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Abstract: Background: Colorectal cancer is the third most common cancer and the fourth leading cause of cancer
deaths. Prognosis is poor. The majority of patients are diagnosed with locally advanced or metastatic disease.
Increasing evidence suggests G protein subunit gamma 5 (GNG5) play key roles in several types of human cancer.
The key gating mechanisms in colorectal cancer remains unkown. Methods: In this study, pan-cancer analyses
have been performed for GNG5’s expression. Prognosis using The Cancer Genome Atlas and The Genotype-Tissue
Expression data found that GNG5 are activated oncogenes in colorectal cancer. Noncoding RNAs play increasingly
appreciated gene-regulatory roles and long noncoding RNAs contributing to GNG5 overexpression. They were iden-
tified by a combination in silico computational analyses. We identified candidate regulators controlling colon car-
cinoma survival analysis and correlation analysis. Results: The SNHG4/DRAIC-let-7¢-5p axis was identified as the
most progressive upstream IncRNA-related pathway of GNG5 in colorectal cancer. The GNG5 level was significantly
negatively correlated with tumor immune cell infiltration, immune cell biomarkers, and immune checkpoint expres-
sion. Conclusions: Our findings elucidated that IncRNAs-mediated downregulation of GNG5 correlated with better
prognosis and tumor immune infiltration in colorectal cancer.

Keywords: Colorectal cancer, prognosis, GNG5, IncRNA

Intruoduction

Colorectal cancer (CRC) is the third most com-
mon cancer and the fourth leading cause of
cancer-related deaths due to distant metasta-
ses [1]. The 5-year overall survival for CRC
patients without metastasis is 80-90%. The
survival rate for patients with metastatic
colorectal cancer is approximately 13% [2].

Postoperative adjuvant chemotherapy is the
main adjuvant therapy for stage II-lll patients.
For locally advanced rectal cancer, the use of
standard mFOLFOX6 regimen (oxaliplatin, cal-
cium folinate, and fluorouracil) during preopera-
tive neoadjuvant radiotherapy can improve the
local response rate and PCR rate. It can improve
the likelihood of radical resection and anal
preservation. It does not improve the long-term

prognosis. Intraperitoneal hyperthermic perfu-
sion (HIPEC) had a certain effect on peritoneal
metastasis of colorectal cancer. HIPEC could
improve the survival of peritoneal metastasis of
colorectal cancer [3]. It is not effective for
patients with more peritoneal metastases and
greater burden of metastatic tumors. For meta-
static colorectal cancer, the advantages and
disadvantages of first-line three-drug chemo-
therapy have been clarified, and high toxicity
and subsequent drug selection difficulties are
the bottleneck restricting three-drug therapy.
There are currently biomarkers resistant to
EGFR therapy such as HER2/MET amplification
and ALK/ROS/NTRKs/RET fusion [4, 5]. NGS
analysis reveals the role of HER2/PI3K/PTEN/
RAS mutations and microsatellite instability
(MSI) detected by PCR for treatment mainte-
nance. To explore effective second-line target-
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ing and immunotherapy schemes, exploring
new effective targets and markers is a way to
find effective treatment. Mechanisms for CRC
metastasis and the therapeutic strategies are
of paramount importance. It remains an urgent
need to develop effective therapeutic targeting
or seek promising prognostic biomarkers in
CRC. The class G protein family is a group of
proteins that plays a key role in cell division,
diferentiation, and metastasis during embryon-
ic development through direct the action of
relevant G protein-coupled receptors [6, 7].
Several studies have found that G-protein fam-
ily members have a strong influence on cancer
progression. GNG7 is a member of the G Protein
family proteins. It promotes renal clear cell car-
cinoma and esophageal cancer tumor progres-
sion through epigenetic silencing gene [8, 9].
The studies demonstrate that GNG4 function
shows a high degree of correlation with liver
cancer and colorectal cancer and is valuable
for disease diagnosis and prognosis [10, 11]. In
gastric cancer cells, GNG11 has shown to pro-
mote adhesion, migration, invasion, and sur-
vival of cancer cells [12]. The G-protein family
contributes to tumor progression and can be
used as biomarkers of disease diagnosis and
treatment for tumors. The evidence has accu-
mulated indicating that G protein family includ-
ing GNG5 are widely expressed and play a role
in tumor growth, invasion, angiogenesis and
metastasis. In the literature, the examples of
studies focusing on describing the role of GNG5
are limited in tumors.

