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Abstract

Background: The reversion-inducing-cysteine-rich protein with Kazal motifs (RECK) down-regulation has been confirmed in
numerous human cancers and is clinically associated with metastasis. This study investigates the potential associations of
RECK single-nucleotide polymorphisms (SNPs) with hepatocellular carcinoma (HCC) susceptibility and its clinicopathologic
characteristics.

Methodology/Principal Findings: A total of 135 HCC cancer patients and 501 cancer-free controls were analyzed for four
RECK SNPs (rs10814325, rs16932912, rs11788747, and rs10972727) using real-time PCR and PCR-RFLP genotyping analysis.
After adjusting for other co-variants, the individuals carrying RECK promoter rs10814325 inheriting at least one C allele had
a 1.85-fold [95% confidence interval (CI), 1.03–3.36] risk of developing HCC compared to TT wild type carriers. The HCC
patients, who carried rs11788747 with at least one G allele, had a higher distant metastasis risk than wild type probands.

Conclusions: RECK gene polymorphisms might be a risk factor increasing HCC susceptibility and distant metastasis in
Taiwan.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common

cancer worldwide, with 750 000 newly diagnosed cases in 2008.

HCC is the third most common cause of cancer mortality [1].

Taiwan has the third highest incidence area in the world, with a

35.7/105 age-standardized rate in 2008. HCC was the leading

cause of cancer death among men, with a mortality of 39.3/105,

and the second among women, with mortality of 14.7/105 in 2008

[2]. The development of HCC is a multistep and complex process.

Multiple environmental risk factors, including chronic hepatitis B

virus (HBV) or hepatitis C virus (HCV) infection, cirrhosis,

carcinogen exposure, and a variety of genetic factors contribute to

hepatocarcinogenesis [3,4]. Cumulative studies have suggested the

associations between HCC cancer risk and SNPs in selected

candidate genes. For example, insulin-like growth factor (IGF)-2,

IGF-2R, plasminogen activator inhibitor (PAI)-1, and matrix

metalloproteinase (MMP) 14 [5–7] are HCC risk factors.

The reversion-inducing-cysteine-rich protein with Kazal motifs

(RECK) gene is a novel transformation suppressor gene against

activated ras oncogenes, and induces flat reversion in v-K-ras-

transformed NIH/3T3 cells [8,9]. The RECK gene encodes a

membrane-anchored glycoprotein that can negatively regulate

matrix metalloproteinases (MMPs) and inhibit tumor invasion,

angiogenesis, and metastasis. RECK-expressing tumors show a

significant reduction in microvessel density and branching, and

result in tumor tissue death in mice [8,10]. RECK down-

regulation or promoter hypermethylation have been confirmed

in many human cancers, including pancreatic cancer, breast

cancer, lung cancer, colorectal cancer, cholangiocarcinoma,

gastric cancer, prostate cancer, oral cancer, esophageal cancer,

and osteosarcoma, and correlated with tumor metastasis or poor

prognosis [11–23].

A previous study showed high RECK mRNA expression in

HCC tumor tissues from patients with better survival and less

invasive clinicopathologic features [24]. However, to our knowl-

edge, no study has investigated the role of RECK gene variants in

HCC development and clinical factors. This study performs a

case-control study for four SNPs located in the promoter or exon

regions of the RECK gene (Fig. 1) to analyze the associations
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between RECK gene SNPs and HCC susceptibility and

clinicopathologic characteristics

Materials and Methods

Study subjects and specimen collection
The present hospital based case-control study recruited 135

HCC patients between 2007 to 2010 in Chung Shan Medical

University Hospital, Taiwan. The diagnosis of HCC was

according to the characteristic criteria of the national guidelines

for HCC, such as liver tumor tissue diagnosed by histology or

cytology irrespective of a-fetoprotein (AFP) titer where imaging

data, either computed tomography or magnetic resonance

imaging, showed one of following three cases: (1) One or more

liver masses §2 cm in diameter; (2) One imaging data with early

enhancement and a high level of AFP §400 ng/mL; (3) One

imaging data with early arterial phase contrast enhancement plus

early venous phase contrast washout. Meanwhile, 501 race- and

ethnic group-matched non-cancer evidence community residents

who entered the hospital for health check-ups were enrolled as the

control group.

