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Abstract
AIM: To clarify the role of high in normal-1 (HIN-1 ) 
gene promoter methylation during gastric cancer de-
velopment. 

METHODS: Gastric cancer cell lines and tissue speci-
mens were analyzed for expression of HIN-1 mRNA and 
protein using the semi-quantitative reverse transcription 
polymerase chain reaction and immunohistochemistry. 
The methylation of the HIN-1  gene promoter was de-
tected in gastric carcinoma cells and tissues using meth-
ylation-specific polymerase chain reaction. The 3-(4,5-di-
methylthiazol-2yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium cell viability assay and flow 
cytometry were used to assess the changes in behaviors 

of gastric cancer cells with or without 5-aza-2’-deoxycyt-
idine treatment.

RESULTS: HIN-1 was not expressed in 4 of 5 gastric 
cancer cell lines. The demethylation reagent 5-aza-2’-
deoxycytidine was able to induce or upregulate HIN-1 
expression in gastric cancer cell lines, which is associ-
ated with reduction of tumor cell viability. Furthermore, 
methylation of the HIN-1  gene promoter was shown 
in 57.8% (26/45) of the primary gastric cancer and 
42.1% (17/38) of adjacent tissue samples, but was not 
shown in normal gastric mucosa (0/10). From the clini-
copathological data of the patients, methylation of the 
HIN-1  gene promoter was found to be associated with 
tumor differentiation (P  = 0.000). 

CONCLUSION: High methylation of HIN-1  gene pro-
moter results in silence of HIN-1 expression in gastric 
cancer. 5-aza-2’-deoxycytidine reverses HIN-1  methyla-
tion and reduces viability of gastric cancer cells.
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INTRODUCTION
Gastric cancer is the second most common cause of  can
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cer death worldwide after lung cancer[1,2]. Gastric carcino
genesis, like all other cancers, is a multistep process, in
volving numerous genetic and epigenetic alterations, such 
as abnormalities in growth factors/receptors, angiogenic 
factors, cell cycle regulators, and DNA mismatch repair 
genes. These abnormalities also define biological character
istics of  gastric cancer cells, which can serve as therapeutic 
targets for gastric cancer[3,4]. Although genetic abnormali
ties including gene mutation and deletion are prominent in 
causing oncogene activation and tumor suppressor gene 
inactivation, epigenetic silence of  tumor suppressor genes 
via aberrant promoter hypermethylation have also been 
shown to be frequent events in gastric carcinoma[5,6]. DNA 
high methylation of  tumor suppressor genes frequently 
occurs in the early stage of  human carcinogenesis, and 
investigating the methylation of  these gene promoters may 
contribute to the diagnosis, prognosis and target therapy in 
gastric carcinoma[7,8]. 

High in normal1 (HIN-1) gene was originally isolated 
through a serial analysis of  gene expression from normal 
and ductal carcinoma in situ luminal mammary epithelial 
cells. The latter is believed to be the precursor of  invasive 
ductal carcinoma[9]. HIN1 is highly expressed in normal 
luminal mammary epithelial cells but lost in the majority 
of  breast cancers. Restoration of  HIN1 expression sup
pressed growth of  breast cancer cells[10]. HIN1 can also 
regulate cellcycle reentry, suppresses tumor cell migration 
and invasion, and induces apoptosis in breast cancer cell 
lines[10]. Although HIN1 processes the putative tumor 
suppressor function, no somatically genetic changes of  
HIN-1 gene were found in breast cancer[9]. Previous stud
ies demonstrated frequent methylation of  HIN-1 gene 
promoter in breast cancer, prostate cancer, malignant me
sotheliomas, nonsmall cell lung cancer, lymphoma, reti
noblastoma, Wilms’ tumor, and rhabdomyosarcoma[1114]. 

