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Abstract 

Growth factor receptor-bound protein 7 (GRB7) has been found closely related to the occurrence and 
development of various tumors, but its function in bladder cancer has not yet been elucidated. The study is 
aiming at investigating the expression and function of GRB7 in bladder cancer. The Cancer Genome Atlas 
(TCGA) database was selected to analyze mRNA levels of GRB7 in bladder cancer. RT-qPCR and Western blot 
were conducted to detect the expression of GRB7 in normal bladder epithelial cells, seven bladder cancer cell 
lines and eight pairs of malignant/nonmalignant bladder tissues. The role of GRB7 in tumor proliferation and 
tumorigenesis was explored by establishing stable cells, in vitro cell experiments and in vivo xenograft models. 
The molecular regulation mechanism of GRB7 in bladder cancer was investigated by treatment with AKT 
inhibitor. GRB7 mRNA was upregulated in bladder cancer samples compared with that in normal tissue samples. 
Overexpressing GRB7 significantly promoted the proliferation and tumorigenesis of bladder cancer. However, 
silencing GRB7 played the retarding part. GRB7 promoted G1/S transition by activating the AKT pathway. Our 
results indicate that GRB7 plays an important role in promoting proliferation and tumorigenesis of bladder 
cancer. 
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Introduction 
Bladder cancer is a malignant tumor that occurs 

in the bladder mucosa and is the most common 
malignant tumor of the urinary system [1]. Clinical 
examination methods for bladder cancer include 
routine urine examination, exfoliative cytology, 
urinary tumor marker examination, abdominal and 
pelvic B-ultrasound examination [2]. According to the 
preliminary examination results, cystoscopy, intra-
venous urography, CT or MRI can be used for 
definitive diagnosis [3]. Tumor marker detection, as a 
non-invasive test, can be applied to the diagnosis of 
tumors and can be used for the monitoring of 

recurrence and prognosis [4]. Clinically, the analysis 
of specific genes in patients’ urine exfoliated cells is 
beneficial for early diagnosis [5]. The development of 
modern high-throughput technology has led to the 
discovery of more and more molecular markers of 
bladder cancer. For example, detection of bladder 
tumor antigen (BTA), nuclear matrix protein 
(BLCA-4), and telomerase significantly increased the 
sensitivity and specificity of bladder cancer diagnosis 
[6-8]. Although carcinoembryonic antigen (CEA) and 
carbohydrate chain antigen 125 (CA-125) can also be 
used as indicators for the diagnosis of bladder cancer, 
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the sensitivity and specificity of bladder cancer 
detection are currently not ideal [9, 10]. Only by 
finding more biomarkers and therapeutic targets can 
we effectively improve the early diagnosis and 
prognosis of patients with bladder. 

Growth factor receptor-binding protein 7 (GRB7) 
is a member of the GRB7 signal transduction protein 
family including GRB7, GRB10 and GRB14 [11]. The 
domain of GRB7 is extremely conserved and consists 
of an N-terminal proline-rich domain, a RA domain, a 
central pH domain, a BPS motif and a C-terminal SH2 
(src homology 2) domain [12]. The multi-domain 
structure of GRB7 determines that it must be able to 
participate in the transduction of multiple signal 
paths. It is known that GRB7 is involved in important 
cell growth regulators such as the Erythroblastic 
Leukemia Viral Oncogene Homolog (ErbB) receptor 
family, platelet-derived growth factor receptor, 
insulin receptor and RAS GTPase, suggesting that 
GRB7 plays an important role in cell survival and 
growth [13, 14]. Numerous studies have also reported 
the important role of GRB7 in the malignant 
progression of tumors. Proliferation and migration of 
gastric cancer and oral squamous cell carcinoma are 
significantly reduced when the GRB7 gene is knocked 
out [15, 16]. In invasive breast cancer, the GRB7 
protein binds to invasive phenotypic markers such as 
overexpressing HER2 and highly amplified HER2 
[17]. In cervical cancer, high expression of GRB7 
promotes distant invasion of cervical cancer and 
inhibits apoptosis [18]. However, the role of GRB7 in 
the malignant processes of bladder cancer is 
unknown. 