HCC patients were staged clinically at the time of diagnosis

according to the TNM staging system of the American Joint

Committee on Cancer (AJCC) (2002) [25]. Liver cirrhosis was

diagnosed with liver biopsy, abdominal sonography, or biochem-

ical evidence of liver parenchymal damage with endoscopic

esophageal or gastric varices. The patients’ clinicopathological

characteristics, such as clinical staging, tumor size, lymph node

metastasis, distant metastasis, hepatitis B surface antigen (HBsAg),

antibody to HCV (anti-HCV), liver cirrhosis, AFP, aspartate

aminotransferase (AST) and alanine aminotransferase (ALT), were

verified by chart review. The whole blood specimens collected

from healthy controls and HCC patients, were placed in tubes

containing ethylenediaminetetraacetic acid (EDTA) and immedi-

ately centrifuged and stored at 280uC. Before the conduction of

this study, approval from the Institutional Review Board of Chung

Shan Medical University Hospital was obtained, and informed

written consent was obtained from each individual.

Genomic DNA extraction
Genomic DNA was extracted by QIAamp DNA blood mini kits

(Qiagen, Valencia, CA) according to the instructions of manufac-

turer. DNA was dissolved in TE buffer [10 mM Tris (pH 7.8),

1 mM EDTA] and then quantified by a measurement of OD260.

Final preparation was stored at 220uC and used as templates for

polymerase chain reaction (PCR).

Polymerase chain reaction-restriction fragment length
polymorphism

The RECK rs16932912, rs11788747 and rs10972727 gene

polymorphisms were determined by polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP) assay as

previously described [21]. The primer sequences and restriction

enzyme for analysis of the RECK gene polymorphisms are

described in Table 1. The PCR was performed in a 10 mL volume

containing 100 ng DNA template, 1.0 mL of 106 PCR buffer

(Invitrogen, Carlsbad, CA), 0.25 U of Taq DNA polymerase

(Invitrogen, Carlsbad, CA), 0.2 mM dNTPs (Promega, Madison,

WI), and 200 nM of each primer (MDBio Inc, Taipei, Taiwan).

The PCR cycling conditions were 5 min at 94uC followed by 35

cycles of 1 min at 94uC, 1 min at 60uC, and 2 min at 72uC, with a

final step at 72uC for 20 min. Ten ml aliquot of PCR product was

subjected to digestion at 37uC for 4 h in a 15 mL reaction buffer

containing 1.5 mL 106 buffer (New England Biolabs) and 5 U of

TfiI, RsaI and HpyCH4IV (New England Biolabs, Beverly, MA) for

RECK rs16932912, rs11788747 and rs10972727, respectively. To

validate results from PCR-RFLP, around 10% of assays were

repeated and several cases of each genotype were confirmed by the

DNA sequence analysis.

Real-time PCR
The allelic discrimination of the RECK rs10814325 gene

polymorphisms was assessed with the ABI StepOneTM Real-Time

PCR System (Applied Biosystems) and analyzed using SDS v3.0

software (Applied Biosystems), using the TaqMan assay (assay IDs:

C_27084758_10). The final volume for each reaction was 5 mL,

containing 2.5 mL TaqMan Genotyping Master Mix, 0.125 mL

Figure 1. The location of human RECK gene single-nucleotide polymorphisms (SNPs) and functional amino acid.
doi:10.1371/journal.pone.0033517.g001

Table 1. Primer sequences and PCR-RFLP conditions for
amplification of RECK SNPs.

SNP Sequences Product Enzyme

RECK
rs16932912

59-TGGAGATTGTTGATGGTCTC-3
59-CGGTACACAATGCTCAATAC-39

G/G: 353 bp
A/A: 250 bp,
103 bp

TfiI

RECK
rs11788747

59-GTAGAAGAAGTGACTCATCC-3
59-ATCTCACTCCGAAGATAACC-39

A/A: 242 bp
G/G: 140 bp,
102 bp

RsaI

RECK
rs10972727

59-TTCTGTCAGGTCATGGAACA-39

59-TGCAGTTAAGACTGGAGAAG-39

T/T: 224 bp
A/A: 119 bp,
105 bp

HpyCH4IV

doi:10.1371/journal.pone.0033517.t001
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TaqMan probes mix, and 10 ng genomic DNA. The real-time

PCR reaction included an initial denaturation step at 95uC for

10 min, followed by 40 cycles, each consisting of 95uC for 15 sec

and 60uC for 1 min.

