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Abstract

Background and Objective: Liver cancer is a malignancy with a poor prognosis. G protein signaling modulator 2 is mainly related to
cell division and cell cycle regulation. In this review, the relationship between G protein signaling modulator 2 and clinical 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 x e~ '®), which was also
validated by data from the GSE 14520 database. In addition, high G protein signaling modulator 2 expression significantly correlated with
histological grade (P = .020), vital status (P <.001), clinical (P = .001), and T stage (P = .001). The receiver—operating characteristic
curves showed G protein signaling modulator 2 to be an advantageous diagnostic molecule for liver cancer (area under curve = 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 to poor prognosis and G protein signaling modulator 2 messenger RNA could be an independent predictor 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.’
Although there have been some groundbreaking developments
in the detection and treatment of liver carcinoma, the decline in
the mortality rates is still limited.? 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.>™ 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.®"”

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.!' 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.'* 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-
c:er,13 pancreatic cancer,14 breast cancer.'> In addition, GPSM2
also has a strong correlation with the hepatitis B virus infection,
an established cause of liver cancer.'®> 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)
Gl 55 (14.75)
G2 178 (47.72)
G3 123 (32.98)
G4 12 (3.22)
Stage
NA 24 (6.43)
I 172 (46.11)
I 87 (23.32)
1 85 (22.79)
v 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)
X 1(0.27)
N classification
NA 1(0.27)
NO 253 (67.83)
NI 4 (1.07)
NX 115 (30.83)
M classification
MO 267 (71.58)
Ml 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)
RO 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.


&lpar;https://cancergenome.nih.gov
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
&lpar;http://icgc.org
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Table 2. Relationship Between Clinical Features and Expression of GPSM2 mRNA of Patients With Liver Cancer.?
GPSM2 mRNA expression

Clinical characteristic =~ Variable No. of patients  High % Low % x> P value

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 172
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 Gl 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
I 87 35 (3241) 52 (21.58)

I 85 35 (3241 50  (20.75)
v 5 0 0) 5 (2.07)

T classification T1 182 40 (339 142 (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 NO 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 MO 267 85  (72.03) 182 (71.37) 1.8802 .568
Ml 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 RO 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.
P value in bold represent significant clinical significance (P < .05).

modulator 2 RNA-Seq expression data were estimated as
log2(x+1) 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,'° and nonparametric rank sum tests and ¢ tests revealed
that the GPSM2 mRNA expression differences in different
clinical variables were visualized through the ggplot2 package
and boxplot diagrams.'” 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,'® 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 % 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,'® 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
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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.

relapse (Table 1). The expression levels of GPSM2 in 50 cancer tissues (P < 2.2 x e ' Figure 1). In addition, dead
healthy liver tissues were used as healthy controls. patients demonstrated higher GPSM2 mRNA expression
levels compared to living patients (P = .0069; Figure 1).
G Protein Signaling Modulator 2 mRNA Expression in Besides, the high GPSM2 mRNA expression level Wasfoisg'
Patients With Liver Cancer and Relationship With n%ﬁcanﬂ.y linked to the clinical stage (P = 4.3 x ¢ )f
. ) o histologic grade (P = .0042), and T stage (P = .00012;
Clinicopathological Characteristics Figure 1) of the cancer. Validation of GSE14520 also
Compared with healthy liver tissues, the GPSM2 mRNA showed that GPSM2 expression increased in patients with
expression level significantly upregulated in primary liver liver cancer (P < 2.2 x e '®; Figure SI).
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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.

