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Abstract

Background: MiR-106b-25 cluster, hosted in intron 13 of MCM7, may play integral roles in diverse processes including
immune response and tumorigenesis. A single nucleotide polymorphism (SNP), rs999885, is located in the promoter region
of MCM?7.

Methods: We performed a case-control study including 1300 HBV-positive hepatocellular carcinoma (HCC) cases, 1344 HBV
persistent carriers and 1344 subjects with HBV natural clearance to test the association between rs999885 and the risk of
HBV persistent infection and HCC. We also investigated the genotype-expression correlation between rs999885 and miR-
106b-25 cluster in 25 pairs of HCC and adjacent non-tumor liver tissues.

Results: Compared with the HBV natural clearance subjects carrying rs999885 AA genotype, those with AG/GG genotypes
had a decreased risk of chronic HBV infection with an adjusted odds ratio (OR) of 0.79 [95% confidence intervals (Cls) =0.67-
0.93]. However, the AG/GG genotypes were significantly associated with an increased HCC risk in HBV persistent carriers
(adjusted OR=1.25, 95% Cls =1.06-1.47). Expression analysis revealed that the expression level of miR-106b-25 cluster was
significantly higher in AG/GG carriers than those in AA carriers in non-tumor liver tissues.

Conclusions: These findings indicate that the A to G base change of rs999885 may provide a protective effect against
chronic HBV infection but an increased risk for HCC in HBV persistent carriers by altering the expression of the miR-106b-25
cluster.

Citation: Liu Y, Zhang Y, Wen J, Liu L, Zhai X, et al. (2012) A Genetic Variant in the Promoter Region of
miR-106b-25 Cluster and Risk of HBV Infection and Hepatocellular Carcinoma. PLoS ONE 7(2): e32230. doi:10.1371/journal.pone.0032230

Editor: Naglaa H. Shoukry, University of Montreal, Canada
Received July 27, 2011; Accepted January 24, 2012; Published February 29, 2012

Copyright: © 2012 Liu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported in part by Priority Academic Program Development of Jiangsu Higher Education Institutions, Foundation for the Author of
National Excellent Doctoral Dissertation (Grants No.:201081), National Natural Science Foundation of China (Grants No.:30800946, 81072344), Natural Science
Foundation Jiangsu Ministry of Health (Grant No.: H200957), the Program for New Century Excellent Talents in University (NCET-10-0178) and National Major S&T
Projects(Grant No.: 2011ZX10004-902). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.
* E-mail: zhibin_hu@njmu.edu.cn

@ These authors contributed equally to this work.

Introduction

Hepatocellular carcinoma (HCC) is one of the major cancer
burdens in China [1]. Hepatitis B virus (HBV) infection has been
well established as a risk factor for liver carcinogenesis [2]. HBV
persistent infection or HBV natural clearance is influenced by
complex factors of viral, host age, environmental and genetic
makeup, while hereditary factors may also play critical roles in
the pathogenesis of HCC, together with other environmental
factors, such as cigarette smoking, alcohol drinking and aflatoxins
ingestion [3,4].

MicroRNAs (miRNAs) are small non-coding RNAs that may
regulate genes expression, either by inhibiting target mRNA
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translation or inducing its degradation [5]. Alterations of miRINA,
including expression disorders and mutations, are involved in the
initiation and progression of human cancers [6]. Accumulating
data revealed that a subset of miRNAs deregulated in HCC
[7,8,9,10,11]. Among them, miR-106b-25 cluster, including miR-
106b, miR-93 and miR-25, is of particular interest, for its integral
roles in diverse processes including immune response and
tumorigenesis [11,12,13]. The cluster is hosted in intron 13 of
MCM7, the abbreviation of minichromosome maintenance
complex component 7, and Petrocca ef al indicated that its
transcription might be driven by the host gene [14]. We searched
single nucleotide polymorphisms (SNPs) in the promoter region of
MCM?7 with the criteria of minor allele frequency (MAF)>0.05 in
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Han Chinese and found two SNPs(rs4319008 and rs999885) in
high linkage disequilibrium (LD) (r-square=1). We chose
rs999885 and performed a case-control study including 1300
HBYV positive HCC cases, 1344 HBV persistent carriers and 1344
HBV natural clearance subjects to test the association between this
SNP and risk of HBV persistent infection and HCC.

