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Abstract: Background: The two mediators of cell adhesion, E-cadherin and RhoA, play important roles in cancer 
initiation and progression. However, their associations with clinicopathological characteristics of gastric cancer in 
patients have been controversial. Methods: Immunohistochemical staining of RhoA and E-cadherin were performed 
using surgical samples from 108 patients, and were subsequently categorized into low and high expression groups. 
Clinicopathological characteristics and survival data were compared between groups with different expression lev-
els of RhoA/E-cadherin. Results: Low E-cadherin expression was significantly associated with signet-ring cell compo-
nent (P<0.001), while no difference in clinicopathological characteristics were observed based on RhoA expression. 
Median time to treatment failure (P=0.042) and overall survival (P=0.024) were longer in patients with low RhoA 
expression. On the other hand, no clear association between E-cadherin expression and prognosis was found. Con-
clusions: Taken together, our findings established the association between E-cadherin expression and specific clini-
copathologic characteristics, as well as the negative prognostic value of RhoA expression in gastric cancer patients. 
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Introduction

Gastric cancer is one of the most common 
causes of cancer-related death in the world, 
with particularly high incidence in East Asia [1]. 
Gastric cancers, comprised of mostly gastric 
adenocarcinomas, are highly heterogeneous 
diseases with diverse histopathological classifi-
cation schemes [1]. Recent genomic studies 
provided valuable insights into the key underly-
ing genetic alterations of gastric cancers and 
revealed four molecular subtypes of gastric 
adenocarcinomas: Epstein-Barr virus positive, 
microsatellite unstable, genomically stable 
(GS), and chromosomally unstable subtypes 
[2]. Among these, GS gastric cancers account 
for about 20% of the tumors analyzed, and are 
enriched with diffuse histology according to the 
Lauren histopathology classification scheme, 
which roughly correspond to the poorly cohe-
sive carcinomas defined by the WHO classifica-
tion [3, 4]. The GS subtype is characterized by 
recurrent somatic mutations in CDH1 and 

RHOA, which encode E-cadherin and RhoA, 
respectively. Given the well-established roles of 
E-cadherin and RhoA in the regulation of cell 
adhesion and motility, it is not surprising that 
alterations in these two proteins would lead to 
the invasive phenotype associated with the GS 
subtype. 

CDH1 and RHOA are two of most frequently 
mutated genes in gastric cancers, whose muta-
tions are reported in 11.6% and 5.7% of the 
non-hypermutated cases, respectively [5]. Loss 
of E-cadherin, a cell-cell adhesion molecule, is 
known to drive cancer initiation and progres-
sion. Inactivating mutations in CDH1 are recur-
rent in both sporadic and hereditary forms  
of diffuse gastric cancers [6, 7]. Hyper-
methylation of the CDH1 promoter is also fre-
quently observed in gastric cancers, which rep-
resents another important mechanism of CHD1 
silencing [8]. In diffuse gastric cancers, CDH1 
silencing reportedly associates with unfavor-
able prognosis [5, 9, 10]. On the other hand, 
RhoA (RAS homolog A) is a small GTPase pro-
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tein that plays a fundamental role in actin-myo-
sin-dependent cellular contractility and motility 
[11, 12]. As a molecular switch, Rho GTPases 
are involved in many fundamental cellular pro-
cesses, such as cell cycle progression, cell 
polarization, migration, adhesion and growth 
[12]. In particular, RhoA mediates formation of 
stress fibers and focal adhesions. During the 
process of malignant transformation, RhoA 
translocates to the plasma membrane and 
functions as a signal transducer. Increased 
RhoA expression and activity have been linked 
to a multitude of cancers, including cancers of 
the colon, breast, lung liver, and bladder [13-
16]. In liver and bladder cancers, increased 
RhoA expression and/or activity correlates with 
poor prognosis and cancer recurrence [13, 15]. 
However, RhoA expression has also been 
reported to be associated with better survival 
in pancreatic cancer [17], and suppress pro-
gression and metastasis of colorectal cancer 
[18]. Thus, the prognostic values of CDH1 and 
RHOA and their associations with clinicopatho-
logical features in gastric cancer remain to be 
firmly established. In this study, we investigat- 
ed the correlation between RhoA/E-cadherin 
expression with clinicopathological features 
and clinical outcomes in 108 patients with gas-
tric cancer. 

