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Abstract: Objectives: The aim of this study was to investigate the expression of ECT2 in gastric cancer and its clini-
cal significance. Methods and results: We investigated the differentially expressed genes between gastric cancer 
tissues and normal gastric mucosa by cDNA microarray, and then we found ECT2 was up-regulated in gastric can-
cer. What is more, we verified ECT2 expression level by quantitative real-time reverse transcription-polymerase 
chain reaction (qRT-PCR) and measured its protein level by immunohistochemistry (IHC). qRT-PCR analysis indi-
cated ECT2 was significantly up-regulated in gastric cancer and Immunohistochemistry confirmed the percentage 
of ECT2-positive specimens was significantly higher in gastric carcinoma than in non-tumor tissues. Up-regulation 
of ECT2 is associated with the degree of histological differentiation (P = 0.007), invasion depth (P = 0.047), lymph 
node metastasis (P = 0.016), distant metastasis (P = 0.021) and TNM stage (P = 0.016), patients with up-regulated 
ECT2 had a lower overall survival rate (P = 0.000). Cox regression analysis revealed that up-regulation of ECT2 is 
an independent prognostic factor in gastric cancer patients (P = 0.012). Conclusion: Up-regulation of ECT2 might 
contribute to the progression of gastric carcinogenesis and may be a useful prognostic indicator in gastric cancer.
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Introduction

Gastric cancer (GC) is the fourth most common 
cancer and second leading cause of cancer-
related death worldwide [1]. In spite of its 
declining incidence, GC still remains among the 
leading causes of death from cancer in China 
[2]. The development and progression of gas-
tric cancer involves a number of genetic and 
epigenetic alterations of tumor suppressor and 
tumor-related genes [3], until now we know lit-
tle about the molecular mechanism of gastric 
carcinogenesis. Owing to the absence of spe-
cific symptoms in the early stages, gastric can-
cer is usually detected at an advanced stage in 
many patients with lymph node invasion and 
metastasis, the total prognosis of gastric can-
cer is poor [4]. In addition, the TNM stage which 
depend on the depth of invasion of gastric wall 
(T), the involvement of lymph nodes (N) and the 
presence of distant metastasis (M) is the most 
important prognostic factor for GC, however, 
prognosis often varies among patients in the 
same stage [5]. So it is critically important to 

understand the molecular mechanism of gas-
tric carcinogenesis and find specific and sensi-
tive molecular targets for early diagnosis, effec-
tive treatment and prediction of prognosis of 
GC.

ECT2 (epithelial cell transforming sequence 2) 
was identified as a proto-oncogene capable of 
transforming NIH/3T3 fibroblasts [6], The 
C-terminus of ECT2 protein is the catalytic core, 
and consists of a Dbl-homology (DH) and a 
pleckstrinhomology (PH) domain which confer 
guanine nucleotide exchange activity toward 
Rho GTPases [7], the N-terminal contains tan-
dem repeats of the BRCT domain which is high-
ly conserved in proteins related to cell cycle 
check point and DNA damage response [8], 
ECT2 protein is reported to interact with the 
Rho GTPases family leading to cell malignant 
transformation [9], triggers cytokinesis [8] and 
regulates epithelial cell polarity [10]; up to now, 
ECT2 is considered as an oncogene in human 
cancer [11], and it has been showed up-regula-
tion in a variety of human tumors including glio-
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ma [12], lung cancer [13], esophageal cancer 
[13], pancreatic cancer [14], et al. However few 
studies have analyzed the role of ECT2 expres-
sion in GC. In the present study, we examined 
the expression of ECT2 in gastric carcinoma tis-
sues and evaluated its clinicopathological sig-
nificance and prognostic value to determine 
the possible use of ECT2 as a prognostic mo- 
lecular marker in gastric cancer.

Materials and methods

Tissue specimens for gene chip and quantita-
tive real-time PCR 

Fresh specimens were obtained from 52 pa- 
tients who underwent curative surgery for gas-
tric cancer at Zhejiang Provincial People’s Hos- 
pital from January to December in 2012. The ca- 
ncer tissues and their matched normal mucosa 
(obtained at greater than 5 cm apart from the 
edge of primary tumor focus) were immediately 
frozen in liquid nitrogen after resection and 
stored at -80°C, among these specimens, 20 
couples were for Gene Chip Array, another 32 
couples were for Quantitative real-time PCR.

