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Background: GNG11 (G protein subunit gamma 11) is a member of guanine nucleotide-
binding protein (G protein) gamma family. Few studies elucidated the role of GNGI11 in
human disease, especially in tumors. The present study initially analyzed the function of
GNG11 in ovarian serous cystadenocarcinoma.

Methods: The differential expression of GNG11 mRNA in ovarian cancer and normal tissues
was evaluated through Oncomine, CCLE, Gepia, UCSC Xena and UALCAN databases. The
protein expression of GNG11 was assessed via HPA database. Prognosis analysis was performed
by Kaplan—Meier Plotter. Restrict survival analysis to subtypes including tumor grade, cancer
stage and TP53 mutation status was then carried out. GSEA enrichment analysis was performed
to explore the significant pathways associated with GNG11 in ovarian cancer. Finally, the
upstream miRNAs of GNG11 were predicted by DIANA, Target Scan, miRDB and miRWalk
databases, and the potential key KEGG pathways were subsequently determined by DIANA.
Results: The mRNA expression of GNG11 was down-regulated in ovarian cancer patients
(P<0.05). The cancer stage of patients correlated with the expression of GNG11 (P<0.05).
Survival analysis indicated that GNG11 high expression statistically shortened the overall
survival time of patients (HR=1.26, P=0.0043) compared with low expression group,
especially for the patients with earlier stage (HR=2.48, P=0.035) and lower grade
(HR=1.72, P=0.0016). Subsequently, the consistent upstream miRNA of GNGI11, hsa-miR
-22-5p, was predicted from 4 databases. The differential expression profile of hsa-miR-22-5p
in blood was observed in ovarian cancer patients. According to the GSEA analysis on
GNG11 and KEGG analysis on hsa-miR-22-5p, the consistent pathway of ECM-receptor
interaction was observed (all P<0.01). ECM-receptor interaction pathway and differential
expression of hsa-miR-22-5p in blood suggested the migration risk of ovarian cancer.
Conclusion: High expression of GNGI11 indicated the poor prognosis of ovarian cancer
patients. GNG11 might play a crucial role in the biological process of ovarian serous
cystadenocarcinoma by ECM-receptor interaction pathway, thus affecting the prognosis of
patients.

Keywords: GNG11, ovarian serous cystadenocarcinoma, poor prognosis, ECM-receptor

interaction

Introduction
Ovarian cancer has became one of the most common gynecological malignancies
worldwide. Several risk factors were associated with ovarian cancer occurrence,

such as a family history of ovarian cancer, excess body weight, smoking and not
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giving birth.! Ovarian serous cystadenocarcinoma (OSC),
the most common subtype of ovarian cancer, constituted
60-80% of ovarian epithelial neoplasms.”* TP53 mutation
was closely related to the ovarian serous cancer. Mutation
in the tumor suppressor gene TP53 was an early event in
the development of high-grade serous ovarian cancer.* The
Cancer Genome Atlas has reported that 96% of ovarian
high-grade serous carcinomas have TP53 somatic muta-
tions, suggesting that mutation of this gene was a defining
feature of this neoplasm.” Genetic mutation was only one
of the factors of cancer pathogenesis. Owing to the lack of
effective detection methods or early screening, approxi-
mately 75% of women have an advanced stage of the
disease at diagnosis, which was consequently associated
with a poor clinical outcome® and heavy tumor burden.” In
most countries, the 5-year survival rate of ovarian cancer
was lower than 40%.® Ovarian cancer has ranked first
among gynecologic malignant tumors.” Therefore, it was
urgently necessary to identify effective predictive biomar-
kers and molecular mechanisms involved in the progres-
sion of OSC, which may help find better predictive and
therapeutic targets.

G Protein Subunit Gamma 11 (GNGI1), is a member
of the guanine nucleotide-binding protein (G protein)
gamma family and encodes a lipid-anchored, cell mem-
brane protein. As a member of the heterotrimeric
G protein complex, this protein plays a vital role in the
transmembrane signaling system.'® The diseases closely
associated with GNGI11 included splenic marginal zone
lymphoma.'" Previous study has shown that over-
expression of GNGI11 immediately induced the cellular
senescence in normal human fibroblasts.'? Further study
examined the effect of the expression of GNGI11 on the
growth of immortalized human cell lines, and found that
it suppressed the growth of SUSM-1 cells with induction
of reactive oxygen species and abnormal nuclear
morphology.'® Until now, there was fewer studies eluci-
dating the role of GNG11 in human disease, especially in
tumors, and its function has been largely unidentified.