GNGb5 have a significant role in cellular biology,
localizing on human chromosome 1p22. They
have a significant role in cellular biology, local-
izing on human chromosome 1p22. They drive
disease initiation and the progression of many
diseases [13]. It plays an important role in regu-
lating insulin secretion. It is used as a marker of
melanosis coli related with cell apoptosis [14].
GNGb5 encodes a member of G protein. It plays
a key role in the mechanisms regulating G pro-
tein-coupled receptor (GPCR) signalling, involv-
ing cellular internalization and trafficking [15].
Previous studies have shown G-protein could
induce diverse cellular responses including
apoptosis in various cancers, such as murine
colon adenocarcinoma and human melanoma
cells [16, 17]. GNG5 has previously been shown
to play an important role in several cancers,
such as endometrial cancer and invasive ductal
carcinoma of the breast, by regulating the
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secretion of e-cadherin through pathways
including the Wnt signaling pathway [18].

It is widely documented that overexpression of
GNGb5 is associated with poor prognosis in vari-
ous human cancer types, such as glimo and
endometrial cancer. Immune signaling and
immune synapse formation of GNG5 have been
reported to affect various related human dis-
eases. Functional analysis of GNG5 revealed
that GNG5 were highly down regulated trans-
forming growth factor beta (TGF-B) pathway.
GNGb5 are expressed on the immune cells’ sur-
face and can regulate immune signalling and
effector functions [19]. The immunological role
of GNG5 are involved in activation, migration,
proliferation, and cytokine secretion of immune
cells [20]. A report showed that GNG5 partici-
pate in malignant progression of gliomas.
Tumor microenvironment play a critical role in
glioma progression. These are reported to be
related to the immune response process [21].
Regarding to the expression, prognosis, and
mechanism of GNG5 in CRC, we have not wit-
nessed comprehensive investigations. The con-
nection between GNG5 and tumor immune
infiltration in CRC continues to remain undeter-
mined. The purpose of our study was to investi-
gate the role of GNG5 in the prognosis and
immunoinfiltration of colorectal cancer.

Materials and methods
TCGA data process and analysis

The mRNA expression data of 33 cancer types
(ACC, BLCA, BRCA, CESC, CHOL, COAD, DLBC,
ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML,
LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD,
PCPG, PRAD, READ, SARC, SKCM, STAD, TGCT,
THCA, THYM, UCEC, UCS, and UVM) were down-
loaded from TCGA database (https://genome-
cancer.ucsc.edu/). After these data were nor-
malized and differential expression analysis of
GNGb5 was performed using R package limma
and ggplot2 [22]. P value <0.05 was consid-
ered as significant.

Candidate miRNA prediction

For target gene prediction miRNAs of GNG5
were predicted by several target gene predic-
tion programs, consisting of starBase, PITA,
NA22miRmap, microl, miRanda, PicTar, Tar-
getS, canmetascape, and cytoscape. The pre-
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dicted miRNAs that typically appear in more
than two procedures were included in the anal-
ysis. These predicted miRNAs are considered
as candidate miRNAs for GNGb5.

StarBase database analysis

StarBase is an open-source database for inves-
tigating non-coding RNA interactions from CLIP-
seq. We explored miRNA-related studies in the
starBase (http://starbase.sysu.edu.cn/) [23].
Expression correlation analysis were performed
using starBase for miRNA-GNG5, IncRNA-let-
7c-5p or INcRNA-GNG5 in CRC. The expression
level of let-7c-5p in CRC and normal controls
was performed analyzed by starBase. The star-
Base database was used to predict the IncRNAs
whose binding can be altered let-7c-5p.

