the disparity
in prognosis according to tumor site (10). Numerous differ-
ences in molecular signaling pathways have been reported
between RCC and LCC (11). Notably, using molecular biology
techniques, numerous molecular events that cause distinct
efficacy of molecular targeted agents, such as TP53, KRAS,
CpG Island Methylator Phenotype (CIMP) and microsatellite
instability (MSI), in patients with LCC and RCC have been
revealed in recent years (12). For example, deregulated genes
for CIMP high and MSI tumors are often downregulated. In
contrast, genes that are deregulated in TP53 are likely to be
upregulated compared to normal paired samples. However, to
the best of our knowledge, the specific molecules that underlie
the difference between LCC and RCC have not yet been deter-
mined.

Guanine nucleotide binding-protein y subunit 4 (GNG4)
is a member of the G-protein trimer complex, and was first
identified as the brain-specific subunit (13). In the human
brain, GNG4 is more highly expressed in the hippocampus
compared with in other brain regions, and GNG4 expression
is reduced with advanced age, which suggests that GNG4 is
associated with cognitive decline (14). A previous study has
suggested that GNG4 is hypermethylated and notably decreased
in glioblastoma (GBM) (15). In addition to its roles in the
brain, GNG4 is involved in pathological processes, it activates
signaling pathways in acute myocardial infarction, and it may
contribute to the prevention and treatment of recurrent cardio-
vascular events (16). Additionally, it has been demonstrated
that GNG#4 is a hub gene that has a high degree of connectivity
in colon cancer (17). According to bioinformatics analysis, the
hub gene GNG4 has a clinical diagnostic value in patients with
colorectal cancer (18). Therefore, GNG4 is an important regu-
lator during tumor progression, particularly in colon cancer.
However, whether there is molecular heterogeneity of GNG4
in LCC and RCC remains unclear.

The present study was aimed to investigate the molecular
heterogeneity of GNG4 in LCC and RCC. Additionally, the
association between GNG4 expression and clinical charac-
teristics including disease stage and overall survival (OS)
rate was also assessed in LCC and RCC of Caucasian and
Chinese patients. These findings demonstrated that GNG4
may be used as an effective prognostic factor for LCC and
RCC.

Materials and methods

Tissue microarray. A tissue and cDNA microarray containing
78 colon carcinoma and paired para-carcinoma tissues was
purchased from Shanghai Outdo Biotech Co., Ltd. Among the
78 cases, 32 were tumors located in the left colon and the other
46 were tumors located in the right colon. All experiments were
approved by the Ethics Committee of the Affiliated Cancer
Hospital of Fujian Medical University (Fuzhou, China).

Immunohistochemistry (IHC). For IHC staining, 5 ym
thick paraffin embedded sections were dewaxed in an oven
for 30 min at 60°C. After deparaffinization in xylene and
rehydration in gradient ethanol, antigens were retrieved with
0.01 M citrate salt solution (pH 6.0) using high pressure
method (100°C) for 15 min. Following washing with PBS
plus Tween-20 and blocking with 5% BSA (cat. no. A8010;
Beijing Solarbio Science & Technology Co., Ltd.) for 1 h at
room temperature, the slides were incubated with primary
antibody against GNG4 (cat. no. ab238868; 1:250; Abcam)
at 4°C overnight. Following incubation with the secondary
antibody (cat. no. ab6721; 1:2,000; Abcam) for 15 min at
room temperature, antigen-antibody complexes were visual-
ized using 3,3'-diaminobenzidine reagent (cat. no. ZL.1-9081;
OriGene Technologies, Inc.). The results were observed under
a biological inverted light microscope (x5 and x20 magnifica-
tions; IX51; Olympus Corporation). Comprehensive analysis
included measuring staining intensity and the number of
positive cells as follows: Negative (-), 0%; weakly posi-
tive (+), <20%; moderately positive (++), 20-50%; and strongly
positive (+++), >50%.

Reverse transcription-quantitative PCR (RT-gPCR). cDNA
extracted from 78 cases of colon carcinoma, corresponding
to the same samples as the tissue microarray, was purchased
from Shanghai Outdo Biotech Co., Ltd. Samples were plated
in 96-well plates and subsequently, RT-qPCR was performed
using the SYBR Green kit (Roche Diagnostics GmbH)
according to manufacturer's protocols. GNG4 expression was
normalized to GAPDH expression. The primer sequences
were shown in Table SI. Relative gene expression levels were
calculated using the 2-22°4 method (19).