In the present study, we find that GRB7 mRNA 
and protein expression are upregulated in bladder 
cancer. Overexpressing GRB7 promotes, while 
silencing GRB7 inhibits the G1/S transition in the cell 
cycle as well as tumorigenesis through phospho-AKT 
pathway. These results suggest that GRB7 may be a 
diagnostic marker and a valuable therapeutic target 
for bladder cancer. 

Materials and Methods 
Microarray data processing and Statistical 
analysis 

The RNA detection values of 408 BC tissues and 
19 adjacent normal bladder tissues were downloaded 
from the Cancer Genome Atlas (TCGA). Excel and 
MeV 4.9 software were used to sort out these data and 
Gene Set Enrichment Analysis (GSEA; GSEA 2.2.1, 
http://www.broadinstitute.org/gsea) was adopted 
to analyze them. Besides, chi-square test was used to 
judge whether there were differences in data between 
groups. In this study, a double tailed p value less than 

0.05 was considered statistically significant. 

Cell lines and tissues 
Seven bladder cancer cell Lines (HT-1197, 

UMUC3, 5637, RT4, J82, HT-1376, T24) were cultured 
in Dulbecco's Modified Eagle’s Medium (DMEM; 
Gibco, Rockville, MD, USA), supplemented with 10% 
fetal bovine serum (HyClone, Logan, UT, USA). 
Primary normal bladder epithelial cells (Normal) and 
eight paired BC tissues (ANT: adjacent normal tissues; 
T: tumor) were kindly collected and presented by Dr. 
Yang for this study. As previously described [19], 
epithelial growth factor, bovine pituitary extract, and 
antibiotics were added to the keratinocyte serum-free 
medium (Invitrogen Life Technologies, Carlsbad, CA, 
USA) with the purpose of helping the adherent 
culture of these cells. 

Real-time Quantitative PCR (RT-qPCR) and 
Western blot analysis 

Real-time Quantitative PCR (RT-qPCR) and 
Western blot analysis were performed following 
standard methods as mentioned [19]. RNA extraction 
was conducted according to standard methods in the 
manufacturer’s instructions, and the RT-qPCR was 
performed with the help of the Biosystems 7500 
Sequence Detection system. The following primers 
were used: GRB7 (forward, 5’-GGTTTGGAGGACCA 
CGAGTC-3’; reverse, 5’-CGGAAGACGAAGCGGCT 
ATC-3’); and GAPDH (forward, 5’-ACCACAGTCCA 
TGCCATCAC-3’; reverse, 5’-TCCACCACCCTGTTG 
CTGTA-3’). Considering about the variability in 
expression level, all the expression data were 
normalized to the geometric mean of the house-
keeping gene GAPDH. The main antibodies adopted 
in the present study were as followed: anti-GRB7 
(1:500, Santa Cruz Biotechnology, USA), anti-p- 
AKTSer473 (1:800, Cell Signaling Technology, MA, 
USA), anti-p-AKTThr308 (1:800, Cell Signaling Technol, 
MA, USA), anti-AKT (1:800, Cell Signaling Technol, 
MA, USA), anti-cyclin D1 (1:1000, BD Transduction 
Laboratories, USA), anti-CDK6 (1:1000, Sigma- 
Aldrich, St. Louis, MO, USA), anti-CDK4 (1:1000, 
Sigma-Aldrich, St. Louis, MO, USA), anti-p21Cip1 
(1:1000, Sigma-Aldrich, St. Louis, MO, USA), anti- 
p27Kip1 (1:1000, Sigma-Aldrich, St. Louis, MO, USA), 
anti-pRB (1:1000, Sigma-Aldrich, St. Louis, MO, USA), 
anti-RB(1:1000, Sigma-Aldrich,St. Louis, MO, USA), 
anti-p-GSK3β (1:800, Cell Signaling Technol, MA, 
USA), anti-p-GSK3β (1:800, Cell Signaling Technol, 
MA, USA). Anti-β-actin monoclonal antibody (1:1000, 
Abcam, Cambridge, UK) was taken as a loading 
control. 
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Vectors and retroviral infection 
The full-length human GRB7 was subcloned into 