GEPIA database analysis

Gene Expression Profiling Interactive Analysis
GEPIA (http://gepia.cancer-pku.cn/) is a web-
based tool for cancer and normal gene-expres-
sion profiling and containing high-throughput
RNA sequencing data (TCGA and GTEx databas-
es) [24]. GEPIA was used for determining GNG5
and IncRNA expression in various human can-
cer types. P value <0.05 is considered signifi-
cant. Overall survival studies of common can-
cer types for GNG5 were analyzed by the gene
expression profiling interactive analysis GEPIA.
The prognostic values of candidate IncRNAs
were assessed though GEPIA in CRC. Log rank
p value <0.05 was considered as significant.
The expression correlation of GNG5 with
immune checkpoints in CRC was evaluated
using GEPIA database. |R| >0.1 and P value
<0.05 were set as selection criteria for identify-
ing as significant.

Kaplan-Meier analysis

Xiantao Academic includes the TCGA database.
It utilizes sequencing data and clinical informa-
tion for online analysis. The Kaplan-Meier anal-
ysis of miRNAs in related gene sets were ana-
lyzed using the Xiantao platform (https://www.
xiantao.love/). The survival analysis of let-7C-
5P in CRC was performed using Xiantao plat-
form. Log rank P value <0.05 was considered
significant.

TIMER database analysis

Immune cell infiltration of TCGA primary tumors
were downloaded from the TIMER web ser-
ver (https://cistrome.shinyapps.io/timer/) [25].
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The infiltration estimation results generated by
the TIMER algorithm consist of 6 specific
immune cell subsets, including B cells, CD8+ T
cells, CD4+ T cells, macrophages, neutrophils,
and dendritic cells. We extracted infiltration
estimates to assess the relationship between
GNGb5 expression levels and different immune
cell subsets. The correlation between GNG5
and immune checkpoint expression in colorec-
tal cancer was analyzed using TIMER. P value
<0.05 was considered as significant.

Statistical analysis

The obtained data were analyzed using R soft-
ware (version 4.2.1). The R package included
ggplot2 [3.3.6], stats [4.2.1], and car. According
to the characteristics of the data format, appro-
priate statistical methods were selected for
statistics (stats package and car package). A
survival package was used to test the propor-
tional risk hypothesis. Fitted survival regres-
sion and the ggplot2 package was used for
data visualization. The results are presented as
the median and 95% confidence interval (Cl).
We used Kaplan-Meier curve by R software. Chi
square and Logrank test were used for statisti-
cal analyses. The statistical significance was
established at P<0.05. P<0.05 was considered
as statistically difference.

Results
Pan-cancer analysis of GNG5 expression

To explore the role of GNG5 in CRC, we ana-
lyzed its expression in several human cancers.
Compared with normal samples, we found that
GNG5 was upregulated in 9 cancer types,
including BRCA, COAD, CHOL, ESCA, GBM,
READ, KIRP, PRAD, and LIHC, and was signifi-
cantly downregulated in 3 cancer types, involv-
ing KICH, KIRC, and LUAD (Figure 1). We vali-
dated the expression of GNG5 in these cancer
types using GEPIA database. To investigate the
possible role of GNG5 in CRC, based on the
Human Protein Atlas (HPA) database, we found
that GNG5 was overexpressed in CRC tissues.
Thdy were downexpressed in normal colon tis-
sue by immunohistochemistry (IHC) staining
obtained from the HPA (Figure 2A and 2B).

The prognostic values of GNG5 in various
cancer types

The overall survival analysis for GNG5 in BRCA
(A), CHOL (B), LIHC (C), KIRC (D), KIRP (E), COAD
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cated a better prognosis, but LIHC patients
with higher expression of GNG5 had an unfa-
vorable prognosis (Figure 3). The difference

based on TCGA cancer and normal data (B-M). GNG5 expression in TCGA, BRCA (B), COAD (C), CHOL (D), ESCA (E),
KICH (F), KIRP (G), KIRC (H), LUAD (l), PRAD (J), LIHC (K), GBM (L), and READ (M) tissues compared with correspond-
ing TCGA and GTEx normal tissues. “p value <0.05; “*p value <0.01; ""*p value <0.001.