Statistical analysis
Hardy–Weinberg equilibrium was assessed using a chi-square

goodness-of-fit test for biallelic markers. A Mann–Whitney U-test

and a Fisher’s exact test were used to compare the differences of

age as well as demographic characteristics distributions between

controls and HCC patients. The adjusted odds ratio (AOR) with

their 95% confidence intervals (CIs) of the association between

genotype frequencies and HCC risk as well as clinical pathological

characteristics were estimated by multiple logistic regression

models after controlling for other covariates, A p value,0.05

was considered significant. Rs10814325 SNP was predicted to

change transcription factor binding sites by TRANSFAC (URL:

http://thr.cit.nih.gov/molbio/signal/) [12]. The data were ana-

lyzed on SAS statistical software (Version 9.1, 2005; SAS Institute

Inc., Cary, NC).

Results

This study analyzes the demographic characteristics of sample

specimens and found that 41.9% (210 of 501) and 34.8% (47 of

135) of healthy control subjects and patients with HCC,

respectively, who had consumed alcohol; 41.1% (206 of 501)

and 40.7% (55 of 135) of healthy controls and patients with HCC,

respectively, had smoked. The distributional differences of alcohol

(p = .136) and tobacco consumption (p = .937) between healthy

controls and patients with HCC were insignificant, whereas age

distribution (control: 52.9614.48; HCC: 64.24611.08) (p,.001)

and gender distribution (p,.001) between the 2 subgroups were

significantly different (Table 2). To reduce the possible interfer-

ence of the confounding variables, we used adjusted odds ratios

(AORs) with 95% confidence intervals (CIs) were estimated by

multiple logistic regression models after controlling for age and

gender in each comparison. Table 3 shows the genotype

distributions and the association between HCC and gene

polymorphisms of RECK. The alleles with the highest distribution

frequency for rs10814325, rs16932912, rs11788747, and

rs10972727 genes of RECK in both recruited HCC patients and

healthy controls were heterozygous T/C, homozygous G/G,

homozygous A/A, and homozygous T/T, respectively. After

adjusting variables, people with rs10814325 TC, CC, TC+CC

showed a 2.112-fold (95% CI: 1.108–4.028), 2.184-fold (95%CI:

1.211–3.939), or 1.85-fold (95%CI: 1.027–3.361) higher risk of

HCC compared to wild type individuals. People with rs16932912,

rs11788747, and rs10972727 genes of RECK polymorphism

showed no higher risk of HCC compared to wild type individuals.

The distribution frequency of clinical statuses and RECK

genotypes frequencies in HCC patients were estimated to clarify

the role of RECK gene polymorphisms in the clinicopathologic

states of HCC patients, including TNM clinical staging, primary

tumor size, lymph node involvement, distant metastasis, hepatitis

B surface antigen (HBsAg), antibody to HCV (anti-HCV), and

liver cirrhosis. There was no observed significant association

between the rs10814325, rs16932912, and rs10972727 gene

polymorphisms and clinicopathologic states. However, among

HCC patients, those who had rs11788747 SNPs also had a higher

risk of distant metastasis (p = .003) than wild type patients (Table 4),

but no difference existed in HBsAg, anti-HCV, Child-Pugh grade

or liver cirrhosis (Table 5).

AFP, AST, and ALT are common clinical pathological markers

of HCC. To clarify the relationship between the progress of

clinical status and the level of clinical pathological markers in

HCC patients, this study also analyzes the levels of these

pathological markers associated with RECK genotypic frequen-

cies. Table 6 shows that the levels of ALT were significantly

different between the rs11788747 AA and AG/GG genotypes

(p,.05).

Discussion

This study provides novel information on the effects of single-

nucleotide polymorphisms of RECK on HCC susceptibility and

clinicopathologic status association. The genomic structure for the

RECK gene has been identified on the chromosome region

9p13Rp12. The RECK gene includes 21 exons and 20 introns,

and 13 SNPs were identified [26]. Among 13 SNPs, rs16932912,

rs11788747, and rs10972727 were found within the coding

sequence in exons 9, 13, and 15, respectively [26]. These

polymorphisms are non-synonymous and changed amino acid

sequence as well as RECK protein structure. For example, Valine

changes to Lysine in rs16932912 SNP. Rs10814325 SNP was

located at promoter sites and was predicted to change transcrip-

tion factor binding sites by TRANSFAC [12]. Although the

functional importance of rs10814325 SNPs has not been tested

experimentally, clinical research from Germany shows that breast

cancer patients carrying rs10814325 -402 T/C SNP have a

greater chance of survival than those carrying T/T wild type [12].

