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Grb7 gene amplification and protein expression by FISH 
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Abstract: Objective: Overexpression of growth factor receptor-bound protein 7 (Grb7) has been found in numerous 
human cancers. The aim of this study was to evaluate the correlation between Grb7 gene amplification and protein 
expression in ovarian cancer (OC). Methods: We use Tissue Microarray (TMA) respectively to detect the gene ampli-
fication and protein expression of Grb7 in 90 cases OC and 10 control specimens of normal ovarian tissues by IHC 
and FISH. Results: The Grb7 protein expression by IHC analysis was observed in 52/90 (57.8%) OC with 3 cases 
(3.3%) scored 3+ and 9 cases (10%) scored 2+ Grb7 gene amplification by FISH analysis was successfully detectable 
in 6 specimens with a positive rate of 6.8% (6/88) in which immunostaining 3+, 2+ and negative (1+/0) expressions 
of Grb7 were 100.0% (3/3), 11.1% (1/9) and 2.6% (2/76), respectively. Our data exhibited that the IHC and FISH 
results had a good consistency between Grb7 gene amplification and Grb7 protein expression (Kappa = 0.651, P 
< 0.001). Both the results of IHC and FISH revealed that Grb7 did not seem to have a role in OC clinicopathology. 
Conclusion: There is a close relationship between Grb7 gene amplification and GRB7 protein overexpression in hu-
man OC. IHC might have limited diagnostic value especially in these tumors and especially in characterizing geneti-
cally diverse borderline cases, FISH could be superior to IHC.

Keywords: Ovarian cancer, growth factor receptor-bound protein 7 (Grb7), tissue microarray, fluorescence in situ 
hybridization, immunohistochemistry

Introduction

Ovarian cancer (OC) remains the eighth most 
common cancer and the leading cause of gyne-
cologic cancer deaths worldwide [1]. Despite 
many attempts to develop methods and tests 
to detect the disease with absent symptoms  
at an early stage, 70-80% of patients with OC 
often reach an advanced stage before the time 
of diagnosis [2]. As one of the most lethal gyne-
cological malignancies found in humans, the 
prognosis of OC is rather unfavorable with a 
5-year survival rate of only about 30% [3]. 
Although the use of systemic therapy in recent 
advances, > 75% of affected women eventually 
die from complications of disease progression 
[4]. The aggressive clinical course associated 
with OC underscores the need for gaining 
insights into the complex disease and improv-
ing therapeutic strategies. Due to remarkable 
heterogeneity at the clinical, cellular and molec-

ular level, the etiology and early events in the 
progression of OC are poorly understood, espe-
cially highlighting the complex genetic basis. In 
recent reports, human OC displayed a multi-
tude of genetic abnormalities, including dele-
tions, amplifications and structural rearrange-
ments exemplified by the results of The Cancer 
Genome Atlas (TCGA) project [5]. Gene amplifi-
cation is one of the major genetic alterations in 
cancer, and amplicons include cancer driver 
genes recurrently observed in human cancers 
are likely to be positively selected owing to their 
contribution to oncogenesis. Gene amplifica-
tion in cancer cells provides a means for over- 
expression of cancer-promoting driver genes, 
such as HER2 on chromosomes 17 [6]. Exploring 
these developments of aberration and under-
standing their potentially roles contributed to 
the pathophysiology in OC are necessary for 
improvements in diagnosis and specific novel-
targeted therapies [7, 8].
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The Grb7 (growth factor receptor-bound protein 
7) is one of an Grb7 family cytosolic proteins 
composed of Grb7, Grb10, Grb14 and signaling 
proteins devoid of intrinsic enzymatic activity to 
affect downstream events [15]. The full-length 
protein is a 532-residue protein characterized 
by a proline-rich N-terminal domain, a Ras-
associating domain, a pleckstrin homology (PH) 
domain, a C-terminal Src homology 2 (SH2) 
domain, as well as a BPS (between the pleck-
strin homology and SH2) domain [16, 17]. The 
binding of Grb7 to its upstream partners and 
the target of cancer therapeutics are dictated 
primarily by its SH2 domain [18, 19]. It has 
been noted that Grb7 acted as an adapter 
which serves regulatory and scaffolding roles in 
numerous different signaling pathways [20]. Its 
gene is encoded in the 17q12-21 whose ampli-
con located < 15 kb from the HER2 gene [9]. 
Grb7 and HER2 were co-amplified in 15-20% of 
breast and gastric cancers, which may be nec-
essary for oncogenesis, or be an acquired 
resistance mechanism to anti-tyrosine kinase 
therapy [10-14]. It has come to particular atten-
tion that the co-overexpressed of Grb7 and 
HER2 is covered successively in other human 
cancers [21-25]. Although levels of Grb7 expres-
sion in tumors are usually higher where HER2 is 
overexpressed, they do not always reflect HER2 
levels [16, 26] with Grb7 expression under the 
control of complex mechanisms including the 
activity of the HER2 pathway itself [11]. 
However, Grb7 is not simply a benign side effect 
of HER2 overexpression. Emerging evidences 
have reported that Grb7 is frequently overex-
pressed and plays an important and indepen-
dent role in the regulation of cell growth, cell 
migration and cell invasion of human cancers, 
ranging from breast [9, 16, 17, 21, 26-28], 
esophageal [22, 29], gastric [23, 30], lympho-
cytic leukemia [31], pancreatic [32], hepatocel-
lular [33] carcinomas. Referred to OC, some 
studies have showed that both the mRNA and 
protein levels of Grb7 and its variant are fre-
quently upregulated and play a significant role 
in tumorigenic functions [34, 35]. Taken togeth-
er, these studies suggest that Grb7 is involved 
in the progression of cancers, which may serve 
as a potential diagnostic marker to predict drug 
response/resistance [36] and become a highly 
attractive target in the development of antican-
cer molecular therapeutics.