the pMSCV-retro-puro vector (Clontech, Palo Alto, 
CA). The forward PCR primer was 5’-AGATCTATG 
GAGCTGGATCTGTCTCCAC-3’ and reverse PCR 
primer was 5’-GAATTCTCATCAGAGGGCCACC 
CGC-3’. Besides, under the help of RNA interference 
(RNAi) method, the GRB7 knock down bladder 
cancer cell lines was also established. To 
endogenously downregulate GRB7, two hairpin GRB7 
siRNA oligonucleotides (sense, 5’-GATCCCGCGAGT 
CCAACGTGTACGTGTTCAAGAGACACGTACAC
GTTGGACTCGTTTTTTGGAAA-3’; antisense, 5’-AG 
CTTTTCCAAAAAACGAGTCCAACGTGTACGTGT
CTCTTGAACACGTACACGTTGGACTCGCGG-3’) 
were inserted into the subcloned pSUPER.retro.puro 
plasmid (Oligoengine, Seattle, WA). As described 
before, retroviral production and infection were 
performed [19]. 

In vitro cell proliferation assay 
In cell counting part, the established cells were 

seeded in 96-well plates with a density of 2×103 
cells/well. The cell proliferative activity was tested by 
3-(4,5-Dimethyl-2-thia-zolyl)-2,5-diphenyl-2-H-tetraz
olium bromide (MTT; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) assay. After cultured for 24 h, 48 h, 
72 h, 96 h, 120 h or 144 h, each well was added with 10 
µl of MTT solution (5 mg/ml). After incubation with 
the MTT reagent at 37 °C for 4 h, cells were added 
with 150 µl dimethyl sulfoxide (DMSO) and then the 
absorbance was measured at 490 nm on a microplate 
reader (BioTek Instruments, Inc., Winooski, VT, USA). 
All tests have been repeated at least three times. 

As for colony formation assays, 1000 cells per 
well were plated in six-well plates in triplicates and 
cultured for ten days before staining viable colonies 
by nitro blue tetrazolium (Sigma). All experiments 
were conducted in triplicate for each cell line. 

Anchorage-independent growth assay 
500 cells were lightly blown and suspended 

evenly in 1 mL complete DMEM supplementary with 
0.7% agarose. Then the suspension was all lightly 
plated into 6-well plates container which have been 
pre-covered with 1.5% agarose. Each group had 3 
parallel samples. The cells were then incubated with 
5% CO2 at 37 °C, replacing the medium every 2 days. 
12 days later, the cells were counted by the help of an 
inverted microscope, and during this observation, any 
opaque spot bigger than 0.1 mm was regarded as one 
colony. Images were photographed and stored for 
later analysis. 

Flow cytometry analysis 
5×105 cells/well were seeded in 100-mm dishes 

and normal cultured for 48 hours. Then, cells were 
harvested and fixed with ice-cold 70% ethanol before 
being kept overnight at 4 °C. Next, they were washed 
with PBS, collected, and centrifuged at 1500 rpm for 
five minutes, and after that the cells were incubated 
by the use of bovine pancreatic RNase (20 μg/ml, 
Sigma) at 37 °C for 30 min and stained with 
propidium iodide (20 μg/ml, Sigma). Cells were 
further subjected to cell cycle analysis by FACSCanto 
II flow cytometer (BD Biosciences, San Jose, CA, 
USA), and the data were analyzed with the help of the 
FLOWJO software (Tree Star, Inc., Ashland, OR). All 
experiments were conducted repeatedly three times. 

Bromodeoxyuridine (BrdU) labeling and 
immunofluorescence assay 

Cells in the logarithmic growth stage were 
seeded at the initial density of 2000 cells per well in 
24-well plates with coverslips (Fisher, Pittsburgh, PA) 
placed inside the wells, and then the cells were 
allowed to attach for 72 h. BrdU (working 
concentration was 10 µM) was then added into each 
well and allowed to be incubated for 1h. Then the cells 
were washed twice in PBS, fixed in 100% methanol 
(chilled at -20 °C) for five min, permeabilized with 
0.2% TritonX-100 for ten min followed with the 
addition of immunostained with an anti-BrdU 
antibody (Upstate, Temecula, CA, USA). A laser 
scanning microscope (Axioskop 2 plus, Carl Zeiss Co. 
Ltd., Jena, Germany) was taken for counting and 
taking typical pictures. 