Methods
Study Subjects

This case-control study was approved by the institutional review
board of Nanjing Medical University. The subjects’ enrollment
was described previously [15]. In brief, the newly diagnosed HCC
patients were consecutively recruited from January 2006 to
December 2010 at the Nantong Tumor Hospital, the Qidong
liver cancer institute of Jiangsu Province and the First Affiliated
Hospital of Nanjing Medical University, Jiangsu, China. The
controls were screened for the HBV/HCYV markers from two cities
in Jiangsu Province (9720 persons from Changzhou and 48422
persons from Zhangjiagang) in 2004 and 2009, respectively.
About 865 (8.9%) HBV persistent carriers and 1759 (18.1%)
subjects with HBV natural clearance were identified from
Changzhou; while 2156 (4.5%) HBV persistent carriers and
7851 (16.2%) subjects with HBV natural clearance were identified
from Zhangjiagang. We randomly selected 1344 HBV persistent
carriers and 1344 HBV natural clearance people from the two
cities and matched to the HCC cases on age and gender. HBV
persistent carriers were positive for both HBV surface antigen
(HBsAg) and antibody to hepatitis B core antigen (anti-HBc),
negative for HCV antibody (anti-HCV). Subjects with HBV
natural clearance were negative for HBsAg and anti-HCV, plus
positive for both antibody to hepatitis B surface antigen (anti-HBs)
and anti-HBc.

Serological testing

HBsAg, anti-HBs, anti-HBc and anti-HCV were detected by
the enzyme-linked immunosorbent assay (Kehua Bio-engineering
Co., Ltd., Shanghai, China) in the serum following the
manufacturer’s instructions as described previously [13].

SNPs Genotyping

Genomic DNA was extracted from a leukocyte pellet by
traditional proteinase K digestion, phenol-chloroform extrac-
tion and ethanol precipitation. The SNP, 1rs999885 A>G
was genotyped by using the TagMan allelic discrimination
assay on a 7900 system (Applied Biosystems). The primers
and probes for rs999885 were designed as follows: Primers:
sense, F5'-CATCCAAAGCAATCAATCATCAG, antisense,
5'-GGCTTGGTCAGTAGAGGGAAAG; Probes: allele G,
FAM-CCCTCTTCTCTTTC-MGB, allele A, HEX-
CCCTCTTTTCTTTC-MGB. The genotyping was performed
without knowing the subjects’ case or control status. T'wo blank
(water) controls in each 384-well plate were used for quality
control and more than 5% samples were randomly selected and
repeated, yielding a 100% concordant.

Tissue Samples

We collected 25 pairs of HCC and adjacent non-tumor
liver tissues from the patients who had undergone surgery
between April 2008 and October 2010 from the Nantong Tumor
Hospital. All cases were histopathologically diagnosed as HCC
and had no radiotherapy or chemotherapy before surgical
operation.
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Quantitative Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Quantitative RT-PCR was performed to determine the
expression level of miR-106b-25 cluster with Power SYBR Green
PCR Master Mix (Applied Biosystems Inc.) and the primers were
shown in Fig. 1A. Normalization was performed with B-actin
(sense, 5'- AGAAAATCTGGCACCACACC -3', antisense, 5'-
GGGGTGTTGAAGGTCTCAAA -3'). All PCR reactions,
including no-template controls and real-time minus controls, were
performed in triplicate. A relative expression was calculated using
the equation 27ACL, in which ACt = Ctgepe —Citp.aciin, and also the
equation 97AAC 0 which AACt= (Ctaormar— Ctp-actin-normat) —
(Cttumor_CtB-actin-tumor)-