Because of the scarcely data, until now, it has 
been unclear what extent (over) expression of 

Grb7 gene reflects constitutional activation or 
merely reflects the physiological status of the 
normal progenitor cells in OC. Hence, in the cur-
rent study we aimed to evaluate whether OC 
cells have Grb7 gene amplification, and the 
possible correlation between the gene by FISH 
and its protein expressions by IHC. In addition, 
we also investigated the relationship existing 
among Grb7 status with regard to clinical-
pathology emergence in OC patients, whose 
correct assessment is therefore essential in 
guiding therapy-related decisions.

Materials and methods

Materials

The group of 100 cases of OC was derived from 
a commercial set of TMA slides (BC11115a;  
US Biomax, Inc), in which included 90 cores of 
tumor samples and 10 cores of normal ovarian 
tissues available for this study. Each of them 
had one core only. Approval of the protocol was 
obtained from the local China Ethics Commit- 
tee.

Immunohistochemistry

Immunohistochemical staining for Grb7 was 
performed on an OC TMA (BC11115a; US 
Biomax, Inc.). The section was immunostain- 
ed with primary polyclonal anti-Grb7 antibody 
(BA3733, Boster, Inc.) in 1:50 dilution. Appro- 
priate controls were employed. Positive cells  
for cell membranes or cytoplasm were brown 
color. The percentages of positive-stained  
cells in tumors and normal epithelia were 
assessed. The proportions of positive cells 
were ranged from 10% to 100%, whereas the 
intensity of staining was scored as 0 (negative), 
1+ (weak), 2+ (moderate), and 3+ (strong or 
marked) in the most strongly stained tumor 
area. Immunoscoring was evaluated under an 
electron microscope by two independent 
pathologists who did not know the patients’ 
clinical and FISH data (All were viewed at 400× 
magnification).

Fluorescence in situ hybridization

The FISH test was performed according to  
GP Medical Technologies, Ltd (Beijing, China) 
Grb7 DNA Probe Kit protocol. The Grb7 probe 
labeled red covers a 9.377-kb region of 
17q12~q21 (covers the whole genome Grb7), 
while a control probe for CEP17 labeled green. 
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Cells were counterstained with 10 μl of 4, 
6-diamidino-2-phenylindole (DAPI) for 5 min 
and then viewed under a fluorescent micro-
scope equipped with multiband pass filters to 
visualize colors simultaneously. One hundred 
nuclei were counted. A ratio of Grb7 signals to 
chromosome 17centromere signals was deter-
mined. Grb7:CEP17 ratio < 2, average Grb7 
gene copy number of < 4 signals/nucleus was 
considered nonamplified, as well Grb7:CEP17 
ratio ≥ 2.0 with CEP17 < 1.5 signals/nucleus or 
Grb7 < 4.0 signals/nucleus; Grb7:CEP17 ratio ≥ 
2.0 or average Grb7 gene copy number ≥ 6  
signals/nucleus was considered amplified; 
Grb7:CEP17 ratio < 2.0 and average Grb7 gene 
copy number 4-6 signals/nucleus, equivocal.

Statistical analysis

SPSS version 19.0 (SPSS Inc, Chicago, IL, USA) 
was used for statistical analysis, chi-square 
test and the Kappa method were also used. P < 
0.05 was defined as significant.

Results

Grb7 protein expression and correlation to 
other clinicopathologic parameters

The clinicopathological findings are summa-
rized in Table 1. The tumors occurred in 90 
women (mean age 50 years, range 22-83 
years). Data describing Grb7 IHC, GRB7 FISH, 
OC Grade, and OC Stage were available for  
100, 100, 95, and 90 patients respectively, all 
including ten normal ovary tissues.

