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SUMMARY

Background: RhoA protein expression has been reported in different types of cancer. We performed an up-to-date
meta-analysis to evaluate the clinicopathological characteristics of RhoA protein expression in patients with gas-
trointestinal cancer.

Methods: We searched in several databases, including MEDLINE (PubMed) and China National Knowledge In-
frastructure, to identify studies examining the association between RhoA protein and cancer. The quality of the
included studies was assessed. Cochrane Collaboration’s Software Review Manager 5.3 was utilized to test the het-
erogeneity, overall effect, and publication bias of the combined studies. The reported odds ratio and 95% confi-
dence interval (CI) were calculated by using fixed and random effects models depending on the heterogeneity of
the included studies.

Results: A total of 15 studies met the inclusion criteria of the meta-analysis. RhoA expression was significantly
higher in gastrointestinal cancer than in normal tissues. RhoA protein expression in digestive system neoplasms
was significantly associated with tumor clinical staging, metastatic status and differentiated degree. However, no
association with gender was found. RhoA mRNA expression was no associated with clinicopathological signifi-
cance.

Conclusions: Current evidence supports the conclusion that RhoA expression is associated with clinical staging,
metastatic status, and differentiated degree in digestive system neoplasms. RhoA expression may play an impor-
tant role in the carcinogenesis and metastasis of gastrointestinal cancer.
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INTRODUCTION

The global incidence rate of cancers has increased in re-
cent years. The mortality rate of malignant tumors, es-
pecially gastrointestinal tumors, including cancers of
the stomach and intestine, are higher than other tumors
worldwide. Morbidities and mortalities from gastric
cancer, esophageal cancer, and colorectal cancer are the
highest among malignant tumors in China. Thus, diges-
tive tract malignant tumors have to be investigated [1].
The Rho small GTP binding protein (Rho) family, con-
sisting of Rho, Rac, and Cdc42 subfamilies, regulates
cell migration through the reorganization of actin cyto-
skeleton. Through its combination of guanosine triphos-
phate (GTP), this protein is widely recognized to play a
significant role in cancer progression. Further research
has found that Rho GTPases previously played promi-
nent roles in cancer development and progression, in-
cluding processes of cell morphology, proliferation, in-
vasion, metastasis, and apoptosis in a variety of biologi-
cal processes [2-5]. The Rho subfamily, consisting of
RhoA, RhoB, and RhoC isoforms, regulates the forma-
tion of stress fibers and focal adhesions in cells [6,7].
Reports have revealed that RhoA is up-regulated in gas-
tric, testicular, pancreatic, ovarian, and breast cancers
[8-12]. The Rho-mediated process is involved in the mi-
gration and invasion of cancer; as observed, the activa-
tion of RhoA increases the invasiveness of cultured rat
hepatoma cells [13,14]. However, several available clin-
ical studies are not unified when it comes to the signifi-
cance of the expression of Rho GTPases in human can-
cer specimens. We investigated whether or not RhoA is
associated with the progression and metastasis in gas-
trointestinal cancer patients. Hence, we performed a
meta-analysis to reveal the clinicopathological signifi-
cance of RhoA protein expression in patients. To im-
prove the accuracy and reliability of the investigation,
we enlarged the sample size by data-pooling. Studies
were summarized in this meta-analysis to systematically
qualify the RhoA and tumor clinicopathological charac-
teristics in gastrointestinal cancer.

MATERIALS AND METHODS

Literature search strategy and selection criteria

Two investigators performed the search independently.
Comprehensive literature searches were performed in
electronic databases, including PubMed, EMBASE, and
CNKI, until 1 June 2015. Without the limitation of lan-
guage or source, various search terms and combinations
were used, including (1) “RhoA,” (2) “cancer or neo-
plasm or carcinoma,” and (3) “clinicopathological char-
acteristics”. We also performed a manual search for ar-
ticles in the reference. In our meta-analysis, the in-
cluded studies should meet a number of criteria, as fol-
lows: (1) all patients had complete clinicopathological
data; (2) RhoA protein was detected in all patients; and
(3) article must have an English abstract. For inclusion

into the analysis, the minimum number of patients was
limited to more than 10 in every study. If the author re-
ported results that were obtained from the same patient
population in several studies, we will use the most re-
cently published study or the one with the larger sample
size. Studies were excluded based on the following cri-
teria: (1) reviews, case-only studies, or familial studies;
(2) lacking sufficient data for calculation of incidence;
and (3) previous publications were duplicated or sam-
ples were replicated. Abstracts and unpublished studies
were excluded.