Western blotting. A total of 15 clinical samples from patients
aged between 38 and 62 years (13 men and 2 women; mean age,
50.47+2.035), including 5 normal colon tissues, 5 left-sided
colon tumor tissues and 5 right-sided colon tumor tissues
obtained from resection were collected at The Affiliated Cancer
Hospital of Fujian Medical University between October 2019
and February 2020. All these patients had been diagnosed
with colon cancer previously. Written informed consent was
obtained from all subjects, and the present study was approved
by the Ethics Committee of The Affiliated Cancer Hospital of
Fujian Medical University. Total protein was extracted from
normal colon and tumor tissues using RIPA protein lysate
(cat.no. POO13B; Beyotime Institute of Biotechnology). Protein
concentration was determined using BCA Protein Assay Kit
(23225; Thermo Fisher Scientific, Inc.). Equal amounts of
protein (30 ug) were loaded and separated on 12% gels by
SDS-PAGE. Subsequently, protein was transferred to an acti-
vated PVDF membrane (IPVH00010; EMD Millipore). The
membrane was blocked with 5% skimmed milk dissolved in
PBS-Tween-20 (0.1%) at room temperature (~25°C) for 1 h.
Next, primary antibody against GNG4 (cat. no. PA5-103877;
1:800; Thermo Fisher Scientific, Inc.) was added for an incu-
bation at 4°C overnight. 3-actin (cat. no. BM0627; 1:5,000;
Boster Biological Technology) served as the internal control.
Following incubation with goat anti-rabbit secondary anti-
body conjugated to HRP (cat. no. BA1054; 1:5,000; Boster
Biological Technology) at room temperature (~25°C) for an
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Figure 1. Association of GNG#4 status with disease stage and overall survival in patients with COAD. (A) Different transcriptional expression levels of GNG4
in COAD samples (n=275) and normal controls (n=349). Gene expression data were collected from the GEPIA 2.0 database and analyzed with GraphPad Prism
using two-tailed t-tests (unpaired). (B) Patients with COAD were divided into four groups based on disease stage, including stage I, II, III and IV. Subsequently,
the association between GNG4 expression and disease stage was analyzed by one-way ANOVA followed by Tukey's post hoc test. (C) Survival analysis was
performed using GEPIA 2.0 in patients with COAD with low and high GNG4 expression. “P<0.05; " ©©P<(.01. COAD, colon adenocarcinoma; GEPIA,
Gene Expression Profiling Interactive Analysis; GNG4, guanine nucleotide binding-protein y subunit 4; TPM, transcripts per million.

additional 1 h, the membrane was incubated with ECL visual-
ization reagent (34065; Thermo Fisher Scientific, Inc.) and the
bands were visualized using the Imagequant LAS 4000 mini
machine (Cytiva).

Data collection and analysis. The samples collected from
TCGA were divided into LCC (n=181) and RCC (n=258).
No information in anatomic neoplasm was excluded from
the dataset. The mRNA expression levels of GNG4 in
normal colon tissues and colon cancer tissues were collected
from the Oncomine database (https://www.oncomine.
org/resource/login.html) and the Gene Expression Profiling
Interactive Analysis (GEPIA) version 2 database (20). GNG4
expression in LCC (n=99) and RCC (n=167) excluding the
normal samples was determined using the raw data from
The Cancer Genome Atlas (TCGA, n=524; https://portal.
gdc.cancer.gov/) and analyzed using GraphPad v6.0 software
(GraphPad Software, Inc.). The samples collected from the
Oncomine database included 12 normal colon samples and
70 COAD samples. The association between GNG4 expression
and disease stage in patients with COAD was analyzed with
one-way ANOVA (followed by Tukey's post hoc test) using
raw data downloaded from the GEPIA database. In the tissue
microarray, the association between GNG4 and disease stage
was determined based on the IHC staining results. The disease
stage information was mentioned in the tissue microarray.

