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Abstract. ARHI is a novel tumor suppressor gene located on 
chromosome 1p31. Downregulation of ARHI expression has 
been detected in many types of cancer. However, the effects of 
ARHI in gastric cancer remain unclear. The aim of this study 
was to identify the relationship between ARHI expression and 
gastric cancer clinicopathological features. In this study, 81 
pT2 stage gastric cancer specimens were subclassified by pT2a 
and pT2b stage. ARHI mRNA and protein levels were evalu-
ated by real-time PCR and western blot analysis, respectively. 
Methylation plays an important role in suppressor gene silencing. 
We utilized methylation-specific PCR to identify the status of 
CpG islands in the ARHI gene. We used immunohistochem-
istry to determine the expression of the protein and analyzed 
clinicopathological features. The levels of ARHI mRNA in 
gastric cancer were lower compared to normal tissues (P<0.01). 
Similarly, the levels of ARHI protein in the cancer specimens 
were lower (P<0.05). DNA hypermethylation was identified in 
79.1% of gastric cancer specimens without ARHI expression. 
Immunohistochemistry results were significantly correlated 
with the pT2 category (P<0.05). The cumulative survival rate 
of patients with ARHI expression was significantly higher 
compared to those without ARHI expression (P<0.05). ARHI as 
a suppressor is not only an important factor in the pathogenesis 
of gastric cancer, but also a potential factor for tumor aggrava-
tion. ARHI expression in gastric cancer can be employed to 
indicate favorable prognosis for the disease.

Introduction

ARHI/NOEY2, a novel tumor suppressor gene, is located on 
chromosome 1p31 (1,2). It encodes a small GTPase with 60% 

homology to Ras and Rap (1). The product can bind to GTP 
but it does not function similarly to Ras and Rap (3). However, 
ARHI can inhibit cancer cell proliferation and induce apoptosis 
(3,4). DNA methylation can contribute to human oncogenesis. 
Many loss-of-function mutations in tumor suppressor genes 
occur by methylation of CpG islands in the promoter region, 
such as in the retinoblastoma gene (5) and in p16 (6). Previous 
research has shown that ARHI is downregulated in pancreatic 
(7), ovarian (8), breast (9), hepatocellular (10) and follicular 
thyroid cancers (11). Loss of ARHI expression has been associ-
ated with hypermethylation of the promoter region. As shown in 
the ideogram (Fig. 1), there are three CpG islands in the ARHI 
gene. CpG islands I and II are located in the promoter region, 
whereas CpG island III is located in the coding region (12).

According to GLOBOCAN 2008 statistics, gastric cancer 
is the fourth most common cancer and the second-leading 
cause of cancer-related deaths worldwide (13). In China, gastric 
cancer currently ranks the third among most common cancers, 
and will remain a significant cancer burden during the next 
decade (14). The number of metastatic lymph nodes (N stage) 
and the depth of the primary tumor (T stage) are two impor-
tant categories for gastric cancer (15,16). In the sixth edition 
of the International Union Against Cancer (UICC)/American 
Joint Committee on Cancer (AJCC) staging manual, the pT2 
category was subclassified into pT2a and pT2b based on the 
depth of tumor invasion (17). pT2a and pT2b, respectively, 
represent the tumor invaded to the muscularis propria (MP) 
and subserosa (SS) layer (18-20).

To the best of our knowledge, no studies have investigated 
whether ARHI/NOEY2 mRNA levels in gastric cancer tissues 
associate with ARHI promoter methylation. In our studies, 
gastric cancer specimens were classified by pT2a and pT2b and 
the levels of ARHI mRNA and protein in the two subtypes were 
compared. Simultaneously, we evaluated the methylation status 
of ARHI in normal and malignant tissues to investigate the 
molecular basis for ARHI protein underexpression. Finally, we 
used immunohistochemistry to determine the expression of the 
protein and analyzed the clinicopathological features of patients.

Patients and methods

Subjects. Surgical specimens of 81 pT2 stage gastric cancers 
were obtained from the Department of General Surgery, 
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Shengjing Hospital of China Medical University between 
January 2006 and May 2011. None of the patients underwent 
radiotherapy or chemotherapy before operation. All patients 
gave their consent for the use of tumor tissues for clinical 
research and our university Ethics Committee approved the 
research protocols. The specimens were subclassified in pT2a 
and pT2b stage. Adjacent mucosa and primary tumors of all 
the cases were fixed in 4% formaldehyde solution, embedded 
in paraffin and cut into 4-µm sections.