Data extraction

Information was carefully extracted from all eligible
publications independently by two of the authors ac-
cording to the inclusion criteria listed above. When a
study can be included in the meta-analysis, a consensus
must be reached by both investigators. Data extracted
for each study included name of the first author, year of
publication, sample source, number of cases, and clini-
copathological parameters.

Quality assessment

Study quality was assessed independently by the two re-
viewers using various factors, including (1) clear defini-
tion of the study population and the type of carcinoma;
(2) researchers revealed the relationship between RhoA
expression and cancer clinicopathological parameters;
(3) sample size is larger than 10; and (4) studies pro-
vided sufficient information to estimate OR and 95%
confidence interval (CI). Studies lacking any of these
factors were excluded from the final analysis.

Statistical analysis

Statistical analysis was performed using Review Man-
ager 5.3 (provided by The Cochrane Collaboration, Ox-
ford, England). Heterogeneity among the studies was
tested using I” statistic. If the I* < 50% and p > 0.05, the
fixed effect model was used, otherwise, the random ef-
fect model was used. P < 0.05 was considered statisti-
cally significant. We then evaluated the potential publi-
cation bias with funnel plots.

RESULTS

Selection and characteristics of studies

Fifteen studies were included in the final meta-analysis,
as shown in Figure 1. The basic characteristics of these
patients are summarized in Table 1 [15-26] and Table 2
[27-29]. Positive RhoA expression was defined by im-
munohistochemistry (IHC), Western Blot (WB) or
quantitative real-time polymerase chain reaction (qQRT-
PCR). All studies provided data on the correlations be-
tween RhoA and cancer clinicopathological characteris-
tics in gastrointestinal cancer patients.
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Table 1. Basic information and quality evaluation of the included literature at protein level.

CEEE0 5 UL Clinicopathological
References Country number Cancer Methods Source factors
(M/F) (dilution)

(;gfsg) China 189 (145/44) GC (I;{lf) a‘:’lcg(‘)‘)‘ Ge“desr t’a]:ef’firlfl‘ﬁiaﬁ"“’
éigillg) China 107 (62/45) GC gIPC) Bi((;\:vstz)r)ld Gendesrt,a];ief’fg;;}[iation,
St | | mame | ac | MOOM | g | ooy bt
(‘;‘Ioal':‘g) China 46 (NR) GC (STBCC) (ﬁil"g;) Differentiation, LNM
oy | Qltee | pgose | e | WS | sme | Gt Dt
(‘ngi‘og) China 92 (54/38) cc :SPC) i‘;‘;;‘ D iffere“gaNtli\‘,}“’ Stage,
(;i)‘:f;) Japan 27 (19/8) cC WB Santa CamiEs ])Ligﬁze“ﬁaﬁ"“’
f;or(i)‘;‘)i Japan 122 (105/17) ESCC IHC (SABC) 5?1“(:3) Gender, ';‘g; entiation,
(Z;g‘l‘;); China 140 (95/45) ESCC (SIAHBCC) %;’1'3‘ Ge“desr : a]; lf’firlfﬁ{;iam“’
(Zzl:;;"‘g China 160 (104/56) ESCC (STBCC) NR Ge“desr t’agiff;rlfl‘;[iaﬁ"“’
(Zzlg‘l'g China 95 (65/30) ESCC (SIE;CC) i;‘g;‘ Ge“desr t’a];f,f;rlf;;[iaﬁ"“’
(;f)‘(’)j;) Japan 26 (13/13) HCC THC g‘f":‘otg) Gender, Stage

GC - gastric cancer, CC - colorectal cancer, ESCC - esophageal squamous cell carcinoma, HCC - hepatocellular carcinoma, LNM - lymph

node metastasis, IHC - immunohistochemistry, NR - not reported.

