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Introduction

Prostate cancer (PCa) is a leading type of cancer in men 

worldwide. According to the Global Burden of Disease 

Cancer, PCa is the highest incidence for men in 92 

countries, and the leading cause of cancer deaths for men 

in 48 countries (1). In the United States, it is estimated that 

one in every nine men will be diagnosed with the disease 
during his lifetime (2).

Androgen receptor (AR) plays a central role in the 
initiation and progression of PCa. To date, androgen 
deprivation therapy (ADT) is the primary treatment for 
PCa to inhibits AR signaling. AR is the key driver of 
PCa progression and the main target for metastatic PCa 
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treatment. Considering the reliance of PCa on AR, it is 
essential to identify AR-related genes involved in prostate 
tumor metastases.

RNA-binding proteins (RBPs) play an essential role 
in the regulation of gene expression (3). As a member 
of the RBP family, GTPase-activating protein SH3 
domain-binding protein 1 (G3BP1) may be involved in 
tumorigenesis and development by interacting with its 
target mRNA (4). For example, some cancer related genes 
include c-MYC (5), CTNNB1 (6) and PMP22 (7) have 
been proved to be regulated by G3BP1. Early studies have 
shown that G3BP1 is overexpressed in many tumors (8-10). 
However, there are relatively few studies regarding G3BP1 
in PCa.

In this study, we reported the first study of G3BP1 
in PCa. G3BP1 was highly expressed in PCa, and 
its expression is associated with tumor malignancy. 
Furthermore, G3BP1 might be closely related to AR. 
We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1450).

Methods

UALCAN

UALCAN (http://ualcan.path.uab.edu/) is a comprehensive, 
user-friendly, and interactive web resource for analyzing 
cancer OMICS data (11). It built on PERL-CGI with 
high quality graphics using JavaScript and CSS. In this 
study, G3BP1 was submitted to UALCAN and its mRNA 
expression in PRAD was explored using TCGA PRAD 
samples (n=497). We further compared the expression 
across different tumor subgroups as defined by patient age, 
Gleason score and nodal metastasis status.

GEPIA2

GEPIA2 (http://gepia2.cancer-pku.cn/) is an updated 
version of GEPIA for analyzing the RNA sequencing 
expression data of 9,736 tumors and 8,587 normal samples 
from the TCGA and the GTEx projects, using a standard 
processing pipeline (12). We used GEPIA2 to verify the 
correlation between G3BP1 and AR mRNA expression. 
Three expression datasets (PRAD tumor, PRAD normal, 
prostate in GTEx) were used, and correlation coefficient (r) 
and P value were calculated by Pearson’s correlation analysis 
(R=0.64, P value =0)

Patients and tissue samples

Patients were identified from a population of men 
with PCa treated at the Second Hospital of Tianjin 
Medical University between 2016 and 2019. The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Institutional Review Board of the Second Hospital 
of Tianjin Medical University (No. KY2019K036) and 
individual consent for this retrospective analysis was waived. 
These samples were used for immunohistochemistry (IHC) 
analysis. Clinical parameters including age, serum PSA, 
Gleason grade and metastasis states were collected. The 
clinical and pathological factors of all patients were shown 
in Table 1.

IHC techniques

Formalin-fixed, paraffin-embedded PCa and benign 
prostate hyperplasia (BPH) tissues were cut into 4 μm 
thickness sections. Tissue sections were deparaffinized with 
xylene, dehydrated in gradient ethanol, and then antigen 
retrieval was performed with microwave treatment in citrate 
buffer (pH =6.0) (Solarbio, China). Endogenous peroxidase 
activity was blocked in a 15 min treatment with 3% 
hydrogen peroxide. The sections were then incubated with 
anti-G3BP1 (Santa Cruz, USA, sc-98,561, 1:50) or anti-AR 
(Abcam, USA, ab108,341, 1:3,000) antibody diluted in PBS 
that contained 3% bovine serum albumin (Solarbio, China) 
overnight at 4 ℃. After washing with PBS, the sections were 
incubated with secondary antibody (ZSGB-BIO, China) 
for 1 h at room temperature and visualized using the HRP 
DAB Detection Kit (ZSGB-BIO, China). Finally, sections 
were counterstained with hematoxylin.