Quantitative real-time PCR. Total-RNA was extracted from 
specimens using TRIzol reagent (Invitrogen) according to the 
manufacturer's instructions. First-strand cDNAs were gener-
ated in reverse transcriptase reactions containing total-RNA, 
poly(dt) oligonucleotides, and SuperScript II reverse transcrip-
tase (Invitrogen). cDNAs were then subjected to quantitative 
real-time PCR analysis. The ARHI primers used were, 
5'-CAGCTGGTTTCTTACCACGTAT-3' (forward) and 5'-GC 
ACAAGTTCTCCCACACTTAG-3' (reverse). The GADPH 
primers used were, 5'-AGAAGGCTGGGGCTCATTTG-3' 
(forward) and 5'-AGGGGCCATCCACAGTCTTC-3' (reverse). 
Amplification of ARHI and GADPH was performed with 
1 cycle at 95˚C for 10 min and 40 cycles of 95˚C for 15 sec and 
60˚C for 60 sec.

Immunoblotting. Surgical specimens were lysed in ice-cold 
buffer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 
1  mM EDTA, 1% NP-40, 0.25% sodium deoxycholate, 
1 mM phenylmethylsulfonyl fluoride, a cocktail of protease 
inhibitors, and phosphatase inhibitors (1 mM sodium pyro-
phosphate, 10 mM NaF, 1 mM Na3VO4) and left on ice for 
20 min before centrifuging at 12,000 x g for 10 min at 4˚C 
to remove insoluble material. The protein concentration was 
determined using the Bio-Rad protein assay reagent (Bio-Rad 
Laboratories, USA) and 60 µg of total protein were electro-
phoresed on 10% SDS-PAGE denaturing gels and transferred 
to polyvinylidene difluoride membranes by electroblotting. 
Immunoblotting was performed using 1 µg/ml of goat poly-
clonal anti-ARHI (Darmstadt, Germany) overnight at 4˚C in 
5% skim milk and TBST (50 mM Tris-HCl, 750 mM NaCl, 
0.25% Tween-20). Following washing (3x5 min) in TBST, 
the detection of the primary antibodies was performed using 
a 1:5,000 dilution of rabbit anti-goat IgG, HRP-linked anti-
body (Santa Cruz Biotechnology, Inc., Japan) for 2 h at room 
temperature followed by washing in TBST (3x5 min). The 
immunoblots were developed in ECL chemiluminescence 
reagent (Takara, Japan) and autoradiography was performed 
to visualize the immunoreactive bands. As a control for protein 
loading, membranes were re-probed with a 1:5,000 dilution 
of a mouse monoclonal anti-β-actin antibody (Santa Cruz 
Biotechnology, Inc.).

Methylation-specific PCR (MSP). Genomic DNA was extracted 
from specimens using a TissueGen DNA kit (CW Biotechnology, 
China). Genomic DNA of 2 µg was denatured with 0.2 M 
NaOH. Then, 10 mM hydroquinone (Sigma) and 3 M sodium-
bisulfite (Sigma) were added and the solution was incubated at 
55˚C for 16 h. DNA samples were then purified using a Wizard 
DNA purification resin (Promega). In this procedure unmethyl-
ated (but not methylated) cytosines can convert to uracil, which 

is then converted to thymidine during subsequent PCR to 
identify sequence differences between methylated and unmeth-
ylated DNA. The modified DNA was used as a template for 
both the MSP and the unmethylated-specific PCR (USP). The 
primer sequences for the methylated ARHI CpG I gene were 
5'-GCGGTGGTGCGTAGTTT-3' (sense) and 5'-AAAACG 
CCCCATCGAA-3' (antisense), and for the unmethylated 
alleles were 5'-GGTGTTTATAGGTAAGGGAGAAAGA-3' 
(sense) and 5'-CACAAAACACCCCATCA AAT-3' (antisense). 
The primer sequences for the methylated ARHI CpG II gene 
were 5'-CGTTTTGCGTTGGGTTAG-3' (sense) and 
5'-ACCTTTCTCGAAAACACGAA-3' (antisense), and for the 
unmethylated alleles were 5'-TTGTGTTGTTTTGTGTT 
GGG-3' (sense) and 5'-CAAAAACTCACTCCTCCACAAT-3' 
(antisense). The primer sequences for the methylated ARHI 
CpG III gene were 5'-TAGAAGTTGTTGAAGCGGTTG-3' 
(sense) and 5'-CGATTACCGTCGCCACT-3' (antisense), and 
for the unmethylated alleles were 5'-TGTTGGTGTGGGG 
AAAAG-3' (sense) and 5'-AAAACACAATTACCATCAC 
CACT-3' (antisense). The PCR products were separated on 2% 
agarose gel with ethidium bromide and visualized under UV 
illumination.