Grb7 immunostaining was interpretable in all 
100 cases. Immunostaining of Grb7 protein 
likewise 3+, 2+ and 1+ (Figure 1) expressed in 52 
(52/90; 57.8%) of 90 tumor specimens. But 
one case of normal ovary tissues exhibited 1+ 
staining intensity. However, of the 90 tumor 
specimens, only 9 (9/90; 10%) were stained 
moderately (2+) and 3 (3/90; 3.3%) intensively 
(Table 1). In other words, the 78 (78/90; 86.7%) 
remaining patients of the total tumor area 
showed negative (0/1+) in GRB7 expressions. 
Nevertheless the clinicopathologic factors 
analysis, such as age, histopathologic type, 
grade and FIGO stage, showed no significant 
correlation with Grb7 expressions (Table 1) 
identified by chi-square test.

Grb7 gene amplification and correlation to 
other clinicopathologic parameters

Of 90 tumor specimens, two (2%) tumor cases 
were inaccessible with weak fluorescent signal. 
Thus, we obtained valid and easily evaluable 
FISH data for 88 tumor samples (Figure 2; 
Table 1). Based on our findings we noticed that 
6 cases (6/88; 6.8%) with Grb7 amplied and 
nearly 82 cases (82/88; 93.2%) with negative 
by FISH analysis. Of six amplified cases that 
showed four (4/61; 6.6%) from the serous, 1 
case (1/2; 50%) from the endometrioid and 1 
(1/10; 10%) from metastasis. That was all 
cases from clear cell and mucinous carcinoma 
were detected without Grb7 amplification, as 
well as the ten cases normal ovary tissues.

Table 1. The clinical pathological characteris-
tics of patients with OC
Characteristics N (%)
Age (years)
    < 50 44 (48.9)
    ≥ 50 46 (51.1)
Histopathologic type
    Serous 63 (69.3)
    Mucinous 10 (11.4)
    Clear cell 5 (5.7)
    Endometrioid 2 (2.3)
    Metastasis Others 10 (11.4)
Histological tumor grade
    Well differentiated (grade 1) 13 (14.4)
    Moderate differentiated (grade 2) 19 (21.1)
    Poor differentiated (grade 3) 53 (58.9)
    Unknown 5 (5.6)
FIGO Stage
    I 48 (53.3)
    II 15 (16.7)
    III 14 (15.6)
    IV 3 (3.3)
    Unknown 10 (11.1)
Grb7 IHC, staining intensity score
    0 38 (42.2)
    1+ 40 (44.4)
    2+ 9 (10.0)
    3+ 3 (3.3)
Grb7 gene amplification by FISH
    Negative 82 (93.2)
    Positive 6 (6.8)
    Not interpretable: 2
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The mean age of the entire cohort was 50 years 
(range 22-83 years) with a mean age of 61.3 

years (range 49-83, P = 0.11) among all ampli-
fied cases. However, no significant correlations 

Figure 1. Representative examples of Grb7 protein expression detected by IHC (magnification, ×400). (A) Negative, 
(B) 1+, (C) 2+ and (D) 3+ Grb7 expression. Grb7, growth factor receptor-bound protein 7; IHC, immunohistochemistry.

Figure 2. FISH results (A) without or (B) with Grb7 gene amplification (magnification, ×300). FISH, fluorescence in 
situ hybridization.
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were observed between amplification of Grb7 
and age, FIGO stage, grade, and histopatholog-
ic type in OC (data not shown). None amplified 
case with FISH was observed in stage III or IV, 
but more common in early stage (I: 3/46; II: 
2/15).

Grb7 amplification by FISH and comparison to 
GRB7 IHC

In order to evaluate whether our FISH evalua-
tion score is related to and can be confirmed by 
Grb7 protein expression, the Grb7 status by IHC 
and FISH results are detailed in Table 2.

The 88 samples, includes all of the IHC 2+ 
(9/88; 10.23%), the IHC 3+ (3/88; 3.41%), and 
samples showing IHC 1+/0 (76/88; 86.36%). 
Over all, IHC and FISH results were statistically 
significantly correlated (Kappa = 0.651, P < 
0.001). Even if one subdivides IHC staining into 
“positive” (scores 2+ and 3+) and “negative” 
(scores 0 and 1+), those categories were still 
excellently correlated with FISH results (Kappa 
= 0.389, P < 0.001). All the six cases amplified 
by FISH appeared in diversified classes of IHC, 
containing 3+ (three cases), 2+ (one case), 1+ 
(one case) and 0 (one case). Most interestingly, 
immunoscore 3+ was strongly correlated with 
amplification. Three out of six amplified cases 
were intensely stained resulting in IHC 3+ cases 
that were all exclusively noticed in tumors with 
amplification. On the other hand, IHC negative 
cases (immunoscores 0 or 1+) were associated 
with FISH negativity. The immune scores 1+ 
(39/88) and 0 (37/88) each had one amplified 
for Grb7 validated by FISH. Tumors with Grb7 
amplification presented one case with moder-
ate (IHC 2+) that mostly corresponded to FISH 
negative (8/9 cases). In addition, after exclud-
ing all 9 Grb7 moderate cases, our data showed 
97.37% (n = 74/76) negative assay concor-