Figure 1. Expression analysis for GNG5 in multiple cancers (A). The expression of GNG5 in Pan-cancer analysis

(F), LUAD (G), GBM (H), KICH (I), PRAD (J), ESCA
(K), and READ (L) was conducted. The results
showed high expression of GNG5 in COAD indi-
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Figure 2. (A) Normal tissue and (B) tumor tissue by immunohistochemistry
(IHC) staining 200x.

was not significant of GNG5 for predicting prog-
nosis of patients in cancer types. Analysis of
disease-free survival (RFS) of GNG5 deter-
mined by the GEPIA database in various human
cancers showed no significant difference in
RFS in colorectal cancer (Figure 4). GNG5 is uti-
lized for the development of improved prognos-
tic biomarkers in CRC patients.

Analysis of predicted upstream miRNAs of
GNG5

It is widely acknowledged that ncRNAs are
responsible for genes regulating expression. To
examine how the modulation of some ncRNA
would impact GNG5, we explored the predicted
upstream miRNAs that could bind to GNG5 and
found 20 miRNAs clusters. To improve visual-
ization of the image, we modularized miRNA-
GNGDb5 into regulatory network using cytoscape
software (Figure 5A). As shown in Figure 5B,
let-7C-5p expression was down-regulated in
colon cancer, and high let-7C-5p expression
was negatively correlated with patient progno-
sis (Figure 5C). Together, the mechanisms of
miRNA-based gene regulation of the expres-
sion of target genes, negative correlation was
found between miRNA and GNG5. We per-
formed a correlation analysis based on the
expression status. As listed in Table 1, GNG5
was significantly negatively correlated with let-
7c-5p in CRC. There were no statistical expres-
sion relationships between GNG5 and the 19
predicted miRNAs. The expression and prog-
nostic value of let-7c-5p in CRC were deter-
mined. An analysis of predicted miRNAs’ tar-
gets showed that these genes were primarily
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involved in protein binding,
cell adhesion, and cancer
metastasis.

Prediction and analysis of up-
stream IncRNAs of let-7¢-5p

StarBase database was us-
ed to predict the upstream
IncRNA of let-7C-5P. A total of
17 possible IncRNAs were
identified by IncRNA-let-7C-5p
regulatory correlation analy-
sis. We determined the ex-
pression levels of these Inc-
RNAs in CRC using GEPIA. As
shown in Figure 6A, 6B, among all the 17
IncRNAs, only SNHG4 and DRAIC were signifi-
cantly upregulated in CRC compared with nor-
mal controls. We assessed the prognostic
value of the four IncRNAs in CRC. As suggested
in Figure 6C, 6D, higher DRAIC expression
was associated with higher overall survival (OS)
of CRC patients at 5 years (P = 0.02).
Overexpressed SNHG4 indicated high OS of
patients with CRC (P = 0.08). According to the
Competing Endogenous RNA (ceRNA) hypothe-
sis, two IncRNAs are correlated with LET-7C-5P
or GNG5 in CRC. This was detected by starBase
database, listed in Table 2. Survival analysis
showed a correlation between DRAIC/SNHG4
expression and overall survival (0S) in CRC,
DRAIC can be the most successful upstream
IncRNAs of let-7¢c-5p/GNG5 axis in CRC.

GNG5 was positively correlated with immune
cell infiltration in CRC

GNGb5 has an immunoglobulin domain and the
immune system plays a crucial role in the pro-
gression of colorectal cancer. As shown in
Figure 7A, we observed significant differences
immune cell infiltration immune cell infiltration
level under various copy numbers of GNG5 in
CRC. Analysis of GNG5 could yield clues to
studying correlation of the function and mecha-
nism. The correlation level of immune cell infil-
tration with the GNG5 expression was evaluat-
ed. As presented in Figure 7B, 7C, The
expression of GNG5 in CRC was positively cor-
related with B cells, CD8+ T cells, neutrophils,
and dendritic cells, especially with B cells and
CD8+ T cells.