However, expression of  this putative tumor suppressor 
gene in gastric cancer has not been fully studied. Therefore, 
in this study, we first confirmed the methylation of  HIN-1 
gene promoter in human gastric cancer cell lines and de
termined the role of  5aza2’deoxycytidine [5azadc, a 
drug that inhibits the DNA methyltransferase (DNMT)
mediated hypermethylation of  promoter region CpG is
lands] in regulation of  HIN-1 expression in gastric cancer 
cells. We also detected the methylation of  HIN-1 gene 
promoter in tissue specimens and found the association 
between HIN-1 gene promoter methylation and clinico
pathologic characteristics of  gastric cancer.

MATERIALS AND METHODS
Cell lines and culture
Gastric carcinoma cell lines KATOIII, AGS, PHM82, 
NUGC3, and BCG823 were obtained from American 
Type Culture Collection (Manassas, VA) and cultured in 
either RPMI 1640 medium or RPMI 1640/Ham’s F12 
medium (all from Invitrogen, Carlsbad, CA) supplemented 
with 10% fetal bovine serum in a humidified incubator 
with 5% CO2 and 95% air at 37℃. These cells were pas

saged at a ratio of  1:3 with trypsin once they reached 
confluence (approximately 106 cells) into 75 cm2 culture 
flasks (Sarstedt, Newton, NC). For treatment with 5-aza-
2’deoxycytidine, these cell lines were split and cultured at 
a low density (30% confluence) overnight and then treated 
with 5aza2’deoxycytidine (Sigma, St. Louis, MO) at a 
concentration of  1 μmol/L for up to 96 h. The growth 
medium was refreshed every 24 h, and at the end of  the 
treatment, DNA and RNA from these cells were isolated 
as described below.

Human tissue samples 
In the current study, 45 surgically resected and pathologi
cally confirmed gastric tumors and 38 adjacent non-tumor 
tissues were obtained from the PLA General Hospital, 
Beijing, China between January 2009 and January 2010 
and stored in liquid nitrogen until use. Ten cases of  nor
mal gastric mucosa were also obtained from the gastric 
endoscopic biopsies of  tumorfree patients. This study 
was approved by our hospital’s Institutional Review Board. 

DNA extraction and methylation-specific polymerase 
chain reaction
Genomic DNA from these cell lines and tissue specimens 
were extracted using a proteinaseK method described 
previously[15]. The extracted DNA was then dissolved in 
TrisEDTA (TE) buffer and stored at 20℃. To assess the 
methylation levels of  the HIN-1 gene promoter, genomic 
DNA from gastric cancer cell lines and tissue specimens 
were first subjected to bisulfite treatment and then methyla
tion-specific polymerase chain reaction (MSP) as described 
previously[16]. The MSP primers for HIN1 were designed 
and synthesized according to genomic sequences skirt
ing the presumed transcription start sites for HIN1. The 
HIN1 MSP primers spanned a region of  92 base pairs 
for unmethylation (location is from +128 to +41) and 88 
base pairs for methylation (location is from +131 to +40). 
The primer sequences were: HIN-1UN 5'GAAGTTTT
GTGGTTTTGTTTGGGTAGTT3', HIN-1UNAS 
5'CACACAAAACCCCAAAAAAACAACA3', HIN-1
MES 5'GTTTCGTGGTTTTGTTCGGGTAGTC3' and 
HIN-1MEAS 5'GCAAAACCCCAAAAAAACGACG3'. 
Each MSP reaction incorporated approximately 100 ng of  
bisulfite-treated DNA, 25 picomoles of  each primer, 100 
pmoles dNTPs, 2.5 μL 10 × PCR buffer, and 1 unit of  
JumpStart Red Taq Polymerase (Sigma) in a final reaction 
volume of  25 μL. The PCR amplification conditions were 
an initial 95℃ for 5 min and then 35 cycles of  95℃ for 30 s,  
60℃ for 30 s, and 72℃ for 30 s and a final extension at 
72℃ for 5 min and then stored at 4℃. The MSP products 
were separated on 2% agarose gel electrophoresis and vi
sualized under the ultraviolet (UV) light. 