In the present study, individuals carrying the RECK promoter

rs10814325 inheriting at least one C allele had a 1.85-fold higher

risk of HCC compared to TT wild type carriers. However, no

significant association was present between the rs10814325 gene

polymorphisms and clinicopathologic states. The data are

apparently contradictory in relation to carcinogenesis and

probably survival. However, the potential mechanism and

functional consequences of the promoter sequence change should

be elucidated in the laboratory and clinically as well. Meanwhile,

in this study, the frequencies of rs10814325 T/T, T/C and C/C

were 28.5%, 44.9% and 26.5%, respectively. However, in

Table 2. The distributions of demographical characteristics in
501 healthy controls and 135 patients with HCC.

Variable
Controls
(N = 501)

Patients
(N = 135) p value

Age (yrs) Mean ± S.D. Mean ± S.D.

52.9614.48 64.24611.08 P,0.001*

Gender n (%) n (%)

Male 415 (82.8%) 92 (68.1%)

Female 86 (17.2%) 43 (31.9%) p,0.001*

Alcohol consumption

No 291 (58.1%) 88 (65.2%)

Yes 210 (41.9%) 47 (34.8%) p = 0.136

Tobacco consumption

No 295 (58.9%) 80 (59.3%)

Yes 206 (41.1%) 55 (40.7%) p = 0.937

Mann-Whitney U test or Fisher’s exact test was used between healthy controls
and patients with HCC.
*, p value,0.05 as statistically significant.
doi:10.1371/journal.pone.0033517.t002
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Sweden, the genotypes distribution of RECK rs10814325 T/T,

T/C and C/C were 83.7%, 15.8% and 0.5%, respectively [12].

Obviously, there is an ethnicity-related variation in the frequency

of rs10814325 polymorphisms. The contradictory findings of

previous research may be the result of the different ethnic

backgrounds of patients.

This study shows that individuals carrying the RECK promoter

rs10814325 polymorphism have a 1.85-fold risk of developing

Table 3. Adjusted odds ratio (AOR) and 95% confidence interval (CI) of HCC associated with RECK genotypic frequencies.

Variable Controls (N = 501) n (%) Patients (N = 135) n (%) OR (95% CI) AOR (95% CI)

rs10814325

TT 143 (28.5%) 21 (15.6%) 1.00 1.00

TC 225 (44.9%) 72 (53.3%) 2.179 (1.283–3.700) 2.11 (1.11–4.03)

CC 133 (26.5%) 42 (31.1%) 2.150 (1.211–3.820) 2.18 (1.21–3.94)

TC+CC 358 (71.5%) 114 (84.4%) 2.168 (1.310–3.590) 1.85 (1.03–3.36)

rs16932912

GG 272 (54.3%) 64 (47.4%) 1.00 1.00

GA 192 (38.3%) 57 (42.2%) 1.262 (0.844–1.886) 1.41 (0.88–2.27)

AA 37 (7.4%) 14 (10.4%) 1.608 (0.821–3.151) 1.81 (0.75–4.37)

GA+AA 229 (45.7%) 71 (52.6%) 1.318 (0.900–1.928) 1.48 (0.94–2.33)

rs11788747

AA 281 (56.1%) 83 (61.5%) 1.00 1.00

AG 192 (38.3%) 41 (30.4%) 0.723 (0.477–1.097) 0.66 (0.40–1.07)

GG 28 (5.6%) 11 (8.1%) 1.330 (0.635–2.785) 1.27 (0.51–3.16)

AG+GG 220 (43.9%) 52 (38.5%) 0.800 (0.542–1.181) 0.74 (0.47–1.17)

rs10972727

TT 279 (55.7%) 76 (56.3%) 1.00 1.00

TA 191 (38.1%) 54 (40.0%) 1.038 (0.700–1.540) 1.03 (0.64–1.64)

AA 31 (6.2%) 5 (3.7%) 0.592 (0.223–1.575) 0.48 (0.16–1.46)

TA+AA 222 (44.3%) 59 (43.7%) 0.976 (0.665–1.431) 0.96 (0.61–1.51)

The odds ratios (ORs) with their 95% confidence intervals were estimated by logistic regression models.
The adjusted odds ratios (AORs) with their 95% confidence intervals were estimated by multiple logistic regression models after controlling for age, gender, alcohol and
tobacco consumption.
doi:10.1371/journal.pone.0033517.t003

Table 4. Clinical TNM staging and RECK genotypic frequencies in 135 HCC patients.