array by IHC and FISH techniques. Somewhat 
expectedly, in this study our data exhibited that 
the Grb7 IHC and FISH results were statistically 
significantly correlated and had a better consis-
tency. Overall concordance between nonequiv-
ocal IHC and FISH results was 97.47%. All 3 
cases with strong protein expression (IHC 3+) 
corresponded to FISH positive, and cases with 
IHC 0 or 1+ achieved a highly negative test con-
cordance of 97.37% versus FISH results. This 
findings indicating that our FISH results basi-
cally have a biologic relevance where Grb7 
overexpression may be due to increases in the 
gene copy number in chromosome 17. Most 
cases with morderate (IHC 2+) staining were not 
amplified, although 1 of 9 cases (11.1%) was 
interpreted as positive by FISH whose primary 
reason was very close to the IHC 3+ category in 
immunohistochemical interpretation. After vigi-
lant exclusion of technical errors and evalua-
tion biases, there were still two discordant 
cases interpreted carefully as IHC negative/
FISH positive in TMA and verified by whole sec-
tion slide assessment. The Grb7 discordant 
cases may be explained by limitations in the 
sensitivity of commercially available Grb7 anti-
bodies or by the threshold that we required in 
order to score cases as “positive”. Amplification 
of the Grb7 gene may be the primary mecha-
nism of Grb7 protein overexpression in most 
cases. Besides that, alternatively, Grb7 protein 
expression may be also regulated by other 
genetic or epigenetic mechanisms, such as 
transcriptional, post-transcriptional, or epigen-
etic deregulation of the Grb7 gene. One thing 
we want to mention here is that we did exactly 
find discordant cases represent a genetically 
diverse group of tumors, whose biologic im- 
pacts may be of interest [37]. IHC might be lim-
ited diagnostic value in tumors and be com-
monly used for primary screening in current 
practice, but FISH could be superior to IHC, 

Table 2. The consistence of Grb7 gene amplification and 
grb7 protein expression in OC tissues

Grb7 protein 
(IHC) Case/n

GRB7 gene (FISH)
Positive 
rate/%No-amplification 

(negative)/n
Amplification 
(positive)/n

- 37 36 1 2.7
1+ 39 38 1 2.7
2+ 9 8 1 11.1
3+ 3 0 3 100.0
Total 88 82 6 6.8

dance, 100% (n = 3/3) positive assay 
concordance and 97.47% (n = 77/79) 
overall assay concordance. But had to 
say, our data showed 2.53% (n = 2/79) 
discordance with IHC negative/FISH 
positive.

Discussion

To our knowledge, this is the first study 
investigating the correlation between 
Grb7 gene amplification and Grb7 pro-
tein expressions in OC on Tissue Micro- 
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especially in characterizing genetically diverse 
borderline cases. We propose to include the 
genomics-based information, i.e. the amplifica-
tion status, obtained by FISH, in the panel of 
potential biomarkers.

In previous observations, Grb7 was noted in 
15-20% of breast and gastric cancers studied 
co-amplified with HER2 [10, 11]. Inconsistent 
with those reports, we revealed that a lower fre-
quency of Grb7 amplified with 6.8% based on 
our findings in this representative cohort of 
ovarian epithelial- and metastasis cell carcino-
mas. Thus, nearly 93.2% of these tumors do 
not harbor any copy number gains of the Grb7 
gene. Despite all 15 clear cell and mucinous 
EOC (0/15; 0%) showing negative Grb7 FISH 
results, we found that six amplified cases 
respectively derived from the serous (4/61; 
6.6%), the endometrioid (1/2; 50%), the metas-
tasis (1/10; 10%). Interestingly, the surprisingly 
higher overall rate about 50% of Grb7 amplifica-
tion in the endometrioid type need to be deep 
studied, even if which maybe some contingency 
factors attributed to a smaller number of sam-
ples. After cautious gross evaluations, how- 
ever, no significant correlations were exhibited 
between Grb7 amplification and FIGO stage in 
OC, notably rather 5 cases amplified were veri-
fied as early stage (I: 3/6; II: 2/6) than none 
case observed in advanced stage.