On the basis of various bioinformatics databases, the
present study comprehensively and objectively analyzed
the role of GNGI11 in ovarian serous cystadenocarcinoma.
We initially revealed the expression distribution, prognos-
tic value, biological function of GNG11 in ovarian cancer,
as well as the prospective pathway involved in ovarian
cancer. In addition, the upstream miRNAs of GNG11 was
predicted and potential regulatory pathway was explored.

Methods

Expression Analysis

We first explored the mRNA expression of GNGI1 in
human cancers and various cancer cell lines through the
Oncomine (https://www.oncomine.org/) and Cancer Cell
Line Encyclopedia (CCLE) databases (https://portals.broad
institute.org/ccle/). The quantitative analysis on mRNA

expression of GNGI11 was also assessed through Gene
Expression Profiling Interactive Analysis (Gepia) (http://

gepia.cancer-pku.cn/), UCSC  (https://xenabrowser.net/)
Xena and Oncomine databases. The filter criteria on
GNGI11 expression was set as follows: Oncomine

(P value<0.01, fold change>2 and gene rank=top 10%),
Gepia (|Log,FC| Cutoff=1, P value Cutoff=0.01). In addi-
tion, the expression of GNG11 based on clinical character-
istics in patients with ovarian serous cystadenocarcinoma
was evaluated via UALCAN database (http://ualcan.path.
uab.edu/). The clinical characteristics included age (2140,
41-60, 61-80, 81-100), tumor grade (1, 2, 3, 4), cancer
stage (L, II, III, IV) and TP53 mutation status (TP53-mutant,
TP53-nonmutant). Subtype descriptions for tumor grade:
grade 1-well differentiated (low grade), grade 2-moderately
differentiated (intermediate grade), grade 3-poorly differen-
tiated (high grade), grade 4-undifferentiated (high grade).
Moreover, the protein expression of GNGI11 in ovarian
cancer and normal tissues with immunohistochemistry was
assessed via the Human Protein Atlas (HPA) database
(https://www.proteinatlas.org/).

Survival Analysis

The association of GNGI11 expression with prognosis of
patients with ovarian serous cystadenocarcinoma was eval-
uated by Kaplan-Meier Plotter (http://kmplot.com/). The
survival in terms of overall survival (OS), progression free

survival (PFS) and post progression survival (PPS) was
analyzed between high and low expression groups. In this
study, all the patients were split by automatically selecting
best cutoff by system. Then, we performed restrict analysis
to subtypes including tumor grade (142 vs 3), cancer stage
(1+2 vs 3+4) and TP53 mutation status (mutated vs wild
type). Another filter conditions were as follows: follow-up
threshold: all, and log-rank P value<0.05 was regarded as
statistically significant difference.

GSEA Analysis

We performed the gene set enrichment analysis (GSEA) to
investigate the potential function of GNGI1 in ovarian
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cancer. To obtain normalized enrichment scores (NES), the
nominal P-value and false discovery rate (FDR) g-value
were determined. The number of gene set permutations for
each analysis was set at 1000, and the phenotype label was
the expression level of GNG11. Gene sets with a nominal
P-value<0.05 and an FDR g-value<0.25 were considered
significantly enriched.

Biological Function Analysis

To elucidate the biological functions of GNG11, we per-
formed Gene Ontology (GO) annotation analysis including
biological process (BP), molecular function (MF) and
cellular component (CC). The co-expressed genes were
firstly explored through LinkedOmics (http://www.linkedo

mics.org/). The filter criteria were as follows: cancer
cohort: TCGA_OV; dataset: TCGA OV (RNAseq); data-
GNG11; TCGA_OV
(RNAseq); statistical method: Pearson correlation test.

set attribute: target dataset:
The co-expressed genes positively and negatively asso-
ciated with GNG11 were presented with volcano plot and
heat map. The identified genes with P value<(0.001 and
FDR<0.001 were selected for the further GO annotation
analysis. In addition, we used GeneMANIA (https://gene
mania.org/) to find other important genes that were related
to GNG11, using a very large set of functional association
data. Association data included protein and genetic inter-
actions, pathways, co-expression, co-localization and pro-
tein domain similarity.