Int J Clin Exp Pathol 2023;16(6):108-123



Percent survival

Percent survival

Percent survival

Percent survival

0.4 06 08 1.0

0.2

0.0

10

0.8

06

04

02

00

02 04 0.6 0.8

0.0

0z 04 06 0.8

0.0

GNG5 mediated by long non-coding RNA and prognosis in colorectal cancer

Overall Survival B C

Overall Survival Overall Survival
1 — Low GNGS TPM - o
— High GNG5 TPM 24 = Low GNGS TPM - — LowGNGS TeN
Logrank p=0.24 — High GNG5 TPM igh GNGS5
HR(high}=0.83 Logrank p=0.88 Logrank p=0.0011
T PIHR)=0.24 @ | HR(high)=1.1 = | HR(high)=2.2
n{high)=535 = PHR)=0.89 ° Dl“:rigrm:
— ik = =
n(low)=535 g “r('(lgn';g i . n(low)=81
: s £ 2
E
= b
i 5 o =
g2 5 3 i
o o
B 2
- o _ Q
a (=3
T T T T T T T T T T T T T T T T
0 50 100 150 200 250 0 10 20 30 40 50 80 0 20 40 6 80 100 120
Months Months Months
Overall Survival E Overall Survival F Qverall Survival
1 — Low GNGS TPM o [
—— High GNG5 TPM 2 — Low GNGS TPM = Tai i aNGETPM,
Logrank p=0.83 —— High GNG5 TPM . igh GNG:
HR(high)=1 Logrank p=0.41 Logrank p=0.013
p(HR)=0.83 @ HR{high)=1.3 =4 ”:‘:3;’;%‘:2
s !
high)=1 p(HR)=0.41 0
nr[wu‘gwn); gg T n(high)=141 ® nihigh}=68
. 2 : 2z, nilow)=68
i o | Thial >
g3 g s
w w
£ €
- @ =
83 ]
& &
4 o o
B B
= | <
e =
T T T T T T T T T T T
0 20 40 60 80 100 120 0 50 100 150 200 0 20 40 60 B0 100 120 140
Months Months Months
Qverall Survival H Overall Survival I Overall Survival
T Low GG TEM 2 — Low GNGS TPM 2 = Low GNGS TPM
— High GNG5 TPM — High GNGS TPM — High GNGS TPM
Logrank p=0.43 . Logrank p=0.53 Logrank p=0.5¢
] HR(high)=1.1 o 5, HR(high}=0.85 © .7
p(HR)=0.44 S p(HR)=0.53 ° =0.5¢
n{high)=239 = ninigh)=41 = nihigh)=16
nllow)=239 2 © nflow)=41 £ - nllow)=16
7 g =] c o
@ 7
=3 - ‘uE:
- 5 b E ;
@
& &
i ~ o
S T o 4
=] o
= (=3
T T T T T T T T T T
0 50 100 150 200 250 0 10 20 30 40 5 60 70 0 50 100 150
Months Months Months
K . Overall Survival
i Overall Survival L
Qverall Survival o o ep—— 2 — ','ﬁ’, %’ﬁ%ﬂ?},‘q
1 o= Lot GNGS TPM - p— - — Higl
Wn@ GNGS5 TPM ) - HL%Z;-S:‘I;G:-E:! Logrank p=0.22
: iy » 3 HR{high)=1.2 2 - s
pHR)=0.38 Sl p(HR}=0.47 _ A nrEs
| nihigh=2a8 E ninighy=81 2 nllow)=23
nlow)=246 -g © n(law)=91 s e
] - -
—t 3 ]
=3 5 <
4 83 - 84
& 4
o~ ~N
o 7 =3
J o | o
= s
T T T T T T T T T T
0 50 100 150 o 20 40 60 80 100 120 (4] 20 40 60 80 100 120
Months Months Months

Figure 3. The overall survival (0S) analysis for GNG5 in various human cancers determined by GEPIA database. (A-
L) The OS plot of GNG5 in BRCA (A), CHOL (B), LIHC (C), KIRC (D), KIRP (E), COAD (F), LUAD (G), GBM (H), KICH (I),
PRAD (J), ESCA (K), and READ (L).

