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Abstract: The adapter protein growth factor receptor-bound 2 (GRB2) is essential for various basic cellular func-
tions by mediating the regulation of receptor tyrosine kinase (RTK) signaling, however, little is known about GRB2
expression in esophageal squamous cell carcinoma (ESCC). We sought to characterize GRB2 expression and its re-
lationship with clinicopathological parameters and prognostic significance in ESCC patients. Here, it was presented
that GRB2 was overexpressed in cytoplasm in 58.1% (100/172) of ESCC cases by immunohistochemistry. Survival
analysis demonstrated overexpression of GRB2 protein was significantly related to poor prognosis of ESCC patients
(P =0.021). Furthermore, overexpression of GRB2 was significantly associated with the lymph node metastases. In
addition, subgroup analysis according to lymph node metastasis revealed a shorter disease-free survival (DFS) in
the ESCC patients with GRB2 overexpression than the patients with GRB2 low-expression (Means for DFS months:
33.8 versus 52.1). Finally, the significant difference between overexpression of GRB2 and poor survival rates exhib-
ited in univariate analysis (P = 0.022) and multivariate Cox analysis (close to significance, P = 0.065), demonstrated
that GRB2 was an independent factor in prognosis of ESCC patients. In conclusion, GRB2 expression status could
be as a positive biomarker of ESCC progression and lymph node metastasis.

Keywords: GRB2 expression, survival, lymph node metastasis, immunohistochemistry, esophageal squamous cell
carcinoma

Introduction markers directed against metastasis of ESCC is
needed.

Esophageal cancer is one of the most frequent-
ly occurring malignancies worldwide [1]. Among
the common histological types of esophageal
cancer, esophageal squamous cell carcinoma

(ESCC) is the fourth most lethal malignancy in

Receptor protein tyrosine kinase (RTK) signal-
ing pathways contributing to cell proliferation,
angiogenesis, invasion, and metastasis, have
been one of the most critical targets of inter-

China due to the difficulty of early detection
and metastatic recurrence in the advanced
stage [2]. To properly address postoperative
surveillance and treatment, it is necessary to
develop prognostic markers to characterise the
heterogeneity of ESCC. Some prognostic fac-
tors, such as lymph node status, have estab-
lished a prognostic system [3]. However, the
majority of ESCC patients with local lymph
nodes metastasis or with cancers invading to
the muscularis propria implicated poor progno-
sis [4, 5]. Therefore, identification of useful bio-

vention strategies [6]. Growth factor receptor-
bound 2 (GRB2) as a ubiquitous adapter pro-
tein, provides a critical crosstalk between RTK
signals and the intracellular signals [7, 8]. The
GRB2 adaptor protein contains one SH2 domain
and two SH3 domains. The SH2 domain binds
tyrosine phosphorylated sequences (pYXNX),
and the two SH3 domains direct complex for-
mation with proline-rich regions of other pro-
teins such as SOS1 in close proximity to Ras at
the plasma membrane [9-11]. Most important-
ly, it has been implicated that GRB2 overexpres-
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Table 1. Distribution of cases by clinical characteristics and survival

information of the patients (Kaplan-Meier)

data were available. The
follow-up for patients af-

ter esophageal resec-

- Means for DFS ) . ) - i
Clinical parameter Number months (95% CI) X Pvalue tion was continued until
Age (years) theirdgaths. I.nf.ormation

<576 81  83.0(68.2-97.7) on various clinicopatho-

> 57.6 91 71.7 (58.3.85.1) 1.297 0.255 !oglca! characteristics
including age, gender,

Gender stage of disease, and
female 42 79.2 (59.8-98.7) 1121 0728 histopathologic factors

male 130 75.4 (64.2-86.7) summarized in Table 1,
Treatment was obtained from the

Only surgery 146 79.7 (68.9-90.6) records of relevant Cli-

. 1.134 0.287 .

Surgery and adjuvant therapy 26 59.7 (38.8-80.6) nical Pathology Depart-
Differentiation grade ment. Meanwhile, the

Well 49 70.1 (54.3-85.9) cases were classified ac-

Moderately 105  785(65.591.4) 0.535 0.765 ;zrnd'gf tthoe tt:;Z::ozd;'

Pot?rly 18 51.9 (33.3-70.5) metastasis (TNM) clas-
Invasive depth sification of the Interna-

Tis, T1, T2 10 596(39.379.9) .. (.., tional Union against Ca-

T3, T4 162 76.1 (65.8-86.3) ncer (UICC). The patients
Lymph node metastasis suffered from severpos-

NO 92  99.1(86.0-112.1) 56.103 < 0.001 t—operatlve- complicatio-

N1, N2, N3 80 42.2 (33.3-51.4) ns and died of other
TNM classification tumors or other causes