Identification of Upstream miRNAs

In this study, we also predicted the target upstream
miRNAs of GNG11. Four databases including DIANA
(http://diana.imis.athena-innovation.gr/DianaTools/),

Target Scan (http://www.targetscan.org/), miRDB (http://

mirdb.org/) and miRWalk (http://mirwalk.umm.uni-

heidelberg.de/) were used to explore the targeted
miRNAs. The consistent miRNA, namely hsa-miR-22-
5p, among 4 databases was determined by Venn analysis
(http://bioinformatics.psb.ugent.be/webtools/Venn/).

Subsequently, the association of hsa-miR-22-5p expres-
sion with overall survival of ovarian cancer patients was
evaluated through Kaplan-Meier Potter (http://kmplot.
com/). The differential expression profile of hsa-miR
-22-5p was explored via the Database of Differentially
Expressed miRNAs in Human Cancers (dbDEMC)
(https://www.picb.ac.cn/dbDEMC/). Finally, the signifi-
cant biological pathway associated with hsa-miR-22-5p

in ovarian cancer was analyzed by DIANA database.

Results
The Expression Analysis of GNGI |

As shown in Figure 1A, a total of 10 cases indicated the
up-regulation of GNG11 in human cancers and 52 showed
down-regulation. Four researches reported that GNGI11
was down-regulated in ovarian cancer compared with nor-
mal tissue. Figure 1B shows that expression of GNGI11
was relatively higher in ovarian cancer cell among various
human cancer cell lines. Figure 1C-E presented the down-
regulation of GNGI1 in ovarian cancer from different
databases through quantitative analysis.

We then evaluated the association of GNG11 mRNA
expression with the clinical characteristics of patients with
ovarian serous cystadenocarcinoma. The age of patients
did not correlate with the GNG11 expression (Figure 2A).
The cancer stage of patients influenced the expression of
GNG11, and patients in stage III showed higher mRNA
expression than in other stages (Figure 2B). There was no
difference of GNG11 expression in different tumor grade
(Figure 2C). TP53 mutation status was not associated with
the expression of GNG11 as well (Figure 2D).

Figure 3 shows the protein expression of GNGI11 in
normal and cancer tissues. There was no protein expres-
sion detected in normal tissue (id:2380). However, it was
observed that the GNGI1 protein expression differed for
each individual in ovarian cancer. The intensity of GNG11
protein expression appeared negative (id:2724) or moder-
ate (id: 4122) or strong (id:3115) in cancer patients. It
seemed that protein expression of GNGI11 did not corre-
spond with its mRNA expression.

The Association of GNGI | Expression

with Prognosis
We used Kaplan-Meier Plotter database to explore the
influence of GNGI expression on the prognosis of
patients with ovarian cancer. As shown in Figure 4,
high expression of GNG11 shortened the overall survi-
val time of patients compared with low expression
group (HR=1.26, P=0.0043). The median survival time
of patients in high and low expression cohorts was
42.17 and 46.60 months, respectively. However, the
progression free survival and post progression survival
of patients were not affected by the expression level of
GNG11 (all P>0.05).

Due to the significance of GNG11 mRNA expression
on OS of patients, we subsequently performed restrict
survival analysis to subtypes in terms of tumor grade (1
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normal tissues in (C) Gepia (*P<0.05); (D) UCSC Xena; (E) Oncomine.

+2 vs 3), cancer stage (1+2 vs 3+4) and TP53 mutation
status (mutated vs wild type). The survival analysis
regarding grade 4 was missing because the sample num-
ber was too low for meaningful analysis. Survival ana-
lysis indicated that high expression of GNG11 mRNA
caused the shorter overall survival time of patients in
tumor grade (1+2) compared with low expression group
(Figure 5A, HR=1.72, P=0.0016). The survival of
patients in grade 3 was not associated with the expres-
sion level of GNG11 (P=0.055). For patients in stage (1
+2), GNGI11 high expression was not conducive to their
prognosis compared with low expression (Figure 5B,
HR=2.48, P=0.035). But the survival time of patients
in stage (3+4) showed no difference between high and
low expression groups (P=0.031). In addition, TP53
mutation status was not associated with the survival of
patients with ovarian cancer (Figure 5C, all P>0.05).