For other tumors, this variation in the frequency 
of Grb7 expression ranged from 17-73% whose 
potential role of Grb7 status has been previ-
ously reported to be profound [24, 26, 27]. 
Regarding OC, Wang Y, David W. Chan et al, 
reported strong to marked staining of Grb7 and 
its variant, Grb7v, in 67.0% (65/97) of tumor 
cases on an OC tissue array (OVC1021). 
Besides that, they also found both the mRNA 
and protein levels of Grb7 are frequently upreg-
ulated in OC cell lines and clinical samples 
through other tests [34, 35]. Our data present-
ed that Grb7 protein expressed in 57.8% 
(52/90) of tumor specimens, however, only 
13.3% (12/90) were proved as Grb7 positive 
(IHC 2+: 9 cases; IHC 3+: 3 cases). And further-
more, they stated that Grb7 were frequently 
increased and associated with high-grade 
tumors and playing an important role in tumor 
progression [34, 35], as well as in other non-OC 
human malignancies [13, 26, 27, 38]. Incon- 
sistent with prior studies we were not able to 

demonstrate any relationship between Grb7 
overexpression and high grade of OC patients, 
nor clinicopathological variables, which really 
confused us. However, it is notable that such 
results should be taken with caution since the 
size of the groups in the Grb7 IHC 2+ and IHC 3+ 
categories were rather small (9 and 3 patients, 
respectively). The relationship between Grb7 
and prognosis has been investigated extensive-
ly and, as noted earlier, the gene used to pre-
dict breast cancer recurrence [39]. Vinatazer, 
et al [24] demonstrated a correlation between 
higher levels of Grb7 protein expression and 
lower disease-free and overall survival, a find-
ing also reported by Cobleigh et al [40] and by 
Nadler et al [13]. These findings correlate well 
with the results of the present work which 
taken together suggest that Grb7 holds greater 
clinical significance that may enter the differen-
tial diagnosis of OC. But yet, it is difficult for us 
to see a potential role for these tests beyond 
the scope of the present study. Different study 
populations and methodologies differences 
may explain this discrepancy, for instance, the 
use of various detecting antibodies and appli-
cation of diverse scoring systems for Grb7. 
Furthermore, the different characteristic of 
samples selected in different TMA, most stud-
ies were small in size (often < 100 specimens), 
and thus make comparisons difficult. The pres-
ent study is still not unique by including 90 
patients with a very short follow-up. Hence, it is 
possible that analysis of much larger series 
might show different results.

Given to its important roles as signal transduc-
tion molecules in activating oncogenic signal-
ing pathways, numerous studies have attempt-
ed to develop inhibitors of Grb7 in order to 
inhibiting aberrant activation of related signal-
ing activities and eliminating cancer cells. For 
examples, targeting to the SH2 domain [19, 
41-43], the non-phos-phorylated cyclic peptide, 
G7-18NATE for inhibiting cancer cell growth the 
combination of Grb7 cyclic peptide [12, 44, 45], 
suppressant of the specific peptide ligand [32, 
44], inhibitors as Grb7-targeted molecular ther-
apeutics [17, 44, 46], and the second virtual 
screen found NSC708238 among the first set 
of hits [47]. Grb7 inhibitors offer a new opportu-
nity to treat cancer patients according to the 
genetic characteristics of their tumors and,  
ultimately, improve treatment outcomes. This 
would potentially allow for more accurate and 
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clinically meaningful Grb7 testing and sufficient 
Grb7 data for OC in the future.

Conclusion

This is the first report so far to characterize and 
verify GRB7 protein overexpression by IHC anal-
ysis was tight associated with the gene amplifi-
cation by FISH findings in human OC. IHC may 
be commonly used for primary screening in cur-
rent practice, but met in situ hybridization could 
be superior to IHC especially in characterizing 
genetically diverse borderline cases. The cur-
rent study found that a combined approach 
using both IHC and FISH methodologies can 
optimize Grb7 testing on OC. Much more large-
scale and comprehensive studies are still worth 
conducting that OC may represent a selected 
patient population for future clinical trials eval-
uating the utility of newly developed anti-Grb7 
targeted therapeutics.