RNA isolation and semi-quantitative reverse 
transcription PCR
Total cellular RNA from the cell lines was isolated using 
the TRIzol reagent (Invitrogen) according to the manu
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facturer’s instructions. RNA quality and quantity were 
assessed using agarose gel electrophoresis (1%) and spec
trophotometric analysis of  260/280 ratios. The RNA was 
stored at 70℃ prior to use. The first strand cDNA was 
synthesized with oligo(dT) primer using a reverse tran
scriptase kit from Invitrogen. 

Two micrograms RNA was subjected to the first 
strand cDNA synthesis, and 1 μL cDNA from RT reac
tion was subjected to PCR amplification of  gene expres
sion in a total 25 μL reaction volume. The PCR ampli
fication was carried out using primer sets derived from 
the published HIN-1 gene sequences: HIN-1 primers 
were 5'TCTGCGTGGCCCTGTCCTG3' (sense) and 
5'GCTCAGCCAAACACTGTCAG3' (antisense)[14]. 
This primer set, designed to cross the intronic sequenc
es, can prevent from amplification of  genomic DNA 
for control of  genomic DNA contamination during 
RNA isolation. A total of  32 cycles of  PCR amplifica
tion were performed based on our preexperiment for 
semiquantitative measurement of  HIN-1 gene expres
sion levels. Glyceraldehyde3phosphate dehydrogenase 
(GAPDH) was amplified for 25 cycles as an internal 
control of  equal loading and cDNA quality and quantity. 
The sequence of  GAPDH primers: 5'GACCACAGTC
CATGCCATCAC3' (sense) and 5'GTCCACCACCCT
GTTGCTGTA3' (antisense). The PCR products were 
then electrophoresed in 1.5% agarose gels containing 
ethidium bromide and reviewed under the UV light. 

Protein extraction and Western blotting 
The cells were grown and treated with or without 5aza
2’deoxycytidine for 6 d and total cellular protein was 
then extracted from these cells in 200 μL icecold mild 
lysis buffer containing 10 μL nonidet P40, 0.15 mol/L 
NaCl, 0.01 mol/L sodium phosphate (pH 7.2), 2 mmol/L 
EDTA, 50 mmol/L sodium fluoride, 0.2 mmol/L sodium 
vanadate, and 1 μg/mL aprotinin. The cell mixture was 
centrifuged at 20 000 r/min for 15 min and supernatants 
were then collected. The concentration of  protein was 
quantified by the BCA protein assay from Pierce (Rock
ford, IL, USA) and an equal amount of  protein was 
separated by sodium dodecyl sulfatepolyacrylamide gel 
electrophoresis (SDSPAGE) and then transferred onto 
PDVF membranes (Millipore, Billerica, USA). Western 
blotting analyses were then carried out using an anti
HIN1 (Novus Biologicals, Littleton, USA) or an antiβ
actin antibody (Boster, Wuhan, China). The blots were de
veloped with chemiluminescence substrate solution from 
Pierce and exposed to X-ray film.

3-(4,5-dimethylthiazol-2yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium assay 
Gastric cancer cells were grown in 96well plates and treat
ed with or without 5aza2’deoxycytidine for up to 6 d,  
and then cell proliferation was determined using CCK8 
solution (Beyotime, China) according to the manufacturer’s  
instructions. The optical density was measured at 492 nm 
using an ELISA plate reader (TECAN, Switzerland). The 

experiments were performed in triplicate and repeated 
three times. 

Detection of apoptosis 
Gastric cancer cells were treated with or without 5aza
2’-deoxycytidine for up to 6 d. Both attached and floating 
cells were harvested and fixed with 70% ethanol for at 
least 48 h. After resuspension in 50 μg/mL, the cells were 
treated with 100 μg/mL RNase for 30 min and stained 
with propidium iodide and then analyzed by flow cytom
etry (FACscalibur; Becton Dickinson, Franklin Lakes, NJ).