Variable rs10814325 rs16932912 rs11788747 rs10972727

TT
(N = 21)

TC+CC
(N = 144) p value

GG
(N = 64)

GA+AA
(N = 71) p value

AA
(N = 83)

AG+GG
(N = 52) p value

TT
(N = 76)

TA+AA
(N = 59) p value

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Clinical stage

Stage I/II 12 (57.1%) 72 (63.2%) 0.601 38 (59.4%) 46 (64.8%) 0.517 54 (65.1%) 30 (57.7%) 0.390 49 (64.5%) 35 (59.3%) 0.540

Stage III/IV 9 (49.2%) 42 (36.8%) 26 (40.6%) 25 (35.2%) 29 (34.9%) 22 (42.3%) 27 (35.5%) 24 (40.7%)

Tumor size

y

T2 13 (61.9%) 72 (64.9%) 0.791 41 (64.1%) 46 (64.8%) 0.930 55 (66.3%) 32 (61.5%) 0.577 51 (67.1%) 36 (61.0%) 0.464

.T2 8 (38.1%) 42 (35.1%) 23 (35.9%) 25 (35.2%) 28 (33.7%) 20 (38.5%) 25 (32.9%) 23 (39.0%)

Lymph node
metastasis

No 19 (90.5%) 109 (95.6%) 0.298 60 (93.8%) 68 (95.8%) 0.442 79 (95.2%) 49 (94.2%) 0.550 72 (94.7%) 56 (94.9%) 0.639

Yes 2 (9.5%) 5 (4.4%) 4 (6.3%) 3 (4.2%) 4 (4.8%) 3 (5.8%) 4 (5.3%) 3 (5.1%)

Distant metastasis

No 19 (90.5%) 110 (96.5%) 0.235 59 (92.2%) 70 (98.6%) 0.082 83 (100.0%) 46 (88.5%) 0.003* 75 (98.7%) 54 (91.5%) 0.057

Yes 2 (9.5%) 4 (3.5%) 5 (7.8%) 1 (1.4%) 0 (0%) 6 (11.5%) 1 (1.3%) 5 (8.5%)

*p value,0.05.
doi:10.1371/journal.pone.0033517.t004
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HCC compared to wild type carriers. In an animal model, the

administration of black-tea polyphenon-B significantly reduces the

incidence of dimethylaminoazobenzene (DAB)-induced hepato-

mas as evidenced by modulation of RECK, matrix metallopro-

teinase (MMP)-2, MMP-9, and the tissue inhibitor of matrix

metalloproteinase-2 [27]. The alternation of RECK promoter

affinity and RECK expression is likely the result of activating the

extracellular signal-regulated kinase (ERK) pathway [28,29]. In a

human model, up-regulation of the mitogen-activated protein

kinase (MAPK) pathway and genes is associated with an activated

cell cycle and may be of critical importance to the formation and

maintenance of hepatocellular carcinoma [30,31]. These findings

might be the molecular hepatocarcinogenesis of RECK, but the

mechanism should be elucidated in laboratory and clinical settings.

This study shows that HCC patients carrying rs11788747

polymorphisms had a higher risk of distant metastasis (p = .003)

than wild type carriers. Previous research confirms the relation-

ships of RECK expression and gene status with tumor metastasis.

Using Matrigel invasion chamber assay in vitro and in

experimental and spontaneous metastasis assays in vivo, the

experiments in this study artificially restored RECK expression in

tumor cells (such as HT1080 fibrosarcoma or B16 melanoma), in

which endogenous RECK was undetectable. This approach

greatly suppresses their invasive and metastatic potentials [8].

Low RECK expression colorectal cancer and esophageal cancer

patients exhibited more lymph node metastasis [14,32]. In non-

small cell lung cancer patients, RECK promoter methylation has a

higher incidence of lymph node metastasis [33]. In betel quid-

chewing oral cancer patients, those who have the RECK

rs10814325 polymorphism have a higher risk of neck lymph node

metastasis than wild type carriers [21].

