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Downregulation of guanine nucleotide-binding protein beta
1 (GNBI1) is associated with worsened prognosis of clear-
cell renal cell carcinoma and is related to VEGF signaling

pathway

Chen Chen, Chi Huang, Min Liu, Junhua Zheng
Department of Urology, Shanghai Tenth People’s Hospital, Tongji University, Shanghai, 200072, China

Summary

Purpose: Clear-cell renal cell carcinoma (ccRCC) is charac-
terized by genetic abnormalities, while the role of Guanine
Nucleotide-Binding Protein Beta 1 (GNB1) in ccRCC has not
been studied. We thus aimed to evaluate the expression and
prognostic value of GNB1 in ccRCC.

Methods: A two-stage study (exploration and validation)
was conducted using in silico and immunohistochemi-
cal (IHC) scoring of ccRCC samples from our institute, to
evaluate the association between GNBI expression and
clinicopathological parameters of ccRCC patients. Pathway
analyses were performed for genes coexpressed with GNB1
using the KOBAS platform to profile the function of GNB1
and IHC validation.

Results: In the exploration stage, data from TCGA c¢cRCC
dataset were reproduced, which contained 537 patients with
ccRCC and found that downregulation of GNBI was sig-
nificantly associated with worse prognosis. IHC staining
from the Human Protein Atlas showed significantly down-
regulation of GNB1 in ccRCC tissue compared with normal

Introduction

Clear-cell renal cell carcinoma (ccRCC) is the
predominant pathological subtype of renal cell car-
cinoma, which is characterized by unique genetic
and genomic alterations [1]. Loss of heterozygosity
(LOH) and mutation of genes on 3p are the truncal
genetic events in ccRCC [2]. There are 4 significant-
ly mutated genes in ccRCC, namely VHL, PBRM1,
SETD2, and BAP1 [3]. Though the latter 3 genes

kidney. Pathway analysis showed significantly altered vas-
cular endothelial growth factor (VEGF) signaling pathways
among which expressions of 3 genes (WASF2, NRP1, and
HIP1) were significantly associated with GNBI expression,
respectively. In the validation stage, included were 80 ccRCC
samples and GNB1 expression was scored using IHC positiv-
ity. GNB1 expression was negatively associated with tumor
stage, lymph node invasion, metastasis, older age, and in-
creased tumor grade. Female gender and receiving neoad-
juvant therapy were also associated with decreased GNB1
expression. The expressions of WASF2, NRP1 and HIP1
were also studied and found that they were significantly as-
sociated with GNB1.

Conclusion: GNB1 was downregulated in ccRCC. De-
creased GNBI1 expression was associated with worsened dis-
ease characteristics and prognosis. GNB1 was related with
VEGF signaling in ccRCC, implying a therapeutic potential
of this factor.
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participate in chromatin remodeling, the striking
and almost unanimous characteristic of ccRCC is
abnormally activated hypoxic signaling originat-
ing from impaired von Hippel-Lindau (VHL) func-
tion that incurs accumulated hypoxia-inducible
factors (HIFs). The HIFs further induce release
of VEGF, which promotes hypervascularization
[4]. Anti-angiogenic, namely anti-VEGF therapy,
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currently stands as first-line systemic therapy of
metastatic ccRCC [5]. Nonetheless, all anti-angio-
genic therapies would eventually incur resistance
and VEGF-resistant patients would soon succumb
due to uncurbed disease [6]. Therefore, identifica-
tion of novel tumor markers within angiogenic
or VEGF signaling pathway would provide addi-
tive therapeutic interests to the current anti-VEGF
agents.

GNB1 belongs to heterotrimeric guanine
nucleotide-binding proteins (G proteins), which
integrate signals between receptors and effector
proteins, and are composed of an alpha, beta, and
gamma subunit. These subunits are encoded by
families of related genes. GNB1 encodes a beta
subunit. Beta subunits are important regulators of
alpha subunits, as well as of certain signal trans-
duction receptors and effectors [7]. There has been
increasing evidence showing critical role of signal
transduction in cancer development [8]. However,
the role of GNB1 in cancer has not been elucidated
and its role in RCC is not yet reported. Genetic al-
teration of GNB1 was shown to play a role in some
cancers. In breast cancer, upregulation of GNB1 ex-
pression is associated with advanced tumor stage
and worsened prognosis and is related to mTOR
signaling [9]. In myeloid and B cell neoplasms, re-
current mutation of GNBI is associated with resist-
ance to PI3K-mTOR inhibitor BEZ235 [10]. These
results indicate that the role of GNBI in cancer may
be alteration type- and tissue context- dependent.

Therefore, in the current study we investigated
the expression of GNB1 in ccRCC using a 2-stage
strategy. The exploration stage is an in silico analy-
sis of high throughput genetic and protein databas-
es. The validation stage consists of our own collec-
tion of RCC tissues which were evaluated for GNB1
expression using immunohistochemistry (IHC) to
validate the findings in the exploratory stage.