Immunohistochemistry
Sections 5 μm thick were formalinfixed and paraffin
embedded in xylene and rehydrated through an ethanol 
series. Antigen retrieval was carried out at this stage in 
a microwave oven. Sections were then blocked with 3% 
hydrogen peroxidase followed by incubation with a 50% 
protein blocking agent. Fetal bovine serum (10%), with or 
without HIN1 antibody (1:60), was applied to each slide, 
and the slides were incubated for 30 min, and counter
stained with hematoxylin. Tissues without the specific an
tibody were used as negative controls. AntiHIN1 (Novus 
Biologicals, Littleton, USA) and PV6000G Kit (Beijing 
Zhongshan Jinqiao Biotechnology, Beijing, China) were 
used for the immunohistochemical (IHC) staining. HIN1 
expression was regarded as positive when 10% or more 
cancer cells exhibited HIN1 expression.

Statistical analysis
The statistical analyses of  the experimental data were 
carried out using SPSS 13.0 software for Windows (Chi
cago, IL). P values for dichotomous variables were two
tailed and based on the Pearson χ2 test or the Pearson 
χ2 test with continuity correction. Continuous variables 
were analyzed with Student’s t test. A value of  P < 0.05 
was considered statistically significant. 

RESULTS
Silence of HIN-1 expression through methylation 
of HIN-1 gene promoter and 5-aza-2’-deoxycytidine 
induction of HIN-1 gene expression in gastric cancer 
cell lines 
To find out whether the silence of  HIN-1 gene expression 
is caused by methylation of  the HIN-1 gene promoter, we 
first detected the methylation status of  HIN-1 in 5 gastric 
cancer cell lines. The MSP analysis showed that HIN-1 
gene promoter was highly methylated in AGS, PHM82, 
and BCG823 cells, but not methylated or partially methyl
ated in NUGC 3 and KATOIII cell lines (Figure 1A). We 
detected HIN-1 expression in five gastric cancer cell lines 
and found that HIN1 mRNA was not expressed in AGS, 
PHM82, and BCG 823 cells, but expressed in NUGC 3 
and weakly expressed in KATOIII cells. HIN1 expres
sion was induced or upregulated in these cell lines after we 
treated them with 5aza2’deoxycytidine (Figure 1B). 
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Suppression of gastric cancer cell viability with 5-aza-2’
-deoxycytidine treatment 
We determined the ability of  5aza2’deoxycytidine to reg
ulate gastric cancer cell viability using BCG823 cells treat
ed with 5aza2’deoxycytidine. The results showed that 
treatment with 1 μmol/L of  5aza2’deoxycytidine for 
up to 6 d significantly upregulated expression of  HIN-1 
but reduced the number of  the viable cells (Figure 2A)  
and induced them to undergo apoptosis compared with 
the untreated tumor cells (20.46% ± 1.24% vs 11.28% ± 
1.01%, P = 0.001, Figure 2B). These data were associated 
with HIN-1 expression induced by 5aza2’deoxycytidine  
(Figure 1B and Figure 2A). 

Aberrant hypermethylation of HIN-1 gene promoter in 
primary gastric carcinomas
To translate this in vitro finding into ex vivo tissue speci
mens, MSP analysis of  HIN-1 gene promoter methyla
tion was conducted in 45 patients with human gastric 
carcinoma (32 male and 13 female). The patients’ 
average age was 55 ± 13 years and other clinicopatho
logical data are listed in Table 1. MSP analysis showed 
that methylation of  the HIN-1 gene promoter was fre
quently detected in gastric cancer (57.78%, 26/45) and 
adjacent nontumor tissues (42.1%, 17/38), but not in 
normal gastric mucosa. Statistically, there was no dif
ference in methylation of  the HIN-1 gene promoter 
between gastric cancer and adjacent nontumor tissues. 
However, there were statistically significant differences 
between gastric cancer and normal gastric mucosa, and 
between adjacent nontumor tissues and normal mucosa  
(Figure 3A and B, P = 0.002 and P = 0.005, respectively). 
To correlate HIN-1 gene promoter methylation with 
HIN1 expression, 29 gastric cancer tissues (GCs) were 
subjected to immunohistochemistry analysis. Represen
tative immunostaining is shown in Figure 4A and B. GC 
cases with low HIN1 immunostaining had more fre
quent DNA methylation than GCs with high immunos