I, lla 92 99.1(86.0-112.1) were excluded. The stu-

llb, 11I, IV 80  422(333514) -0103 <0001 dy was approved by the

“P value, significance level is 0.05; Cl, confidence interval.

sion can increase the activation of signaling
pathways and malignant transformation, and
correlates with poor prognhosis in several
human cancers, including of breast, bladder,
gastric and colorectal cancers [12-14]. Previous
investigation has reported that blocking GRB2
signaling inhibits cell motility in colorectal can-
cer [15]. However, little is known about the cel-
lular distribution of GRB2 in human ESCC. Here,
we explore the expression status of GRB2, and
further evaluate its correlation with other clini-
copathological features and disease-free sur-
vival in a large cohort of ESCC.

Materials and methods
Study patients

We obtained pathologically proven formalin
fixed paraffin embedded (FFPE) specimens of
172 ESCC patients. All cases received curative
surgery in Affiliated Shantou Hospital of Sun
Yat-sen University (Shantou, China) between
2000 and 2006. Cases were selected for this
study only if follow-up examinations and clinical
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ethical committee of the
Central Hospital of Sh-
antou City and the ethi-
cal committee of the Medical College of
Shantou University, and a written informed con-
sent was obtained from each patient to use
resected samples for research.

Immunohistochemistry

All samples embedded in paraffin wax blocks
underwent tissue microarray (TMA) construc-
tion and then were cut into 4 ym sections [16].
Immunohistochemical staining was performed
using the SuperPicTure™ Polymer Detection Kit
and Liquid DAB Substrate Kit (Zymed/
Invitrogen, Carlsbad, CA, USA) as described [4,
5, 16]. Rabbit polyclonal antibodies to GRB2
(1:500, sc-255, Santa Cruz Biotechnology,
Dallas, Texas, USA) were used for IHC according
to protocols provided by the manufacturer.
Scores were independently assessed by two
researchers blinded to clinical data. Each sepa-
rate tissue core was scored based on both
intensity and percentage of positive cells [4, 5,
16]. Briefly, the intensity grade of staining was:
0, negative; 1, weak; 2, moderate; 3, strong.
The percentage of positive cells was: O, < 5%;
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Figure 1. Immunohistochemistry expression pattern of GRB2 in ESCC. Negative immunoreactivity was observed
when GRB2 antibody was replaced with PBS. The representative immunohistochemistry visual fields in this image
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were scored as follows: Immunoreactive scores for GRB2 was 4 in the cytoplasm of noncancerous tissues, 4 in
cancer cytoplasm of low-expression group and 12 in cancer cytoplasm of overexpression group. The inserted bars

are 50 ym.
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T 0.8 - \ Figure 2. Disease-free survival (DFS) of
= patients with ESCC on the basis of GRB2
c expression status. X-tile analysis was car-
U:; 0.6 . ried out on patient data, equally divided
o Low expression into training and validation subsets. A:
o) The plot showed the chi-square log-rank
= 0.4 4 \ . values created when the cohort was divid-
% Overexpressmn ed into two populations, and the optimal
® 0.2 cutpoint score highlighted by the black/
D V.e white circle. B: The optimal cutpoint (0-7
A vs. 8-12) was demonstrated on a histo-
= 0.0 X2 =5.343 P =0.021 gram of the entire cohort. C: Kaplan-Meier
I ) I I I ) survival analysis demonstrated that the
DFS rate was significantly lower in the
0 30 60 90 ?20 150 GRB2 overexpression group than that in
Months after operation the low expression group (P = 0.021). Cl,
95% confidence interval; “vs.” means ver-
72 50 21 11 4 0 s
100 44 28 16 6 0

Numbers of cases alive

1, 5% to 25%; 2, 26% to 50%; 3, 51% to 75%; 4,
> 75%. The final score was calculated by multi-
plying the intensity grade and the percentage
of positive cells, producing a total range from O
to 12.

Selection of cutpoint score and prognosis
analysis

X-tile plots were applied to assess GRB2

expression and optimize the cutpoint score
based on outcome [17]. The X-tile program
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divided the cohorts randomly into a matched
training and validation set as a method for
selecting optimal cutpoint score, respectively.
Statistical significance was assessed by using
the cutoff score derived from a training set to
parse a separate validation set, using a stan-
dard log-rank method, with P values obtained
from a lookup table. The X-tile plots allowed
determination of an optimal cutoff value while
correcting for the use of minimum P statistics
by Miller- Siegmund P-value correction [18].
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Table 2. Correlation between GRB2 expression level and clinico-
pathologic features in ESCC patients (Kendall's tau-b test)

years with no significant gender
difference. In addition, no sur-

GRB2

vival advantage was found

Clinical parameters -
Low-expression

Overexpression

“P value between the surgery combined

Age (year)