Survival analysis. OS rate was analyzed using GEPIA on the
basis of GNG4 expression status. The difference in OS rate
between patients with LCC and RCC was compared using
the raw data from TCGA and analyzed with GraphPad v6.0
software. The data from the tissue microarray were used to
evaluate the OS rate in Chinese patients with tumors in the
left and right colon.

Statistical analysis. The association between pathological
stage and GNG#4 expression in tissue microarray was analyzed
with GraphPad Prism 6.0 (GraphPad Software, Inc.) using
x> and Fisher's exact tests. The association analysis between
tumor stage and GNG4 status in patients with COAD was
performed using one-way ANOVA, followed by Tukey's
post hoc test. Histological staining was evaluated using Image
Pro Plus 6.0 software (Media Cybernetics). GNG4 gene
expression and relative protein expression for tissue micro-
array were compared with GraphPad Prism using two-tailed
t-tests (unpaired) and one-way ANOVA followed by Tukey's
post hoc test, respectively. Kaplan-Meier plotter was used
to generate the survival curves using GraphPad Prism soft-
ware (version 6.0; GraphPad Software, Inc.), and data were
compared between groups using the log-rank (Mantel-Cox)
test (univariate Cox regression analysis). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

GNGH4 is highly expressed in White patients with COAD. To
determine GNG#4 expression in White patients with COAD
included in TCGA database, the present study analyzed the
transcriptional levels of GNG4 in 275 patients with COAD
and 349 normal controls. The mean expression level of GNG4
was increased 2.2-fold in the tumor group compared with that
in the normal group (Fig. 1A). Subsequently, the association
between GNG4 and disease stage of COAD was assessed.
The results indicated that GNG4 status exhibited no differ-
ence when comparing patients with COAD in stages I and II.
However, GNG4 expression significantly increased in disease
stages III and IV compared with that in low disease stages
(I and II) (stage I vs. III, P=0.0428; stage I vs. IV, P<0.01;
stage II vs. III, P<0.01; and stage II vs. IV, P<0.01), with the
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Table 1. Association between GNG4 expression and pathological stage in LCC and RCC.

LCC RCC
Stage Low GNG4, n High GNG4,n Low GNG4, n High GNG4,n
I 8 5 18 15
11 24 18 35 29
111 9 18 22 28
v 4 13 9 11
P-value 0.0356* 0.6260

‘P<0.05. GNG4, guanine nucleotide binding-protein y subunit 4; LCC, left-sided colon cancer; RCC, right-sided colon cancer.
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Figure 2. GNG4 expression in LCC and RCC. Comparison of GNG4 mRNA expression (A) between normal controls and patients with LCC, (B) between
normal controls and patients with RCC, and (C) between patients with LCC and RCC based on raw data from the colon adenocarcinoma dataset in The
Cancer Genome Atlas database. Data were analyzed with GraphPad Prism using two-tailed t-tests (unpaired). “P<0.05; “P<0.01. GNG4, guanine nucleotide
binding-protein vy subunit 4; LCC, left-sided colon cancer; RCC, right-sided colon cancer.

highest levels observed in stage IV (stage III vs. IV, P=0.0427)
(Fig. 1B). GNG#4 expression was divided into two groups,
using as a cut-off the median method which was obtained from
GEPIA 2.0. Additionally, patients with COAD and high GNG4
expression (n=135) had a decreased survival rate compared
with patients with low GNG4 expression (n=135) (Fig. 1C).
Therefore, high expression levels of GNG4 were positively
associated with pathological grade and prognosis in White
patients with COAD.

Molecular heterogeneity of GNG4 is observed in White
patients with LCC and RCC. Given that GNG4 is an impor-
tant hub gene during the tumorigenesis of COAD, the present
study aimed to investigate the differences in GNG4 expression
between White patients with LCC and those with RCC. Firstly,
the raw data of patients with COAD was collected from TCGA
and screened according to grouping criteria. Subsequently,
all samples (ethnicity, White) were divided into two groups
according to the tumor site in the colon, i.e. LCC and RCC.
Based on the sample information, only 15 normal samples in
LCC and 22 normal samples in RCC were included. In LCC
cohorts, there were 99 tumor samples and the corresponding
normal samples (n=15), and there were 167 RCC tumor samples
and corresponding normal tissues (n=22). When comparing
normal control tissues (n=15) with LCC tissues (n=99), it was
revealed that GNG4 expression was significantly elevated

in the LCC tissues (P=0.0105; Fig. 2A). Consistent with
this, there was a significant increase in GNG4 expression in
RCC tissues (n=167) compared with the corresponding normal
tissues (n=22) (P<0.0001; Fig. 2B). However, compared with
the level in patients with RCC (n=167), the GNG4 expression
level was increased in patients with LCC (n=99) (P<0.0001;
Fig. 2C). Therefore, molecular heterogeneity of GNG4 was
present in LCC and RCC.