Correlation between GNG5 and expression of and correlations between the expression of
immune cell markers in CRC any biomarkers of immune cells in CRC using

GEPIA database. As listed in Table 2, GNG5
We explored the roles of GNG5 in tumor was negatively correlated with CD4+ T cell bio-
immune. We analyzed the expression of GNG5 marker (CD4), M2 macrophage biomarker
113 Int J Clin Exp Pathol 2023;16(6):108-123
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Figure 4. The disease-free survival (RFS) analysis for GNG5 in various human cancers determined by GEPIA data-
base. (A-L) The RFS plot of GNG5 in CHOL (A), LIHC (B), BRCA (C), KIRC (D), KIRP (E), READ (F), GBM (G), KICH (H),

PRAD (1), COAD (J), ESCA (K), and LUAD (L).

(CD163, VSIG4, MS4A4A), neutrophil biomark-
er (ITGAM), dendritic cell biomarker (NRP1,
ITGAX) in CRC. These results suggest that
GNGb5 are involved in the down-regulation of
immune cells.
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Relationship between GNG5 and immune
checkpoint in CRC

PD1/PD-L1 and CTLA-4 are important immune
checkpoints that play a pivotal role in tumor

Int J Clin Exp Pathol 2023;16(6):108-123
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Table 1. The expression correlation between predicted mRNA, miRNAs, and LncRNA in CRC analyzed
by starBase database

mRNA miRNA R value P value
GNG5 hsa-let-7¢c-5p -0.173 2.31e4
LncRNA miRNA R value P value
DRAIC hsa-let-7¢c-5p -0.107 2.36E-02
SNHG4 hsa-let-7¢c-5p -0.1 3.45E-02
LncRNA mMRNA R value P value
SNHG4 GNG5H 0.18 0.00012
DRAIC GNG5 0.131 4.44e-3
A SNHG4 B 6- DRAIC
| | l "
5 -
41 4
ey &) T
z 3
G- oo
BE 34 B
58 S8
0~ wi_
88 g8
gﬂ 24 gB 2 T
£ g
, P
0 -
o 1 .
Norlmal Turlnor Norlmal Turlrlor
C SNHG4 D DRAIC
1.0 4 101
0.8 0.8
= 2
E 06 - E 06 1
o e
(=% =%
B 3
Z 04 Z 04
@ @
.
0.24 . 0.2
Overall Survival ‘ oOverall Survival 7777
HR = 0.64 (0.39-1.05) HR = 0.56 (0.35-0.91)
004 P=008 004 P=002
6 5'0 160 1I50 6 5I() 160
Time (months) Time (months)

Figure 6. Expression analysis and survival analysis of let-7¢c-5p upstream IncRNA in CRC. (A, B) The expression of
SNHG4 (A), DRAIC (B) in TCGA CRC compared with “TCGA normal” or “TCGA and GTEx normal” data. (C, D) The OS
analysis for SNHG4 (C), DRAIC (D) in CRC.

immune escape. Considering their important standing the relationship of GNG5 with PD1,
oncogenic role, we were interested in under- PD-L1, or CTLA-4 in CRC. As suggested in
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Table 2. Correlation analysis between GNG5
and immune cell biomarkers in CRC detected

by GEPIA database
Immune cell Biomarker Rvalue Pvalue
B cell CD19 -0.15 0.012
CD79A -0.17 0.0039
CD8 T cell CD8A -0.11 0.062
CcD8B -0.052 0.39
CDA4 T cell CD4 -0.15 0.011
M1 macrophage NOS2 0.11 0.081
IRF5 -0.11 0.066

PTGS2  0.0068 0.91
M2 macrophage CD163 -0.2 0.00089

VSIG4 -0.17 0.0037

MS4A4A -0.2 0.00064

Neutrophil CEACAM8  0.16 0.0096
ITGAM -0.2 0.00086
CCR7 -0.12 0.055

Dentritic cell HLA-DPB1 -0.11 0.075

HLA-DQB1 -0.021 0.73

HLA-DRA  -0.043 0.48

HLA-DPA1 -0.067 0.27
CDiC -0.087 0.15
NRP1 -0.17 0.0037
ITGAX -0.2 7E-04

Figure 8A, 8C, 8E, GNG5 expression was sig-
nificantly negatively correlated with PD1 and
CTLA-4 in CRC. This was adjusted by purity. We
found a significant negative correlation of GNG5
with PD1 or CTLA-4 in CRC (Figure 8B, 8D, 8F).
These findings are consistent with the results
demonstrating that tumor immune escape can
be involved in GNG5 mediated carcinogenesis
of CRC.