Statistical Analysis

The Student’s t-test and %° test were used to detect differences
of demographic characteristics, genotype frequencies of the SNP
between the cases and controls for continuous variables and
categorical variables, respectively. Associations between the
genotypes and risk of HCC or HBV persistent infection were
estimated by computing odds ratios (ORs) and their 95%
confidence intervals (Cls) from logistic regression analyses. The
crude ORs were calculated from univariate logistic regression,
while the adjusted ORs were from multivariate logistic regression
with the adjustment for age, gender, drinking and smoking status.
The Chi-square-based Q test was applied to test the heterogeneity
of associations between subgroups. Expression levels of miR-106b-
25 between different groups were compared by the Mann-
Whitney U test. All of the statistical analyses were performed with
R software (version 2.13.0; The R Foundation for Statistical
Computing). All tests were two-sided.

Results

The demographic characteristics of the 1300 HBV positive
HCC cases, 1344 HBV persistent carriers and 1344 persons with
HBV natural clearance have been summarized previously [15].
Briefly, no significant differences were detected in the age and
gender distributions between the three groups (P=0.839 and
0.716, respectively). Smoking rates were also similar between the
three groups. However, the drinking rates were higher among
cases than that in controls (P<<0.001 for both HCC cases compare
to HBV persistent carriers and clearance controls).

The genotyping call rate for rs999885 was 98.65%. The
genotype distributions of rs999885 in HBV positive HCC: cases,
HBV persistent carriers and HBV natural clearance subjects are
shown in Table 1. In the logistic regression analyses between HBV
persistent carriers and HBV natural clearance subjects, it was
shown that the variant genotypes (AG/GG) of rs999885 were
associated with a significantly decreased risk for chronic HBV
infection (adjusted OR =0.79, 95% CIs=0.67-0.93, P=0.004) in
the dominant genetic model. However, compared with the HBV
persistent carriers carrying wild-type AA of rs999885, those with
the AG genotype had an increased risk for HCC with adjusted OR
of 1.28 (95% ClIs =1.08-1.52), and the AG/GG genotypes had an
increased risk by 25% (adjusted OR =1.25, 95% ClIs=1.06-1.47,
P=0.008) (Table 1).

The association between rs999885 and the susceptibility to
HCC and HBV persistent infection was also evaluated by
stratifying on age, gender, drinking and smoking status (Table
S1). However, no significant heterogeneity was detected between
the subgroups, implying independent genetic effect of rs999885.

To characterize the functional relevance of the SNP rs999885,
we conducted a correlation analysis between the rs999885
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Figure 1. Genotype-expression correlations for rs999885 and miR-106b-25 cluster expression levels. (A) The positions and sequences
of the primers used for RT-PCR to quantify the level of miR-106b-25 cluster are indicated. (B, C) Quantitative RT-PCR was used to measure expression
levels of miR-106b-25 cluster in 25 pairs of HCC and adjacent non-tumor liver tissues. Normalization was performed by the B-actin. Genotype-
expression correlations for genotypes and expression levels of miR-106b-25 cluster in normal and tumor tissues, respectively, which were calculated
by using the equation 272, and ACt = Ctpormal(Cteumor) — Ctp-actin-normal(Ctp-actin-tumor)- (D) Genotype-expression correlation for rs999885 and
the expression level of miR-106b-25 cluster, which was calculated by using the equation 2744 and AACt = (Ctormal— Ctg-actin-normal) ~ (Ctiumor—
Ctﬁ-actin-rumor)-

doi:10.1371/journal.pone.0032230.g001

Table 1. Genotype frequencies of rs999885 and susceptibility of HCC and HBV persistent infection.