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 > 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 = .020), clinical stage (P = .001), T
classification (P = .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 IT (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/I1 (P = .0026), I/IV (P =
.014), male (P < .0001), female (P = .015), younger (P =
.0046), older (P = .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 = .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



Technology in Cancer Research & Treatment

BN w

necensor

Survival probability

Qverall survival group by GPSM2 in all tumors

Strala == GPSM2-high == GPSM2-low

T | Ty

Time in years

‘Overall survival group by GPSM2 in stage G1/G2

Strala W GPsMI-nign = GRSMZeiow

‘Overall survival group by GPSM2 in stage I/l

ncensor

tmuntbomiath ) 11

Slrala == GPSM2-high == GPSM2-low

10
Time in years

Qverall survival group by GPSM2 in stage G3/G4

Survival probability
=

Sirala == GPSMI-nigh = GRSM2=low

1

ncensor

[]

Survival probability
a
@

Strata == GPSM2-high == GPSM2-iow

TR

Time in years

Overall survival group by GPSM2 in MALE

Strata = GPSM2enign == GPSMZeiow

Overall survival group by GPSM2 in stage IV

Fy £ 'y
g ors g 075 g 075
B 0.0 & 050 a 080
] ]
2 s 2 g e
@ @ @
0.00= - * .00 d r i > - 0pas
o 25 5 75 10 0 25 5 75 10 5
Time in years Time in years Time in years
Number at risk Number at risk MNumber at risk
® aPsM2-highs 115 25 i 1 1 apsMz-highs 71 18 5 o 0 ® GPsMa-highs 34 5 2 1 1
O GPSM2=ows 252 85 35 T 1} o GPsM=iows 185 64 29 6 0 @ GPSMIslons 53 16 5 “} 0
. . . . . . . . . . . . . .
0 25 5 75 10 0 25 5 75 10 0 25 5 75 10
Time in years Time in years Time in years
Number of censoring Number of censering Number of censoring

p=01
i " - . . . 010, = 0 . . . Lol ) " .
] 25 5 75 10 0 25 5 75 10 0 25 5 75 10
Time in years Time in years Time in years
Number at risk Number at risk MNumber at risk
8 crsuzehighs G1 11 4 o 1 g GPSM2shighs 52 12 2 0 0 & cPsuastighs 76 14 6 1 1
cPsMasows 170 57 26 4 0 GPEMzsiows 19 27 9 3 0 GPSMa=lows 172 53 22 2 0
] 25 5 75 10 d 75 H 75 10 i 25 & 75 10
Time in years Time in years Time in years
Number of censoring Number of censoring Number of censoring
. 26 = 2 = kD
: e Llh £ II* "l
. hlﬁlllll]ll]lllillh | I R B (11| (011 1R - S hﬁllll 0 1{1L o
0 25 5 75 10 0 25 5 75 10 o 25 5 75 10
Time in years Time in years Time in years
Overall survival group by GPSM2 in FEMALE Overall survival group by GPSM2 in younger Overall survival group by GPSM2 in older
Strala = GPSMIshigh = GPSM2siow Sirata e GPSM2shigh whe GPSMIsiow Strata e GPSM2shigh = GPSMZsiow
F4 £ g
g % g
2 g 2
H 2 e
@ 3 a
] 25 § 75 10 i 25 g 75 10
Time in years Time in years Time in years
Number at risk Number at risk Number at risk
GPSM2stigh= 30 1 1 0 0 4§ cPsM2=highs 42 a8 2 1 1 GPsM2=highs 73 17 5 0 0
B crsMz-ons 80 32 13 5 1} B crsmzmions 72 27 11 2 0 B crsMz-ons 180 58 24 5 1]
] 2% 3 s 10 1] 2’5 H 75 10 ] 2’5 H 75 10
Time in years Time in years Time in years
Number of censoring Number of censoring Number of censoring
§ " 5 2 5 2
: Poocnmmgemweney o)y ¥ mELngame | ol
= o= o s L - . % e o . Ji. SR L, e 0. 1 e &
0 25 5 75 10 0 25 5 75 10 0 25 5 75 10
Time in years Time in years Time in years

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.

(P = .0013), male (P = 3 x e~ ™), older (P = .01; Figure 4)
and hepatocellular carcinoma (P = .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 = 1.42, P = .048), along with T classification (HR =
1.62, P < .001), and residual tumor (HR = 1.32, P = .023;
Table 4).