Materials and methods

Patient population

Surgically resected stomach tissue samples 
were collected from 108 patients with patho-
logically confirmed gastric cancer who had 
undergone surgery at the Department of 
Gastrointestinal Oncology of Zhejiang Cancer 
Hospital (Zhejiang, China) from December 
2007 to February 2014. Eligible patients for 
this study were determined according to the  
following criteria: (i) >18 years old; (ii) ECOG 
performance status of 0-1; (iii) no prior radio-
therapy or chemotherapy before surgical resec-
tion. All patients provided written informed con-
sent. This study was approved by the Ethics 
Committee of Zhejiang Cancer Hospital and 
was performed according to the principles  
of the Declaration of Helsinki. Tumor loca- 
tions were defined as cardia/fundus/body  
and antrum/pyloro. All tumors were staged 
according to the TNM staging system of the 

American Joint Committee on Cancer (7th ver-
sion, 2009). 

Immunohistochemical (IHC) staining for RhoA 
and E-cadherin 

Slides were dewaxed in xylol and hydrated in 
descending concentrations of ethanol (abso-
lute, absolute, 96, 70, and 40%; 5 min each) 
followed by pure water. Antigen retrieval was 
achieved by boiling in 0.1 mol/L Tris buffer (pH 
7) for 10 min in a microwave oven at 800 W. All 
consecutive steps were followed by 10-min 
washes in phosphate-buffered saline (PBS). 
Endogenous peroxidase was blocked with 3% 
hydrogen peroxide for 10 min at room tempera-
ture. Nonspecific background staining was 
reduced by incubation in horse serum for 10 
min at 37°C. Slides were incubated with the 
monoclonal antibody against RhoA (clone 
26C4) or E-cadherin at a 1:600 dilution in PBS 
for 1 h at room temperature. Staining was visu-
alized using a biotinylated anti-goat antibody 
(51 g/mL; Vector Laboratories, Burlingame, CA) 
and avidin-biotin-peroxidase, according to the 
manufacturer’s instructions (ABC ELITE, Vector 
Laboratories). Diaminobenzidine (DAB) served 
as the chromogen and yielded a brown reaction 
product. Subsequently, slides were counter-
stained with hematoxylin, mounted with neutral 
gum, and observed under a microscope. 
Representative IHC staining results are shown 
in Figure 1. Low or negative expression of RhoA 
or E-cadherin was defined as IHC staining in 
less than 5% of the cells. Positive expression 
was defined as IHC staining in more than 5% of 
cells. 

Follow-up

Follow-up assessments were performed every 
3 months for the first 5 years after surgery and 
subsequently every 6 months until the patient’s 
death. The last follow-up was performed in 
August 2017. Patients whose vital status could 
not be ascertained were considered to be lost 
in follow-up. Time to treatment failure (TTF) was 
defined as the time from the operation date to 
the date of disease progression. Overall surviv-
al (OS) was defined as the time from the opera-
tion date to the date of death due to any cause 
or the last follow-up. Patients who were lost 
during follow-up or those without any event 
(progression or death) at the last follow-up were 
censored.
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Statistical analysis 

Statistical analyses were performed using 
GraphPad Prism 6 and SPSS version 19.0.  
Chi-square test or Fisher’s exact test was used 
to compare frequencies among groups. The 
log-rank test was used to compare Kaplan-
Meier survival curves. Cox proportional hazar- 
ds models were used to explore the associ- 
ation of the clinical parameters with overall sur-
vival and median TTF. All tests were two-sided, 
and P<0.05 was considered statistically sig- 
nificant.