taining (53.33% vs 14.29%, P = 0.027, Figure 4C). These 
data demonstrate that DNA methylation contributes to 
the decreased expression of  HIN1 in GCs.

Association of HIN-1 gene promoter methylation with 
clinicopathological data in gastric cancer patients 
Methylation status of  HIN-1 gene promoter was associat
ed with tumor differentiation. The methylation frequency 
in welldifferentiated and moderately/poorlydifferentiated 
tumors was 34.78% (8/23) and 80.95% (17/21), respec
tively, indicating that HIN-1 was more frequently methyl
ated in poorlydifferentiated gastric cancer than that in 
welldifferentiated gastric cancer (P = 0.000, Table 1). 
However, there was no correlation between HIN-1 meth
ylation and other parameters (such as age, tumor size, and 
lymph node metastasis) (Table 1). 

DISCUSSION
In the current study, we determined HIN1 gene expres
sion and the methylation status of  the HIN-1 gene pro
moter in gastric cancer cells. We found that the expression 
of  HIN1 mRNA was lost in gastric cancer cells. MSP 
analysis revealed high methylation of  the HIN-1 gene pro
moter in these tumor cells. 5aza2’deoxycytidine treat
ment induced HIN1 expression, but reduced viability of  
gastric cancer cells. Furthermore, ex vivo data demonstrat
ed that the HIN-1 gene promoter is frequently methylated 
in gastric cancer and the adjacent nontumor tissues, but 
not in normal gastric mucosae. HIN-1 gene promoter 
methylation was associated with differentiation of  gastric 
cancer. This study demonstrated frequent methylation of  
the HIN-1 gene promoter in gastric cancer. Therefore, the 
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Figure 1  Silence of high in normal-1 gene expression due to methylation 
of high in normal-1 gene promoter in gastric carcinoma cell lines. A: Meth-
ylation-specific polymerase chain reaction analysis of high in normal-1 (HIN-1) 
gene promoter methylation in five gastric carcinoma cell lines. U: Unmethylated 
alleles; M: Methylated alleles. In vitro methylated DNA (IVD) and DNA from 
normal human peripheral lymphocytes were used as methylated and unmethyl-
ated controls; B: Gastric cancer cell lines were treated with or without 5-aza-CdR 
(-AZ) for up to 96 h. HIN-1 mRNA levels were measured by semi-quantitative 
reverse transcription polymerase chain reaction analysis, and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) served as control. The 1-kb marker in-
dicated an appropriate size for the amplified products. HIN-1 expression varied 
among cell lines. The presence of methylation of HIN-1 corresponds directly to 
the loss of expression of the genes in each cell line. 

Table 1  Association of high in normal-1  methylation with 
clinicopathologic characteristics in gastric cancer

Variable Patients HIN-1  
methylation

P  value

Sex 0.161
   Male 32 17
   Female 13   9
Age (yr) 0.401
   ≤ 50 14   9
   > 50 31 17
Tumor size (cm) 0.283
   < 5 25 16
   ≥ 5 19 10
Tumor differentiation  0.000a

   Moderate/poor 21 17
   Well 23   8
Stage 0.683
   Ⅰ-Ⅱ 13   7
   Ⅲ-Ⅳ 29 17
Nodal status 0.903
   -   9   5
   + 35 20

aPearson’s χ2 test using SPSS 13.0 software for Windows. The methylation 
frequency of well-differentiated tumor vs moderately/poorly tumor. TNM 
was staged according to the guidelines of the International Union against 
Cancer. HIN-1: High in normal-1.
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HIN-1 gene promoter methylation may be further evalu
ated as a biomarker for early detection of  gastric cancer. 