Murine Xenograft Model 
The in vivo experiments were performed as 

described before [19]. All institutional and national 
laboratory animal care and use guidelines were 
followed. Non-obese diabetic/severe combined 
immunodeficiency (NOD/SCID) mice (4–5 weeks old, 
18–20 g) were purchased from the Guangdong 
Medical Laboratory Animal Center (Guangzhou, 
Guangdong, China). Cells (5,000,000) in 0.25 ml PBS 
were injected into the s.c. in the flank. Each 
experiment was performed repeatedly at least twice. 
The tumor volumes were calculated according to the 
following formula: V=A×B2/2 (cm3), where A was the 
largest diameter (cm) and B is the smallest diameter 
(cm). On the day of 24, the animals were euthanized, 
and the tumors were excised and weighed. 
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Results 
GRB7 is upregulated in bladder cancer 

The mRNA expression of GRB7 in 427 bladder 
cancer tissues in the TCGA database was analyzed. A 
point on the graph of Figure 1A represents the 
expression level of a sample. The GRB7 mRNA was 
upregulated in bladder cancer samples (Tumor) 
compared to that in normal tissue samples (19 cases, 
Normal) (P < 0.001). To exclude individual differences 
between patients, we further classified the 427 
samples and obtained 18 pairs of bladder cancer 
tissues and adjacent normal tissues from the same 
patient. Among the 18 pairs of specimens, GRB7 
mRNA was significantly higher in bladder tumors 
than in adjacent normal tissues (Figure 1B; P < 0.001). 

For the experimental verification, seven bladder 
cell lines and five pairs of clinical bladder specimens 

were taken further detection. Compared with normal 
bladder epithelial cells, the mRNA levels of GRB7 in 7 
cultured bladder cell lines were significantly 
increased (Figure 1C). The GRB7 protein was also 
higher compared to that in normal epithelial cells 
(Normal, Figure 1D). Meanwhile, RT-qPCR analysis 
and Western blot analysis revealed that the mRNA 
level and protein level of GRB7 were both 
upregulated in malignant bladder cancer tissues 
compared to that in adjacent normal tissues (Figure 
1E and 1F). Taken together, GRB7 is upregulated in 
human bladder cancer indicated by these results. 

GRB7 regulates the proliferation of bladder 
cancer cells 

GSEA was used to assess the contribution of 
GRB7 to the malignant progression phenotype of the 
tumor. The mean value of GRB7 mRNA was used as 

 

 
Figure 1. GRB7 is upregulated in bladder cancer. A. The mRNA level of TEF was frequently upregulated in bladder cancer tissues (Tumor) compared to that in normal 
bladder epithelial samples (Normal) in the TCGA database. Values are expressed as the mean ± SEM. **P < 0.001. B. The RNA levels of TEF were markedly decreased in 18 
paired bladder cancer tissues (Tumor) compared to those in adjacent normal tissues (Normal) from 18 patients in the TCGA database. **P < 0.001. C. RT-qPCR analysis showed 
that the mRNA level of GRB7 was indeed upregulated in all of the seven cultured bladder cell lines compared to that in normal epithelial cells (Normal). D. GRB7 protein was 
also higher in the seven cultured bladder cell lines compared to that in normal epithelial cells. E. RT-qPCR analysis showed that the mRNA level of GRB7 were upregulated in 
malignant bladder cancer tissues (Tumor) compared to that in adjacent normal tissues. *P < 0.05. F. Western blot analysis revealed that the protein level of GRB7 were 
upregulated in malignant bladder cancer tissues compared to that in adjacent normal tissues. 
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the dividing line, and 408 cases of bladder cancer 
were divided into GRB7 high expression group 
(GRB7-H) and GRB7 low expression group (GRB7-L). 
Shown as Figure 2A, the expression of GRB7 in 
bladder cancer is positively correlated with cell 
proliferation (P < 0.05). For experimental verification, 
5637 and RT4 cells were stably transfected with the 
GRB7 plasmid (GRB7 vs. Vec; Figure 2B and 2C). The 
MTT assay showed that overexpression of exogenous 
GRB7 accelerated the growth rate of 5637 and RT4 
cells (Figure 2D). Cloning formation experiments 