This is the first study to associate the RECK gene polymor-

phisms with risk of HCC. Results showed RECK promoter SNP

individuals increase HCC susceptibility, and rs11788747 poly-

morphism HCC patients had a higher risk of distant metastasis.

These findings suggest that RECK plays a role in HCC

carcinogenesis and metastasis. However, the number of case and

control people in this study was relatively small. Additional studies

with larger sample sizes are needed to validate the genetic effects of

the RECK polymorphisms on HCC. Further collection of samples

should investigate the RECK sequence variants and their

biological function in Taiwanese HCC patients.
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Table 5. Clinical status and RECK genotypic frequencies in 135 HCC patients.

Variable rs10814325 rs16932912 rs11788747 rs10972727

TT
(N = 21)

TC+CC
(N = 144) p value

GG
(N = 64)

GA+AA
(N = 71) p value

AA
(N = 83)

AG+GG
(N = 52) p value

TT
(N = 76)

TA+AA
(N = 59) p value

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

HBsAg

Negative 10 (47.6%) 71 (62.3%) 0.208 37 (57.8%) 44 (62.0%) 0.622 51 (61.4%) 30 (57.7%) 0.665 45 (59.2%) 36 (61.0%) 0.832

Positive 11 (52.4%) 43 (37.7%) 27 (42.2%) 27 (38.0%) 32 (38.6%) 22 (42.3%) 31 (40.8%) 23 (39.0%)

Anti-HCV

Negative 8 (38.1%) 55 (48.2%) 0.392 31 (48.4%) 32 (45.1%) 0.695 41 (49.4%) 22 (42.3%) 0.422 41 (53.9%) 22 (37.3%) 0.054

Positive 13 (61.9%) 59 (51.8%) 33 (51.6%) 39 (54.9%) 42 (50.6%) 30 (57.7%) 35 (46.1%) 37 (62.7%)

Child-Pugh grade

A 15 (71.4%) 84 (73.7%) 0.830 49 (76.6%) 50 (70.4%) 0.421 61 (73.5%) 38 (73.1%) 0.957 56 (73.7%) 43 (72.9%) 0.917

B or C 6 (28.6%) 30 (26.3%) 15 (23.4%) 21 (29.6%) 22 (26.5%) 14 (26.9%) 20 (26.3%) 16 (27.1%)

Liver cirrhosis

Negative 5 (23.8%) 30 (26.3%) 0.810 17 (26.6%) 18 (25.4%) 0.873 23 (27.7%) 12 (23.1%) 0.550 21 (27.6%) 14 (23.7%) 0.608

Positive 16 (76.2%) 84 (73.7%) 47 (73.4%) 53 (74.6%) 60 (72.3%) 40 (76.9%) 55 (72.4%) 45 (76.3%)

doi:10.1371/journal.pone.0033517.t005

Table 6. Association of RECK genotypic frequencies with HCC
laboratory status.

Characteristic
a-Fetoproteina

(ng/mL)
ASTa

(IU/L)
ALTa

(IU/L)
AST/ALT
ratioa

rs10814325

TT 165.8650.6 191.4670.3 128.5624.5 1.3460.18

TC/CC 3999.361542.3 178.7633.6 144.1634.4 1.5360.11

p value 0.289 0.880 0.980 0.465

rs16932912

GG 3582.862169.5 155.4630.7 136.1623.0 1.3560.10

GA/AA 3240.861548.8 203.4650.6 148.9637.7 1.6460.16

p value 0.897 0.431 0.777 0.125

rs11788747

AA 3261.361376.1 220.9646.7 179.4635.2 1.4760.10

AG/GG 3629.162606.0 116.4646.7 84.6613.2 1.5660.19

p value 0.892 0.093 0.040* 0.659

rs10972727

TT 3317.661491.4 225.2650.7 182.1642.5 1.5160.12

TA/AA 3512.962307.8 122.2621.8 95.5613.2 1.4960.16

p value 0.941 0.095 0.052 0.919

Mann-Whitney U test was used between two groups.
aMean 6 S.E.
*p value,0.05.
doi:10.1371/journal.pone.0033517.t006

RECK Gene Polymorphisms on HCC

PLoS ONE | www.plosone.org 5 March 2012 | Volume 7 | Issue 3 | e33517



References

1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. (2010) Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 127:

2893–2917.
2. Chien MH, Yeh KT, Li YC, Hsieh YH, Lin CH, et al. (2011) Effects of

E-cadherin (CDH1) gene promoter polymorphisms on the risk and clinicopath-
ological development of hepatocellular carcinoma. J Surg Oncol 104: 299–304.