Acknowledgements

This study was supported by grants from the 
National Natural Science Foundation of China 
(No. 81100443), Chongqing Yuzhong District 
Science and Technology Plan projects (2011- 
0303), Chongqing Municipal Health Bureau  
scientific research project (20121039). De- 
partment of Health (DOH99-FDA-43002-H), 
Chongqing Medical University (G098N0013) 
and Chongqing Medical University Hospital 
(CSH-2015-C-016), China, ROC.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhu Yang, Depart- 
ment of Gynecology, The Second Affiliated Hospital 
of Chongqing Medical University, 76 Liangjiang 
Road, Chongqing 400010, P. R. China. Tel: (86) 
23-63832133; Fax: (86) 23-68486294; E-mail: cqy-
angz@vip.163.com; Dr. Qiubo Yu, Molecular Medical 
Laboratory, Chongqing Medical University, 1 Yixue- 
yuan Road, Yuzhong district, Chongqing 400016, P. 
R. China. Tel: (86) 23-68815186; E-mail: yqb76712@
gmail.com

References

[1]	 Siegel R, Ma J, Zou Z, Jemal A. Cancer statis-
tics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2]	 Ozols RF. Systemic therapy for ovarian cancer: 
current status and new treatments. Semin 
Oncol 2006; 33: S3-11.

[3]	 Tanner MM, Grenman S, Koul A, Johannsson 
O, Meltzer P, Pejovic T, Borg A, Isola JJ. Frequent 
amplification of chromosomal region 20q12-
q13 in ovarian cancer. Clin Cancer Res 2000; 
6: 1833-9.

[4]	 Chobanian N, Dietrich CS 3rd. Ovarian cancer. 
Surg Clin North Am 2008; 88: 285-99.

[5]	 Cancer Genome Atlas Research Network. 
Integrated genomic analyses of ovarian carci-
noma. Nature 2011; 474: 609-15.

[6]	 Santarius T, Shipley J, Breer D, Stratton MR, 
Cooper CS. A census of amplified and overex-
pressed human cancer genes. Nat Rev Cancer 
2010; 10: 59-64.

[7]	 Cannistra SA. Cancer of the ovary. N Engl J 
Med 2004; 351: 2519-29.

[8]	 Ozols RF, Bookman MA, Connolly DC, Daly MB, 
Godwin AK, Schilder RJ, Xu X, Hamilton TC. 
Focus on epithelial ovarian cancer. Cancer Cell 
2004; 5: 19-24.

[9]	 Stein D, Wu J, Fuqua SA, Roonprapunt C, Yajnik 
V, D’Eustachio P, Moskow JJ, Buchberg AM, 
Osborne CK, Margolis B. The SH2 domain pro-
tein GRB-7 is co-amplified, overexpressed and 
in a tight complex with HER2 in breast cancer. 
EMBO J 1994; 13: 1331-40.

[10]	 Walch A, Specht K, Braselmann H, Stein H, 
Siewert JR, Hopt U, Höfler H, Werner M. 
Coamplification and coexpression of GRB7 
and ERBB2 is found in high grade intraepithe-
lial neoplasia and in invasive Barrett’s carci-
noma. Int J Cancer 2004; 112: 747-53.

[11]	 Nencioni A, Cea M, Garuti A, Passalacqua M, 
Raffaghello L, Soncini D, Moran E, Zoppoli G, 
Pistoia V, Patrone F, Ballestrero A. Grb7 upreg-
ulation is a molecular adaptation to HER2  
signaling inhibition due to removal of Akt-
mediated gene repression. PLoS One 2010; 5: 
e9024.

[12]	 Pero SC, Shukla GS, Cookson MM, Flemer  
S Jr, Krag DN. Combination treatment with 
Grb7 peptide and Doxorubicin or Trastuzumab 
(Herceptin) results in cooperative cell growth 
inhibition in breast cancer cells. Br J Cancer 
2007; 96: 1520-5.

[13]	 Nadler Y, Gonzalez AM, Camp RL, Rimm DL, 
Kluger HM, Kluger Y. Growth factor receptor-
bound protein-7 (Grb7) as a prognostic marker 
and therapeutic target in breast cancer. Ann 
Oncol 2010; 21: 466-73.

[14]	 Bai T, Luoh SW. GRB-7 facilitates HER-2/Neu-
mediated signal transduction and tumor for-
mation. Carcinogenesis 2008; 29: 473-9.

[15]	 Margolis B, Silvennoinen O, Comoglio F, Roon- 
prapunt C, Skolnik E, Ullrich A, Schlessinger J. 
High-efficiency expression/cloning of epider-
mal growth factor-receptor-binding proteins 
with Src homology 2 domains. Proc Natl Acad 
Sci U S A 1992; 89: 8894-8.

mailto:cqyangz@vip.163.com
mailto:cqyangz@vip.163.com
mailto:yqb76712@gmail.com
mailto:yqb76712@gmail.com


GRB7 gene amplification by FISH

11303	 Int J Clin Exp Pathol 2015;8(9):11296-11304

[16]	 Han DC, Shen TL, Guan JL. The Grb7 family 
proteins: structure, interactions with other sig-
naling molecules and potential cellular func-
tions. Oncogene 2001; 20: 6315-21.