Inactivation of  tumor suppressor genes contributes to 
cancer development. Such inactivation may be caused by 
genetic or epigenetic alterations, including gene mutation, 
deletion, promoter methylation, abnormal splicing, de
regulation of  imprinting and haploinsufficiency[4]. Among 
these abnormalities, loss of  heterozygosity (LOH) was 

shown to cause inactivation of  most candidate tumor 
suppressor genes in the critical regions of  chromosomes 
3p, 5q, 8p and 9p[1720]. However, changes in methylation 
status of  these genes also frequently occur. The HIN-1 
gene is located at 5q35 and plays a role in epithelial cell 
differentiation. HIN1 can also regulate cellcycle reentry, 
suppresses tumor cell migration and invasion, and induces 
apoptosis in breast cancer cell lines[10]. The HIN-1 gene is 
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frequently methylated in different cancers, but not by mu
tation[11]. For example, HIN-1 gene promoter hypermeth
ylation was found in the majority (70%) of  breast cancer 
and preinvasive lesions. Hypermethylation of  the HIN-1 
promoter region also occurs in cancer and the adjacent 
tissues of  the lung, prostate, pancreas, and esophagus, but 
not in normal tissues[21]. Methylation of  the HIN-1 gene 
promoter was associated with esophageal squamous carci
noma progression[14]. Our current data demonstrated ab
errant methylation of  HIN-1 gene promoter regions and 
subsequent loss of  HIN1 expression in gastric cancer cell 
lines and tumor tissue specimens. These results are con
sistent with previous studies on other cancers[9,12]. HIN-1 
methylation existed in 57.78% (26/45) of  gastric cancer 
and 42.1% (17/38) of  adjacent nontumor tissues, which 
indicated that it is a common feature of  gastric cancer and 
may be the early stage accident in gastric carcinogenesis.

The pathogenesis of  intestinaltype gastric cancer is 
usually initiated or caused by Helicobacter pylori (H. pylori) 
infection[22]. However, the underlying mechanism remains 
to be defined, and a better understanding of  pathogenesis 
of  gastric cancer could help develop molecular diagnostic 
and patienttailored therapeutic targets[23]. In the previ
ous studies, we reported that field defect, an area of  
abnormal tissue that precedes and is predisposed to the 
development of  cancer, could be predicted by detection 
of  gene promoter methylation[24]. Such abnormal fields 
are of  interest because they give insight into the early 

stages of  carcinogenesis and may provide biomarkers 
of  cancer risk[25,26]. Aberrant promoter hypermethylation 
has been shown to be a common event in human cancer 
mainly due to the loss of  function of  tumor suppressor. 
This neoplasiarelated event is thought to occur early in 
carcinogenesis, and hence, promoter hypermethylation 
is being widely studied as a biomarker for the diagnosis 
and detection of  early lesions. In this context, HIN-1 was 
frequently methylated in gastric carcinoma adjacent tis
sues but not in normal gastric mucosa. It suggests that 
HIN-1 methylation may represent the field defect of  gas
tric carcinoma. HIN-1 gene promoter methylation may be 
an early event in gastric cancer. However, further studies 
are required to determine whether H. pylori infection is 
responsible for this.

Our current data showed a statistical difference be
tween methylation of  the HIN-1 gene promoter and 
gastric cancer differentiation, HIN-1 was more frequently 
methylated in poorlydifferentiated gastric carcinomas 
than in welldifferentiated ones, which may suggest the 
role of  HIN-1 in regulation of  cell differentiation. 