Enrichment Analysis on GNGI |

We then explored the biological pathogenesis of
GNGI1! in ovarian cancer through GSEA analysis.
According to the screening criteria of normal
P value<0.05 and FDR<0.25, there was no down-
regulated pathways appeared, and 24 up-regulated
pathways were observed under this threshold criterion.
GSEA analysis indicated that 6 significant pathways
Table 1),
Oxidative phosphorylation, Proteasome, Complement

(Figure 6, including Protein export,
and coagulation cascades, ECM receptor interaction
and Primary bile acid biosynthesis, were activated
with GNGI11 high expression. The results suggested
that these biological pathways might play a vital role
in the progression of ovarian cancer.

In order to disclose the biological function of

GNGI11 in ovarian cancer, the co-expressed genes

https:
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Figure 3 The protein expression of GNGI | in normal and ovarian cancer tissues.

closely correlated with GNGI11 in ovarian serous cysta-
denocarcinoma were determined through LinkedOmics.
Figure 7A displays the related co-expressed genes with
GNGI1 via volcano map. Figure 7B presents the top 50
co-expressed genes that were positively and negatively

associated with GNGI11 in ovarian cancer. The

Staining: Not detected

Staining: Low
Intensity: Moderate
Quantity: <25%

Staining: High
Intensity: Strong
Quantity: 75%-25%

associated genes meeting the threshold of P<0.001 and
FDR<0.001 were selected for further GO annotation
analysis. Figure 7C indicates that cellular component
were mainly enriched in membrane, nucleus and mem-
brane-enclosed lumen. The biological processes that
GNGI11 participated in included metabolic process,
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biological regulation and response to stimulus. The Upstream miRNA |dentification of
molecular function of GNG11 were mainly enriched in ~ GNG] |

protein binding, ion binding and nucleic acid binding.

This study also explored the potential upstream miRNAs

Figure 7D presents that SMURF1 was closely associated  of GNG11 from 4 databases. There were 23, 26, 1676 and
with GNGI11.

842 miRNAs predicted in DIANA, miRDB, miRWalk and
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Abbreviation: GSEA, gene set enrichment analysis.

Target Scan databases, respectively. At last, one consistent
miRNA, hsa-miR-22-5p, was screened by venn analysis
(Figure 8A). Kaplan-Meier Plotter analysis indicated that
expression of hsa-miR-22 did not influence the prognosis
of patients with ovarian cancer (Figure 8B). Differential
expression analysis (Figure 8C) on hsa-miR-22 found no
difference between normal and ovarian cancer patients.
However, differential expression profile in blood was
observed in ovarian cancer patients.

The possible significant pathway related with miR-22-
5p was investigated through DIANA database. The results

Table 1 GSEA Analysis on GNGI | in Ovarian Cancer

indicated that hsa-miR-22-5p was significantly associated
with Adherens junction, Proteoglycans in cancer, Lysine
degradation, Estrogen signaling pathway and ECM-

receptor interaction pathways (Table 2).

Expression and Pathway Analysis on
SMURFI

According to the results mentioned above, SMURF1 was
closely related to GNG11. Further study found that mRNA
expression of SMURF1 was higher in normal tissue than

KEGG Name ES NES Nominal p-value FDR g-value
Protein export 0.634032 2.0384740 3.97E-03 0.037414
Oxidative phosphorylation 0.571145 1.9287751 2.55E-02 0.067186
Proteasome 0.558876 1.8173838 5.44E-02 0.123006
Complement and coagulation cascades 0.575297 1.7534364 1.19E-02 0.145108
ECM receptor interaction 0.593909 1.7346296 1.84E-02 0.135957
Primary bile acid biosynthesis 0.605069 1.7007636 8.16E-03 0.155467
Abbreviations: GSEA, gene set enrichment analysis; ES, Enrichment Score; NES, Normalized Enrichment Score; FDR, false discovery rate.
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in ovarian cancer tissue. In addition, the mRNA expression
of SMURF1 was higher than GNGI11 in ovarian cancer,
but lower in normal samples (Figure 9A). Association
analysis showed that SMURF1 mRNA expression did
not correlate with the clinical characteristics of ovarian
cancer patients (Figure 9B, all P>0.05).