Tissue samples for immunohistochemistry 

A total of 112 patients who had curative sur-
gery for gastric cancer at Zhejiang Provincial Pe- 
ople’s Hospital from 2007 to 2009 were enro- 
lled in this study. Resected tumor samples were 
immediately collected after surgical resection 
and fixed in formaldehyde solution, then embed 
in paraffin. The group was comprised of 80 ma- 
les and 32 females with a median age of 59.2 
years (range from 30 to 82 years). Pathological 
data including age, gender, tumor size and de- 
pth, differentiation status, growth pattern, ly- 
mph node metastasis were obtained, all these 
patients were classified by TNM stage as fol-
lows: TNM stage I (n = 13), TNM stage II (n = 
26), TNM stage III (n = 56) and TNM stage IV (n 
= 17); diagnose was confirmed by two patholo-
gists, tumor grade and stage classifications we- 
re assigned according to the 7th edition of the 
AJCC staging manual [15]. None of the patients 
had received radiotherapy or chemotherapy 
before surgery. The last follow-up was Decem- 
ber 2012. Eighty normal gastric tissue samples 
from patients without malignant tumor were 
obtained by endoscopy as controls.

The use of all above specimens in this study 
was approved by the ethics committee of 
Zhejiang Provincial People’s Hospital after 
obtaining informed consent from all patients.

RNA extraction 

We extracted total RNA from 20 couples of 
fresh gastric cancer tissues and matched nor-
mal gastric tissues using TRIZOL Reagent 
(Cat#15596-018, life technologies, Carlsbad, 
CA, US) according to the manufacturer’s instruc-
tion, then inspected RNA integrity by an Agilent 
Bioanalyzer 2100 (Agilent technologies, Santa 
Clara, CA, US), total RNA was qualified when its 
2100 RIN ≥ 7.0 and 28 s/18 s ≥ 0.7.

RNA amplification and labeling 

Qualified total RNA was amplified, labeled and 
purified by using GeneChip 3’IVT Express Kit 
(Cat#901229, Affymetrix, Santa Clara, CA, US) 
followed the manufacturer’s instruction to ob- 
tain biotin labeled cRNA. 

Array hybridization 

We performed Array hybridization and wash by 
using GeneChip® Hybridization, Wash and St- 
ain Kit (Cat#900720, Affymetrix, Santa Clara, 
CA, US) in Hybridization Oven 645 (Cat#00-
0331-220V, Affymetrix, Santa Clara, CA, US) 
and Fluidics Station 450 (Cat#00-0079, Affy- 
metrix, Santa Clara, CA, US). 

Data acquisition 

Slides were scanned by Gene Chip scanner 
3000 (Cat#00-00212 Affymetrix, Santa Clara, 
CA, US) and Command Console Software 3.1 
(Affymetrix, Santa Clara, CA, US) with default 
settings, then MAS 5.0 algorithm, Gene Spring 
Software 11.0 (Agilent technologies, Santa Cl- 
ara, CA, US) was used to normalize the raw 
data. The value of T vs. N signal log ratio ≥ 2 or 
≤ 0.5 was regarded as differentially expressed.

Quantitative real-time PCR

Total RNA was isolated according to the manu-
facturer’s instructions (Life Technologies, CA, 
USA). RNA was reverse-transcribed into cDNA 
(PrimeScript RT-PCR kit; Takara Bio). GAPDH 
was used as an internal control, qRT-PCR was 
performed in a total volume of 20 μl reaction 
mixture. Quantitative ECT2 mRNA levels were 
assessed by real-time PCR with ABI PRISM 
7700 Sequence Detection System (Applied 
Biosystems, Hangzhou, Zhejiang, China) using 
SYBR Premix Ex Taq (Applied Takara Bio). The 
sequences for qRT-PCR primers were as fol-
lows: human ECT2 forward 5’-CGGCTCAGTG- 
GAGGGAAG-3’ and reverse 5’-GGAAGGCTGAC- 
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AAGGGAGG-3’; GAPDH forward were 5’-TGAAG- 
GTCGGAGTCAACGG-3’ and reverse were 5’- 
CTGGAAGATGGTGATGGGATT-3’. PCR was run 

15 min with biotin-labeled secondary antibody 
at room temperature, stained with 3,3-diamino-
benzidine (DAB), counterstained with hematox-

Table 1. Up-regulation genes in microarray
Gene_  
Symbol Probe_ Set_ ID Fold change P values Entrez_ 