GNGH4 is associated with disease stage and prognosis in White
patients with LCC. Since genetic heterogeneity of GNG4 was
observed between LCC and RCC, it was speculated that there
may be a difference in the clinical diagnostic value of GNG4
in the two cancer types. First, patients were divided into
two groups based on GNG4 expression (cut-off-high, 50%;
cut-off-low, 50%). High GNG4 expression was associated with
high disease stage in patients with LCC (P=0.0356; Table I).
However, no association between GNG4 status and disease
stage was identified in patients with RCC (P=0.6260; Table I).
Additionally, patients with LCC in the high GNG4 expression
group had a lower survival rate than those in the low GNG4
expression group (P=0.0311; Fig. 3A). In patients with RCC, no
association between GNG4 expression and OS was observed
(P=0.0879; Fig. 3B). Therefore, GNG4 status was associated
with pathological stage and OS in White patients with LCC,
but not in those with RCC.
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Table II. Immunohistochemical staining of guanine nucleotide binding-protein y subunit 4 in samples from Chinese patients with
LCC and RCC.

High expression Low expression

Type Strong (+++),n Elevated (++),n Moderate (+), n Absent (-), n P-value
LCC 14 2 13 3 0.0019*
RCC 7 16 13 10

"P<0.05. (-), (+), (++) and (+++) represent different degrees of staining. The data were analyzed with GraphPad Prism 6.0 using %* and Fisher's
exact tests. LCC, left-sided colon cancer; RCC, right-sided colon cancer.
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Figure 3. Association between GNG4 status and overall survival in patients with LCC and RCC. Clinical data of patients with LCC and RCC were separated
from among the raw data in the colon adenocarcinoma dataset in The Cancer Genome Atlas database. Subsequently, the patients with LCC and RCC were
grouped based on GNG4 status. The association between GNG4 status and (A) LCC or (B) RCC was analyzed using univariate Cox regression analysis. GNG4,

guanine nucleotide binding-protein y subunit 4; LCC, left-sided colon cancer; RCC, right-sided colon cancer.

GNGH4 is highly expressed in Chinese patients with LCC.
To further ascertain the expression pattern of GNG4 in
Chinese patients with colorectal cancer, the present study
collected raw data, including that of 70 cases of colorectal
cancer and 12 normal colon samples, from the Oncomine
database. All 82 samples were from a Chinese population.
The results revealed that GNG4 expression was significantly
increased in patients with colorectal cancer compared with
that in normal controls (P<0.0001; Fig. 4A). Subsequently,
tissue and cDNA microarrays containing 78 pairs of COAD
samples and paired adjacent colon tissues were used to
evaluate the expression levels of GNG4 in human specimens
by THC staining and RT-qPCR. The microarray comprised
32 cases of LCC and 46 cases of RCC. The data indicated
that the relative GNG4 mRNA expression in patients with
LCC was markedly increased compared with that in patients
with RCC (P<0.0001; Fig. 4B). Additionally, the THC
results demonstrated that GNG4 expression was notably
increased in both LCC and RCC samples compared with
that in the normal colonic mucosal tissues, with higher
GNG4 expression observed in LCC compared with that in
RCC (Fig. 4C). Furthermore, the increase in GNG4 protein
expression was also observed in the fresh clinical samples.
GNG4 protein expression was markedly increased in LCC
(P=0.0002) and RCC tissues (P=0.0491) compared with
that in normal colon tissues. Consistently, higher GNG4
expression was observed in LCC compared with that in
RCC (P=0.0099; Fig. 4D). Based on the IHC results, high

GNG4 expression (++ and +++) was identified in 16 LCC
tumor tissues, with a higher percentage (14/32) in the
strong positive (+++) category. However, only 7/46 RCC
samples exhibited strong positive staining (Table II). Based
on multiple factor analysis, it was observed that there was
a significant difference in GNG#4 status between LCC and
RCC in the Chinese patients (P=0.0019; Table II). These
data implied that GNG4 expression was increased in Chinese
patients with colorectal cancer, particularly in patients with
LCC, and that it may be involved in the progression of COAD.