Discussion

Colorectal cancer (CRC) is the third most com-
mon cancer and the fourth most common
cause of cancer-related death due to distant
metastasis. GNG5 is associated with a poor or
better prognosis in a variety of human cancers,
including CRC. Varying elucidated mechanisms
in CRC carcinogenesis provide unexpected
clues toward the prevention and promising
prognostic biomarker and effective therapeutic
target for CRC. There is increasing evidence
that GNG5 plays a key role in the initiation and
development of many human cancers, includ-
ing CRC. The role of GNG5 in CRC carcinogene-
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sis remains insufficient and needs more study.
In this study, we used The Cancer Genome
Atlas (TCGA) data to conduct pan-cancer analy-
sis of GNG5 expression. This assisted in verify-
ing GNG5 expression through GEPIA database.
Our survival analysis for GNG5 in TCGA datas-
ets indicated that CRC patients with high
expression of GNG5 had a better prognosis.
G-proteins are composed of three subunits «,
B, and y subunits, known as GTP binding pro-
teins. These play essential roles of signal trans-
duction in response to a wide variety of hor-
mones and neurotransmitters that cross
membranes and trigger physiological and bio-
chemical reactions defined within the cells [26,
27]. G-proteins regulate the fundamental pro-
cesses of life including cell metabolism, secre-
tion, growth, proliferation, differentiation, path-
ological changes, and cell death [7]. GNG5 is a
subunit of g protein that is involved in promot-
ing the proliferation and migration of cancer
cells [28]. It is explored more often in cancer
therapies. GNG5 have recently emerged as key
regulators of vasculogenesis, angiogenesis,
and tumorigenesis. Our results showed GNG5
playing as an oncogenic role in CRC.

It has been reported that ncRNAs including
mMiRNAs, IncRNAs and circRNAs are involved in
regulating gene expression through the mecha-
nism of ceRNA [29-33]. To explore upstream
regulatory miRNAs of GNG5, we introduced two
predictive programs, including miRmap and
TargetScan, to predict miRNAs that bind to
GNGb5. We ended up with 20 miRNAs. Most of
these miRNAs have been found in CRC as
tumor suppressor miRNAs. For example, the
increase of exosomal let-7¢c-5p extracted from
the plasma of colorectal cancer patients was
more significant when the prognostic indicators
of cancer stage, recurrence, venous invasion,
and lymphatic invasion were poor [34]. Through
correlation analysis, expression analysis, and
survival analysis, we selected let-7¢c-5p as the
most promising upstream tumor suppressor
miRNA of GNG5. Previous studies have shown
that let-7c-5p plays an inhibitory role in regulat-
ing the proliferation and migration of CRC. The
mMiRNAs regulating target gene expression
based on endogenous RNA were negatively cor-
related with GNG5. The let-7C-5p expression
was down-regulated in colon cancer. High let-
7C-5p expression was negatively correlated
with patient prognosis. All these findings sug-
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Figure 7. Relationship between immune cell infiltration and GNG5 level in colorectal cancer. A. Infiltration levels of
different immune cells with different copy numbers of GNG5 in CRC. B. The correlation of GNG5 expression level
with B cell, CD8+ T cell, CD4+ T cell infiltration level in CRC. C. The correlation of GNG5 expression level with mac-
rophage, neutrophil, or dendriticcell infiltration level in CRC.

gested that let-7C-5P is the most potential
miRNA regulating GNG5 in colon cancer.