Immunohistochemical staining (IHC). Immunohistochemistry 
was used to detect the expression of ARHI protein in gastric 
cancer. The study population included 81 patients. Forty-
seven (58.1%) were male and 34 (41.9%) female, and the 
minimum and maximum ages were 21 and 87 years, with a 
mean of 47.8±2.4 years. Immunohistochemical staining was 
performed on 4-µm sections obtained from formalin-fixed, 
paraffin-embedded blocks. Endogenous peroxidase activity 
was blocked with 3% hydrogen peroxide for 30 min. Antigen 
retrieval was carried out in citrate buffer (10 mM, pH 6.0) for 
30 min at 95˚C in a pressure cooker. Polyclonal antibodies 
used were anti-ARHI (Darmstadt) antibodies at 1:500 dilution 
and incubation was performed at 4˚C overnight. Afterward, 
sections were incubated with a biotinylated secondary anti-
body and then exposed to a streptavidin complex (HRP). 
Positive reactions were visualized with 3,3'-diaminobenzidine 
tetrahydrochloride (DAB, Sigma), followed by counter-
staining with hematoxylin. Normal tissue was used as a 
positive control. Sections treated without primary antibodies 
were used as negative controls. The positive percentage of 
counted cells was graded semi-quantitatively according to a 
four-tier scoring system: negative (-), 0-5%; weakly positive 
(+), 6-25%; moderately positive (++), 26-50%; and strongly 
positive (+++), 51-100%.

Statistical analysis. Data were analyzed by GraphPad Prism 5. 
Chi-square analysis was used to test the difference of hyper-
methylation cases in each group. The Spearman correlation 

Figure 1. ARHI gene ideogram. Three CpG islands are found in the ARHI 
gene. CpG islands I and II are located in the promoter region, whereas CpG 
island III is located in the coding region.
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test was uesd to analyze the rank data. Kaplan-Meier survival 
plots were generated and comparisons between survival curves 
were conducted with the log-rank statistic. P-values <0.05 
were considered statistically significant.

Results

ARHI expression is reduced in gastric cancer. We compared 
ARHI expression in gastric cancer specimens from 81 patients 
with normal tissues (Fig. 2A). The results showed statistically 
significant differences (P<0.05) (Fig. 2B). Next, we evaluated 
the level of ARHI mRNA. As shown in Fig. 3A, the level of 
ARHI mRNA in cancers was lower than in normal tissues. The 
results were statistically significant (P<0.01) (Fig. 3B). The 

protein and mRNA were levels in accordance with each other. 
Representative examples 1-10 belong to pT2a and 11-20 to pT2b.

Reduced ARHI expression is associated with ARHI 
promoter methylation. To elucidate the methylation statuses, 
tumor samples were examined by MSP. Although 79.1% cases 
lacked ARHI expression associated with hypermethylation in 
different CpG islands, we observed seven types of methylation 
statuses including hypermethylation only in CpG islands I, II 
or III, hypermethylation in CpG islands I and II, CpG islands II 
and III, CpG islands  I and III and hypermethylation in all 
CpG islands. Representative examples are illustrated in Fig. 4. 
Methylation statuses of 81 cases of gastric cancer are shown 
in Table I. There was a high frequency of ARHI methylation 
(79.1%) in gastric cancers. The relationship between ARHI gene 

Figure 2. (A) Real-time PCR analysis of ARHI was carried out in pT2a and pT2b stage gastric cancers and respective adjacent noncancerous tissues. For each 
sample, the relative mRNA level of ARHI was normalized based on that of GAPDH. (B) The histogram demonstrates that the differences were statistically 
significant (P<0.01).

Figure 3. (A) ARHI protein levels measured by western blot analysis. β-actin was used as an internal control. (B) The histogram demonstrates that the differ-
ences were statistically significant (P<0.05).
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mutations and clinicopathological features of gastric cancer is 
listed in Table II. The results reveal that ARHI methylation was 
not correlated with patient ages, differentiation, lymphatic inva-
sion, venous invasion, lymph node metastasis and tumor size 
(P>0.05) but related with pT2 category (P<0.05).

Correlation between ARHI expression and clinicopatholog-
ical features in gastric cancer. The immunostaining for ARHI 

was only localized in the cytoplasm. ARHI protein was highly 
expressed in the non-tumor parts of the specimens (Fig. 5). We 
then analyzed the potential relationship between the expres-
sion of ARHI and the clinicopathological characteristics of 

Table I. Methylation status of the 81 cases of gastric cancer.

