chromosome array-based methylated CpG island ampilification
(BAMCA) studies indicate significant differences in the
methylation patterns present in HBV- and HCV-associated
HCC [59]. The HBx protein expressed by HBV may influence
cellular methyltransferase activity, and could possibly
contribute to altered methylation patterns [60]. An additional
possibility is that epigenetic differences in HBV- and HCV-
associated HCC could reflect different cell types from which the
cancer originates, as HBV may be capable of infecting
hepatocyte progenitors [61].

Our results also show that miR-122 expression is reduced in
non-tumor liver tissue from HCV-infected persons. In contrast,
contrary to a recent report by Wang et al. [54], we found that
miR-122 is expressed at normal levels in non-tumor HBV-
infected liver (Figure 2). Several lines of evidence suggest that
this difference may reflect a more active IFN response in HCV-
versus HBV- infected livers. In vitro studies suggest that IFN-8
inhibits miR-122 expression [36,62], and HCV stimulates a
more robust intrahepatic innate immune response than HBV
[63,64]. Consistent with this, our results reveal a correlation
between miR-122 abundance in non-tumor tissues and 1L28B
genotype, defined by a single nucleotide polymorphism
(rs8099917) associated with response to Peg-IFN/RBV as well
as endogenous pre-treatment ISG expression levels (Figure
5A) [40,41]. We also found an inverse relationship between the
abundance of several ISG transcripts and miR-122 (Figure 5C).
Interestingly, this relationship was not observed in tumor
tissues from these patients, suggesting that genetic or
epigenetic changes alter miR-122 regulation in HCC tissue, or
that the cancer cells are refractory to stimulation by type 1
IFNs.

Consistent with our findings in HCV-infected patients, we
also observed a reduction in miR-122 abundance in liver tissue
from HCV-infected chimpanzees (Figure 4A), and an inverse
correlation between the abundance of HCV RNA in the liver
and serum HCV RNA levels (Figure 4B). Although Sarasin-
Filopowicz et al. [36] demonstrated a trend toward lower
miR-122 abundance in liver tissues with high viral RNA copy
numbers, this did not achieve statistical significance and no
correlation was evident between serum RNA levels and
miR-122 abundance in the patients studied by this group. It is
not clear why such a relationship exists in chimpanzees but not
infected humans. One possibility is that it might be related to
the fact that chimpanzees generally have very robust
intrahepatic innate immune responses to HCV, with uniformly
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infection [42]. miR-191 antagonism has been shown to have
anti-tumor potential in studies of Hep3B and SNU423 cells [42],
which are both derived from HBV-associated cancers. Our data
suggest that elevations of miR-191 are confined to HBV-
associated liver cancer (Figure 6), and suggest that virus-
specific differences in miRNA signatures may be important in
understanding the origins of liver cancer. While these
differences may be predictive of response to specific
therapeutic interventions, they are unlikely to be of sufficient
magnitude or specificity to guide therapy in individual patients.

Supporting Information

Figure S1. U6 snRNA copy number as a standard for
normalization of miR-122 abundance. (A) U6 copy number
(relative copy number per ug RNA) plotted as a function of the
RNA integrity number (RIN score, on a scale of 1 to 10)
determined as described in Methods in the main text. A strong
negative correlation exists between U6 copy number and the
RIN score: Spearman r, = 0.5216, two-tailed p = 0.0001). (B)
miR-122 abundance in HCC and non-tumor tissues from HBV-
and HCV-infected subjects, normalized to U6 snRNA copy
number. Statistical significance was assessed using paired and
unpaired t tests, as described in the main text.

(TIF)

Author Contributions

Conceived and designed the experiments: CS MH SRS REL
SML. Performed the experiments: CS SRS DY TS. Analyzed
the data: CS MH SRS DY REL SML. Contributed reagents/
materials/analysis tools: MH SK REL. Wrote the manuscript:
CS SML.

Gastroenterology 127: S17-826. doi:10.1053/j.gastro.2004.03.068.

PubMed: 15508082.

McGivem DR, Lemon SM (2011) Virus-specific mechanisms of

carcinogenesis in hepatitis C virus associated liver cancer. Oncogene

30: 1969-1983. doi:10.1038/0n¢.2010.594. PubMed: 21258404.