HCC HBV persistent HBV natural clearance

Genotype Patients carriers subjects OR(95%CI)* P OR(95%CI)® P
(N=1300) (N=1344) (N=1344)

rs999885 n % n % n %

AA 815(63.1) 902(68.0) 823(62.6) 1 1

AG 439(34.0) 381(28.7) 454(34.5) 1.28(1.08-1.52) 0.77(0.65-0.90)

GG 38(2.9) 44(3.3) 38(2.9) 0.96(0.61-1.51) 1.06(0.68-1.66)

AG/GG 477(36.9) 425(32.0) 492(37.4) 1.25(1.06-1.47) 0.008 0.79(0.67-0.93) 0.004
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NOTE: Multivariate logistic regression analyses adjusted for age, sex, smoking status and drinking status.
@HCC patients vs. HBV persistent carriers.
PHBV persistent carriers vs. HBV natural clearance subjects.
doi:10.1371/journal.pone.0032230.t001
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genotypes and the expression levels of miR-106b-25 cluster. We
found that, in the 25 pairs of tissue specimens, 8 had the rs999885
AA genotype, 16 with the AG genotype, and 1 with the GG
genotype. As shown in Fig. 1B, the expression levels of miR-106b-
25 were significantly higher in AG/GG carriers than those in AA
carriers in normal liver tissues (0.024*0.033 for AG/GG wvs.
0.006%£0.017 for AA, P=0.016). Furthermore, as shown in
Fig. 1D, the relative expression levels between HCC and normal
liver tissues of miR-106b-25 were also higher in AG/GG carriers
than those in AA carriers (20.633%£30.152 for AG/GG ws.
3.394%12.090 for AA, P=10.043).

Discussion

In this study, we investigated the association between rs999885
and the susceptibility to HBV persistent infection and HCC in a
Chinese population. We found that the A to G base change of
rs999885 demonstrated protective effect on chronic HBV
infection, but increased the risk of HCC in HBV persistent
carriers.

To date, accumulating data has showed that miR-106b-25
cluster plays oncogenic roles in cancers, through influencing tumor
growth, cell survival, and angiogenesis [16,17,18]. This cluster has
been reported to be up-regulated in several cancers, including
esophageal adenocarcinoma [18], gastric cancer [19], prostate
cancer [20], head and neck squamous cell carcinoma [21], and
HCC [11]. Specially, by sequencing analysis, it was shown that the
expression levels of miR-106b, miR-93 and miR-25 were higher in
liver cancer cell lines than those in normal liver cells [22]. In this
study, we found that the expression levels of miR-106b-25 were
significantly higher in AG/GG carriers, which was consistent with
the risk effect of the variant genotypes. However, reverse findings
were reported in immune disorders. De Santis e a/ found that
miR-106b-25 down-regulated in multiple sclerosis patients com-
pared to healthy donors in specific T’ regulatory cells [23], which
might support the protective role of the variant genotypes of
rs999885 on susceptibility to chronic HBV infection. In addition,
several independent studies also revealed that miR-106b-25 cluster
promoted cell cycle progression by suppressing the Cip/Kip family
members of Cdk inhibitors, in which miR-25 targeted p57, while

References

1. He J, Gu D, Wu X, Reynolds K, Duan X, et al. (2005) Major causes of death
among men and women in China. N Engl ] Med 353: 1124-1134.

2. Zhu ZZ, Cong WM (2003) Roles of hepatitis B virus and hepatitis C virus in
hepato-carcinogenesis. Zhonghua Gan Zang Bing Za Zhi 11: 574-576.

3. Kuper H, Tzonou A, Kaklamani E, Hsich CC, Lagiou P, et al. (2000) Tobacco
smoking, alcohol consumption and their interaction in the causation of
hepatocellular carcinoma. Int J Cancer 85: 498-502.

4. Chuang SC, La Vecchia C, Boffetta P (2009) Liver cancer: descriptive
epidemiology and risk factors other than HBV and HCV infection. Cancer
Lett 286: 9-14.

5. Lewis BP, Burge CB, Bartel DP (2005) Conserved seed pairing, often flanked by
adenosines, indicates that thousands of human genes are microRNA targets. Cell
120: 15-20.

6. Calin GA, Croce CM (2006) MicroRNA signatures in human cancers. Nat Rev
Cancer 6: 857-866.

7. Toffanin S, Hoshida Y, Lachenmayer A, Villanueva A, Cabellos L, et al. (2011)
MicroRNA-based classification of hepatocellular carcinoma and oncogenic role
of miR-517a. Gastroenterology 140: 1618-1628.