GPSM2 expression level could assist in analyzing the survival
of patients as an important prognostic factor (HR = 1.91, P <
.001), along with T classification (HR = 1.74, P <.001), neo-
plasm residual (HR = 1.39, P = .009; Table 3).

Moreover, patients with high expression of GPSM2 mRNA
had significantly poor RFS (P = .0027; Figure 4), and were
found to have poor RFS in the 5 clinicopathological variables,
including stage I/II (P = .0034), histologic grade G1/G2
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Table 3. Analysis of the Relationship Between Overall Survival of Patients With Liver Cancer and Variables.”

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.
2P value in bold represents significant clinical significance (P < .05).

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.?*?!
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.?*** Previous studies in
cancer focusing on GPSM2 concentrated on the single nucleo-
tide polymorphisms of GPSM2, but no substantial progress was
made.?*** Recently, the expression of GPSM2 mRNA was
found to be upregulated in certain cancers.'*'> In addition,
high GPSM2 expression correlated with tumor differentiation,
TNM staging, and prognosis of pancreatic cancer.'* These
results are consistent with our findings, but the expression of
GPSM2 mRNA was found to be upregulated in clinical stages
I/II/TI 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 AGSS5,
is involved in cell division, growth during normal somatic cell
asymmetric mitosis and regulates cell differentiation, espe-
cially cell polarity.?®* 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. !¢
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.'® 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 pathway’' and PI3K/AKT
signaling pathway.'® 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.*® G protein signaling modulator 2 has also been proven
to promote the invasion and proliferation of cancer stem cells'
that can cause tumor recurrence and metastasis.>*>* 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.*

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/Il 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.'® This could be attributed to the fact
the number of cancer tissues examined by He ef al was
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Figure 4. Differences in relapse-free survival between GPSM2—Ilow 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.

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.'>
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
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Table 4. Analysis of the Relationship Between Relapse-Free Survival of Patients With Liver Cancer and Variables.”

Univariate analysis Multivariate analysis
Parameters Hazard ratio 95% CI (lower-upper) P value Hazard ratio 95% CI (lower-upper) P value
Age 0.90 0.63-1.28 .550
Gender 0.99 0.7-1.41 .966
Histological type 2.02 0.66-6.24 220
Histologic grade 0.98 0.8-1.21 .883
Stage 1.66 1.38-1.99 <.001 1.12 0.87-1.44 .397
T classification 1.78 1.49-2.12 <.001 1.62 1.24-2.1 <.001
N classification 0.97 0.67-1.4 .874
M classification 1.17 0.79-1.74 432
Radiation therapy 0.74 0.26-2.16 .584
Residual tumor 1.28 1.01-1.61 .042 1.32 1.04-1.68 .023
GPSM2 1.68 1.19-2.38 .003 1.42 1-2.02 .048
Abbreviation: GPSM2, G protein signaling modulator 2.
P value in bold represent significant clinical significance (P < .05).
addressing these limitations and build upon the view sup- 4. Liu GM, Zeng HD, Zhang CY, Xu JW. Identification of METTL3

ported by this study.

Authors’ Note

Yan Jiao and Xuedong Fang are co-corresponding author. Our study
did not require an ethical board approval because it did not contain
human or animal trials.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the Finance Department of Jilin Province [grant
number: JLSCZD2019-021].

ORCID iD

Yan Jiao (@ https://orcid.org/0000-0001-6914-7949

Supplemental Material

Supplemental material for this article is available online.

References

1. BrayF, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68(6):394-424. doi:10.3322/caac.21492

2. Pascual S, Herrera I, Irurzun J. New advances in hepatocellular
carcinoma. World J Hepatol. 2016;8(9):421-438. doi:10.4254/
wjh.v8.19.421

3. Zheng Y, Shi Y, Yu S, et al. GTSE1, CDC20, PCNA, and MCM6
synergistically affect regulations in cell cycle and indicate poor
prognosis in liver cancer. Anal Cell Pathol (Amst). 2019;2019:
1038069. doi:10.1155/2019/1038069

10.