Gene
Chromosomal_  

Location
Chromosome_N 
umber. Avadis

Archival_Uni 
Gene_Cluster

ECT2 219787_s_at 3.165477 0.000412 1894 chr3q26.1- q26.2 chr3 Hs.122579
COL3A1 201852_x_at 2.764341 0.000479 1281 chr2q31 chr2 Hs.119571
CHEK1 205394_at 2.763041 0.007799 1111 chr11q24.2 chr11 Hs.20295
VEGFC 209946_at 2.762513 0.000531 7424 chr4q34.3 chr4 Hs.79141
KIF14 206364_at 2.757725 0.003571 9928 chr1q32.1 chr1 Hs.116649
AMIGO2 222108_at 2.755118 0.000495 347902 chr12q13.11 chr12 Hs.121520
EDNRA 204464_s_at 2.748538 0.003231 1909 chr4q31.22 chr4 Hs.76252
MSRB3 225782_at 2.747015 0.007808 253827 chr12q14.3 chr12 Hs.35092
ASPM 232238_at 2.742532 0.00228 259266 chr1q31 chr1 Hs.145479
EPPK1 232165_at 2.737158 0.000959 83481 chr8q24.3 chr8 Hs.200412
ANTXR1 220092_s_at 2.646845 0.015279 84168 chr2p13.1 chr2 Hs.8966
ATP10A 214255_at 2.283599 0.001352 57194 chr15q11.2 chr15 Hs.44697
ENO1 201231_s_at 2.281446 0.000294 2023 chr1p36.2 chr1 Hs.254105
SGOL2 230165_at 2.281425 0.005322 151246 chr2q33.1 chr2 Hs.44269

Figure 1. Quantitative real-time PCR results of GC and normal tissues. A. 
Expression of ECT2 was significantly higher in gastric cancer tissues than 
in normal tissues (P = 0.001). B. Relative ECT2 expression in 32 paired 
specimens.

as follows: 95°C for 4 min, ampli-
fication for 40 cycles with dena-
turation at 95°C for 10 seconds, 
annealing at 57°C for 30 sec-
onds, and extension at 72°C for 
30 seconds. Each qRT-PCRs was 
repeated 3 times, the average 
was calculated, the ECT2 expres-
sion level was expressed as 2-ΔΔCt, 
ΔCt = Ct(ECT2)-Ct(GAPDH).

Immunohistochemistry

The sections of formalin-fixed pa- 
raffin-embedded tissues were tre- 
ated with routine deparaffiniza-
tion and hydration followed by an- 
tigen retrieval which was perfor- 
med in 10 mM citrate buffer (pH 
6.0) at 120°C for 3 min. Then tre- 
ated with 3% hydrogen peroxide 
for 15 min at room temperature, 
after rinsing with phosphate-buff-
ered saline (PBS), non-specific 
binding was blocked with 10% 
goat serum. The sections were 
incubated at 4°C for overnight 
using the primary antibodies at a 
dilution of 1:300 against ECT2 
(Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), then incubated for 
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ylin. Negative controls were stained without 
primary antibody. 

Immunohistochemical evaluation

All samples were observed under Nikon light 
microscope (Nikon Corporation, Tokyo, Japan) 
independently by two experienced pathologists 
without the knowledge of patients. Immuno- 
reactivity for ECT2 was evaluated using a com-
bined scoring system according to intensity and 
extent, the staining intensity was categorized 
as follows: (0 for no staining, 1+ for weak immu-
noreactivity, 2+ for moderate immunoreactivity 
and 3+ for strong immunoreactivity). The per-
centage of cells demonstrating positive ECT2 
staining were scored as follows: 0, < 5% posi-
tive cells, 1+, 5-25% positive cells, 2+, 26-50% 
positive cells, 3+, 51-75% positive cells, 4+, 76- 
100% positive cells. The intensity and propor-
tion scores were then multiplied to obtain a to- 
tal score. Total score ranged from 0 to 12, 
scores of 0-3 were considered as negative and 
≥ 4 were considered as positive.

Statistical analysis

Statistical analyses were performed using SP- 
SS for Windows, version 15.0 (Chicago, IL, 
USA), χ2 test or Fisher’s exact test was used to 
examine the relationship between ECT2 expres-
sion and clinicopathological variables; Wilcoxon 

signed Ranks Test was used to detect ECT2 
mRNA levels in paired samples of gastric can-
cer. Kaplan-Meier survival curves were gener-
ated and survival data were analyzed with the 
log-rank test, univariate and multivariate Cox 
regression analysis was used to identify inde-
pendent prognostic factors. P < 0.05 was con-
sidered to have statistical significance.