Table 2. Basic information and quality evaluation of the included literature at mRNA level.

References Country Cases(;/[f /;l;mber Cancer Methods Clinicopathological factors
Faried q el
(2007) Japan 50 (45/5) ESCC qRT-PCR | Gender, Differentiation, Stage, LNM
(2}01;13) China 80 (56/24) qRT-PCR Gender, Differentiation, Stage
Wang q . Y]
(2010) China 42 (24/18) gqRT-PCR Gender, Differentiation, LNM

ESCC - esophageal squamous cell carcinoma, HCC - hepatocellular carcinoma, CC - colorectal cancer, LNM - lymph node metastasis, qRT-

PCR - quantitative real-time polymerase chain reaction.

RhoA expression and clinicopathological parameters
in gastrointestinal and gastric cancer

In our present study, a total of 12 articles were included
to evaluate the RhoA expression in gastrointestinal can-
cer tissue. In Figure 2A, RhoA expression is significant-
ly higher in gastrointestinal cancer (III and IV) than in
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early stage cancer (I and II) (OR = 0.30, 95% CI
0.22 - 0.41; p < 0.00001). In Figure 2B, a significant
difference exists between the presence and the absence
of lymph node (OR = 3.45, 95% CI 2.16 - 5.51;
p < 0.00001). In Figure 2C, the RhoA expression of the
low differentiation was significantly higher than that of
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Figure 1. Flow chart of study selection.

high and moderate differentiation (OR = 1.94, 95% CI
1.17 - 3.20; p = 0.01).

We analyzed gastric cancer separately. Figure 3A re-
veals that RhoA expression is significantly higher in
gastric cancer than in normal tissues (OR = 5.76, 95%
CI 2.81 - 11.84; p < 0.00001). Additionally, gastric
cancer tissue further strengthens the evidence compar-
ing RhoA with stage and lymph node metastasis (in Fig-
ure 3B and 3C). It must be noted in Figure 3D
(OR = 2.08, 95% CI 0.81 - 5.33; p = 0.13), however,
that RhoA expression is no significant between low dif-
ferentiation and high and moderate differentiation in
gastric cancer patients. No significant difference was re-
ported for patients between male and female (not pro-
vided).

Relationship between RhoA expression and clinico-
pathological parameters on protein-based level

In our present study, Figure 4 reveals that relevant
studies in colorectal cancer (CC), esophageal squamous
cell carcinoma (ESCC), and hepatocellular carcinoma

(HCC) were analyzed. A total of 7 articles were in-
cluded to evaluate the RhoA expression in cancer tissue.
In Figure 4A, RhoA expression is significantly higher in
gastric cancer (III and IV) than in early stage cancer
(I and II) (OR =0.28, 95% CI 0.18 - 0.43; p < 0.00001).
In Figure 4B, a significant difference exists between the
presence and the absence of lymph node metastasis
(OR =4.45,95% C1 2.93 - 6.75; p < 0.00001). In figure
4C, the RhoA expression of the low differentiation was
significantly higher than that of high and moderate dif-
ferentiation (OR = 2.49, 95% CI 1.64 - 3.78;
p < 0.00001). No significant difference was reported for
patients between male and female (not provided).

Relationship between RhoA expression and clinico-
pathological parameters on mRNA-based level
Supplementary Figure 1 shows the association between
RhoA expression and clinicopathological features on
mRNA-based level of CC and HCC. Three studies were
included in the study. No significant difference was
found in the clinicopathological parameters.
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Figure 2. (A) The pooled OR from nine studies about clinical stages. (B) The pooled OR from eleven studies about lymph node
metastatic status. (C) The pooled OR from ten studies including high, moderate, and low differentiation.