For the scoring system, all slides immunostained with 
G3BP1 and AR antibody were scored by two independent 
researchers for the percentage and intensity of cells showing 
specific immunostaining signals. The percentage score 
grading criteria of 0–5 were as follows: 0, 0–1% of tumor 
cells positive; 1, 1–10% of tumor cells were positive; 2, 
11–50% of cells were positive; 3, 50–75% of cells were 
positive; and 4, >75% of cells were positive. The intensity 
of immunostaining level was determined by the subjective 
visual scoring of the brown stain as follows: 0, no staining; 
1, yellow-brown staining; 2, brown staining. The final score 
was calculated by combining the percentage and intensity 
scores and recorded as low [0–3], moderate [4–8] and high 
[9–12].

http://dx.doi.org/10.21037/tau-20-1450
http://dx.doi.org/10.21037/tau-20-1450
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Table 1 Association between immunohistochemical expression of G3BP1 and AR with the clinical and pathologic factors

Characteristic Number of patients, n (%) G3BP1, P value AR, P value

Age

<70 59 (56.73) 0.159 0.414

≥70 45 (43.27)

Serum PSA (ng/mL)

<20 55 (52.88) 0.339 0.262

≥20 49 (47.12)

Gleason score

6 9 (8.65)

7 46 (44.23) <0.001 <0.001

8 30 (28.85)

9,10 19 (18.27)

Stage

pT2 53 (50.96) <0.001 <0.001

pT3/pT4 51 (49.04)

Metastasis

Negative 52 <0.001 0.0011

Positive 52

Lymph node metastasis

Negative 60 (57.69) <0.001 <0.001

Positive 44 (42.31)

Bone metastasis

Negative 87 (83.65) 0.0216 0.0352

Positive 17 (16.35)

Patients

PCa 104 (67.53) <0.001 <0.001

BPH 50 (32.47)

G3BP1, GTPase-activating protein SH3 domain-binding protein 1; AR, androgen receptor; PCa, prostate cancer; BPH, benign prostate 
hyperplasia.

Cell culture and transfection

The human PCa cell lines LNCaP and the human 
embryonic kidney (HEK) 293T cells were acquired from 
American Type Culture Collection (ATCC, USA). The 
LNCaP cells were cultured in RPMI 1640 (Biological 
Industries, Israel) supplemented with 10% fetal bovine 
serum (Excell Bio, New Zealand) and 1% penicillin/
streptomycin (Biological Industries, Israel) while HEK 293T 

cells were cultured in Dulbecco’s modified Eagle medium 
(DMEM) (Biological Industries, Israel), supplemented with 
10% fetal bovine serum (Biological Industries, Israel). All 
cell lines were maintained at 37 ℃ and 5% CO2. To generate 
G3BP1 knockdown stable clones, HEK 293T cells were 
transfected with lentiviral vectors (Sigma, USA) at 70–80% 
cell density, including pLKO.1-Scr and pLKO.1-shG3BP1, 
together with lentivirus packaging plasmids (psPAX2 and 
pMD2.G) for 48 h using Lipofectamine 2000 (Invitrogen, 
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USA). The lentivirus supernatant was collected and then 
added to the culture medium of prostate cancer cells for 
shRNA transduction. Two days after infection, stable clones 
were selected with 2 μg/mL puromycin (Sangon Biotech, 
China) for 10 days and puromycin-resistant cells were 
subsequently expanded with medium containing 0.5 μg/mL 
puromycin. The shG3BP1 sequence was: forward oligo, CC
GGCGGGAATTTGTGAGACAGTATCGGGATCCA
ATACTGTCTCACAAATTCCCGTTTTTTG; reverse 
oligo, AATTCAAAAAACGGGAATTTGTGAGACAG-
TAGGGTTATCCCGAGACTGTCTCACAAATTCC
CG.

Western blotting

Cells were washed twice with ice-cold PBS, then lysed 
in SDS lysis buffer containing 1× protease inhibitor 
cocktail (Roche Applied Science, Germany). The total 
protein concentration in the cell lysate solution was then 
determined via the BCA protein assay (Thermo Fisher 
Scientific, USA). Protein samples (20 μg) were separated 
by electrophoresis on 10% SDS-PAGE and transferred to 
polyvinylidene difluoride membranes (Millipore, USA). 
After being blocked with 5% skim milk (BD Biosciences, 
USA) for 1 h, the membranes were incubated with specific 
primary antibodies; β-actin (Affinity Biosciences, USA, 
T0022; 1:4,000), G3BP1 (Santa Cruz, USA, sc-98,561; 
1:1,000), AR (Abcam, USA, ab108,341, 1:3,000) overnight 
at 4 ℃. After washing with TBST, the membranes were 
incubated with HRP-conjugated anti-mouse (Affinity 
Biosciences, USA, S0002, 1:3,000) or anti-rabbit (Affinity 
Biosciences, USA, S0001, 1:5,000) secondary antibodies for 
1 h and visualized with an ECL system (Millipore, USA).