8. Hou J, Lin L, Zhou W, Wang Z, Ding G, et al. (2011) Identification of
miRNomes in human liver and hepatocellular carcinoma reveals miR-199a/
b-3p as therapeutic target for hepatocellular carcinoma. Cancer Cell 19:
232-243.

9. LiJ, Wang Y, Yu W, Chen J, Luo J (2011) Expression of serum miR-221 in
human hepatocellular carcinoma and its prognostic significance. Biochem
Biophys Res Commun 406: 70-73.

10. Gao P, Wong CC, Tung EK, Lee JM, Wong CM, et al. (2011) Deregulation of
microRNA expression occurs early and accumulates in early stages of HBV-
associated multistep hepatocarcinogenesis. J Hepatol 54: 1177-1184.

@ PLoS ONE | www.plosone.org

A Polymorphism in miR-106b-25 Cluster and HCC

miR-106b and miR-93 controlled p21 [17,24,25]. Moreover, the
miR-106b-25 cluster may resist the TGF-B tumor suppression
pathway [26], and miR-93 alone may promote tumor growth and
angiogenesis by suppressing integrin-38 expression [16].

The miR-106b-25 polycistron is activated by genomic ampli-
fication and over-expression of MCM7 [27], and the miR-106b-25
cluster may cooperate with its host gene AMCM7 in cellular
transformation [28]. The SNP 1rs999885 (A>G) is located at
1749-bp upstream from transcriptional start position of MCM7.
According to the web-based SNP analysis tool (ITFSEARCH 1.3),
the A allele of rs999885 may have high affinity with a transcription
factor, sex-determining region Y protein (SRY), which involved in
gene regulation including promoter activation or repression
depending on its interacted protein [29,30]. In the current study,
we provided evidence that the rs999885 variant could influence
miR-106b-25 expression.

In summary, this study, with a relative large population, showed
that a genetic variant in the promoter region of miR-106b-25
cluster might provide a protective effect against chronic HBV
infection but an increased risk for HCC in HBV persistent carriers
by affecting the expression of miR-106b-25 cluster. Further studies
incorporating diverse populations and functional assays are
warranted to validate and extend our findings.

Supporting Information

Table S1 Stratified analyses on association between
rs999885 and risk of HCC and HBYV persistent infection.
NOTE: Multivariate logistic regression analyses adjusted for age,
sex, smoking status and drinking status in dominant genetic model
(excluded the stratified factor in each stratum). “HCC patients vs.
HBV persistent carriers. "[HBV persistent carriers os. HBV natural
clearance subjects. “P for heterogeneity.

(DOC)

Author Contributions

Conceived and designed the experiments: YL YZ HS ZH. Performed the
experiments: JW LL. Analyzed the data: SP. Contributed reagents/
materials/analysis tools: XZ JL JC. Wrote the paper: YL.

11. LiY, Tan W, Neo TW, Aung MO, Wasser S, et al. (2009) Role of the miR-106b-
25 microRNA cluster in hepatocellular carcinoma. Cancer Sci 100: 1234-1242.

12. Spierings DC, McGoldrick D, Hamilton-Easton AM, Neale G, Murchison EP,
et al. (2011) Ordered progression of stage-specific miRNA profiles in the mouse
B2 B-cell lincage. Blood 117: 5340-5349.

13. Zeiner GM, Norman KL, Thomson JM, Hammond SM, Boothroyd JC (2010)
Toxoplasma gondii infection specifically increases the levels of key host
microRNAs. PLoS One 5: ¢8742.

14. Petrocca F, Visone R, Onelli MR, Shah MH, Nicoloso MS, et al. (2008) E2F1-
regulated microRNAs impair TGFbeta-dependent cell-cycle arrest and apop-
tosis in gastric cancer. Cancer Cell 13: 272-286.