Results

Associations between expression of E-cad-
herin/RhoA and clinicopathological character-
istics 

A total of 108 patients with gastric cancer  
with sufficient clinical data were evaluated for 
their E-cadherin and RhoA expression. We first 
compared clinicopathological characteristics  
in patients with low/negative or positive ex- 
pression of E-cadherin (Table 1) or RhoA (Table 

2). Among the 108 patients, 93 
(86.1%) patients had positive 
E-cadherin expression and 60 
(55.6%) patients were positive  
for RhoA. We found that patients 
with positive E-cadherin expres-
sion were significantly associat- 
ed with signet ring cell histology 
(78.5 vs 33.3%, P<0.001), and  
to a lesser extent, with older  
age at diagnosis (77.4 vs 53.5%, 
P=0.061) compared with those 
with low/negative E-cadherin ex- 
pression. On the other hand, no 
significant difference in any of  
the clinicopathological characte- 
ristics was observed between 
patients with positive and low/
negative expression of RhoA (Tab- 
le 2).

Associations between expression 
of E-cadherin/RhoA and patient 
outcome

Next, we assessed the associa-
tions between E-cadherin and 
RhoA expression and clinical out-
come. No significant association 

Figure 1. Representative images of immunohistochemical staining for 
RhoA and E-cadherin expression in gastric cancer. A. Representative 
image showing low/negative expression of E-cadherin staining. B. Rep-
resentative fields of E-cadherin positive expression. C. Representative 
image showing low/negative RhoA expression. D. Representative fields 
of RhoA positive expression.

was observed between E-cadherin expression 
and TTF and OS (Table 3). On the other hand, 
positive RhoA expression was associated  
with significantly shorter mTTF (4.20 vs 9.80 
months, log-rank P=0.042) and mOS (30.77 vs 
51.40 months, log-rank P=0.024). 

Survival rates were also lower in patients with 
high RhoA expression (Table 4 and Figure 2). 
None of the RhoA-positive patients survived 
after five years, whereas the 5-year survival 
rate of negative/low RhoA expressers was 
28.6%. 

Discussion

In this study, we examined the expressions  
of E-cadherin and RhoA in patients undergo- 
ing surgical resection for gastric cancer. By 
analyzing the correlations with various clinico-
pathological characteristics, we found that low 
E-cadherin expression was significantly associ-
ated with signet-ring cell component, which is 
consistent with previous reports [19]. With 
respect to patient outcome, lack of E-cadherin 
expression was associated with a trend towards 
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Table 1. Associations of E-cadherin expression with clinicopathological characteristics

Clinical characteristics
E-cadherin (N=108)