<57.6 33 (40.7%) 48 (59.3%)

> 57.6 39 (42.9%) 52 (57.1%)
Gender

Female 20 (47.6%) 22 (52.4%)

Male 52 (40.0%) 78 (60.0%)
Differentiation grade

Well 22 (44.9%) 27 (55.1%)

Moderately 41 (39.0%) 64 (61.0%)

Poorly 9 (50.0%) 9 (50.0%)
Invasive depth

Tis, T1, T2 3 (30.0%) 7 (70.0%)

T3, T4 69 (42.6%) 93 (57.4%)
Lymph node metastasis

NO 45 (48.9%) 47 (51.1%)

N1, N2, N3 27 (33.8%) 53 (66.2%)
TNM classification

I, lla 45 (48.9%) 47 (51.1%)

Ib, I, IV 27 (33.8%) 53 (66.2%)

with adjuvant therapy and the
surgery-alone group. Hence, we
analyzed the patients’ survival
together. Kaplan-Meier survival
analysis revealed that a poor
DFS was significantly associat-
ed with lymph node metastasis
and TNM stage (P < 0.001).

0.779

0.389

Expression patterns of GRB2
in ESCC specimens and X-tile
analysis

0.931

Typical immunostainings are
shown in Figure 1. GRB2 immu-
noreactivity was predominantly
cytoplasmic in ESCC cells and
almost all of the specimens
were homogeneous staining. To
assess statistical significance
and avoid arbitrary cutoff point
selection, the X-tile program

0.415

0.041

0.041

“P value, significance level is 0.05

Statistical analysis

Data analysis was performed using SPSS 13.0
software (SPSS, Inc., Chicago, IL). Kaplan-Meier
curves were constructed for disease-free sur-
vival (DFS) analysis using a log-rank test. DFS
was defined as the period after curative treat-
ment during which no recurrence was found.
Associations of GRB2 protein level and other
clinicopathological characteristics were asse-
ssed with the Kendall’s tau-b test. The univari-
ate and multivariate Cox proportional-hazards
regression models were developed to correlate
the clinical characteristics, survival, and GRB2
protein level. Each P-value is two-tailed and sig-
nificance level is 0.05.

Results

Clinicopathological characteristics of ESCC
patients

Total of 172 ESCC specimens were examined
by immunohistochemistry analysis in this study.
As shown in Table 1, 75.6% were males and the
mean age was 57.6 years in a range of 31to 75
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was employed to determine cut-
off scores for GRB2 expression.
According to the X-tile plots, we
divided the 172 cases into low and high popula-
tions were based on the cutoff point of over
seven (Figure 2A and 2B). Therefore, scores of
0 to 7 were considered as low-expression, and
scores of 8 to 12 were defined as overexpres-
sion. Among the 172 ESCC tissues, overexpres-
sion of GRB2 was observed in 58.1% (100/172),
while another 72 cases presented relative
weakly immunoreactivity. However, only 4
cases of 11 noncancerous-adjacent tissues
(36.4%) exhibited GRB2 overexpression. Fur-
thermore, there was significant difference in
overexpression rate of GRB2 between ESCC tis-
sues and noncancerous-adjacent tissues (P <
0.001).

Correlations of GRB2 expression with various
clinicopathological features in ESCC patients

To further investigate the clinical significance of
GRB2 expression, the relationship between
GRB2 expression status and various clinico-
pathological factors were shown in Table 2 by
Kendall’s tau-b test. It was found that a positive
correlation of GRB2 immunostaining with lymph
node metastasis (P = 0.041). Overexpression

Int J Clin Exp Pathol 2014;7(6):3132-3140
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Figure 3. Disease-free survival (DFS) of patients with
ESCC with or without lymph node metastasis, on the
basis of GRB2 expression status. A shorter DFS only
for the patients with lymph node metastasis was
shown in the GRB2 overexpression group than that
in the low expression group by Kaplan-Meier survival
analysis (P = 0.067). Cl, 95% confidence interval;
“vs.” means versus.

of GRB2 was present in 53 of 80 cases (66.2%)
with lymph node metastasis. However, there
was no association between GRB2 expression
and other clinicopathological variables, includ-
ing age, gender, differentiation grade and inva-
sive depth.

