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GPSM2 Serves as an Independent Prognostic
Biomarker for Liver Cancer Survival
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Abstract
Background and Objective: Liver cancer is a malignancy with a poor prognosis.G protein signalingmodulator2 is mainly related to
cell division and cell cycle regulation. In this review, the relationship between G protein signalingmodulator 2 andclinical characteristics
of patients with liver cancer has been explored, especially with respect to its prognostic value. Methods: G protein signaling mod-
ulator 2 messenger RNA expression and clinicopathological characteristics of patients with liver cancer were obtained from The
Cancer Genome Atlas. The expression level of G protein signaling modulator 2 RNA-Seq was validated by using Gene Expression
Omnibus. Chi-square test was performed to evaluate the relationship between G protein signaling modulator 2 expression and clinical
characteristics. The threshold value of G protein signaling modulator 2 in the diagnosis of liver cancer was evaluated by a receiver–
operating characteristic curve. Cox regression analysis and Kaplan-Meier curves were performed to evaluate the relationship between
G protein signaling modulator 2 and liver cancer prognosis, which included overall and residual-free survival, and explored the
prognostic value of G protein signaling modulator 2. Liver cancer survival analyses were validated by using the data of G protein
signaling modulator 2 RNA-Seq from the International Cancer Genome Consortium. Results: The expression level of G protein
signaling modulator 2 messenger RNA was remarkably higher in liver cancer than that in healthy tissues (P < 2.2� e�16), which was also
validatedbydata from theGSE14520database. In addition, high G protein signalingmodulator2 expression significantly correlatedwith
histological grade (P ¼ .020), vital status (P < .001), clinical (P ¼ .001), and T stage (P ¼ .001). The receiver–operating characteristic
curves showed G protein signaling modulator 2 to be an advantageous diagnostic molecule for liver cancer (area under curve¼ 0.893).
Furthermore, the results of Cox analysis and Kaplan-Meier curves suggested that the upregulation of G protein signaling modulator 2
expression is linked topoor prognosis andG protein signaling modulator 2 messengerRNA couldbean independentpredictor for liver
cancer, which was validated by data from the International Cancer Genome Consortium database. Conclusions: G protein signaling
modulator 2 messenger RNA was overexpressed in liver cancer, and G protein signaling modulator 2 is an independent prog-
nostic factor. G protein signaling modulator 2 is expected to be a treatment target for cancer.
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Introduction

Liver cancer has become the sixth most common cancer world-

wide, and the fourth cause of globe cancer-related deaths.1

Although there have been some groundbreaking developments

in the detection and treatment of liver carcinoma, the decline in

the mortality rates is still limited.2 Therefore, identifying novel

molecular biomarkers of liver cancer is currently the highest

priority. These molecular biomarkers can be instrumental in the

diagnosis and evaluation of disease prognosis, in addition to

being a key target for new treatment options. Recently, several

studies have explored the application of different molecules in

liver cancer, such as GTSE1, METTL3, immune-related genes,

and so on through open databases.3-5 And our team has con-

stantly been working toward identifying new molecular bio-

markers for liver cancer, and we have successfully identified

a number of molecules with prognostic value through the open

database.6-10

Guanine-nucleotide-binding proteins (G-proteins) are a

class of secondary messengers. As evolutionarily conserved

signaling intermediates, G-proteins can regulate immune

responses, hormone perception, and signal recognition and

transduction.11 G protein signaling modulator 2 (GPSM2)

assists in the exchange of guanine nucleotides, and allows

extracellular signals to be transmitted to cells via cell surface,

and ultimately plays a key role in the activation of G-proteins.

Therefore, GPSM2 is a critical factor for the stability of cell

division.12 Some recent studies have shown that GPSM2 mes-

senger RNA (mRNA) is overexpressed and plays a positive

role in the development of certain tumors, such as liver can-

cer,13 pancreatic cancer,14 breast cancer.15 In addition, GPSM2

also has a strong correlation with the hepatitis B virus infection,

an established cause of liver cancer.13 However, there is limited

systematic research investigating the associations between

GPSM2 mRNA expression and patients’ with liver cancer clin-

icopathological characteristics, diagnosis, and prognosis.

Thus, the present study was designed to retrospectively ana-

lyze the relationship between the expression of GPSM2 mRNA

and clinicopathological characteristics of patients with liver can-

cer. Furthermore, this study aims to probe into the prognostic

value of GPSM2 mRNA expression for overall survival (OS)

and relapse-free survival (RFS) of patients with liver cancer.