Methods

Exploration stage

Reproduction of the Cancer Genome Atlas (TCGA) dataset

The clear cell kidney cancer subset (KIRC) of
TCGA was reproduced to study the expression of GNB1
in ccRCC and its prognostic merit using the cBioPor-
tal platform [1,11,12]. Using the cBioPortal platform,
we downloaded RNA seq data of GNB1 and clinico-
pathological data of all 538 patients with ccRCC. The
expression level of GNB1 was determined using the
OncoPrint function of cBioPortal online. List of genes
coexpressed with GNB1 detected using RNA seq was
generated using the Coexpression function of cBioPor-
tal online, which automatically calculated the correla-
tion coefficient (R) using the Pearson test. We subjected
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genes passing the +40 of coefficient R to the KOBAS
3.0 platform for functional annotation [13,14]. Only
KEGG Pathway and Reactome datasets were allowed for
annotation.

Reproduction of the Human Protein Atlas dataset

The expression of GNB1 in normal and cancerous
kidney tissue was evaluated semi-quantitatively us-
ing the Human Protein Atlas platform [15-18]. The IHC
staining intensity was graded as follows: O for 0-5% of
tumor cells stained, 1 for 6-20% of cells stained, 2 for
21-50% of cells stained and 3 for > 50% of cells stained.
The staining intensity was graded as follows: 1 for light
yellow, 2 for dark yellow and 3 for brown. Sum of IHC
intensity and intensity represented the final quantifica-
tion of each sample: O for negative (1-2), 1 for mild (3),
2 for moderate (4), and 3 for strong (5-0).

Statistics

The SPSS 22.0 and Prism Graphpad 6.0 software
were used for statistical analyses. The differences of
clinicopathological parameters between downregulated
and unchanged GNB1 expression were compared using
the Chi-square and Fisher’s exact tests. Age difference
between groups with different GNB1 expression was
compared with Student’s t-test. A p value <0.05 was ac-
cepted as statistically significant.

Validation stage

Patients and samples

In the validation stage, 80 ccRCC samples from
patients undergoing partial nephrectomy, radical ne-
phrectomy, or cytoreductive nephrectomy at our insti-
tute were included. The clinicopathological parameters
were collected and reviewed retrospectively. The TNM
system was used for staging and the Fuhrman four-tier
system was used for nuclear grading. The study was
approved by local institutional review board.

Immunohistochemistry

A standard hematoxylin and eosin staining proce-
dure was performed in all samples [19-22]. Formalin-
fixed, paraffin-embedded tissue samples were sliced
consecutively at 4 pm and were mounted on polyly-
sine-coated glass slides. Endogenous peroxidase of de-
paraffinized sections was blocked through incubation
with 3% hydrogen peroxide for 15 min. The samples
were then deparaffinized, with gradient rehydration in
ethanol. The following antibodies were used for THC
staining: GNB1 (Abcam), huntingtin interacting pro-
tein 1 (HIP1) (Santa Cruz Biotechnology), Neuropilin
1 (NRP1) (Abcam), and WAS protein family member
2 (WASF2) (Abcam). Specific dilution of each enzyme
was per manufacturer’s protocol. We used DAB (diami-
nobenzidine tetrahydrochloride) solution for color de-
veloping and all slides were finalized by counterstaining
with Mayer’s hematoxylin blue. Positive and negative
controls for all enzyme labelers were referenced using
the Human Protein Atlas platform. The scoring system
for GNB1 was aforementioned. Semi-quantification for
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HIP1, NRP1, and WASF2 was as follows: O for 0-10% of
tumor cells stained, 1 for 11-25% of cells stained, 2 for
26-50% of cells stained and 3 for >50% of cells stained.
The intensity scoring and final IHC scoring method was
the same as for GNB1.

Statistics

The SPSS 22.0 and Prism Graphpad 6.0 software
were used for statistical analyses. The Mann-Whitney
U test was used to compare expressional differences
between 2 groups. Expressional differences among > 2
groups were analyzed by one-way ANOVA test. Corre-
lation was analyzed by the Pearson’s x2 test. A p value
<0.05 was accepted as statistically significant.