According to
P value<0.05 and FDR<0.25, a total of 8 down-regulated
and 83 up-regulated pathways were observed associated

the screening criteria of normal

with SMURF1 in ovarian cancer. GSEA analysis (Figure
10) showed that SMURF1 was positively related to MAPK
signaling pathway, mTOR signaling pathway and ECM
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Figure 8 The upstream miRNAs analysis of GNGII. (A) hsa-miR-22-5p identification by venn analysis. (B) Survival analysis on hsa-miR-22-5p in ovarian serous

cystadenocarcinoma. (C) Differential expression analysis on hsa-miR-22-5p.

receptor interaction pathway, as well as negatively corre-
lated with Oxidative phosphorylation pathway.
Combining the GSEA analysis on GNGII and
SMURF1, as well as KEGG analysis on hsa-miR-22-5p,
the significant pathway of ECM-receptor interaction was
identified consistently. As the upstream of GNGI11, hsa-
miR-22-5p might regulate the expression of GNGI11 via
participating in ECM-receptor interaction pathway. In
addition, GNGI11 acted as the downstream of hsa-miR
-22-5p, might influence the progression of ovarian cancer

Table 2 The KEGG Pathway Analysis on hsa-miR-22-5p

through ECM-receptor interaction pathway. It can be seen
that ECM-receptor interaction pathway might play an
important role in the progression of ovarian cancer. The
detailed information of ECM-receptor interaction pathway
is presented in Figure 11.

Dicussion

GNG11, a key member of G protein, plays a vital role in
transmembrane system. Previous study has demonstrated
the potential role of GNGI11 in cancers. It has been identi-
fied as the hub gene and potential biomarker for lung
adenocarcinoma,10 colon cancer'* and breast cancer.'” In
addition, GNG11 has been demonstrated as a hub gene

Pathway ID KEGG Terms P-value associated with ovarian cancer prognosis (HR=1.30).'°
hsa04520 Adherens junction 7.01E-10 However, the potential function of GNGI1 in ovarian
hsa05205 Proteoglycans in cancer 2.04E-08 serous cystadenocarcinoma has not been elucidated yet.
hsa00310 Lysine degradation 8.69E-04 Hence, the present study initially investigated the potential
hsa04915 Esti ignali th 8.91E-04 . .
s strogen sigha 'T‘g pa Yvay role of GNG11 in ovarian cancer. We assessed the expres-
hsa04512 ECM-receptor interaction 5.08E-03 . o K .
sion distribution of GNGI1 in ovarian serous
International Journal of General Medicine 2021:14 https: 2337
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Figure 10 Enrichment plots of SMURFI from GSEA analysis in ovarian cancer.

cystadenocarcinoma, performed the deeper survival analy-
sis, and explored the significant pathways and biological
functions associated with GNGI11 in ovarian cancer. In
addition, the upstream miRNAs of GNGI11 and potential
regulatory mechanisms were discovered as well.

In this study, we disclosed the down-regulation of
GNGI11 mRNA in ovarian serous cystadenocarcinoma.
Age, tumor grade and TP53 mutation status of patients
were not associated with the GNG11 mRNA expression.
Cancer stage was related with the expression of GNGI11,
and relatively higher expression was observed in grade 3
patients. However, the protein expression of GNGI11 did
not correspond with its mRNA expression, and we specu-
lated that the desynchrony might be attributed to several
reasons. The half-life period is different between mRNA
and protein. The mRNA is easy to degrade and exists in
tissues for a short time, while its properties are relatively
stable after being translated into protein. In addition, after
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finishing transcription, there is post-transcriptional proces-
sing, degradation of transcription product, translation,
post-translation processing and modification. Therefore,
transcription level is not exactly the same as the translation
level, and this regulation differs between different pro-
teins. Our results indicated the difference between tran-
scription and translation level of GNG11, which needed to
be studied further.

The study then predicted the effects of GNG11 expres-
sion on the prognosis of patients. Survival analysis indi-
cated that GNG11 high expression was unfavorable for the
overall survival time of patients with ovarian serous cysta-
denocarcinoma, especially for the subjects in grade (1+2)
and stage (1+2). Clinicopathologic factors associated with
long-term survival in ovarian cancer included younger age
at diagnosis, lower grade, earlier stage, absence of ascites,
primary debulking surgery and microscopic disease after
cytoreductive surgery.'”'® The advanced stage, platinum
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Figure |1 ECM-receptor interaction pathway overview.

resistance, and recurrence might be the negative prognos-
tic factors of ovarian cancer patients.'”?° The present
study also indicated that the survival of patients did not
correlate with the advanced stage (3+4). From another
perspective, GNG11 low expression was conducive to
the patient survival, which reminded us that controlling
the expression of GNGI11 within a relatively low state
might be able to improve the clinical outcome of ovarian
cancer patients.