showed that overexpression of exogenous GRB7 
significantly increased the number of cell clones. 
(Figure 2E and 2F). In order to explore the role of 
endogenous GRB7 in cell proliferation, endogenous 
GRB7 was stably silenced in 5637 and RT4 cells 
(Ri1&Ri2 vs. Vi; Figure 2G and 2H). Silencing 
endogenous GRB7 not only slows the growth rate of 
cells but also reduces the average number of colonies 
(Figure 2I-K). These in vitro results indicate that GRB7 
may play a role in promoting the proliferation of 
bladder cancer cells. 

 

 
Figure 2. GRB7 regulates the proliferation of bladder cancer cells. A. GSEA plots demonstrated that the expression of GRB7 in bladder cancer is positively correlated 
with cell proliferation. *P < 0.05. B. RT-qPCR analysis showed that 5637 and RT4 cells were successfully and constantly transfected with GRB7 plasmids to overexpress the 
expression of GRB7. C. Western blot analysis showed that 5637 and RT4 cells were successfully and constantly transfected with GRB7 plasmids to overexpress the expression 
of GRB7. D. MTT assays showed that overexpression of exogenous GRB7 significantly increased the growth rate of 5637 and RT4 cells. E. A representative image from the 
colony formation assay showed that overexpression of exogenous GRB7 significantly increased the mean colony number in the colony formation assay. F. The mean count of the 
colony number in the colony formation assay. G. RT-qPCR analysis showed that 5637 and RT4 cells were successfully and constantly transfected with GRB7 plasmids to 
overexpress the expression of GRB7. H. Western blot analysis showed that the endogenous GRB7 were successfully silenced. I. MTT assays showed that silencing endogenous 
GRB7 significantly reduced the growth rate of 5637 and RT4 cells. J. A representative image from the colony formation assay showed that silencing endogenous GRB7 significantly 
reduced the mean colony number in the colony formation assay. K. The mean count of the colony number in the colony formation assay. *P < 0.05. 
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Figure 3. GRB7 promotes the tumorigenesis of bladder cancer. A. Representative images from the anchorage-independent growth assay show that the colony number 
was significantly increased in exogenous GRB7-overexpressed cells but decreased in endogenous GRB7-silenced cells. B. The mean count of the colony number in the 
anchorage-independent growth assay. C. Images of excised tumors from NOD/SCID mice which injection with 5637-Vector, 5637-GRB7, 5637-RNAi vector, 5638-RNAi1 or 
5637-RNAi2 cells. D. Tumor volumes were measured every 4 days. Data represent the mean ± SD of three independent measures. E. Average weight of excised tumors from 
three different weighing instruments. *P < 0.05. 

 

GRB7 promotes the tumorigenesis of bladder 
cancer 

Anchorage independent growth assays showed 
that the number of clones increased significantly 
when GRB7 was overexpressed and significantly 
decreased when GRB7 was silenced (Figure 3A and 
3B). The xenograft model established in NOD/SCID 
mice also validated the effect of GRB7 observed in in 
vitro experiments. By observing the growth rate of the 
transplanted tumor and weighing the final 
transplanted tumor, it was found that the tumorigenic 
ability of 5637 cells was significantly enhanced when 
GRB7 was highly expressed, but was greatly 
attenuated when GRB7 was silenced (Figure 3C-E). 
Taken together, the results indicate that GRB7 plays a 
positive role in the tumorigenesis of bladder cancer 
cells. 