Methods

Clinicopathological Features Information Collection

We retrospectively collected GPSM2 RNA-Seq expression

data from the liver carcinoma tissues and healthy liver tissues

from the Cancer Genome Atlas of liver carcinoma database

(https://cancergenome.nih.gov/), along with their basic clinical

and pathological information, including histologic grade, clin-

ical stage, TNM stage, vital status, age and gender. Addition-

ally, GPSM2 RNA-Seq and survival data of liver cancer were

obtained from the Gene Expression Omnibus (https://www.

ncbi.nlm.nih.gov/geo/) and International Cancer Genome Con-

sortium (ICGC) (http://icgc.org/). G protein signaling

Table 1. Clinical Features of Patients With Liver Cancer.

Characteristics Number of patients (%)

Age

NA 1 (0.00)

<55 117 (31.45)

�55 255 (68.55)

Gender

Female 121 (32.44)

Male 252 (67.56)

Histological type

Fibrolamellar carcinoma 3 (0.8)

Hepatocellular carcinoma 363 (97.32)

Hepatocholangiocarcinoma (mixed) 7 (1.88)

Histologic grade

NA 5 (1.34)

G1 55 (14.75)

G2 178 (47.72)

G3 123 (32.98)

G4 12 (3.22)

Stage

NA 24 (6.43)

I 172 (46.11)

II 87 (23.32)

III 85 (22.79)

IV 5 (1.34)

T classification

NA 2 (0.54)

T1 182 (48.79)

T2 95 (25.47)

T3 80 (21.45)

T4 13 (3.49)

TX 1 (0.27)

N classification

NA 1 (0.27)

N0 253 (67.83)

N1 4 (1.07)

NX 115 (30.83)

M classification

M0 267 (71.58)

M1 4 (1.07)

MX 102 (27.35)

Radiation therapy

NA 25 (6.7)

No 340 (91.15)

Yes 8 (2.14)

Residual tumor

NA 7 (1.88)

R0 326 (87.4)

R1 17 (4.56)

R2 1 (0.27)

RX 22 (5.9)

Vital status

Deceased 130 (34.85)

Living 243 (65.15)

Relapse

NA 53 (14.2)

No 179 (48.0)

Yes 141 (37.8)

GPSM2

High 118 (31.64)

Low 255 (68.36)

Abbreviations: GPSM2, G protein signaling modulator 2; NA, not available.
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modulator 2 RNA-Seq expression data were estimated as

log2(xþ1) transformed RNA-Seq by Expectation Maximiza-

tion (RSEM) normalized counts.

Statistical Analyses

All analyses were carried out using the R language, version

3.5.2,16 and nonparametric rank sum tests and t tests revealed

that the GPSM2 mRNA expression differences in different

clinical variables were visualized through the ggplot2 package

and boxplot diagrams.17 Data from GSE14520 database were

used to validate expression level. The diagnostic sensitivity and

specificity of GPSM2 were judged by the receiver–operating

characteristic (ROC) curves. We looked for an optimum thresh-

old value, which was the optic value of GPSM2 expression

determined by pROC package,18 which was used to divide all

samples into high-expression and low-expression groups of

GPSM2. Further, we analyzed the expression differences

between the 2 groups in different clinicopathological variables

by w2 and Fisher exact test. Through Kaplan-Meier curves and

log-rank test analysis, the OS and RFS differences were com-

pared between the 2 groups. The variables related to the prog-

nosis of liver cancer were screened by univariate Cox analysis,

and further evaluated by multivariate Cox analysis to assess the

ability of independent prognostic molecules,19 by calculating

hazard ratios (HRs) and 95% CI. We further performed survival

analysis validation by using data from ICGC.

Results

Clinical Features

Data from a total of 373 patients with liver cancer samples were

collected, which included GPSM2 expression levels and clin-

icopathological features like clinical stage, histological grade,

TNM classification, vital status, residual tumor status, and

Table 2. Relationship Between Clinical Features and Expression of GPSM2 mRNA of Patients With Liver Cancer.a

Clinical characteristic Variable No. of patients

GPSM2 mRNA expression

w2 P valueHigh % Low %

Age <55 117 44 (37.29) 73 (28.74) 2.3485 .125

�55 255 74 (62.71) 181 (71.26)

gender Female 121 40 (33.9) 81 (31.76) 0.0843 .772

Male 252 78 (66.1) 174 (68.24)