P Odds ratio (95% CI)
(+), n=93 (-), n=15

Gender 0.25 0.43
    Male 59 (63.4) 12 (80.0) (0.11-1.65)
    Female 34 (36.6) 3 (20.0)
Age (years) 0.061 0.33
    ≤45 21 (22.6) 7 (46.7) (0.11-1.03)
    >45 72 (77.4) 8 (53.3)
Primary tumor sites 0.42
    Cardia/Fundus/corpus 36 (38.7) 4 (26.7)
    Antrum/pyloro 53 (57.0) 11 (73.3)
    Whole gastric 4 (4.3) 0 (0)
Histological Differentiationa 0.36 3.49
    Well 9 (9.7) 0 (0) (0.19-63.07)
    Poor 84 (90.3) 15 (100)
Signet ring cell contained <0.001 0.14
    Yes 20 (21.5) 10 (66.7) (0.04-0.47)
    No 73 (78.5) 5 (33.3)
Borrmann type 1.0 0.80
    1+2 5 (5.4) 1 (6.7) (0.09-7.33)
    3+4 88 (94.6) 14 (93.3)
T stage 0.75
    1 9 (9.7) 1 (6.7)
    2 5 (5.4) 0 (0)
    3 1 (1.1) 0 (0)
    4 78 (83.9) 14 (93.3)
N stage 0.62
    0 10 (10.8) 1 (6.7)
    1 21 (22.6) 2 (13.3)
    2 14 (15.1) 4 (26.7)
    3 48 (51.6) 8 (53.3)
Nerve involvement 0.38 0.50
    Yes 62 (66.7) 12 (80.0) (0.13-1.90)
    No 31 (33.3) 3 (20.0)
Vascular involvement 0.38 0.45
    Yes 60 (64.5) 12 (80.0) (0.12-1.73)
    No 33 (35.5) 3 (20.0)
Distant Metastasis at the first diagnosis 0.53 0.63
    Yes 4 (4.3) 1 (6.7) (0.07-6.05)
    No 89 (95.7) 14 (93.3)
TNM stage at first diagnosis 0.94
    I 7 (7.5) 1 (6.7)
    II 10 (10.8) 1 (6.7)
    III 72 (77.4) 12 (80.0)
    IV 4 (4.3) 1 (6.7)
Distance Metastasis 0.73 1.56
    Yes 18 (19.4) 2 (13.3) (0.32-7.54)
    No 75 (80.6) 13 (86.7)
Nodal metastasis 1.0 0.59
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    Yes 83 (89.2) 14 (93.3) (0.07-5.00)
    No 10 (10.8) 1 (6.7)
Liver metastasis 0.60 3.08
    Yes 8 (8.6) 0 (0) (0.17-56.22)
    No 85 (91.4) 15 (100)
Peritoneum metastasis 0.35 3.90
    Yes 10 (10.8) 0 (0) (0.22-70.08)
    No 83 (89.2) 15 (100)
a: Well indicates moderate-well differentiated adenocarcinoma; Poor indicates poorly differentiated adenocarcinoma, signet 
ring cell carcinoma and mucinous adenocarcinoma. 

Table 2. Associations of RhoA expression with clinicopathological characteristics

Clinical characteristics
E-cadherin (N=108)

P Odds ratio (95% CI)
(+), n=60 (-), n=48

Gender 0.11 1.96
    Male 44 (73.3) 28 (58.3) (0.87-4.42)
    Female 16 (26.7) 20 (41.7)
Age (years) 0.13 0.50
    ≤45 12 (20.0) 16 (33.3) (0.21-1.20)
    >45 48 (80.0) 32 (66.7)
Primary tumor sites 0.44
    Cardia/Fundus/corpus 25 (41.7) 15 (31.3)
    Antrum/pyloro 34 (56.7) 31 (64.6)
    Whole gastric 1 (1.7) 2 (4.2)
Histological Differentiationa 0.73 1.67
    Well 6 (10.0) 3 (6.3) (0.39-7.05)
    Poor 54 (90.0) 45 (93.8)
Signet ring cell contained 0.28 0.61
    Yes 14 (23.3) 16 (33.3) (0.26-1.42)
    No 46 (76.7) 32 (66.7)
Borrmann type 1.0 0.79
    1+2 3 (5.0) 3 (6.3) (0.15-4.10)
    3+4 57 (95.0) 45 (93.8)
T stage 0.69
    1 5 (8.3) 5 (10.4)
    2 3 (5.0) 2 (4.2)
    3 0 (0) 1 (2.1)
    4 52 (86.7) 40 (83.3)
N stage 0.71
    0 5 (8.3) 6 (12.5)
    1 12 (20.0) 11 (22.9)
    2 9 (15.0) 9 (18.8)
    3 34 (56.7) 22 (45.8)
Nerve involvement 0.14 1.97
    Yes 45 (75.0) 29 (60.4) (0.86-4.47)
    No 15 (25.0) 19 (39.6)
Vascular involvement 1.0 1.08
    Yes 41 (68.3) 32 (66.7) (0.48-2.43)
    No 19 (31.7) 16 (33.3)
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Distant Metastasis at the first diagnosis 0.63 2.47
    Yes 3 (5.0) 1 (2.1) (0.25-24.59)
    No 57 (95.0) 47 (97.9)
TNM stage at first diagnosis 0.21
    I 5 (8.3) 3 (6.3)
    II 3 (5.0) 8 (16.7)
    III 49 (81.7) 36 (75.0)
    IV 3 (5.0) 1 (2.1)
Distance Metastasis 0.31 1.94
    Yes 13 (21.7) 6 (12.5) (0.68-5.55)
    No 47 (78.3) 42 (87.5)
Nodal metastasis 0.53 1.57
    Yes 55 (91.7) 42 (87.5) (0.45-5.50)
    No 5 (8.3) 6 (12.5)
Liver metastasis 0.73 1.36
    Yes 5 (8.3) 3 (6.3) (0.31-6.02)
    No 55 (91.7) 45 (93.8)
Peritoneum metastasis 0.51 1.98
    Yes 7 (11.7) 3 (6.3) (0.48-8.12)
    No 53 (88.3) 45 (93.8)
a: Well indicates moderate-well differentiated adenocarcinoma; Poor indicates poorly differentiated adenocarcinoma, signet 
ring cell carcinoma and mucinous adenocarcinoma. 