Results

In the exploratory stage, we found that down-
regulation of GNB1 occurred in 10.2% of ccRCC
cases. With dichotomized determination (down-
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regulation vs unchanged), the distribution of
clinicopathological parameters were summarized
in Table 1. Downregulation of GNB1 was not as-
sociated with TNM stage, age, gender, Fuhrman
grade, or whether neoadjuvant therapy was ap-
plied or not (Table 1). Protein level of GNB1 was
significantly lower in RCC tissue compared with
normal kidney tissue (Figure 1A). Cropped repre-
sentative images can be accessed via http://www.
proteinatlas.org/ENSG00000078369-GNB1/tissue/
kidney#imid_14117958 for normal kidney, and via
http://www.proteinatlas.org/ENSG00000078369-
GNB1/cancer/tissue/renal+cancer#img for RCC tis-
sue. Expressions of a total of 227 genes were corre-
lated with GNB1 expression in ccRCC samples with
a Pearson’s R of > 0.4. Pathway analysis of those
genes revealed that signaling by VEGF from Reac-
tome dataset was among the top 10 significantly
altered pathways. Three genes within the VEGF
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Figure 1. Exploration stage of the study reproducing TCGA and Human Protein Atlas datasets showing: (A) significant
downregulation of GNB1 expression in renal cell carcinoma (RCC) compared with normal (NL) kidney tissue; and (B)
genes within VEGF signaling pathway were coexpressed with GNB1 in RCC; Kaplan-Meier plotting showing cases with
GNB1 downregulation (DN) had significantly worsened prognosis (C) and unaltered disease free survival compared
with cases with unchanged GNB1 expression (NL) (D) (**p < 0.01).
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signaling pathway with strongest correlation with
GNB1 expression were HIP1 (Pearson score=0.52),
NRP1 (Pearson score=0.58), and WASF2 (Pearson
score=0.66) (Figure 1B). Cropped representative
images can be accessed via http://www.protein-
atlas.org/ENSG00000127946-HIP1/cancer/tissue/
renal+cancer#img for HIP1, via http://www.pro-
teinatlas.org/ENSG00000099250-NRP1/cancer/
tissue/renal+cancer#img for NRP1, and via http:/
www.proteinatlas.org/ENSG00000158195-WASF2/
cancer/tissue/renal+cancer#img for WASF2. Cases
with GNB1 downregulation showed significantly
worsened prognosis (Figure 1C). However, GNB1
downregulation was not associated with progres-
sion-free survival (Figure 1D).

The clinicopathological parameters were sum-
marized in Table 1. We found that lowered GNB1
expression level in terms of IHC score was sig-
nificantly associated with increased T stage, nod-
al involvement, and metastasis (Table 1). GNBI1
expression also showed a significant correlation
with age (Table 1). Cancers from female patients

showed significantly higher GNB1 expression
than the male counterparts (Table 1). Decreased
GNB1 expression was also associated with higher
Fuhrman grade (Table 1). Patients who underwent
neoadjuvant therapy had significantly decreased
GNBI1 level (Table 1). In the correlation analysis,
we found that GNB1 expression was significantly
correlated with expressions of WASF2, NRP1, and
HIP1, respectively (Table 2).

Discussion

Identification of novel prognostic markers for
RCC is of great importance. Herein, we report that
GNBI1 is downregulated in RCC and downregula-
tion of GNBI is associated with worsened prog-
nosis. The more aggressive phenotype associated
with GNB1 downregulation is also validated ex-
ternally using samples from our own institute.
The difference in the association between GNB1
expression and clinicopathological parameters in
the exploration and validation stages could be due

Table 1. Expression of Guanine Nucleotide-Binding Protein Beta 1 (GNB1) in association with clinicopathological pa-

rameters of patients with clear-cell renal cell carcinoma

Parameter Exploration Validation
Breakdown GNBI Expression (n) p Breakdown n  GNBI Expression (M + SD) P
Down NL
T T1 23 252 0.126 T1 37 2,14+ 0419 <0.001
T2 6 63 T2 24 1.21 + 0.588
T3 26 156 T3 14 0.357 + 0.497
T4 0 11 T4 5 0.400 + 0.894
N NO 30 209 0.703 NO 65 1.72 £ 0.673 <0.001
N1 1 16 N1 15 0.200 + 0.561
M MO 42 383 0426 MO 75 1.51 + 0.844 0.013
M1 10 69 M1 5 0.400 + 0.894
Age (years) 62.09 + 1221 60.39 + 12.14 0.327 r=0446 <0.001
Gender Male 34 312 0.659 Male 44 1.70 £ 0.765 0.006
Female 21 170 Female 36 1.11 £ 0919
Grade I 1 13 0.164 I 18 2.28 + 0461 <0.001
I 17 212 11 44 1.55 + 0.627
111 28 180 111 14 0.429 + 0.646
v 6 72 v 4 0.0+00
Neoadjuvant Tx No 55 464 0.24 No 73 1.55+0.817 < 0.001
Yes 0 18 Yes 7 0.286 + 0.756

T= tumor stage, N= lymph node, M= metastasis, Tx= treatment, n= number, NL= normal, M + SD= mean + standard deviation

Table 2. Correlation between expressions of in guanine nucleotide-binding protein beta 1 (GNB1), WAS protein fam-
ily member 2 (WASF2), neuropilin 1 (NRP1), huntingtin interacting protein 1 (HIP1) in clear-cell renal cell carcinoma