Histological type Fibrolamellar carcinoma 3 0 (0) 3 (1.18) 3.503 .189

Hepatocellular carcinoma 363 114 (96.61) 249 (97.65)

Hepatocholangiocarcinoma (Mixed) 7 4 (3.39) 3 (1.18)

Histologic grade G1 55 12 (10.34) 43 (17.06) 9.9168 .020

G2 178 50 (43.1) 128 (50.79)

G3 123 47 (40.52) 76 (30.16)

G4 12 7 (6.03) 5 (1.98)

Stage I 172 38 (35.19) 134 (55.6) 16.2213 .001

II 87 35 (32.41) 52 (21.58)

III 85 35 (32.41) 50 (20.75)

IV 5 0 (0) 5 (2.07)

T classification T1 182 40 (33.9) 142 (56.13) 16.7724 .001

T2 95 40 (33.9) 55 (21.74)

T3 80 33 (27.97) 47 (18.58)

T4 13 5 (4.24) 8 (3.16)

TX 1 0 (0) 1 (0.4)

N classification N0 253 80 (68.38) 173 (67.84) 0.6968 .728

N1 4 2 (1.71) 2 (0.78)

NX 115 35 (29.91) 80 (31.37)

M classification M0 267 85 (72.03) 182 (71.37) 1.8802 .568

M1 4 0 (0) 4 (1.57)

MX 102 33 (27.97) 69 (27.06)

Radiation therapy No 340 111 (98.23) 229 (97.45) 0.0056 .941

Yes 8 2 (1.77) 6 (2.55)

Residual tumor R0 326 100 (85.47) 226 (90.76) 3.2233 .317

R1 17 7 (5.98) 10 (4.02)

R2 1 0 (0) 1 (0.4)

RX 22 10 (8.55) 12 (4.82)

Vital status Deceased 130 57 (48.31) 73 (28.63) 12.9041 <.001

Living 243 61 (51.69) 182 (71.37)

Abbreviations: GPAM2, G protein signaling modulator 2.
aP value in bold represent significant clinical significance (P < .05).
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relapse (Table 1). The expression levels of GPSM2 in 50

healthy liver tissues were used as healthy controls.

G Protein Signaling Modulator 2 mRNA Expression in
Patients With Liver Cancer and Relationship With
Clinicopathological Characteristics

Compared with healthy liver tissues, the GPSM2 mRNA

expression level significantly upregulated in primary liver

cancer tissues (P < 2.2 � e�16; Figure 1). In addition, dead

patients demonstrated higher GPSM2 mRNA expression

levels compared to living patients (P ¼ .0069; Figure 1).

Besides, the high GPSM2 mRNA expression level was sig-

nificantly linked to the clinical stage (P ¼ 4.3 � e�05),

histologic grade (P ¼ .0042), and T stage (P ¼ .00012;

Figure 1) of the cancer. Validation of GSE14520 also

showed that GPSM2 expression increased in patients with

liver cancer (P < 2.2 � e�16; Figure S1).

Figure 1. Expression differences of GPSM2 mRNA in different variables, such as: patient age, gender, survival status, clinical stage, histo-

logical grade and T, N, M classification. GPSM2 indicates G protein signaling modulator 2; mRNA, messenger RNA.
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To further analyze the relationship between GPSM2 mRNA

and clinicopathological variables, all patients were divided into

high-expression and low-expression groups of GPSM2 mRNA.

The common data analysis of w2 tests revealed that high-

expression of GPSM2 group was strongly related to certain

clinical features, like the vital state (P < .001), histological

differentiation grade (P ¼ .020), clinical stage (P ¼ .001), T

classification (P ¼ .001; Table 2). But there was no significant

correlation of GPSM2 mRNA with other clinical features, such

as age, gender, histological type, lymph node metastasis, dis-

tant metastasis, and radiation therapy of patients with liver

cancer.

The Diagnostic Capability of GPSM2 mRNA in Liver
Cancer

The sensitivity and specificity of GPSM2 mRNA were plotted

on a ROC curve. The diagnostic capability of GPSM2 mRNA

was ideal. The area under curve (AUC) was 0.893 (Figure 2).

More importantly, GPSM2 mRNA had better diagnostic ability

in case of stage II (AUC was 0.906) and III (AUC was 0.931) of

patients with liver cancer (Figure 2).