GRB7 promotes the cell cycle G1/S transition 
in bladder cancer cells 

Since cell growth is closely related to the cell 
cycle, flow cytometry was used to detect the effect of 
GRB7 expression level on the proportion of cells in 
each cycle. Overexpression of GRB7 significantly 
reduced the proportion of cells in G0/G1 phase and 
increased the proportion of cells in S phase; while 
silencing GRB7 significantly increased the proportion 
of cells in G0/G1 phase but decreased the proportion 
of cells in S phase (Figure 4A). In addition, 
representative images and statistics show that the 

BrdU-incorporated cell ratio is elevated in cells 
overexpressing GRB7 and decreased in cells silencing 
GRB7 (Figure 4B and 4C). Several key factors 
regulating cell cycle were examined here to observe 
the effect of GRB7 on cell cycle transition. As shown in 
Figure 4D, the proteins of the cell cycle promoters 
Cyclin D1, CDK4 and CDK6 were up-regulated in 
GRB7-expressing cells and down-regulated in GRB7- 
silencing cells. In contrast, the cell cycle inhibitors 
p21Cip1 and p27Kip1 proteins were decreased in GRB7 
overexpressing cells and elevated in GRB7 silencing 
cells. These results clearly indicate that GRB7 
promotes the cell cycle G1/S transition in bladder 
cancer cells. 

Phospho-AKT pathway is related to GRB7 
expression 

GSEA analysis showed that RNA levels of GRB7 
are positively correlated with AKT-activated gene 
signature (Figure 5A). For experimental validation, 
we first examined the phosphorylation status that 
positively determines the level of AKT protein 
activity. As shown in Figure 5B, the key 
phosphorylation sites of AKT protein, threonine 308 
and serine 473, were both phosphorylated in GRB7 
overexpressing cells but dephosphorylated in GRB7 
silenced cells. At the same time, the phosphorylation 
level of GSK3β, a recognized target protein 
downstream of AKT, also changed accordingly 
(Figure 5B). Taken together, these results indicate that 
GRB7 regulates AKT pathway activity. 
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Figure 4. GRB7 promotes the cell cycle G1/S transition in bladder cancer cells. A. Flow cytometric analysis of stable cell lines constructed from 5637 and RT4 cells 
demonstrated that the percentage of S phase cells negatively correlated with the expression of TEF. B. Representative micrographs of BrdU showed that the percentage of 
BrdU-incorporated cells were higher in GRB7-overexpressed cells but lower in GRB7-silenced cells. C. the quantification of BrdU incorporation in stable cell lines. Three 
independent experiments were conducted. D. Western blot analysis of G1/S transition-associated genes showed that the protein expression levels of the cell cycle promoter is 
positively expressed with GRB7 expression, while the protein expression levels of the cell cycle inhibitor is negatively expressed with GRB7 expression. *P < 0.05. 

 

Phospho-AKT pathway mediates GRB7- 
induced cell proliferation and tumorigenesis 

The effect of AKT on GRB7-induced cell 
proliferation was further verified by treatment of 
GRB7 overexpressing cells with the AKT inhibitor 
Perifosine. As shown in Figure 6A, the AKT inhibitor 
(AKT in) significantly slowed the growth of cells 
promoted by GRB7. Representative images and 
counts in the soft agar assay visually indicate that 

AKT inhibitors attenuate tumorigenesis induced by 
GRB7 (Figure 6B and 6C). Flow cytometry and BrdU 
labeling experiments showed that AKT inhibitors 
inhibited S-phase cell enrichment induced by GRB7, 
which also confirmed that AKT inhibitors can 
antagonize the regulation of GRB7 on cell cycle 
(Figure 6D and 6E). Taken together, phospho-AKT 
pathway mediates GRB7-induced cell proliferation 
and tumorigenesis in bladder cancer cells. 
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Figure 5. Phospho-AKT pathway is related to GRB7 expression. A. GSEA 
plot showing that the GRB7 RNA level positively correlated with AKT-activated gene 
signatures. B. Western blot analysis detected the AKT activation associated proteins 
the indicated bladder cancer cells. Three independent experiments were conducted. 
*P < 0.05. 