. Tsai WL, Chung RT (2010) Viral hepatocarcinogenesis. Oncogene 29:
2309-2324. doi:10.1038/onc.2010.36. PubMed: 20228847.

. Nakamoto Y, Guidotti LG, Kuhlen CV, Fowler P, Chisari FV (1998)

Immune pathogenesis of hepatocellular carcinoma. J Exp Med 188:

341-350. doi:10.1084/jem.188.2.341. PubMed: 9670046.

Lerat H, Honda M, Beard MR, Loesch K, Sun J et al. (2002) Steatosis

and liver cancer in transgenic mice expressing the structural and

nonstructural proteins of hepatitis C virus. Gastroenterology 122:

352-365. doi:10.1053/gast.2002.31001. PubMed: 11832450.

o

~

October 2013 | Volume 8 | Issue 10 | 76867



10.

1.

12.

20.

21,

22,

23.

24,

25.

26.

27.

28,

McGivern DR, Lemon SM (2008) Tumor suppressors, chromosomal
instability, and hepatitis C virus-associated liver cancer. Annu Rev
Pathol 4: 399-415. doi:10.1146/annurev.pathol.4.110807.092202.
PubMed: 189284089.

Wilson RC, Doudna JA (2013) Molecular mechanisms of RNA
interference. Annu Rev Biophys 42: 217-233. doi:10.1146/annurev-
biophys-083012-130404. PubMed: 23654304.

Djuranovic S, Nahvi A, Green R (2011) A parsimonious model for gene
regulation by miRNAs. Science 331: 550-553. doi:10.1126/science.
1191138. PubMed: 21292970.

. Meijer HA, Kong YW, Lu WT, Wilczynska A, Spriggs RV et al. (2013)

Translational repression and elF4A2 activity are critical for microRNA-
mediated gene regulation. Science 340: 82-85. doi:10.1126/science.
1231197. PubMed: 23559250.

. Chang J, Nicolas E, Marks D, Sander C, Lerro A et al. (2004) miR-122,

a mammalian liver-specific microRNA, is processed from hcr mRNA
and may downregulate the high affinity cationic amino acid transporter
CAT-1. RNA Biol 1: 106-113. doi:10.4161/ma.1.2.1066. PubMed:
17179747.

. Lanford RE, Hildebrandt-Eriksen ES, Petri A, Persson R, Lindow M et

al. (2010) Therapeutic silencing of microRNA-122 in primates with
chronic hepatitis C virus infection. Science 327: 198-201. doi:10.1126/
science.1178178. PubMed: 19965718.

. Bai S, Nasser MW, Wang B, Hsu SH, Datta J et al. (2009)

MicroRNA-122 inhibits tumorigenic properties of hepatocellular
carcinoma cells and sensitizes these cells to sorafenib. J Biol Chem
284: 32015-32027. doi:10.1074/jbc.M109.016774. PubMed: 19726678,

. Lewis AP, Jopling CL (2010) Regulation and biological function of the

liver-specific miR-122. Biochem Soc Trans 38: 1553-1557. doi:10.1042/
BST0381553. PubMed: 21118125.

. Jopling CL, Yi M, Lancaster AM, Lemon SM, Sarmow P (2005)

Modulation of hepatitis C virus RNA abundance by a liver-specific
MicroRNA. Science 309: 1577-1581. doi:10.1126/science.1113329.
PubMed: 16141076.

. Shimakami T, Yamane D, Jangra RK, Kempf BJ, Spaniel C et al.

(2012) Stabilization of hepatitis C virus RNA by an Ago2-miR-122
complex. Proc Natl Acad Sci U S A 109: 941-946. doi:10.1073/pnas.
1112263109. PubMed: 22215596.

Li Y, Masaki T, Yamane D, McGivem DR, Lemon SM (2013)
Competing and noncompeting activities of miR-122 and the &'
exonuclease Xm1 in regulation of hepatitis C virus replication. Proc
Natl Acad Sci U S A 110: 1881-1886. doi:10.1073/pnas.1213515110.
PubMed: 23248316.

Kutay H, Bai S, Datta J, Motiwala T, Pogribny | et al. (2006)
Downregulation of miR-122 in the rodent and human hepatocellular
carcinomas. J Cell Biochem 99: 671-678. doi:10.1002/jcb.20982.
PubMed: 16824677.