Sensitivity analysis and Publication bias

Our results were analyzed and removed one by one to
illuminate the sensitivity. For lymph node metastasis
and clinical stage, the pooled OR were not significantly
altered in sensitivity analyses, showing our results were
reliable. As shown in Figure 2D, we found that the re-
sult of Huang et al. [26] was different from the others,
there was no significant difference of clinicopathologi-
cal characteristics. However, we excluded Huang et al.
[26] from the analyses and found that RhoA expression
was related between low differentiation and high and
moderate differentiation in gastric cancer patients. The
differences may be caused by different types of tumor
and different groups of people.
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The funnel plots were used to assess publication bias
(Figures 5), suggesting that the evidence of publication
biases was not obvious in the meta-analysis of RhoA
expression and clinicopathological features. However,
the funnel plots were used to assess publication bias
(Supplementary Figures 2), suggesting that some publi-
cation biases exist in the meta-analysis. The problems
were largely due to the low numbers of the included lit-
erature, which was less than 10.
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Figure 3. (A) The pooled OR from four studies including gastric cancer and normal tissue samples. (B) The pooled OR from
three studies about clinical stages. (C) The pooled OR from five studies about lymph node metastatic status. (D) The pooled
OR from four studies including high, moderate, and low differentiation.

DISCUSSION

The Rho family is involved in nearly every process in
the occurrence and development of tumors, including
the regulation of cytoskeleton, cell cycle, changes in
cell adhesion and movement, and cell transformation in
tumor cells, whereas RhoA protein may be an important
factor and molecular basis in tumor cell invasion and
metastasis[30,31]. RhoA protein may be involved in the

proliferation and survival of the tumor. For example,
constitutively active RhoA protein can stimulate metas-
tasis in vitro. In normal epithelial cells, RhoA protein
contributes to the generation of epithelial polarity and
assembly connection and executive ability. In the pro-
gression of tumors, RhoA can also affect epithelial cell
damage [32]. The activity of Rho protein can inhibit
downstream cadherin, thereby leading to a more motile
phenotype [33]. Rho GTPases can also regulate the gen-
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Figure 4. Forest plots of studies conducted on RhoA expression and features in colorectal cancer (CC), esophageal squamous
cell carcinoma (ESCC) and hepatocellular carcinoma (HCC) on protein-based level. (A) The pooled OR from six studies about
clinical stages of gastrointestinal cancer. (B) The pooled OR from six studies about lymph node metastatic status of gastrointes-
tinal cancer. (C) The pooled OR from six studies including high, moderate, and low differentiation of gastrointestinal cancer.

eration of matrixmetalloproteinase (MMPs), thereby in-
fluencing matrix remodeling and tumor cell invasion.
However, results obtained by using RhoA cells in RNA
interference studies suggest that tumor cell migration
results showed variability, which may be due to migra-
tion and invasion ability, and have very strong depen-
dence on the cells [34-36]. In addition, the small
GTPase RhoA is widely recognized as an important reg-
ulator of contractility and shortening in smooth muscle
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tissues in response to stimulation with contractile ago-
nists. RhoA can regulate phosphorylation by inhibiting
the catalytic activity of myosin light chain (MLC) phos-
phatase, which leads to an increase in MLC phosphory-
lation. RhoA activates Rho kinase, which inhibits MLC
phosphatase activity by phosphorylating its regulatory
subunit myosin phosphatase target subunit 1(MYPT1)
or by phosphorylating the inhibitory peptide of MLC
phosphatase CPI-17 [37, 38].
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Figures 5. Funnel plots of studies conducted on RhoA expression and features in gastrointestinal cancer on protein-based level.
(A) Clinical stages in gastrointestinal cancer. (B) Metastatic status in gastrointestinal cancer. (C) Differentiation in

gastrointestinal cancer.