G Protein Signaling Modulator 2 Expression in Patients
With Liver Cancer and Its Relationship With Poor Survival

Kaplan-Meier curves evaluated the association between

GPSM2 mRNA and prognosis of patients with liver cancer,

along with log-rank test. It was found that high GPSM2 mRNA

expression levels significantly correlated with poor OS (P <

.0001; Figure 3). In different clinical feature groups, the com-

parison analysis of OS suggested that patients with high

GPSM2 mRNA expression who were in the groups of histolo-

gic grade G1/G2 (P < .0001), stage I/II (P¼ .0026), III/IV (P¼
.014), male (P < .0001), female (P ¼ .015), younger (P ¼
.0046), older (P ¼ .00025), and hepatocellular carcinoma (P

< .0001) had significantly poor OS (Figure 3; Figure S2). Vali-

dations of survival analysis by ICGC also revealed that GPSM2

high-expression significantly correlates with OS (P ¼ .0015;

Figure S3). Through univariate analysis, GPSM2 mRNA

expression, clinical stage, T classification, and residual tumor

had significant correlations with the OS of patients with liver

cancer, as single variables. Furthermore, multivariate Cox pro-

portional hazards model was used for 4 critical variables that

were examined in the univariate analysis. It was observed that

Figure 2. Diagnostic value of GPSM2 mRNA in patients with liver cancer and different clinical stages of liver cancer by ROC curve. AUC

indicates area under the curve; GPSM2, G protein signaling modulator 2; mRNA, messenger RNA; ROC, receiver–operating characteristic.
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GPSM2 expression level could assist in analyzing the survival

of patients as an important prognostic factor (HR ¼ 1.91, P <

.001), along with T classification (HR ¼ 1.74, P < .001), neo-

plasm residual (HR ¼ 1.39, P ¼ .009; Table 3).

Moreover, patients with high expression of GPSM2 mRNA

had significantly poor RFS (P ¼ .0027; Figure 4), and were

found to have poor RFS in the 5 clinicopathological variables,

including stage I/II (P ¼ .0034), histologic grade G1/G2

(P ¼ .0013), male (P ¼ 3 � e�04), older (P ¼ .01; Figure 4)

and hepatocellular carcinoma (P ¼ .0046; Figure S4). Next,

multivariate Cox analysis indicated that GPSM2 mRNA was an

important independent prognostic factor that could also assist

in the evaluating the prognosis of patients with liver cancer

(HR ¼ 1.42, P ¼ .048), along with T classification (HR ¼
1.62, P < .001), and residual tumor (HR ¼ 1.32, P ¼ .023;

Table 4).

Figure 3. Differences in overall survival between GPSM2—low expression group and GPSM2—high expression group in different variables,

such as stage (including I/II group and III/IV group), histologic grade (including G1/G2 group and G3/G4 group), male, female, younger, and

older patients. GPSM2 indicates G protein signaling modulator 2.
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Discussion

As one of the most fatal cancers worldwide, liver cancer’s

prognosis is still very poor and unsatisfactory due to the lack

of specific early symptoms or effective tumor biomarkers.20,21

Therefore, finding a prognostic tumor marker with high speci-

ficity and sensitivity is one of the most effective ways to assist

liver cancer treatment. This was the first study to discover that

GPSM2 has important implications in the prognosis of liver

carcinoma, and the Cox analysis also demonstrated that

GPSM2 could become an independent prognostic marker,

which can further assist in the development of more effective

treatment options. Furthermore, the overexpression of GPSM2

is significantly related to survival status, differentiation, clin-

ical stage, and T stage of liver cancer.

In past studies, the discussion regarding GPSM2 was pri-

marily focused on hearing impairment. G protein signaling

modulator 2 mutations lead to the autosomal recessive disor-

der, Chudley-McCullough syndrome, which can lead to deaf-

ness caused by GPSM dysfunction.22,23 Previous studies in

cancer focusing on GPSM2 concentrated on the single nucleo-

tide polymorphisms of GPSM2, but no substantial progress was

made.24,25 Recently, the expression of GPSM2 mRNA was

found to be upregulated in certain cancers.13-15 In addition,

high GPSM2 expression correlated with tumor differentiation,

TNM staging, and prognosis of pancreatic cancer.14 These

results are consistent with our findings, but the expression of

GPSM2 mRNA was found to be upregulated in clinical stages

I/II/III and T1/2/3, downregulated in stages IV and T4, and the

AUC value of GPSM2 mRNA diagnosis also showed the same

change, which suggests that the role of GPSM2 may change in

the final stage of liver cancer development and subgroup anal-

ysis is urgently needed to analyze the relationship between

GPSM2 mRNA and liver cancer survival.