 

 Discussion 
Detection of specific markers of abnormal 

expression in tissues is an important strategy for 
tumor diagnosis and treatment [20]. As the earliest 
discovered tumor marker, alpha-fetoprotein (AFP) 
has become the main screening index for primary 
liver cancer [21]. Urinary elevated human chorionic 
gonadotropin (HCG) in patients with malignant 
teratoma is associated with prognosis [22]. A variety 
of drugs that target abnormal genes in tumors, such as 
vascular endothelial growth factor receptor inhibitors 
Bevacizumab, anti-HER2 monoclonal antibodies 
Trastuzumab, Bcr-abl tyrosine kinase inhibitors 
Imatinib and the like have been clinically applied and 
have achieved good therapeutic effects [23-25]. Many 
studies have been devoted to the search for new 
molecular targets for bladder cancer. For example, 
high expression of sirtuin 1 significantly promoted the 
proliferation of bladder cancer cells [26]. High 
expression of miRNA-373 promoted tumor cell 
migration and up-regulated EGFR expression [27]. 
This study found that the expression of GRB7 is 
elevated in human bladder cancer, and the abnormal 
expression of GRB7 promotes the proliferation and 
tumorigenesis of bladder cancer cells by promoting 
cell cycle G1/S transition. This finding further 
consolidates the theoretical basis for GRB7 as a 

therapeutic target for a variety of tumors. The 
development of targeted GRB7 is already underway. 
An 11-residue thioether-cyclized peptide known as 
G7-18NATE has been developed which inhibits GRB7 
by specific interaction with the SH2 domain [28]. 
Using a virtual screening strategy, nine new 
benzamide-based GRB7-SH2 domain antagonists 
were identified and lead compound 1 was found to 
inhibit MDA-MB-468 breast cancer cell growth [29]. 
Clearly, studying the structure of GRB7 and the 
proteins it interacts with are critical for the 
development of anticancer drugs that target GRB7. 

Previous studies have found that GRB7 binds to 
PIP3 (Phosphatidyl Inositol-3-Phosphate) via its PH 
domain [30]. It is well known that PIP3 binds to and 
promotes phosphorylation of the Ser308 site of the 
AKT protein, which is also a pre-requisite for AKT 
kinase activation [31]. Activation of AKT kinase plays 
a very important role in the malignant progression of 
bladder cancer [32]. It has been reported that 
regulation of AKT activity induces a cellular response 
to tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) [33]; AKT signaling is involved in the 
regulation of inflammation and tumor formation in 
bladder cancer; activation of AKT increases tumor cell 
resistance to paclitaxel [34]. Given the importance of 
AKT in bladder cancer, we sought to investigate the 
role of GRB7 in AKT signaling. Our current study 
found that AKT phosphorylation levels are elevated 
in cells overexpressing GRB7, but are reduced in cells 
that are silenced by GRB7. Based on this, it is 
speculated that AKT signaling is involved in 
GRB7-induced cell proliferation and tumorigenesis. 
However, whether the activation of AKT protein by 
GRB7 protein is directly or indirectly is still to be 
further studied. In addition, why GRB7 is elevated in 
bladder cancer is also a problem worth studying. It 
has been reported that GRB7 is inhibited by the 
PI3K-AKT pathway, suggesting that there may be a 
negative feedback between GRB7 overexpression and 
AKT activation. Silencing of GRB7 increased the role 
of the AKT inhibitor Lapatinib in breast cancer, which 
also supports the role of GRB7 in AKT activity, and 
also suggests that targeting GRB7 is expected to be a 
combination of drugs targeting AKT [35]. 

In general, this study shows that GRB7 is 
upregulated in human bladder cancer and plays an 
important role in promoting proliferation and 
tumorigenesis via phosphorylated-AKT pathway, 
which suggests a potential role of GRB7 as a 
diagnostic marker and valuable therapeutic target in 
bladder cancer. 
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Figure 6. Phospho-AKT pathway mediates GRB7-induced cell proliferation and tumorigenesis. A. MTT assays showed that AKT inhibitor could significantly 
restore GRB7-promoted growth rate. B. The representative images of colonies in soft agar assays visually indicating that AKT inhibitors can weaken GRB7-induced 
tumorigenicity. C. Numbers of colonies in the anchorage-independent growth assay. D. Flow cytometry analysis showed that perifosine significantly abrogated the GRB7-induced 
enrichment of cells in the S phase. E. Quantification of BrdU incorporation in the constructed stable cell lines. *P < 0.05. 
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