15. Hu L, Zhai X, Liu J, Chu M, Pan S, et al. (2011) Genetic variants in HLA-DP/
DQ influence both hepatitis B virus clearance and hepatocellular carcinoma
development. Hepatology. [Epub ahead of print].

16. Fang L, Deng Z, Shatseva T, Yang J, Peng C, et al. (2011) MicroRNA miR-93
promotes tumor growth and angiogenesis by targeting integrin-beta8. Oncogene
30: 806-821.

17. Ivanovska I, Ball AS, Diaz RL, Magnus JF, Kibukawa M, et al. (2008)
MicroRNAs in the miR-106b family regulate p21/CDKNIA and promote cell
cycle progression. Mol Cell Biol 28: 2167-2174.

18. Kan T, Meltzer SJ (2009) MicroRNAs in Barrett’s esophagus and esophageal
adenocarcinoma. Curr Opin Pharmacol 9: 727-732.

19. Guo J, Miao Y, Xiao B, Huan R, Jiang Z, et al. (2009) Differential expression of
microRNA species in human gastric cancer versus non-tumorous tissues.
J Gastroenterol Hepatol 24: 652-657.

20. Ambs S, Prueitt RL, Yi M, Hudson RS, Howe TM, et al. (2008) Genomic
profiling of microRNA and messenger RNA reveals deregulated microRNA
expression in prostate cancer. Cancer Res 68: 6162-6170.

February 2012 | Volume 7 | Issue 2 | 32230



21.

Hui AB, Lenarduzzi M, Krushel T, Waldron L, Pintilie M, et al. (2010)
Comprehensive MicroRNA  profiling for head and neck squamous cell
carcinomas. Clin Cancer Res 16: 1129-1139.

. Landgraf P, Rusu M, Sheridan R, Sewer A, Iovino N, et al. (2007) A

mammalian microRNA expression atlas based on small RNA library
sequencing. Cell 129: 1401-1414.

. De Santis G, Ferracin M, Biondani A, Caniatti L, Rosaria Tola M, et al. (2010)

Altered miRNA expression in T regulatory cells in course of multiple sclerosis.

J Neuroimmunol 226: 165-171.
. Hu S, Dong TS, Dalal SR, Wu F, Bissonnette M, et al. (2011) The microbe-

derived short chain fatty acid butyrate targets miRNA-dependent p21 gene
expression in human colon cancer. PLoS One 6: €16221.

. Kim YK, Yu J, Han TS, Park SY, Namkoong B, et al. (2009) Func-

tional links between clustered microRNAs: suppression of cell-cycle
inhibitors by microRNA clusters in gastric cancer. Nucleic Acids Res 37:
1672-1681.

@ PLoS ONE | www.plosone.org

26.

28.

29.

30.

A Polymorphism in miR-106b-25 Cluster and HCC

Petrocca F, Vecchione A, Croce CM (2008) Emerging role of miR-106b-25/
miR-17-92 clusters in the control of transforming growth factor beta signaling.
Cancer Res 68: 8191-8194.

. Kan T, Sato F, Ito T, Matsumura N, David S, et al. (2009) The miR-106b-25

polycistron, activated by genomic amplification, functions as an oncogene by
suppressing p21 and Bim. Gastroenterology 136: 1689-1700.

Poliseno L, Salmena L, Riccardi L, Fornari A, Song MS, et al. (2010)
Identification of the miR-106b~25 microRNA cluster as a proto-oncogenic
PTEN-targeting intron that cooperates with its host gene MCM?7 in
transformation. Sci Signal 3: ra29.

Ohe K, Lalli E, Sassone-Corsi P (2002) A direct role of SRY and SOX proteins
in pre-mRNA splicing. Proc Natl Acad Sci U S A 99: 1146-1151.

Phillips NB, Nikolskaya T, Jancso-Radek A, Ittah V, Jiang F, et al. (2004) Sry-
directed sex reversal in transgenic mice is robust with respect to enhanced DNA
bending: comparison of human and murine HMG boxes. Biochemistry 43:
7066-7081.

February 2012 | Volume 7 | Issue 2 | 32230