Gramantieri L, Ferracin M, Fornari F, Veronese A, Sabbioni S et al.
(2007) Cyclin G1 is a target of miR-122a, a microRNA frequently down-
regulated in human hepatocellular carcinoma. Cancer Res 67:
6092-6099. doi:10.1158/0008-5472.CAN-06-4607. PubMed: 17616664.
Hou J, Lin L, Zhou W, Wang Z, Ding G et al. (2011) !dentification of
miRNomes in human liver and hepatocellular carcinoma reveals
miR-199a/b-3p as therapeutic target for hepatocellular carcinoma.
Cancer Cell 19: 232-243. doi:10.1016/.ccr.2011.01.001. PubMed:
21316602.

Varnholt H, Drebber U, Schulze F, Wedemeyer 1, Schirmacher P et al.
(2008) MicroRNA gene expression profile of hepatitis C virus-
associated hepatocellular carcinoma. Hepatology 47: 1223-1232,
PubMed: 18307259.

Coulouarn C, Factor VM, Andersen JB, Durkin ME, Thorgeirsson SS
(2009) Loss of miR-122 expression in liver cancer correlates with
suppression of the hepatic phenotype and gain of metastatic properties.
Oncogene 28: 3526-3536. doi:10.1038/0nc.2009.211. PubMed:
19617899.

Bedossa P, Poynard T (1996) An algorithm for the grading of activity in
chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 24: 289-283, doi:10.1002/hep.510240201. PubMed:
8690394.

Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ (1994)
Classification of Chronic Hepatitis: Diagnosis, Grading and Staging.
Hepatology 19: 1513-1520. doi:10.1002/hep.1840180628. PubMed:
8188183.

Honda M, Sakai A, Yamashita T, Nakamoto Y, Mizukoshi E et al.
(2010) Hepatic 1ISG expression is associated with genetic variation in
interleukin 28B and the outcome of IFN therapy for chronic hepatitis C.
Gastroenterology 139: 499-509. doi:10.1053/j.gastro.2010.04.049.
PubMed: 20434452,

PLOS ONE | www.plosone.org

12
335

28.

30.

31.

32.

33.

34.

35,

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,

486.

47.

miR-122 in HCV- vs. HBV-Associated Liver Cancer

Schroeder A, Mueller O, Stocker S, Salowsky R, Leiber M et al. (20086)
The RIN: an RNA integrity number for assigning integrity values to RNA
measurements. BMC Mol Biol 7: 3. doi:10.1186/1471-2199-7-3.
PubMed: 16448564.

Lanford RE, Guerra B, Lee H, Averett DR, Pfeiffer B et al. (2003)
Antiviral effect and virus-host interactions in response to alpha
interferan, gamma interferon, poly(i)-poly(c), tumor necrosis factor
alpha, and ribavirin in hepatitis C virus subgenomic replicons. J Virol
77:  1092-1104. doi:10.1128/JVI1.77.2.1092-1104.2003.  PubMed:
12502825.

Nagaoki Y, Hyogo H, Aikata H, Tanaka M, Naeshiro N et al. (2012)
Recent trend of clinical features in patients with hepatocellular
carcinoma. Hepatol Res 42: 368-375. doii10.1111/.1872-034X.
2011.00929.x. PubMed: 22151896.

Wang Y, Lu Y, Toh ST, Sung WK, Tan P et al. (2010) Lethal-7 is down-
regulated by the hepatitis B virus x protein and targets signal
transducer and activator of transcription 3. J Hepatol 53: 57-66. doi:
10.1016/j.jnep.2009.12.043. PubMed: 20447714.

Hatziapostolou M, Polytarchou C, Aggelidou E, Drakaki A, Poulisides
GA et al. (2011) An HNF4alpha-miRNA inflammatory feedback circuit
regulates hepatocellular oncogenesis. Cell 147: 1233-1247. doi:
10.1016/j.cell.2011.10.043. PubMed: 22153071.

Trebicka J, Anadol E, Elfimova N, Strack I, Roggendorf M et al. (2013)
Hepatic and serum levels of miR-122 after chronic HCV-induced
fibrosis. J Hepatol 58: 234-239. doi:10.1016/S0168-8278(13)60572-3.
PubMed: 23085648.