At the same time, researchers observed that RhoA pro-
tein gene has a cell transformation function. Usually,
RhoA can participate in various cancer cells by geneti-
cally causing the malignant transformation. RhoA pro-
tein can also induce angiogenesis through vascular en-
dothelial cell growth; finally, tumor cells pass through
the vascular endothelium for distant metastasis [39].
Previous reports have confirmed that abnormal expres-
sion and activation of RhoA are correlated with the de-
velopment and metastasis of malignant carcinoma [40].
However, the role that RhoA expression plays in gastro-
intestinal cancer and its clinical significance has not
been thoroughly investigated. These data revealed the
following: (1) gastrointestinal cancer has higher expres-
sion than normal tissue; (2) RhoA expression is not
strongly associated with gender in gastrointestinal can-
cer patients; (3) RhoA expression is significantly higher
in gastrointestinal cancer patients with lower differenti-
ation than in those with high and moderate differentia-
tion; (4) RhoA expression is associated with the clinical
staging of gastrointestinal cancer patients; and (5) RhoA
expression is higher in the presence rather than the ab-
sence of metastatic gastrointestinal cancer. To the best
of our knowledge, the present meta-analysis study is the
first to systematically evaluate the association among
RhoA expression and clinicopathological features in
gastrointestinal cancer.

The clinicopathological significance of RhoA expres-
sion for patients with gastrointestinal cancer remains
controversial. The activity of RhoA is correlated with
lymph node metastasis in human colorectal cancer [20].
However, Ahmad Faried revealed that RhoA is corre-

lated with tumor differentiation, not with lymph node
metastasis [27]. For gastric cancer tissues, the expres-
sion of RhoA is related to lymph node metastasis [16,
17], but Tang et al. revealed that the expression of
RhoA is not associated with lymph node metastasis or
differentiation degree [15]. Studies that were included
had varying results. Therefore, several potential limita-
tions of our study need to be considered. First, our me-
ta-analysis is unlikely to obtain enough necessary data
to analyze RhoA expression with specific parameters.
Second, the reliability of this study may be limited by
the information provided by the included studies. Third,
the studies included were from Asia. Thus, these results
may not represent the results obtained in other coun-
tries. Fourth, we used different methods to explore the
relationship of RhoA expression and cancer. Fifth, there
were different types of tumors itself to produce differ-
ences, for example, there is no significant difference be-
tween the clinicopathological characteristics and RhoA
expression in intestinal-type gastric cancer, but for dif-
fuse-type gastric cancer, high RhoA expression was in-
volved with more advanced pathological N category
compared to low RhoA expression [26]. Furthermore,
the definition of RhoA positivity varied between the in-
volved studies, and variability may lead to potential
bias. Clinical outcome data for analyzing the prognostic
significance of RhoA expression in patients with gastro-
intestinal cancer are lacking. Despite the aforemen-
tioned limitations, our study is the first meta-analysis on
the association of RhoA expression with clinicopatho-
logical characteristics of gastrointestinal cancer.
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CONCLUSION

In summary, we demonstrated that RhoA overexpres-
sion is associated with clinical staging, poor differentia-
tion, and metastasis in gastrointestinal cancer. Our find-
ings strongly suggest that RhoA is a promising bio-
marker for gastrointestinal cancer and possibly a thera-
peutic target for cancer treatment. However, more clini-
cal studies with refined design and large samples are re-
quired to push our conclusion further, as well as reach
our derived prospective.
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Supplementary Figure 1. RhoA expression on mRNA-based level. (A) The pooled OR from three studies including high, mod-
erate, and low differentiation of gastrointestinal cancer. (B) The pooled OR from two studies about clinical stages of gastroin-
testinal cancer. (C) The pooled OR from two studies about lymph node metastatic status of gastrointestinal cancer.
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Supplementary Figure 2. Funnel plots of studies conducted on RhoA expression and features in gastric cancer. (A) Gastric can-
cer and normal tissue samples. (B) Clinical stages in gastric cancer. (C) Metastatic status in gastric cancer. (D) Differentiation
in gastric cancer.
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