Results

ECT2 gene expression in gene chip 

We analyzed the difference of gene expression 
profiles between 20 gastric cancer tissues and 
normal gastric mucosa by cDNA microarray, 
many genes were abnormally expressed in gas-
tric cancer, these genes were correlated with 
cell adhesion, angiogenesis, transcription, cell 
proliferation and apoptosis, cell cycle regulate, 
DNA repair et al. ECT2 was one of the up-regu-
lated genes in GC tissues which showed more 
than 3 fold differential expression (P = 0.00- 
0412) (Table 1). We selected it as a newly rec-
ognized biomarker to investigate its role in GC. 

ECT2 mRNA expression in GC tissue and non- 
cancerous mucosa 

ECT2 mRNA expression was analyzed in 32 
paired GC samples and surrounding non-can-
cerous tissues. We observed that ECT2 mRNA 

Figure 2. Immunohistochemical analysis of ECT2. A, B. ECT2 was strongly expressed in gastric cancer tissues; mag-
nifications were × 200 and × 600, respectively. C, D. ECT2 was weakly expressed in gastric cancer tissues; magni-
fications were × 200 and × 600, respectively. E, F. ECT2 negative in normal gastric tissues; magnifications were × 
200 and × 600, respectively. G, H. negative sample for immunostaining of ECT2, with phosphate-buffered saline 
replacing primary antibody against ECT2; magnifications were × 200 and × 600.
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expression level was higher in gastric cancer 
tissues compared with paired normal tissues in 
24 cases (75%), (Wilcoxon signed Ranks Test, Z 
= -3.216, P = 0.001). The mean expression of 
ECT2 was significantly higher in GC (Figure 1A). 
The relative ECT2 expression levels of 32 paired 
tissues are shown in (Figure 1B).

ECT2 protein levels in GC tissue and non-can-
cerous mucosa

The ECT2 protein expression levels were exam-
ined in 112 gastric cancer specimens, we fo- 
und ECT2 protein was over-expressed in 79 
(70.5%) GC cases, and its staining was detect-

ECT2-negative group (24.1%, 19/79 vs. 72.7%, 
24/33, P = 0.000). Cox regression analysis 
showed that ECT2 protein expression (P = 
0.012), TNM stage (P = 0.000), distant metas-
tasis (P = 0.036), local invasion (P = 0.006), 
lymph node metastasis (P = 0.004) were inde-
pendent prognostic factors for GC patients 
(Table 3).

Discussion

Gastric cancer is usually diagnosed at advanced 
stages in China, at this time, treatment options 
are limited and prognosis for long-term survival 
is poor [16]; the treatment of gastric cancer 

Table 2. Association between ECT2 expression and clinicopathological 
parameters

Clinicopathologic parameter Cases (n)
ECT2 expression

χ2 P values
Positive Negative

Gender 1.392 0.238
    Males 80 59 21
    Females 32 20 12
Age (years) 2.632 0.105
    < 60 58 37 21
    ≥ 60 54 42 12
Tumor location 2.077 0.354
    Fundus 33 26 7
    Body 38 24 14
    Antrum 41 29 12
Tumor size (cm) 0.183 0.669
    < 5 61 42 19
    ≥ 5 51 37 14
Tumor classification 7.279 0.007*
    Well or moderate 43 24 19
    Poor 69 55 14
Local invasion 3.938 0.047*
    T1-2 24 13 11
    T3-4 88 66 22
Lymph node metastasis 5.756 0.016*
    Yes 79 61 18
    No 33 18 5
Distant metastasis 5.363 0.021*
    Yes 17 16 1
    No 95 63 32
TNM stages 10.313 0.016*
    I 13 7 6
    II 26 14 12
    III 56 42 14
    IV 17 16 1
*Significant difference.

ed in both cytoplasm and 
nucleus; and ECT2 protein 
was detected in 13 of 80 
(16.3%) human non-tumor 
mucosa, all these normal 
samples showed ECT2 ex- 
pression at low levels. (Fi- 
gure 2) 