3. Farazi PA, DePinho RA (2006) Hepatocellular carcinoma pathogenesis: from

genes to environment. Nat Rev Cancer 6: 674–687.
4. El-Serag HB, Rudolph KL (2007) Hepatocellular carcinoma: epidemiology and

molecular carcinogenesis. Gastroenterology 132: 2557–2576.
5. Weng CJ, Tsai CM, Chen YC, Hsieh YH, Lin CW, et al. (2010) Evaluation of

the association of urokinase plasminogen activator system gene polymorphisms

with susceptibility and pathological development of hepatocellular carcinoma.
Ann Surg Oncol 17: 3394–3401.

6. Weng CJ, Hsieh YH, Tsai CM, Chu YH, Ueng KC, et al. (2010) Relationship of
insulin-like growth factors system gene polymorphisms with the susceptibility

and pathological development of hepatocellular carcinoma. Ann Surg Oncol 17:

1808–1815.
7. Chen TY, Li YC, Liu YF, Tsai CM, Hsieh YH, et al. (2011) Role of MMP14

gene polymorphisms in susceptibility and pathological development to
hepatocellular carcinoma. Ann Surg Oncol 18: 2348–2356.

8. Takahashi C, Sheng Z, Horan TP, Kitayama H, Maki M, et al. (1998)
Regulation of matrix metalloproteinase-9 and inhibition of tumor invasion by

the membrane-anchored glycoprotein RECK. Proc Natl Acad Sci U S A 95:

13221–13226.
9. Noda M, Oh J, Takahashi R, Kondo S, Kitayama H, et al. (2003) RECK:

a novel suppressor of malignancy linking oncogenic signaling to extracellular
matrix remodeling. Cancer Metastasis Rev 22: 167–175.

10. Oh J, Takahashi R, Kondo S, Mizoguchi A, Adachi E, et al. (2001) The

membrane-anchored MMP inhibitor RECK is a key regulator of extracellular
matrix integrity and angiogenesis. Cell 107: 789–800.

11. Masui T, Doi R, Koshiba T, Fujimoto K, Tsuji S, et al. (2003) RECK
expression in pancreatic cancer: its correlation with lower invasiveness and

better prognosis. Clin Cancer Res 9: 1779–1784.
12. Lei H, Hemminki K, Altieri A, Johansson R, Enquist K, et al. (2007) Promoter

polymorphisms in matrix metalloproteinases and their inhibitors: few associa-

tions with breast cancer susceptibility and progression. Breast Cancer Res Treat
103: 61–69.

13. Takenaka K, Ishikawa S, Kawano Y, Yanagihara K, Miyahara R, et al. (2004)
Expression of a novel matrix metalloproteinase regulator, RECK, and its clinical

significance in resected non-small cell lung cancer. Eur J Cancer 40: 1617–1623.

14. Takeuchi T, Hisanaga M, Nagao M, Ikeda N, Fujii H, et al. (2004) The
membrane-anchored matrix metalloproteinase (MMP) regulator RECK in

combination with MMP-9 serves as an informative prognostic indicator for
colorectal cancer. Clin Cancer Res 10: 5572–5579.

15. Song SY, Son HJ, Nam E, Rhee JC, Park C (2006) Expression of reversion-
inducing-cysteine-rich protein with Kazal motifs (RECK) as a prognostic

indicator in gastric cancer. Eur J Cancer 42: 101–108.

16. Rabien A, Burkhardt M, Jung M, Fritzsche F, Ringsdorf M, et al. (2007)
Decreased RECK expression indicating proteolytic imbalance in prostate cancer

is associated with higher tumor aggressiveness and risk of prostate-specific
antigen relapse after radical prostatectomy. Eur Urol 51: 1259–1266.