Morita K, Taketomi A, Shirabe K, Umeda K, Kayashima H et al. (2011)
Clinical significance and potential of hepatic microRNA-122 expression
in hepatitis €. Liver Int 31 474-484. doi:10.1111/.
1478-3231.2010.02433.x. PubMed: 21199296.

Sarasin-Filipowicz M, Krol J, Markiewicz I, Heim MH, Filipowicz W
(2009) Decreased levels of microRNA miR-122 in individuals with
hepatitis C responding poorly to interferon therapy. Nat Med 15: 31-33.
doi:10.1038/nm.1902. PubMed: 191226586,

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K et al.
(2009) Genome-wide association of IL28B with response to pegylated
interferon-alpha and ribavirin therapy for chronic hepatitis C. Nat Genet
41: 1105-1108. doi:10.1038/ng.449. PubMed: 19749757

Yoshizawa H (2002) Hepatocellular carcinoma associated with hepatitis
C virus infection in Japan: projection to other countries in the
foreseeable future. Oncology 62 Suppl 1. 8-17. doi:
10.1159/000048270. PubMed: 11868791.

Sarasin-Filipowicz M, Oakeley EJ, Duong FH, Christen V, Terracciano
L et al. (2008) Interferon signaling and treatment outcome in chronic
hepatitis C. Proc Natl Acad Sci U S A 105: 7034-7039. doi:10.1073/
pnas.0707882105. PubMed: 18467494,

Urban TJ, Thompson AJ, Bradrick SS, Fellay J, Schuppan D et al.
(2010) IL28B genotype is associated with differential expression of
intrahepatic interferon-stimulated genes in patients with chronic
hepatitis C. Hepatology 52: 1888-1896. doi:10.1002/hep.23912.
PubMed: 20931559.

Abe H, Hayes CN, Ochi H, Maekawa T, Tsuge M et al. (2011) IL28
variation affects expression of interferon stimulated genes and peg-
interferon and ribavirin therapy. J Hepatol 54: 1094-1101. doi:10.1002/
hep.24499. PubMed: 21145800.

Elyakim E, Sitbon E, Faerman A, Tabak S, Montia E et al. (2010) hsa-
miR-191 is a candidate oncogene target for hepatocellular carcinoma
therapy. Cancer Res 70: 8077-8087. doi:
10.1158/0008-5472.CAN-10-1313. PubMed: 20924108.

Jangra RK, Yi M, Lemon SM (2010) miR-122 regulation of hepatitis C
virus translation and infectious virus production. J Virol 84: 6615-6625.
doi:10.1128/JV1.00417-10. PubMed: 20427538.

Fornari F, Gramantieri L, Giovannini C, Veronese A, Ferracin M et al.
(2009) MiR-122/cyclin G1 interaction modulates p53 activity and affects
doxorubicin sensitivity of human hepatocarcinoma cells. Cancer Res
69 5761-5767. doi:10.1158/0008-5472.CAN-08-4797.  PubMed:
19584283,

Tsai WC, Hsu SD, Hsu CS, Lai TC, Chen SJ et al. (2012)
MicroRNA-122 plays a critical role in liver homeostasis and
hepatocarcinogenesis. J Clin Invest 122: 2884-2897. doi:10.1172/
JC163455. PubMed: 22820290.

Hsu SH, Wang B, Kota J, Yu J, Costinean S et al. (2012) Essential
metabolic, anti-inflammatory, and anti-tumorigenic functions of miR-122
in liver. J Clin Invest 122: 2871-2883. doi:10.1172/JC163539. PubMed:
22820288.

Burns DM, D’Ambrogio A, Nottrott S, Richter JD (2011) CPEB and two
poly(A) polymerases control miR-122 stability and p53 mRNA
translation. Nature 473: 105-108. doi:10.1038/nature09808. PubMed:
21478871.

October 2013 | Volume 8 | Issue 10 | e76867



48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Lardizabal MN, Nocito AL, Daniele SM, Omella LA, Palatnik JF et al.
(2012) Reference genes for real-time PCR quantification of microRNAs
and messenger RNAs in rat models of hepatotoxicity. PLOS ONE 7:
€36323. doi:10.1371/journal.pone.0036323. PubMed: 22563491.
Norman KL, Sarnow P (2010) Modulation of hepatitis C virus RNA
abundance and the isoprenoid biosynthesis pathway by microRNA
miR-122 involves distinct mechanisms. J Virol 84: 666-670. doi:
10.1128/JV1.01156-09. PubMed: 19846523,

Li Y, Masaki T, Lemon SM (2013) miR-122 and the Hepatitis C RNA
genome: More than just stability. RNA Biol 10: 919-24. PubMed:
23770926.