Overexpression of GRB2 was associated with
poor survival in ESCC patients

Giving the positive correlation of GRB2 overex-
pression with lymph node metastasis and the
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latter as the indicator of poor prognosis, we fur-
ther analyzed whether GRB2 expression was a
significant prognostic factor by Kaplan-Meier
method. Indeed, as shown in Figure 2C, overex-
pression of GRB2 was significantly associated
with poor survival (Means for survival time:
68.0 months versus 88.8 months; P = 0.021).
Subsequently, subgroup analysis according
lymph node metastasis was performed. As
expected, patients with GRB2 overexpression
predicted a shorter DFS than patients with
GRB2 low-expression in the group with lymph
node metastasis (Means for survival time: 33.8
months versus 52.1 months), however, this was
not observed in those without lymph node
metastasis (Means for survival time: 95.7
months versus 103.0 months) (Figure 3).
Subsequently, we used univariate analysis and
multivariate analysis to examine whether GRB2
is an independent high-risk predictor in ESCC
(Table 3). In the univariate Cox regression anal-
yses, GRB2 overexpression and lymph node
metastasis was significantly associated with an
unfavourable DFS (P = 0.022 and P < 0.001).
However, in the multivariate Cox regression
analysis, it was found that only lymph node
metastasis was an independent predictor of
overall survival (P < 0.001), the GRB2 protein
level was close to significance (P = 0.065). The
evidence provided clues that GRB2 was an
independent predictor of DFS in ESCC patients.

Discussion

The current study showed that GRB2 was wide-
ly expressed in the cytoplasm of ESCC cells and
overexpression of GRB2 was a predictor of poor
disease-free survival. A number of reports has
been indicated that overexpression of GRB2 is
related to poor survival in cancers including
colorectal, gastric, and hepatocellular carcino-
ma [14, 19, 20]. These observations support
the results of our study. In human cancers,
GRB2 acts as a critical downstream intermedi-
ary in several oncogenic signaling pathways,
such as RTK pathways [21, 22]. Accumulating
studies have demonstrated that GRB2 partici-
pates directly in the pathogenesis of several
important human malignancies including leu-
kemia and solid tumors [23, 24]. Direct and
indirect interactions between GRB2 and mole-
cules involved in cytoskeleton remodeling,
motility and other cellular processes, elucidat-
ed that GRB2 contribute to the multistep cas-
cade of cancer cell proliferation and metasta-
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Table 3. Cox regression analysis to determine factors independently associated with unfavorable

prognosis

Univariate analysis

Multivariate analysis

Clinical parameter “P value Hazard ratio (95% Cl) “Pvalue Hazard ratio (95% Cl)
Age (year) 0.256 1.274 (0.839-1.937) 0.666 1.098 (0.717-1.682)
Gender 0.728 1.089 (0.673-1.762) 0.809 1.063 (0.646-1.749)
Differentiation grade 0.757 1.055 (0.750-1.485) 0.619 0.911 (0.631-1.315)
Invasive depth 0.475 1.442 (0.529-3.931) 0.353 1.622 (0.584-4.502)
Lymph node metastasis <0.001 2.945 (1.908-4.545) <0.001 2.857 (1.824-4.476)
GRB2 expression 0.022 1.657 (1.075-2.554) 0.065 1.514 (0.974-2.355)

“P value, significance level is 0.05; Cl, confidence interval.

sis [8, 25]. Moreover, inhibition of GRB2
expression could significantly inhibit prolifera-
tion and survival of cancer cells [15, 26]. In
view of the evidences, targeting disease-caus-
ing GRB2 protein to reduction may be an alter-
native therapeutic strategy for ESCC patients.

In our study, patients with GRB2 expression
had a poor prognosis for disease-free survival.
However, multivariate statistical analysis
showed that GRB2 overexpression was not a
prognostic factor by itself. Therefore, it can be
assumed that this result is influenced by other
clinicopathological factors, such as cell differ-
entiation, tumour invasion, and lymph node
metastasis. Indeed, our result demonstrated
significant correlations between GRB2 overex-
pression and a traditional independent prog-
nostic marker lymph node metastasis. Lymph
node metastasis is one most important factor
in determining prognosis of ESCC patients [3,
27, 28]. Thus, an effective means of treating
lymph node metastasis is essential to avoid
recurrence and would improve survival rates of
most cancers [29, 30]. As GRB2 overexpres-
sion was associated with lymph node metasta-
sis, patients with GRB2 overexpression had a
poor prognosis. Furthermore, subgroup analy-
sis according to lymph node metastasis
revealed a shorter DFS in the ESCC patients
group with GRB2 overexpression. Therefore,
these data hinted that GRB2 would play critical
roles in human esophageal tumorigenesis and
metastasis. In addition, further investigation is
needed to confirm the roles of GRB2 in cell
invasion and metastasis in ESCC cells.

In conclusion, overexpression of GRB2 is sig-
nificantly related to lymph node metastasis in
ESCC, which is consequently associated with a
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poor DFS, suggesting that GRB2 may serve as
a prognostic factor in ESCC patients.
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