It should be noted that the expression and prognostic
impacts of GNGI11 varies with different cancer types.
Most of researches associated with GNG11 focused on

the lung cancer-related studies. Down regulation of
GNGI1 was observed in lung cancer, and low expression
of GNGI11 was associated with worse OS for the female
lung cancer patients who never smoked.?! GNGI1 has
been identified as a core gene associated with triple-
negative breast cancer, and was down-regulated in tumor
tissue.’? In addition, GNG11 was also screened as the
most valuable protein involved in cervical cancer with
down-regulation.”® Our study also found the high expres-
sion of GNG11 in some cancers such as kidney cancer and
esophageal cancer. It followed that GNG11 might act as

tumor suppressor gene or an oncogene, and these
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differences were important for revealing pathogenesis of
cancer. However, few studies revealed the expression and
prognosis influence of GNGI11 in human cancers up to
now, and more future researches needed to be done to
investigate the significance of GNGI1 in cancers.

Moreover, we explored the significant pathways asso-
ciated with GNG11 in ovarian cancer. GSEA analysis in
this study indicated that GNG11 mainly participated in the
up-regulated pathways such as oxidative phosphorylation,
complement and coagulation cascades, and ECM receptor
interaction. These pathways could be activated under the
condition of GNGI1 high expression, which might be
closely related with the progression and poor prognosis
of ovarian cancer patients. The upstream miRNA of
GNG11, hsa-miR-22-5p, was determined as well, and
DIANA analysis was used to predict the key KEGG path-
way about hsa-miR-22-5p. The results suggested that hsa-
miR-22-5p was possibly involved in adherens junction,
estrogen signaling pathway and ECM-receptor interaction.
In addition, SMURF1 was closely associated with GNGI11.
GSEA analysis also predicted the positive pathways asso-
ciated with SMURF1 in ovarian cancer, such as ECM
receptor interaction pathway and oxidative phosphoryla-
tion pathway. It followed that ECM-receptor interaction
was the consistent pathway associated with GNGI1, its
upstream and GNG11-related gene.

The regulation of ECM-receptor interaction pathway
was significantly associated with the metastasis of cancers
such as colorectal cancer,”® kidney cancer” and breast
cancer.’® Our results showed that ECM-receptor interac-
tion was enriched in high expression group of GNGI1,
which indicating the migration risk of ovarian cancer. The
dbDEMC analysis indicated that differential expression
profile of hsa-miR-22-5p in blood was observed in ovarian
cancer patients, suggesting that the tumor cells secreted
the hsa-miR-22-5p into blood, and possibly caused the risk
of distant metastasis and absorption by other organs. These
results reminded us that the invasion and migration risk of
ovarian cancer patients with GNGI11 high expression
should not be ignored. Other study has identified the hsa-
miR-22-5p as potential diagnostic biomarkers in gastric
cardia adenocarcinoma.’’” The significance of hsa-miR
-22-5p in the progression of other diseases deserved
further investigation.

The present study initially explored the function of
GNGl11 in ovarian cancer, and provided a novel therapeu-
tic target for the treatment of ovarian cancer. However, we
should concede that there were several imperfections in

this study. The potential difference on GNGI11 protein
expression in ovarian cancer tissues should be confirmed
further. The related pathway about ECM-receptor interac-
tion analyzed in this study needed further investigation in
future work.

Conclusions

Collectively, we adopted the bioinformatic method to com-
prehensively analyze the function of GNGI1 in ovarian
serous cystadenocarcinoma. The results presented here
suggested that GNG11 high expression was unfavorable
for the overall survival of patients with ovarian cancer,
especially for the patients in early stage and lower grade.
Cancer stage was associated with the GNGI11 expression
level. GNG11 might play an important role in the progres-
sion of ovarian serous cystadenocarcinoma through ECM-
receptor interaction pathway. However, further studies
in vitro and in vivo were still needed on the pathogenesis
to validate the role of GNGI11-regulated molecular net-
works in ovarian cancer.
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