[17]	 Pero SC, Daly RJ, Krag DN. Grb7-based molec-
ular therapeutics in cancer. Expert Rev Mol 
Med 2003; 5: 1-11.

[18]	 Pawson T. SH2 and SH3 domains in signal 
transduction. Adv Cancer Res 1994; 64: 87-
110.

[19]	 Porter CJ, Matthews JM, Mackay JP, Pursglove 
SE, Schmidberger JW, Leedman PJ, Pero SC, 
Krag DN, Wilce MC, Wilce JA. Grb7 SH2 do-
main structure and interactions with a cyclic 
peptide inhibitor of cancer cell migration and 
proliferation. BMC Struct Biol 2007; 7: 58.

[20]	 Shen TL, Guan JL. Grb7 in intracellular signal-
ing and its role in cell regulation. Front Biosci 
2004; 9: 192-200.

[21]	 Kao J, Pollack JR. RNA interference-based 
functional dissection of the 17q12 amplicon  
in breast cancer reveals contribution of coam-
plified genes. Genes Chromosomes Cancer 
2006; 45: 761-9.

[22]	 Tanaka S, Mori M, Akiyoshi T, Tanaka Y, Mafune 
K, Wands JR, Sugimachi K. Coexpression of 
Grb7 with epidermal growth factor receptor or 
Her2/erbB2 in human advanced esophageal 
carcinoma. Cancer Res 1997; 57: 28-31.

[23]	 Kishi T, Sasaki H, Akiyama N, Ishizuka T, 
Sakamoto H, Aizawa S, Sugimura T, Terada M. 
Molecular cloning of human GRB-7co-amplified 
with CAB1 and c-ERBB-2 in primary gastric 
cancer. Biochem Biophys Res Commun 1997; 
232: 5-9.

[24]	 Vinatzer U, Dampier B, Streube B, Pacher M, 
Seewald MJ, Stratowa C, Kaserer K, Schreiber 
M. Expression of HER2 and the co-amplified 
genes Grb7 and MLN64 in human breast can-
cer: quantitative real-time reverse transcrip-
tion-PCR as a diagnostic alternative to immu-
nohistochemistry and fluorescence in situ hy-
bridization. Clin Cancer Res 2005; 11: 8348-
57.

[25]	 Pradip D, Bouzyk M, Dey N, Leyland-Jones B. 
Dissecting GRB7-mediated signals for prolifer-
ation and migration in HER2 overexpressing 
breast tumor cells: GTP-ase rules. Am J Cancer 
Res 2013; 3: 173-95.

[26]	 Ramsey B, Bai T, Hanlon Newell A, Troxell M, 
Park B, Olson S, Keenan E, Luoh SW. GRB7 
protein over-expression and clinical outcome 
in breast cancer. Breast Cancer Res Treat 
2011; 127: 659-69.

[27]	 Darweesh AS, Louka ML, Hana M, Rashad  
S, El-Shinawi M, Sharaf-Eldin A, Kassim SK. 
Validation of analytical breast cancer microar-
ray analysis in medical laboratory. Med Oncol 
2014; 31: 201.

[28]	 Giricz O, Calvo V, Pero SC, Krag DN, Sparano 
JA, Kenny PA. GRB7 is required for triple-nega-
tive breast cancer cell invasion and survival. 
Breast Cancer Res Treat 2012; 133: 607-15.

[29]	 Tanaka S, Sugimachi K, Kawaguchi H, Saeki H, 
Ohno S, Wands JR. Grb7 signal transduction 
protein mediates metastatic progression of 
esophageal carcinoma. J Cell Physiol 2000; 
183: 411-5.

[30]	 Varis A, Wolf M, Monni O, Vakkari ML, Kokkola 
A, Moskaluk C, Frierson H Jr, Powell SM, 
Knuutila S, Kallioniemi A, El-Rifai W. Targets of 
gene amplification and over-expression at 17q 
in gastric cancer. Cancer Res 2002; 62: 2625-
9.

[31]	 Haran M, Chebatco S, Flaishon L, Lantner F, 
Harpaz N, Valinsky L, Berrebi A, Shachar I. 
Grb7 expression and cellular migration in 
chroniclymphocytic leukemia: a comparative 
study of early and advanced stage disease. 
Leukemia 2004; 18: 1948-50.

[32]	 Tanaka S, Pero SC, Taguchi K, Shimada M, 
Mori M, Krag DN, Arii S. Specific peptide ligand 
for Grb7 signal transduction protein and pan-
creatic cancer metastasis. J Natl Cancer Inst 
2006; 98: 491-8.