11.

12.

14.

as an adverse prognostic biomarker in hepatocellular carcinoma.
Dig Dis Sci. 2020. doi:10.1007/510620-020-06260-z

. Hu B, Yang XB, Sang XT. Development of an immune-related
prognostic index associated with hepatocellular carcinoma.
Aging. 2020;12(6):5010-5030. doi:10.18632/aging.102926

.JiaoY,FuZ,LiY, Meng L, Liu Y. High EIF2B5 mRNA expres-
sion and its prognostic significance in liver cancer: a study based
on the TCGA and GEO database. Cancer Manag Res. 2018;10:
6003-6014. doi:10.2147/cmar.s185459

. Jiao Y, Li Y, Lu Z, Liu Y. High trophinin-associated protein
expression is an independent predictor of poor survival in liver
cancer. Dig Dis Sci. 2019;64(1):137-143. doi:10.1007/s10620-
018-5315-x

. LiY, Jiao Y, FuZ, Luo Z, SuJ, Li Y. High miR-454-3p expres-
sion predicts poor prognosis in hepatocellular carcinoma. Cancer
Manag Res. 2019;11:2795-2802. doi:10.2147/cmar.s196655

. Yang D, Jiao Y, Li Y, Fang X. Clinical characteristics and prog-

nostic value of MEX3A mRNA in liver cancer. PeerJ. 2020;8:

€8252. doi:10.7717/peer;.8252

Jiao Y, Li Y, Fu Z, et al. OGDHL expression as a prognostic

biomarker for liver cancer patients. Dis Markers. 2019;2019:

9037131. doi:10.1155/2019/9037131

Choudhury SR, Pandey S. Specific subunits of heterotrimeric G

proteins play important roles during nodulation in soybean. Plant

Physiol. 2013;162(1):522-533. doi:10.1104/pp.113.215400

Mochizuki N, Cho G, Wen B, Insel PA. Identification and cDNA

cloning of a novel human mosaic protein, LGN, based on inter-

action with G alpha i2. Gene. 1996;181(1-2):39-43.

. He XQ, Zhang YF, Yu JJ, et al. High expression of G-protein

signaling modulator 2 in hepatocellular carcinoma facilitates

tumor growth and metastasis by activating the PI3K/AKT signal-

ing pathway. Tumour Biol. 2017;39(3):1010428317695971.

doi:10.1177/1010428317695971

Dang SC, Qian XB, Jin W, Cui L, Chen JX, Gu M. G-protein-

signaling modulator 2 expression and role in a CD133(+) pan-

creatic cancer stem cell subset. Onco Targets Ther. 2019;12:

785-794. doi:10.2147/0TT.S187670


https://orcid.org/0000-0001-6914-7949
https://orcid.org/0000-0001-6914-7949
https://orcid.org/0000-0001-6914-7949

Technology in Cancer Research & Treatment

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Fukukawa C, Ueda K, Nishidate T, Katagiri T, Nakamura Y.
Critical roles of LGN/GPSM2 phosphorylation by PBK/TOPK
in cell division of breast cancer cells. Genes Chromosomes Can-
cer. 2010;49(10):861-872. doi:10.1002/gcc.20795

Team RDCJC. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing; 2009;14:
12-21.

Wickham H. Ggplot2: elegant graphics for data analysis. J R Stat
Soc. 2011;174(1):245-246.

Robin X, Turck N, Hainard A, et al. pROC: an open-source pack-
age for R and S+ to analyze and compare ROC curves. BMC
Bioinformatics. 2011;12:77. doi:10.1186/1471-2105-12-77
Therneau TM, Grambsch PM. Modeling Survival Data: Extend-
ing the Cox Model. Springer; 2000:353-354,97.