Table 3. Association between protein expression and survival

mTTF (months) 95% CI Log-rank  
P mOS (months) 95% CI Log-rank  

P
E-cadherin 0.182 0.939
    P 8.67 (7.49-9.86) 35.77 (30.84-40.70)
    N 3.83 NA 33.23 (13.24-53.22)
RhoA 0.042 0.024
    P 4.20 (0-9.37) 30.77 (24.15-37.39)
    N 9.80 (7.69-11.91) 51.40 (39.98-62.82)
mTTF, median Time To Treatment Failure; mOS, median Overall Survival; CI, confidence interval; P, positive; N, negative/low.

Table 4. Survival rates of patients with differ-
ent RhoA expression
Survival rates Low/negative RhoA Positive RhoA
1-year (%) 80.3 58.8
3-year (%) 47.3 39.7
5-year (%) 28.6 NA

a decrease in mTTF, but had no significant 
impact on OS. On the other hand, while RhoA 
expression was not associated with any of the 
clinicopathological characteristics, significantly 
longer mTTF and mOS were observed in 
patients with negative/low RhoA expression 
compared to the high expressers. In addition, 
negative/low RhoA expression was also associ-

ated with increased survival rates at 1, 3, and 5 
years. 

The prognostic value of RhoA has been largely 
debatable. In colorectal cancer, high RhoA 
expression was associated with reduced 5-year 
survival rates after surgery [20]. By contrast, 
other studies have reported that reduced RhoA 
expression correlated with poor outcome in 
colorectal cancer patients [18, 21]. Similarly, in 
gastric cancers, no difference in OS was 
observed comparing patients with and without 
hotspot mutations in RHOA [22, 23], suggest-
ing that RhoA may not have any prognostic 
effect on gastric patient survival. On the other 
hand, other studies have reported that high 
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Figure 2. High RhoA expression correlates with poor prognosis in gastric 
patients. Kaplan-Meier estimates of survival rates comparing patients 
with different RhoA expressions. Tick indicates censored data.

RhoA expression or activity was associated 
with poor prognosis, with shorter five-year sur-
vival rates and more distant metastasis, as well 
as chemotherapy resistance [24, 25]. In our 
study, although we did not assess the effect  
of RHOA mutations on patient outcome, our 
results validated the prognostic value of RhoA 
expression in identifying gastric patients with 
better survival outcomes. 

In contrast to RhoA expression, we found no 
evidence for a prognostic effect of E-cadherin 
expression in gastric cancer, although there 
was a trend towards increased mTTF in patients 
with retained E-cadherin expression. However, 
our conclusion may be limited by the mode- 
rate number of patients with negative/low E- 
cadherin expression in our cohort. 

Conclusions

Based on our study, the two regulators of cell 
adhesion and motility, E-cadherin and RhoA, 
showed distinct associations with clinicopatho-
logical factors and prognostic effects in gastric 

cancer patients. E-cadherin ex- 
pression correlated with signet 
ring cell components, while RhoA 
expression might be more clinical-
ly useful in predicting gastric can-
cer patient outcome. 
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