GNBI1 vs. WASF2

GNBI vs. NRP1 GNBI vs. HIP1

Pearson r 0.91
95% confidence interval 0.862 to 0.941
R square 0.827

P (two-tailed) <0.001

0.894 0.868
0.839 to 0.931 0.801 to 0.914
0.799 0.753
< 0.001 <0.001

JBUON 2017; 22(6): 1444



GNB1 downregulation worsens prognosis of clear-cell RCC

1445

to the following reasons: First, different stratifi-
cation systems were adopted in the 2 stages. In
the exploration stage, a dichotomized system was
used and in the validation stage the expression was
scored as a continuous variant; Second, our ret-
rospective validation was inevitably subjected to
selection bias. For instance, in our cohort, female
patients tended to have disease at earlier stage and
almost all T4 node-positive and metastatic cases
were men. Also, patients subjected to neoadjuvant
therapy varied vastly by regime, course and dura-
tion, which made the significant difference of GNB1
expression possibly false-positive. Nonetheless, it
remains intriguing that none of the major prog-
nostic contributors (e.g. TNM, and Fuhrman grade)
was significantly associated with GNB1 downregu-
lation, which however still impacted substantially
overall survival. In the Kaplan-Meier plots, one
can see that at about 30 months of follow-up, the
declines of overall survival and progression-free
survival in the GNB1 dowregulated cohort were
corresponding, while thereafter the progression-
free survival remained comparable to the counter-
part with overall survival continuously declining.
This pattern supports a delayed prognostic effect,
which is typical for an immunomodulatory factor.
Via literature search on the very limited reports on
the role of GNB1 in all types of cancers, we suggest
that the oncogenic effect in GNB1 is cancer- and
gene alteration-dependent. In the current study, we
have revealed for the first time that downregula-
tion of GNB1 in ccRCC is associated with worsened
prognosis and this effect could be exerted via the
following pathways:

First, upon knowledge-based speculation,
GNB1 could be affecting immunomodulation of
ccRCC. Chemokines are required for leukocyte re-
cruitment and appropriate host defense, and act
through G protein-coupled receptors, which induce
downstream signaling leading to integrin activa-
tion. Recent evidence showed that all isoforms of
GNBs (GNB1, GNB2, GNB4, and GNB5) are re-
quired for activation of lymphocyte function-asso-
ciated antigen 1 (LFA-1) [23]. Specifically, downreg-
ulation of GNB1 leads to a significant impairment
of LFA-1 activation. LFA-1 is reported to interact
with programmed cell death 1 (PD-1), a negative
immumodulator that inactivates tumor infiltrating
lymphocytes (TILs) [24]. Anti-PD-1/PD-L1 thera-
py has now became second-line in the systemic

treatments for RCC [25]. The detailed mechanistic
analysis of GNB1 in immune response in ccRCC
warrants further studies.

Second, we revealed that GNB1 downregula-
tion is associated with VEGF signaling pathway.
Significant expressional correlations between
GNBI1 and key genes within the VEGF pathway
were noted. WASF2-regulated actin reorganiza-
tion might be required for proper cell movement
and that a lack of functional WASF2 impairs an-
giogenesis in vivo [26]. In hepatocellular carcino-
ma, which is also characterized with overexpres-
sion of VEGF and hypervasculation, WASF2-Racl
signaling plays a significant role in angiogenesis
[27]. The role of NRP1 in cancer development is
vastly reported. NRP1 is believed to exert protu-
morigenic role both via angiogenic and nonan-
giogenic pathways [28]. In the angiogenic aspect,
VEGF165-induced vascular permeability requires
NRP1 for ABL-mediated SRC family kinase activa-
tion [29]. HIP1 is an endocytic protein with trans-
forming properties that is involved in a cancer-
causing translocation and which is overexpressed
in a variety of human cancers [30]. The HIP1-ALK
fusion plays a role in non-small-cell lung cancer
(NSCLC) [31]. The role of HIP1 in angiogenesis is,
however, not clear. In the current study, we have
demonstrated that GNBI is in close association
with WASF2, NRP1 and HIP1, not only putting
GNBI1 in the angiogenic regulation, but also in-
dicating GNB1 as a promising target for drug de-
velopment. A detailed mechanism how GNB1 me-
diates angiogenesis in ccRCC warrants profound
investigation.

Conclusion

The role of GNBI1 in ccRCC has not been re-
ported. In the current study, we found that GNB1
expression was downregulated in ccRCC and low-
ered GNB1 expression was associated with ad-
vanced cancer stage and worsened prognosis. The
expression of GNB1 was significantly associated
with VEGF signaling in ccRCC. GNB1 is a prom-
ising marker for ccRCC and provides therapeutic
potential.
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