Methylation	 N	 (%)

CpG island I	 5	 6.3
CpG island II	 7	 8.7
CpG island III	 9	 11.1
CpG island I and CpG island II	 13	 16.0
CpG island I and CpG island III	 10	 12.3
CpG island II and CpG island III	 11	 13.6
All CpG islands	 9	 11.1
No methylation	 17	 20.9

Table II. Comparison between methylation of the ARHI gene and clinicopathological data.

Clinicopathological features	 N	 Hypermethylation	 Hypermethylation	 χ2 value	 P-value
		  cases	 rate %

Gender				    0.005	 0.200
  Female	 34	 27	 79.4
  Male	 47	 37	 78.7
Age (years)				    2.140	 0.083
  <65	 35	 25	 71.4
  ≥65	 46	 39	 84.8
Differentiation				    1.484	 0.110
  Differentiated	 53	 44	 83.0
  Unidifferentiated	 28	 20	 71.4
Lymphatic invasion				    0.715	 0.162
  -	 50	 38	 76.0
  +	 31	 26	 83.8
Venous invasion				    0.145	 0.251
  -	 64	 50	 78.1
  +	 17	 14	 82.3
Lymph node metastasis				    0.010	 0.212
  -	 42	 33	 78.5
  +	 39	 31	 79.5
Tumor size				    3.135	 0.053
  <4 cm	 57	 48	 84.2
  ≥4 cm	 24	 16	 66.7
pT2 category				    5.380	 0.022
  pT2a	 37	 25	 67.6
  pT2b	 44	 39	 88.6

χ2 value, Chi-square distribution.

Figure 4. Aberrant methylation of ARHI CpG islands in gastric cancers. In the 
representative examples, hypermethylation of CpG island I was identified in 6C 
and 18C, of CpG island II in 5C, 13C and 19C, of CpG island III in 4C, 8C, 11C, 
15C and 16C. 2C had hypermethylation of CpG island I and CpG island II, 7C, 
10C, 12C had hypermethylation of CpG island I and CpG island III, 1C, 3C and 
9C had hypermethylation of CpG island II and CpG island III. 14C had partial 
methylation of all three CpG islands. 17C and 20C showed no methylation.
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these patients. The results are summarized in Table III. No 
correlation was found with sex, ages, differentiation, lymphatic 
invasion, venous invasion, lymph node metastasis and tumor 
size (P>0.05). However ARHI expression was significantly 
associated with pT2 category (P<0.05).

Univariate and multivariate survival analysis. Follow-up 
information was available on 81 patients with gastric cancer 
for periods ranging from 0.2 months to 5 years (median, 34 
months). Survival curves according to ARHI expression for 
gastric cancer are shown in Fig. 6. Univariate analysis using 
the Kaplan-Meier method was used to assess the cumulative 
survival rate of patients with ARHI expression, which was 

determined to be notably higher than the ones without ARHI 
expression (P<0.05) (Fig. 6).

Discussion

ARHI is a maternally imprinted, small Ras-related GTPase 
gene that maps to 1p31 and has been suggested to function 
as a tumor suppressor gene (1-3). Despite extensive study of 
ARHI function in many types of cancer, relatively little is 
known about its role in gastric cancer (6-10). According to 
the depth of tumor invasion, our specimens were subclassified 
into pT2a and pT2b stage (17). In this study, we first report 
that the level of ARHI mRNA was found to be lower in gastric 

Figure 5. Representative results of two-paired of gastric cancer and corresponding noncancerous tissue specimens by immunohistochemical staining with 
anti-ARHI antibody. (A) pT2a stage cancer (B) pT2a paired noncancerous tissue (D) pT2b stage cancer (E) pT2b paired noncancerous tissue. (C and F) negative 
controls. ARHI was stained brown with granules and localized to the cytoplasm. The nuclei were counterstained with hematoxylin.

Figure 6. Correlation between ARHI status and prognosis of the gastric cancer patients. Kaplan-Meier curves for cumulative survival rate of patients with 
gastric cancer according to ARHI expression in (A) all specimens, (B) pT2a stage and (C) pT2b stage gastric cancer specimens.
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cancers than in adjacent noncancerous tissues regardless of 
pT2a and pT2b stage. The results were consistent with the 
level of ARHI protein. However, there was no obvious differ-
ence between pT2a and pT2b stage cancers. This indicated 
that ARHI may be an important factor in the pathogenesis of 
gastric cancer.