Relationship between ECT2 
expression and clinicopath-
ological factors 

The correlation between EC- 
T2 expression and clinico-
pathological features was 
analyzed. ECT2 expression 
was significantly associated 
with the degree of histolo- 
gical differentiation (P = 
0.007), invasive depth (P = 
0.047), lymph node metas-
tasis (P = 0.016), distant me- 
tastasis (P = 0.021) and 
TNM stage (P = 0.016), th- 
ere were no correlations 
between ECT2 protein ex- 
pression and gender (P = 
0.238), age (P = 0.105), tu- 
mor size (P = 0.669), tumor 
location (P = 0.354) (Table 
2). The mean survival time 
of ECT2-positive group was 
significantly shorter than th- 
at of ECT2-negative group 
(42.255 ± 2.453 months 
vs. 50.427 ± 3.357 months, 
P = 0.000) (Figure 3). The 
5-year survival rate of ECT2-
positive group was signifi-
cantly worse than that of 
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includes a combination of surgery, chemothera-
py, and radiation therapy [17]; however, the 
overall 5-year survival rate is low at 40% [18], 
thus, in order to improve the management and 
treatment of GC patients, it is essential to in- 
vestigate novel tumor-specific markers for early 
diagnosis, targeted therapy and prediction of 
prognosis. Microarray technology makes it pos-
sible to measure the expression levels of thou-
sands of genes, and identifying meaningful and 
useful molecular targets from these large data. 
In this study, we selected ECT2 gene for further 
validation which is showed more than 3-fold 
higher expression in gastric cancer tissues in 
gene expression microarray. 

The Rho family of small GTPases, represented 
by RhoA, Rac1, and Cdc42, act as molecular sw- 
itches in diverse signaling pathways that regu-
late actin cytoskeleton modeling, cell motility, 
cell adhesion, cell cycle progression and gene 
transcription [19]. The Rho GTPases cycle be-
tween a GTP bound active state and a GDP 
bound inactive state, and have been implicated 
in the malignant phenotype of many human 
cancers as a result of their participation in 
aberrant signaling in tumor cells and overex-
pression in human tumors [20]. ECT2 is a mem-
ber of the Dbl family of guanine nucleotide 
exchange factors (GEFs), which catalyze the 
exchange of GDP for GTP, thereby activate the 
Rho GTPases in signal transduction [21]. ECT2 

fied another mechanism that ECT2 can act as a 
GEF from within the nucleus to activate Rac 
and then leads to malignant transformation 
[25]. Up-expression of ECT2 has been reported 
in many types of cancers, such as glioma [12], 
lung and esophageal cancer [13], pancreatic 
cancer [14], ovarian cancer [25], osteosarcoma 
[26], and has been associated with poor patient 
survival prognosis, but the role of ECT2 in gas-
tric cancer remains unknown, it is the first study 
to investigate the expression of ECT2 in gastric 
cancer and its clinical significance in the devel-
opment and progression of GC patients. 

ECT2 gene showed more than 3-fold up-regula-
tion in cancerous tissues in gene chip, and we 
verified the differential expression by qRT-PCR 
and immunohistochemistry. Our results con-
firmed that ECT2 mRNA and protein levels were 
significantly higher in tumor tissue samples 
than adjacent non-tumor tissues. Furthermore, 
ECT2 expression was correlated with tumor dif-
ferentiation, TNM stage, lymph node metasta-
sis and distant metastasis in GC patients, 
patients with positive ECT2 expression had a 
lower overall survival rate than that of patients 
with negative ECT2 expression. Furthermore, 
multivariate analysis showed that ECT2 expres-
sion level was an independent significant dan-
gerous factor for survival after resection. Our 
study suggests that up-regulation of ECT2 is a 
common feature in gastric cancer and could be 

Figure 3. Kaplan-Meier survival curves of patients positive and negative for 
ECT2 expression. Patients in the ECT2 positive group had a significantly poorer 
prognosis than these in the ECT2 negative group (Mantel-Cox, P = 0.000).

is expressed in many tissues 
including kidney, liver, spl- 
een, lung, bladder, ovary and 
brain [22], it exhibits nuclear 
localization in interphase, In 
this stage, ECT2 may be in 
an inactive state, where the 
N-terminal domain interacts 
with the catalytic domain to 
inhibit its exchange activity 
[23], and it is released to the 
cytoplasm in prometaphase 
after nuclear membrane 
breakdown and subsequent 
activate Rho GTPases to trig-
ger cytokinesis [24]. If ECT2 
becomes mislocalized to the 
cytoplasm it will untimely 
activate the Rho signaling 
pathways and lead to malig-
nant transformation [9]. In 
addition, recent study identi-
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a valuable prognostic marker. However, consid-
ering the small number of samples in this study, 
further investigations including larger samples 
and experiments in vitro and vivo are needed in 
the future; in addition, how ECT2 functions in 
these processes is not entirely known, further 
studies are needed to elucidate the molecular 
mechanisms by which ECT2 participates in the 
development and progression of GC.

In summary, ECT2 is up-regulated in GC tissues 
and associated with tumor classification, inva-
sion depth, lymph node metastasis, distant 
metastasis, TNM stage, and poor prognosis in 
gastric cancer patients; our results suggest th- 
at ECT2 may be used as a valuable prognostic 
indicator in patients with gastric cancer.
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