We also found that methylation of  HIN-1 gene pro
moter only occurred in gastric cancer but not in normal 
gastric mucosa. 5aza2’deoxycytidine induced expres
sion of  HIN1, which is associated with reduced viability 
of  gastric cells, indicating that HIN1 plays an important 
role in suppressing gastric carcinogenesis. However, we 
cannot rule out whether other tumor suppressor genes 

531 January 28, 2011|Volume 17|Issue 4|WJG|www.wjgnet.com

14

12

10

8

6

4

2

0

N
o.

 o
f 

ca
se

s 8
7

2

12

Low expression                     High expression

aP  = 0.027
Methylated
Unmethylated

BA

C

Figure 4  Immunohistochemical analysis of high in normal-1 protein expression in gastric cancer tissue samples. A: Tumor cells with methylated alleles of high 
in normal-1 (HIN-1) gene promoter exhibited negative staining; B: Cancer cells without HIN-1 gene promoter methylation exhibited positive staining. HIN-1 expression in 
gastric cancer (membrane staining, arrow); C: The association of HIN-1 methylation with HIN-1 expression level was analyzed in 29 gastric cancers. High expression: +-+++ 
staining intensity with 10% or more cancer cells positively stained, otherwise it is considered as low expression. The staining intensity and percentage of staining were 
compared with a non-cancerous area of the same section. aPearson χ2 test or Pearson χ2 test with continuity correction by SPSS 13.0 software. A, B: IHC, × 200.
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are also induced and restored by 5aza2’deoxycytidine, 
which plays a role in regulation of  tumor cell viability. The 
latter warrants further studies because some other stud
ies showed that epigenetic modification of  pro-apoptotic 
genes is one of  the mechanisms by which the tumor cells 
are resistant to chemotherapy[27,28]. Therefore, treatment 
with a demethylating agent like 5aza2’deoxycytidine 
prior to chemotherapy may help improve the therapeutic 
efficacy for gastric cancer.

In summary, silence of  HIN1 expression is achieved 
through the gene methylation in gastric cancer. Methyla
tion of  HIN-1 is correlated with tumor differentiation. 
Future studies will evaluate whether HIN-1 gene promot
er methylation can be used as a biomarker for the early 
detection of  gastric cancer. 

COMMENTS
Background
Gastric cancer is the second most common cause of cancer death worldwide. 
However, the cause of gastric cancer development remains to be determined. 
Lost expression of tumor suppressor genes, such as high in normal-1 (HIN-1), 
may contribute to the development of gastric cancer. This study determined the 
cause of HIN-1 gene inactivation: epigenetic silence through methylation of the 
gene promoter. 
Research frontiers
Silence of HIN-1 gene through hypermethylation of the gene promoter is a com-
mon event in different cancers including breast, prostate, and non-small cell 
lung cancers and malignant mesotheliomas, lymphoma, retinoblastoma, Wilms’ 
tumor, and rhabdomyosarcoma. This study investigated the role of HIN-1 in 
gastric cancer and showed for the first time that the hypermethylation of HIN-1 
gene promoter was the mechanism for HIN-1 gene silence in gastric cancer.
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The authors confirmed the methylation of HIN-1 gene promoter in human 
gastric cancer cell lines and determined the role of 5-aza-2’-deoxycytidine in 
regulation of HIN-1 expression in gastric cancer cells. 
Applications
The HIN-1 gene promoter methylation may be further evaluated as a biomarker 
for early detection of gastric cancer.
Terminology
HIN-1 gene was originally isolated through a serial analysis of gene expression 
from normal and ductal carcinoma in situ luminal mammary epithelial cells. 
HIN-1 gene promoter is frequently methylated in gastric cancer and the adja-
cent non-tumor tissues, but not in normal gastric mucosa. 
Peer review
This manuscript demonstrated promising data illustrating the methylation status 
of H1N-1 gene promoter and its potential role in suppression of gastric carci-
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