G protein signaling modulator 2, also called LGN or AGS5,

is involved in cell division, growth during normal somatic cell

asymmetric mitosis and regulates cell differentiation, espe-

cially cell polarity.26-29 But the functional mechanism of

GPSM2 in cancer has not been thoroughly studied. Some stud-

ies have shown that GPSM2 regulates and is involved in cell

cycle, in addition to promoting tumor cell proliferation.13,16,30

Especially in liver cancer, the expression of GPSM2 was found

to affect the expression of CDK4, CDK6, and cyclinD1, which

may accelerate tumor cell proliferation by promoting cell cycle

progression.13 At the same time, studies have shown that

GPSM2 may also play a role in the pathological process and

proliferation regulation of cancer cells through the activation of

the G protein signal transduction pathway31 and PI3K/AKT

signaling pathway.13 In addition, Zhou et al also showed that

the error in the interaction between GPSM2 and dephosphory-

lated Lats1 results in the randomization of spindle orientation

in the lumen cells, leading to the formation of prostate

tumors.30 G protein signaling modulator 2 has also been proven

to promote the invasion and proliferation of cancer stem cells14

that can cause tumor recurrence and metastasis.32-34 These

cancer-related mechanisms may explain that overexpression

of GPSM2 mRNA was significantly associated with poor his-

topathology, clinical stages, and T classification in liver cancer.

Moreover, patients with high expression of GPSM2 are more

likely to have a poor prognosis, indicating that GPSM2 may

play a role in promoting liver cancer development. These find-

ings also suggest that GPSM2 can be a potential target for

developing targeted therapy.35

G protein signaling modulator 2 mRNA expression strongly

correlated with the prognosis of liver cancer. The patients who

express high GPSM2 mRNA levels had poor OS in all sub-

groups except G3/G4. In addition, GPSM2 mRNA level is a

good indication of the RFS in liver cancer, especially in the

early stage of liver cancer (I/II and G1/G2). G protein signaling

modulator 2 mRNA detection may be instrumental in the

development of optimal individual cancer therapies and preci-

sion medicine. However, He et al were unable to demonstrate

that the expression of GPSM2 mRNA was related to the OS of

patients with liver cancer.13 This could be attributed to the fact

the number of cancer tissues examined by He et al was

Table 3. Analysis of the Relationship Between Overall Survival of Patients With Liver Cancer and Variables.a

Univariate analysis Multivariate analysis

Parameters Hazard ratio 95% CI (lower-upper) P value Hazard ratio 95% CI (lower-upper) P value

Age 1.00 0.69-1.45 .997

Gender 0.80 0.56-1.14 .220

Histological type 0.99 0.27-3.66 .986

Histologic grade 1.04 0.84-1.3 .698

Stage 1.38 1.15-1.66 .001 0.88 0.71-1.1 .272

T classification 1.66 1.39-1.99 <.001 1.74 1.37-2.2 <.001

N classification 0.73 0.51-1.05 .086

M classification 0.72 0.49-1.04 .077

Radiation therapy 0.51 0.26-1.03 .060

Residual tumor 1.42 1.13-1.8 .003 1.39 1.09-1.79 .009

GPSM2 2.24 1.58-3.17 <.001 1.91 1.34-2.72 <.001

Abbreviation: GPSM2, G protein signaling modulator 2.
aP value in bold represents significant clinical significance (P < .05).
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comparatively small (only 32 cases). In addition, the samples

were not randomly selected, lacking representativeness.

Besides, patients were followed up for only 18 months after

hepatic carcinectomy due to their poor compliance. In contrast,

we have more comprehensive data on the prognosis of patients

with liver cancer.

In conclusion, GPSM2 mRNA is closely related to patients

with liver cancer survival and could be an independent

molecular marker that can predict the prognosis of patients

effectively. Since over-expressed GPSM2 can induce the

occurrence of liver cancer and promote cancer progression.13

G protein signaling modulator 2 is expected to become the

potential target for novel therapeutic strategies. However,

some limitations still exist. For example, the unavailability

of some data corresponding to liver cancer samples may lead

to biased results. Thus, we will continue to work toward

Figure 4. Differences in relapse-free survival between GPSM2—low expression group and GPSM2—high expression group in different

variables, such as stage (including I/II group and III/IV group), histologic grade (including G1/G2 group and G3/G4 group), male, female,

younger, and older patients. GPSM2 indicates G protein signaling modulator 2.
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addressing these limitations and build upon the view sup-

ported by this study.
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