Statistical analysis

Because the data were not normally distributed, non-
parametric statistical methods were used. For IHC, different 
groups were performed with Mann-Whitney test. Correlation 
between G3BP1 and AR was performed with Spearman’s rho 
correlation. For biochemical recurrence-free survival (BRFS), 
P values were calculated using the log-rank (Mantel-Cox) 
test. In all tests, P<0.05 was taken as the significance limit. All 
statistical tests were calculated using the SPSS version 21.0 
(SPSS Inc.) and GraphPad Prism 8.0 (GraphPad).

Results

Database analysis of G3BP1 expression in PCa

As a first step in analyzing the expression pattern of 
G3BP1 in PCa, we analyzed G3BP1 in PRAD patients by 
UALCAN. UALCAN analysis further showed that the 
RNA expression level of G3BP1 up-regulated significantly 
in primary tumor compared with the normal as shown in 
Figure 1A (P<0.001). Besides, it was found that G3BP1 
expression was associated with Gleason score (Figure 1B)  
and nodal metastasis (Figure 1C), while there was no 
association with age (Figure 1D). A more detailed analysis 
between different Gleason score groups is presented in 
Table S1. Thus, the expression level of G3BP1 may be 
closely related to the occurrence and development of PCa.

G3BP1 expression in clinical PCa cohorts

To further verify this result, we analyzed G3BP1 and 
AR expression by IHC staining in a panel of 104 PCa 
and 50 BPH samples. Similar to the results from RNA 
analyses, positive G3BP1 protein staining was strongly 
associated with PCa. Upregulation of G3BP1 expression 
was noticeable in PCa tissue compared with the BPH tissue 
(Figure 2A). Moreover, G3BP1 expression significantly 
correlated with both Gleason score (Figure 2B) and pT 
stage (Figure 2C), as well as AR (Figure 2D,E).

We also found that G3BP1 (Figure 3A)  and AR  
(Figure 3B) were both associated with PCa metastasis, 
especially lymph node metastasis (Figure 3C,D). Bone is 
the most common site of metastasis in advanced PCa. 
Significance was also found in bone metastasis (Figure 3E,F).  
These results suggest that G3BP1 is closely related to 
metastasis.

Next, we analyzed the expression of G3BP1 and AR 
in different subgroups. Patients were stratified according 
to the immunoreactive score as described above. Figure 4 
showed that the expression of G3BP1 and AR was positively 
correlated with the malignancy of the tumor.

The relationship between G3BP1 and AR

We inferred that there is some correlation between G3BP1 
and AR. The results of IHC confirmed our conjecture 
(Spearman correlation r=0.468, P<0.001, Figure 5A). 

https://cdn.amegroups.cn/static/public/TAU-20-1450-supplementary.pdf
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Figure 1 Confirmation of the expression level of G3BP1 by UALCAN. We further examined the expression of G3BP1 using the UALCAN 
database. (A) mRNA expression of G3BP1 in human PCa and normal tissues. The expression of G3BP1 in normal or in PCa patients with 
different Gleason score (B), nodal metastasis (C) (N0: no regional lymph node metastasis, N1: metastases in 1 to 3 axillary lymph nodes) and 
ages (D). *, P<0.05; ***, P<0.001. G3BP1, GTPase-activating protein SH3 domain-binding protein 1; PCa, prostate cancer.
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Further analyses of PCa patients from the GEPIA2 
database revealed a positive correlation between G3BP1and 
AR mRNA (Person-correlation r=0.64) (Figure 5B). Next, 
we constructed the G3BP1 knockdown stable cell lines in 
LNCaP cells. We found that the downregulation of G3BP1 
affected AR expression levels (Figure 5C). Although further 
work is required, these data indicate that G3BP1 is indeed 
closely related to AR.