[33]	 Itoh S, Taketomi A, Tanaka S, Harimoto N, 
Yamashita Y, Aishima S, Maeda T, Shirabe K, 
Shimada M, Maehara Y. Role of growth factor 
receptor bound protein 7 in hepatocellular car-
cinoma. Cancer Res 2007; 5: 667-673.

[34]	 Wang Y, Chan DW, Liu VW, Chiu P, Ngan HY. 
Differential functions of growth factor receptor-
bound protein 7 (GRB7) and its variant GRB7v 
in ovarian carcinogenesis. Clin Cancer Rcs 
2010; 16: 2529-39.

[35]	 Chan DW, Hui WWY, Cai PCH, Liu MX, Yung 
MM, Mak CS, Leung TH, Chan KK, Ngan HY. 
Targeting GRB7/ERK/FOXM1 signaling path-
way impairs aggressiveness of ovarian cancer 
cells. PLoS One 2012; 7: e52578.

[36]	 Chen Y, McGee J, Chen X, Doman TN, Gong X, 
Zhang Y, Hamm N, Ma X, Higgs RE, Bhagwat 
SV, Buchanan S, Peng SB, Staschke KA, Yadav 
V, Yue Y, Kouros-Mehr H. Identification of drug-
gable cancer driver genes amplified across 
TCGA Datasets. PLoS One 2014; 9: e98293.

[37]	 Grimm EE, Schmidt RA, Swanson PE, Dintzis 
SM, Allison KH. Achieving 95% cross-method-
ological concordance in HER2 testing: causes 
and implications of discordant cases. Am J Clin 
Pathol 2010; 134: 284-92.

[38]	 Parisi F, Gonzalez AM, Nadler Y, Camp RL, 
Rimm DL, Kluger HM, Kluger Y. Benefits of bio-
marker selection and clinico-pathological co-
variate inclusion in breast cancer prognostic 
models. Breast Cancer Res 2010; 12: R66.

[39]	 Paik S. Development and clinical utility of a 21-
gene recurrence score prognostic assay in pa-



GRB7 gene amplification by FISH

11304	 Int J Clin Exp Pathol 2015;8(9):11296-11304

tients with early breast cancer treated with 
tamoxifen. Oncologist 2007; 12: 631-635.

[40]	 Cobleigh MA, Tabesh B, Bitterman P, Baker J, 
Cronin M, Liu ML, Borchik R, Mosquera JM, 
Walker MG, Shak S. Tumor gene expression 
and prognosis in breast cancer patients with 
10 or more positive lymph nodes. Clin Cancer 
Res 2005; 11: 8623-31.

[41]	 Zhang D, Shao C, Hu S, Ma S, Gao Y. Novel 
nonphosphorylated peptides with conserved 
sequences selectively bind to grb7 SH2 do-
main with affinity comparable to its phosphory-
lated ligand. PLoS One 2012; 7: e29902.

[42]	 Ambaye ND, Pero SC, Gunzburg MJ, Yap M, 
Clayton DJ, Del Borgo MP, Perlmutter P, Aguilar 
MI, Shukla GS, Peletskaya E, Cookson MM, 
Krag DN, Wilce MC, Wilce JA. Structural basis 
of binding by cyclic nonphosphorylated peptide 
antagonists of Grb7 implicated in breast can-
cer progression. J Mol Biol 2011; 412: 397-
411.

[43]	 Ambaye ND, Gunzburg MJ, Lim RC, Price JT, 
Wilce MC, Wilce JA. Benzopyrazine derivatives: 
a novel class of growth factor receptor bound 
protein7 antagonists. Bioorg Med Chem 2011; 
19: 693-701.

[44]	 Pero SC, Oligino L, Daly RJ, Soden AL, Liu C, 
Roller PP, Li P, Krag DN. Identification of novel 
non-phosphorylated ligands, which bind selec-
tively to the SH2 domain of Grb7. J Biol Chem 
2002; 277: 11918-26.

[45]	 Gunzburg MJ, Ambaye ND, Del Borgo MP, Pero 
SC, Krag DN, Wilce MC, Wilce JA. Interaction of 
the non-phosphorylated peptide G7-18NATE 
with Grb7-SH2 domain requires phosphate  
for enhanced affinity and specificity. J Mol 
Recognit 2012; 25: 57-67.

[46]	 Porter CJ, Wilce JA. NMR analysis of G7-
18NATE, a nonphosphorylated cyclic peptide 
inhibitor of the Grb7 adapter protein. Bio- 
polymers 2007; 88: 174-81.

[47]	 Ambaye ND, Gunzburg MJ, Lim RC, Price JT, 
Wilce MC, Wilce JA. The discovery of phenyl-
benzamide derivatives as Grb7-based antitu-
mor agents. Chem Med Chem 2013; 8: 280-8.