GNGH4 is negatively associated with OS in Chinese patients
with LCC. When combining the mRNA expression levels of
GNGH4 and the clinical data of patients in the microarray, it
was observed that both high GNG4 expression and low GNG4
expression were more frequently present in patients with
stage II colorectal cancer, in both LCC and RCC (Table III).
Additionally, no associations between GNG4 status and
disease stage were identified in patients with LCC (P=0.4324)
or in patients with RCC (P=0.2717; Table III). Survival
analysis of the 32 patients with LCC indicated that low expres-
sion levels of GNG4 were associated with a good prognosis
and high survival rate compared with high expression levels
of GNG4 (P=0.0269; Fig. 5A). However, GNG4 expression
status did not affect the prognosis of patients with colorectal
cancer with tumors located in the right-sided colon (P=0.4551;
Fig. 5B). Overall, GNG4 expression was only associated with
the prognosis of Chinese patients with LCC.
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Table III. Association between GNG4 expression and pathological stage of LCC and RCC in Chinese patients.

LCC RCC
Stage Low GNG4, n High GNG4,n Low GNG4, n High GNG4,n
1 1 1 2 3
1I 13 10 18 13
111 2 5 3 7
P-value 04324 02717
GNG4, guanine nucleotide binding-protein y subunit 4.
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Figure 4. Differential analysis of GNG4 expression in Chinese patients with COAD. (A) Transcriptional expression levels of GNG4 in normal controls and
patients with COAD. The raw data were obtained from the Oncomine database. Data were analyzed with GraphPad Prism using two-tailed t-tests (unpaired).
(B) Differential GNG4 mRNA expression between LCC and RCC was determined using reverse transcription-quantitative PCR. (C) Immunohistochemical
staining of GNG4 in normal, LCC and RCC tissues in the tissue microarray. (D) Protein expression levels of GNG4 in normal, LCC and RCC tissues, as
measured by western blotting. The graph presents the relative protein expression levels of GNG4 in the aforementioned three tissues (one-way ANOVA,
followed by Tukey's post hoc test). “P<0.05; “P<0.01. COAD, colon adenocarcinoma; GNG4, guanine nucleotide binding-protein y subunit 4; LCC, left-sided

colon cancer; RCC, right-sided colon cancer.

Discussion

Genetic and immunological differences between the proximal
(right-sided) colon and the distal (left-sided) colorectum have
a strong impact on surgical and oncological outcomes, which

increases the difficulty of the management of patients with
COAD (21,22). Investigation of the diagnostic markers for
different anatomical sites (left or right) facilitates personalized
medicine and the treatment of colon cancer (23). The present
study revealed the potential diagnostic and prognostic values
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Figure 5. Association between GNG4 status and overall survival in Chinese patients with LCC and RCC. Clinical data of patients with LCC and RCC were
obtained from the product documentation of the tissue microarray. Based on the status of GNG4, patients with LCC or RCC were divided into two groups
each. Subsequently, the association between GNG4 status and (A) LCC or (B) RCC was analyzed using univariate Cox regression analysis. GNG4, guanine
nucleotide binding-protein y subunit 4; LCC, left-sided colon cancer; RCC, right-sided colon cancer.

of GNG#4 in LCC. To the best of our knowledge, the present
study is the first to illuminate the genetic heterogeneity of
GNG4 between LCC and RCC.