In order to further explore the cause of the downregulation 
of ARHI in gastric cancers, MSP was carried out to analyze 
the status of CpG islands of ARHI in pT2a and pT2b stage 
cancers. Loss of ARHI expression occurring through DNA 
methylation has been demonstrated in breast and ovarian 
cancer (11-21). We designed three pairs of primers to detect 
three CpG islands of the ARHI gene. As shown in our results, 
non-methylation of CpG islands was observed only in 17 cases 
and complete or partial methylation of three islands in the 
other 64 cases. Yuan et al  (12) have identified three types 
of methylation in breast cancer. However, we found seven 
types of methylation according to the different CpG islands. 
We hypothesized that this discrepancy was caused by tissue 
specificity. Further study will be carried out to verify our 
hypothesis. It has been demonstrated that CpG islands I and 
II are located in the promoter region and CpG island III is 

located in the coding region (12). Generally, aberrant meth-
ylation status of CpG islands, often located in the promoter 
regions of genes, serves as an important mechanism for the 
inactivation of tumor suppressor genes in cancers (22-24). 
Similarly, in our studies, downregulation of ARHI was mainly 
associated with methylation in CpG islands I or II. Notably, 
methylation of CpG island III also led to underexpression of 
ARHI. The mechanism remains unclear. In further analyses, 
we also found that methylation of the ARHI gene was corre-
lated with pT2 category. To the best of our knowledge, this is 
the first study to analyze the methylation of the ARHI gene 
and the correlation with clinicopathological data. Our results 
indicate that methylation of the ARHI gene may contribute to 
the pathogenesis and aggravation of gastric cancer.

We then utilized immunohistochemistry to detect the level 
of ARHI in gastric cancer and in adjacent normal tissue. As 
shown in the representative results, ARHI is more highly 
expressed in normal tissues. Our data are consistent with 
the report of Lu et al (7) who detected ARHI in pancreatic 
cancer. Additionally, our results also showed that ARHI was 
only localized in the cytoplasm. Dalai et al (25) using logistic 
regression analysis identified a significant correlation between 

Table III. Relationship between ARHI expression and clinicopathological parameters of gastric cancer.

	 ARHI expression
	 ---------------------------------------------------------------------
Clinicopathological features	 N	 -	 +	 ++	 +++	 PR (%)	 Rs	 P-value

Gender							       0.230	 0.738
  Female	 34	 25	 6	 1	 2	 26.5
  Male	 47	 29	 8	 6	 4	 38.3
Age (years)							       0.055	 0.452
  <65	 35	 24	 5	 2	 4	 45.8
  ≥65	 46	 30	 5	 6	 5	 50.0
Differentiation							       0.032	 0.612
  Differentiated	 53	 38	 5	 6	 4	 37.7
  Unidifferentiated	 28	 16	 5	 4	 3	 34.8
Lymphatic invasion							       0.251	 0.103
  -	 50	 34	 6	 7	 3	 32.0
  +	 31	 20	 5	 4	 2	 35.5
Venous invasion							       0.091	 0.332
  -	 64	 48	 9	 6	 1	 25.0
  +	 17	 6	 7	 3	 1	 64.7
Lymph node metastasis							       0.033	 0.652
  -	 42	 29	 6	 4	 3	 30.9
  +	 39	 25	 7	 5	 2	 35.8
Tumor size							       0.124	 0.427
  <4 cm	 57	 43	 6	 5	 3	 24.6
  ≥4 cm	 24	 11	 3	 8	 2	 54.2
pT2 category							       0.225	 0.023
  pT2a	 37	 25	 6	 4	 2	 32.4
  pT2b	 44	 29	 5	 5	 5	 34.1

PR, positive rate; Rs, Spearman correlation coefficient.
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ARHI expression and pancreatic endocrine tumor differen-
tiation. However, our results showed no association between 
ARHI expression and carcinoma differentiation. It was only 
correlated with pT2 category. The discrepancies might be 
largely caused by different tissues and statistical methods. To 
further clarify the clinicopathological significance, the corre-
lation between ARHI expression and survival of 81 patients 
was assessed. Patients with lower ARHI expression showed a 
significantly higher hazard ratio for disease pathogenesis and 
progression compared with those with normal ARHI expres-
sion. Regardless of pT2 category, same results were obtained 
in pT2a and pT2b stage patients. This is agreement with the 
results of Dalai et al (25) in pancreatic cancer.

In summary, downregulation of ARHI may play an impor-
tant role both in the pathogenesis and aggravation of gastric 
cancer. ARHI gene CpG island methylation is a potential 
molecular basis of its downregulation. ARHI expression seems 
to be a favorable prognostic factor for the disease.
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