17. Takemoto N, Tada M, Hida Y, Asano T, Cheng S, et al. (2007) Low expression

of reversion-inducing cysteine-rich protein with Kazal motifs (RECK) indicates

a shorter survival after resection in patients with adenocarcinoma of the lung.
Lung Cancer 58: 376–383.

18. Long NK, Kato K, Yamashita T, Makita H, Toida M, et al. (2008)
Hypermethylation of the RECK gene predicts poor prognosis in oral squamous

cell carcinomas. Oral Oncol 44: 1052–1058.
19. Qi M, Li JS, Li Y (2010) [Clinicopathological significance of expressions of

RECK and MMP-2 in esophageal squamous carcinoma]. Zhonghua Zhong Liu

Za Zhi 32: 283–285.
20. Xu J, Wu S, Shi X (2010) Expression of matrix metalloproteinase regulator,

RECK, and its clinical significance in osteosarcoma. J Orthop Res 28:
1621–1625.

21. Chung TT, Pan MS, Kuo CL, Wong RH, lin CW, et al. (2011) Impact of

RECK gene polymorphisms and environmental factors on oral cancer
susceptibility and clinicopathologic characteristics in Taiwan. Carcinogenesis

32: 1063–1068.
22. Li Y, Zhang Y, Zheng Q (2005) Expression of RECK gene and MMP-9 in hilar

cholangiocarcinoma and its clinical significance. J Huazhong Univ Sci

Technolog Med Sci 25: 552–554.
23. Zavras AI, Yoon AJ, Chen MK, Lin CW, Yang SF (2011) Metallothionein-1

genotypes in the risk of oral squamous cell carcinoma. Ann Surg Oncol 18:
1478–1483.

24. Furumoto K, Arii S, Mori A, Furuyama H, Gorrin Rivas MJ, et al. (2001)
RECK gene expression in hepatocellular carcinoma: correlation with invasion-

related clinicopathological factors and its clinical significance. Reverse-inducing–

cysteine-rich protein with Kazal motifs. Hepatology 33: 189–195.
25. Vauthey JN, Lauwers GY, Esnaola NF, Do KA, Belghiti J, et al. (2002)

Simplified staging for hepatocellular carcinoma. J Clin Oncol 20: 1527–1536.
26. Eisenberg I, Hochner H, Sadeh M, Argov Z, Mitrani-Rosenbaum S (2002)

Establishment of the genomic structure and identification of thirteen single-

nucleotide polymorphisms in the human RECK gene. Cytogenet Genome Res
97: 58–61.

27. Murugan RS, Vinothini G, Hara Y, Nagini S (2009) Black tea polyphenols
target matrix metalloproteinases, RECK, proangiogenic molecules and histone

deacetylase in a rat hepatocarcinogenesis model. Anticancer Res 29: 2301–2305.
28. Sasahara RM, Takahashi C, Noda M (1999) Involvement of the Sp1 site in ras-

mediated downregulation of the RECK metastasis suppressor gene. Biochem

Biophys Res Commun 264: 668–675.
29. Sasahara RM, Takahashi C, Sogayar MC, Noda M (1999) Oncogene-mediated

downregulation of RECK, a novel transformation suppressor gene. Braz J Med
Biol Res 32: 891–895.

30. Schmidt CM, McKillop IH, Cahill PA, Sitzmann JV (1997) Increased MAPK

expression and activity in primary human hepatocellular carcinoma. Biochem
Biophys Res Commun 236: 54–58.

31. Okabe H, Satoh S, Kato T, Kitahara O, Yanagawa R, et al. (2001) Genome-
wide analysis of gene expression in human hepatocellular carcinomas using

cDNA microarray: identification of genes involved in viral carcinogenesis and
tumor progression. Cancer Res 61: 2129–2137.

32. Li SL, Gao DL, Zhao ZH, Liu ZW, Zhao QM, et al. (2007) Correlation of

matrix metalloproteinase suppressor genes RECK, VEGF, and CD105 with
angiogenesis and biological behavior in esophageal squamous cell carcinoma.

World J Gastroenterol 13: 6076–6081.
33. Chang HC, Cho CY, Hung WC (2007) Downregulation of RECK by promoter

methylation correlates with lymph node metastasis in non-small cell lung cancer.

Cancer Sci 98: 169–173.

RECK Gene Polymorphisms on HCC

PLoS ONE | www.plosone.org 6 March 2012 | Volume 7 | Issue 3 | e33517