Chen JG, Zhang SW. Liver cancer epidemic in China: past,
present and future. Semin Cancer Biol. 2011;21(1):59-69.
doi:10.1016/j.semcancer.2010.11.002

Chen Y, Liu W, Shang Y, et al. Folic acid-nanoscale gadolinium-
porphyrin metal-organic frameworks: fluorescence and magnetic
resonance dual-modality imaging and photodynamic therapy in
hepatocellular carcinoma. Int J Nanomedicine. 2019;14:57-74.
doi:10.2147/IIN.S177880

Hamzeh AR, Nair P, Mohamed M, et al. A novel nonsense
GPSM2 mutation in a Yemeni family underlying Chudley-
McCullough syndrome. Eur J Med Genet. 2016;59(6-7):
337-341. doi:10.1016/j.jmg.2016.05.006

Mauriac SA, Hien YE, Bird JE, et al. Defective Gpsm2/Galphai3
signalling disrupts stereocilia development and growth cone actin
dynamics in Chudley-McCullough syndrome. Nat Commun.
2017;8:14907. doi:10.1038/ncomms14907

Couch FJ, Wang X, Bamlet WR, de Andrade M, Petersen GM,
McWilliams RR. Association of mitotic regulation pathway poly-
morphisms with pancreatic cancer risk and outcome. Cancer
Epidemiol Biomarkers Prev. 2010;19(1):251-257. doi:10.1158/
1055-9965.EPI-09-0629

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Olson JE, Wang X, Pankratz VS, et al. Centrosome-related genes,
genetic variation, and risk of breast cancer. Breast Cancer Res
Treat. 2011;125(1):221-228. doi:10.1007/s10549-010-0950-8
Blumer JB, Oner SS, Lanier SM. Group II activators of G-protein
signalling and proteins containing a G-protein regulatory motif.
Acta Physiol (Oxf). 2012;204(2):202-218. doi:10.1111/j.1748-
1716.2011.02327.x

Morin X, Bellaiche Y. Mitotic spindle orientation in asym-
metric and symmetric cell divisions during animal develop-
ment. Dev Cell. 2011;21(1):102-119. doi:10.1016/j.devcel.
2011.06.012

Siller KH, Doe CQ. Spindle orientation during asymmetric cell
division. Nat Cell Biol. 2009;11(4):365-374. doi:10.1038/
ncb0409-365

Malbon CC. G proteins in development. Nat Rev Mol Cell Biol.
2005;6(9):689-701. doi:10.1038/nrm1716

Zhou PJ, Wang X, An N, et al. Loss of Par3 promotes prostatic
tumorigenesis by enhancing cell growth and changing cell divi-
sion modes. Oncogene. 2019;38(12):2192-2205. doi:10.1038/
s41388-018-0580-x

Liu X, Wang J, Sun G. Identification of key genes and path-
ways in renal cell carcinoma through expression profiling data.
Kidney Blood Press Res. 2015;40(3):288-297. doi:10.1159/
000368504

Jordan CT, Guzman ML, Noble M. Cancer stem cells. N Eng J
Med. 2006;355(12):1253-1261. doi:10.1056/NEJMra061808
Shipitsin M, Polyak K. The cancer stem cell hypothesis: in search
of definitions, markers, and relevance. Lab Invest. 2008;88(5):
459-463. doi:10.1038/labinvest.2008.14

Bradshaw A, Wickremsekera A, Tan ST, Peng L, Davis PF, Itin-
teang T. Cancer stem cell hierarchy in glioblastoma multiforme.
Front Surg. 2016;3:21. doi:10.3389/fsurg.2016.00021

Pishas KI, Adwal A, Neuhaus SJ, et al. XI-006 induces potent
p53-independent apoptosis in Ewing sarcoma. Sci Rep. 2015;5:
11465. doi:10.1038/srep11465




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