Based on sequencing and the Search Tool for the Retrieval
of Interacting Genes/Proteins database, GNG4 has been demon-
strated to be involved in the development of gastric cancer in
patients with H. pylori infection (24). In comparison with normal
samples, GNG4 is highly expressed in rectal adenocarcinoma
samples; however, there is no association between GNG4 expres-
sion and the survival rate of patients with rectal cancer (25). In
the present study, GNG4 was upregulated in COAD samples,
including both LCC and RCC samples. The data indicated
that the increase in GNG4 expression in COAD samples was
positively associated with tumors on both sides of the colon.
However, GNG4 expression was higher in patients with LCC
compared with that in patients with RCC. To the best of our
knowledge, the present study was the first to reveal the genetic
heterogeneity of GNG4 in colorectal cancer. Hypermethylated
GNGH4 has been identified in thymic carcinoma in relation to
thymoma and thymus, and is positively associated with poor
relapse-free survival rate in patients with all types of thymic
epithelial tumor (26). Aberrant DNA methylation of GNG4,
which is involved in cellular regulatory events, including cell
adhesion and signal transduction, can serve as a diagnostic and
therapeutic biomarker for bladder cancer (27). In the present
study, GNG4 status was only associated with disease stage
and prognosis in patients with LCC, but not in patients with
RCC. These data suggested that GNG4 may be a biomarker for
diagnosis and prognosis in patients with LCC, which is partly
consistent with the results from a previous study (17). Due to
the limited sample size, this result should be further confirmed
in large-scale cohorts. In summary, GNG4 might be a good
indicator for the treatment of patients with LCC.

There are clear differences in genetic heterogeneity
and prognosis of colon cancer among different ethnicities.
African American (AA) patients with COAD have a poor
prognosis compared with Caucasian (CA) patients with
COAD (28). Compared with that in Iranian patients (a
White population), hypermethylation of the glycoprotein
nmb, intercellular adhesion molecule 5 and chromodo-
main helicase DNA binding protein 5 genes is identified
in AA patients, and these are the candidate cancer genes
specifically involved in the progression of COAD in the AA

population (29). The present study revealed that GNG4 was
notably upregulated in Chinese patients with COAD, and
there was genetic heterogeneity of GNG4 between LCC and
RCC. In this study, most of the cohorts downloaded from
datasets from the TCGA dataset were of Caucasian ethnicity.
This finding indicated that abnormal GNG4 expression did
not differ between the Chinese study population and other
CA patients. Despite the limited sample size, the present
study also demonstrated that GNG4 was associated with the
OS of patients with LCC, whereas there was no association
between disease stage and GNG4 status in Chinese patients
with COAD, including LCC and RCC. The data in the
microarray results were different from the database results
of Caucasian patients, implying that the clinical application
value of GNG4 differs depending on geographical location.
More subjects of different ethnicities are required to investi-
gate the diagnostic and prognostic role of GNG4 in COAD,
particularly in patients with LCC.

GNG4, c-Myc, DNA polymerase al, catalytic subunit and
ribonucleotide reductase catalytic subunit M1 could serve as
prognostic factors for the response to treatment in patients
with locally advanced rectal cancer (30). Whether there is a
association between GNG4 and drug-sensitivity during the
treatment of patients with LCC remains unclear and requires
more comprehensive analysis.

Mechanistically, forced expression of GNG4 inhibits GBM
cell migration by decreasing the activation of ERK and JNK
via stromal cell-derived factor 1a/C-X-C motif chemokine
receptor 4-dependent chemokine signaling (31). Depletion of
PSMC3-interacting protein represses cell viability and xeno-
graft tumorigenesis of hepatocellular carcinoma (HCC) cells
via upregulation of GNG4 (32). Exogenous GNG4 decreases
cell proliferation in renal cell carcinoma by affecting hypoxic
response signaling pathways (33). These studies suggest the
inhibitory effect of GNG4 on tumorigenesis in GBM, HCC and
renal cell carcinoma. Protein-protein interaction analysis of
different genes in LCC and RCC has demonstrated that GNG4
may be a hub gene at the core of the interaction network (34).
This implies that GNG4 is an important molecular switch in
the development of LCC.

However, further in vitro and in vivo experiments are
required to investigate the biological function of GNG4 in
colorectal cancer. Additionally, the sample volume of Chinese
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patients in the present study was small and limited the analysis
on the clinical significance of GNG4 in patients with LCC and
RCC. Future studies with larger cohorts are needed for verifi-
cation of the findings in the present study.

In summary, high expression levels of GNG4 and genetic
heterogeneity of GNG4 between LCC and RCC were present
in both White and Chinese patients. However, GNG4 was
only associated with the OS of Chinese patients with LCC,
while GNG4 status was associated with the disease stage and
prognosis of LCC in White patients. GNG4 may be a good
prognostic factor for patients with LCC worldwide.
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