Biochemical recurrence

We next examined the significance of G3BP1 expression 
on biochemical recurrence by following up 93 patients 

(Figure 6). Recurrence-free survival was measured from 
the time of surgery to disease recurrence or death. We 
classified patients into high and low expression based on the 
median value. Although, the difference between low and 
high expression groups did not reach statistical significance, 
there was a strong trend towards a difference (P=0.1055). 
We suspected that this might be related to the small sample 
size and the short follow-up period.

Discussion

PCa has been the most common cancer among men in 
Western countries (13). Despite extensive studies, the 
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Figure 2 G3BP1 and AR are upregulated in PCa and correlate positively with tumor Gleason grade and pT stage. (A) Representative 
images of the IHC staining for G3BP1 and AR, highlighting increase in both two proteins. Left panel: ×100 magnification; right panel: 
×200 magnification. Relationship of G3BP1 (B,D) expression and AR (C,E) expression with Gleason score and pT stage in human prostate 
carcinomas. P values were for Mann-Whitney tests. *, P<0.05; ***, P<0.001. G3BP1, GTPase-activating protein SH3 domain-binding 
protein 1; PCa, prostate cancer; IHC, immunohistochemistry.
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Figure 3 Immunohistochemical analysis of G3BP1 and AR expression in PCa patients with/without metastasis. G3BP1 (A,C,E) and AR 
(B,D,F) both correlated positively with metastasis. P values were for Mann-Whitney tests. *, P<0.05; **, P<0.01; ***, P<0.001. G3BP1, 
GTPase-activating protein SH3 domain-binding protein 1; AR, androgen receptor; PCa, prostate cancer.

fundamental mechanisms responsible for the development 
and progression of PCa have not yet been fully elucidated. 
Here we provide a new mechanistic link between G3BP1 
and AR, which may be involved in the occurrence and 
development of PCa.

The primary objective of our study was to examine the 

expression of G3BP1 in PCa. In this work, we presented 
evidence that G3BP1 was frequently upregulated in PCa 
samples, in accordance with G3BP1 in other cancers. 
Statistical analysis revealed that high expression of G3BP1 
was correlated with tumor malignancy. Indeed, our findings 
indicated that high G3BP1 expression might be predictive 
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Figure 4 G3BP1 and AR protein levels are higher in more malignant tumors. PCa patients were stratified according to the immunoreactive 
score. Fractions of G3BP1 (A,B,C,D,E,F) and AR (G,H,I,J,K,L) signals were shown for each subgroup for IHC staining. G3BP1, GTPase-
activating protein SH3 domain-binding protein 1; AR, androgen receptor; PCa, prostate cancer; IHC, immunohistochemistry.

of biochemical recurrence. Meanwhile, metastatic PCa 
represents a small, but clinically significant, proportion 
of all PCa cases. The finding that G3BP1 was strongly 
associated with metastasis might provide a new target for 
metastatic PCa.

AR expression has been found in almost all primary 

and metastatic PCa, regardless of stage or grade (14). AR 
signaling remains active and supports the survival and 
growth of PCa cells. Understanding how AR-regulated 
genes promote tumor metastasis and targeting critical AR-
regulated signaling pathways in lethal metastatic PCa may 
be a promising future for drug development. Given the 
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Figure 5 The correlation of G3BP1 and AR expression. The 
analysis by IHC staining (A) and GEPIA2 (B) showed G3BP1 was 
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LNCaP cells were detected by western blot. G3BP1, GTPase-
activating protein SH3 domain-binding protein 1; AR, androgen 
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change of AR expression following G3BP1 knockdown, 
we predict G3BP1 associates with AR and may serve as 
an upstream regulatory mechanism. Considering that 
G3BP1 belongs to RNA binding proteins and can influence 
mRNA stability (15,16), we suppose G3BP1 may regulate 
AR expression, but the concrete mechanism remains to be 
further studied.

One of the limitations of this study is that the median 
follow-up period of 27 months was relatively short in 
considering the long natural history of PCa. Moreover, 
as we have described, the sample size is relatively small. 
Future studies should increase the sample size and follow 
the patients during their entire lifespan to confirm our 
findings. On the other hand, the research evidence remains 
insufficient, and the proposed mechanisms are superficial, 
warranting deeper empirical studies.

Conclusions

In conclusion, we found that G3BP1 was frequently 
upregulated in PCa and closely related to AR expression 
and tumor metastasis. These results supply a potential 
target for the management of the PCa.
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