The ceRNA hypothesis would imply the poten-
tial IncRNAs of let-7¢c-5p/GNG5 axis should be
oncogenic IncRNAs in CRC [35]. We predicted
upstream IncRNA of let-7¢c-5p/GNG5 axis and
53 possible IncRNAs were found. Through
expression analysis, survival analysis and cor-
relation analysis, SNHG4, and DRAIC were
identified as the two most likely up-regulated
IncRNAs. The IncRNA-SNHG4 has been report-
ed to function as an oncogene in a variety of
malignancies, including CRC. LncRNA-SNHG4
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regulates colorectal cancer cell cycle and cell
proliferation and upregulation of MET promote
CRC cell proliferation, aggregation, formation,
invasion, and immune escape of CRC cells,
leading to the progression of CRC [36, 37].
DRAIC is a 1.7 kb long transcript comprising
five exons. These were located in in the cyto-
plasm and have been shown to inhibit invasion.
Low expression of DRAIC was associated with
poor patient survival in prostate cancers [38].
Low levels of DRAIC are predictors of poor prog-
nosis in several malignancies such as bladder
cancer, hepatocellular carcinoma, glioma, lung
adenocarcinoma, renal clear cell carcinoma,
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Figure 8. Correlation between GNG5 expression and PD-1, PD-L1 and CTLA-4 expression in CRC. A. Correlation of
the expression between GNG5 and PD-1 in CRC using TIMER. B. Spearman correlation of GNG5 with expression of
PD-1 in CRC adjusted by purity using TIMER. C. Correlation of the expression between GNG5 and PD-L1 in CRC using
TIMER. D. The expression correlation of GNG5 with PD-L1 in CRC adjusted by purity using TIMER. E. Correlation of
the expression between GNG5 and CTLA-4 in CRC using TIMER. F. The expression correlation of GNG5 with CTLA-4

in CRC adjusted by purity using TIMER.

SNHG4

tumor immune infiltration
colon —— ) 00N carcinoma

Figure 9. The model of SNHG4/DRAIC-let-7¢c-5p-GNG5 axis in carcinogenesis of CRC.

and gastric adenocarcinoma. The nuclear
factor-kB (NF-kB) is a mastersignal transduc-
tion pathway regulating inflammation in differ-
ent cancers including CRC [39]. The NF-kB
pathway has been shown to stimulate soft agar
colony formation in breast, melanoma, colon,
and bone cancers. DRAIC inhibits cancer cell
migration and invasion [38, 40]. These studies,
taken together, SNHG4/DRAIC/let-7c-5p/GNG5
axis were identified as potential regulatory
pathways in CRC.

Several studies have confirmed that tumor
immune cell infiltration can affect the efficacy
of chemotherapy, radiotherapy, or immunother-
apy, and affect the treatment outcome of
patients. Along these lines, our work suggests
GNG5 correlated with immune cells, CD4+ T
cell, macrophage, neutrophil, and dendritic cell
were significantly negatively correlated in CRC.
In the current study we explored, GNG5 was sig-
nificantly positively correlated with these bio-
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markers infiltrating immune cells. Such an
effect could partially account for GNGb5-
mediated oncogenic roles by tumor immune
infiltration in CRC.

Optimal immunotherapy requires adequate
infiltration of immune cells into the tumor
microenvironment. It depends on the expres-
sion level of immune checkpoints [41]. In this
study, we evaluated the relationship between
GNGb5 and immune checkpoints. The results of
this study demonstrate the high expression of
GNG5 have been strongly linked to PD1, CTLA-
4 in CRC. Our study suggested that GNG5
reduced the efficacy of immunotherapy for
colorectal cancer.

Conclusions

GNG5 was highly expressed in diverse cancer
types and showed a positive association with
better prognosis in CRC. Targeting endothelial
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cells and different members of the GNG5 family
of tumor cells is a promising therapeutic
approach to prevent tumor angiogenesis,
growth, and metastasis. Based on our results,
we analyzed and identified the upstream regu-
lation mechanism of GNG5 associated with
SNHG4/DralC-let-7C-5P axis in CRC. We believe
that SNHG4/DrAIC-let-7C-5P-GNG5 axis play an
important role in the occurrence and develop-
ment of colon cancer (Figure 9). Our current
findings support that finding and indicate that
GNG5 lead to oncogenic through reducing
expression of immune checkpoint and immune
cell infiltration. These results provided a con-
structive groundwork for the assessment of
immunetherapies in future clinical trials of CRC.
These clinical uses need to be validated by
large clinical trials.
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