Janssen HL, Reesink HW, Lawitz EJ, Zeuzem S, Rodriguez-Torres M
et al. (2013) Treatment of HCV Infection by Targeting MicroRNA. N
Engl J Med, 368: 1685-94. PubMed: 23534542,

McGivem DR, Lemon SM (2011) Virus-specific mechanisms of
carcinogenesis in hepatitis C virus associated liver cancer. Oncogene
30: 1969-1983. doi:10.1038/0nc.2010.594. PubMed: 21258404,

Chen Y, Shen A, Rider PJ, Yu 'Y, Wu K et al. (2011) A liver-specific
microRNA binds to a highly conserved RNA sequence of hepatitis B
virus and negatively regulates viral gene expression and replication.

FASEB J 25! 4511-4521. doi:10.1096/f.11-187781. PubMed:
21903935,
Wang S, Qiu L, Yan X, Jin W, Wang Y et al. (2012) Loss of microRNA

122 expression in patients with hepatitis B enhances hepatitis B virus
replication through cyclin G(1) -modulated P53 activity. Hepatology 55:
730-741. doi:10.1002/hep.24809. PubMed: 22105316.

Liu WH, Yeh SH, Chen PJ (2011) Role of microRNAs in hepatitis B
virus replication and pathogenesis. Biochim Biophys Acta 1809:
678-685. doi:10.1016/j.bbagrm.2011.04.008. PubMed: 21565290.

Qiu L, Fan H, Jin W, Zhao B, Wang Y et al. (2010) miR-122~induced
down-regulation of HO-1 negatively affects miR-122-mediated
suppression of HBV. Biochem Biophys Res Commun 398: 771-777.
doi:10.1016/j.bbrc.2010.07.021. PubMed: 20633528.

Liang Y, Shilagard T, Xiao 8Y, Snyder N, Lau D et al. (2009)
Visualizing hepatitis C virus infections in human liver by two-photon

PLOS ONE | www.plosone.org

13
336

58.

59,

60.

61.

62.

63.

64,

65.

miR-122 in HCV- vs. HBV-Associated Liver Cancer

microscopy. Gastroenterology 137: 1448-1458. doi;10.1053/j.gastro.
2009.07.050. PubMed: 19632233.

Jung CJ, lyengar S, Blahnik KR, Ajuha TP, Jiang JX et al. (2011)
Epigenetic modulation of miR-122 facilitates human embryonic stem
cell self-renewal and hepatocellular carcinoma proliferation. PLOS ONE
6: 27740. doi:10.1371/journal.pone.0027740. PubMed: 22140464.
Arai E, Ushijima S, Gotoh M, Ojima H, Kosuge T et al. (2009) Genome-
wide DNA methylation profiles in liver tissue at the precancerous stage
and in hepatocellular carcinoma. Int J Cancer 125: 2854-2862. doi:
10.1002/ijc.24708. PubMed: 19569176.

Jung JK, Park SH, Jang KL (2010) Hepatitis B virus X protein
overcomes the growth-inhibitory potential of retinoic acid by
downregulating retinoic acid receptor-beta2 expression via DNA
methylation. J Gen Virol 91: 493-500. doi:10.1099/vir.0.015149-0.
PubMed: 19828754.

Hsia CC, Thorgeirsson SS, Tabor E (1994) Expression of hepatitis B
surface and core antigens and transforming growth factor-alpha in "oval
cells" of the liver in patients with hepatocellular carcinoma. J Med Virol
43: 216-221. doi:10.1002/jmv.1890430304. PubMed: 7523580.
Pedersen IM, Cheng G, Wieland S, Volinia S, Croce CM et al. (2007)
Interferon modulation of cellular microRNAs as an antiviral mechanism.
Nature 449: 919-922. doi:10.1038/nature06205. PubMed: 17943132.
Wieland S, Thimme R, Purcell RH, Chisari FV (2004) Genomic analysis
of the host response to hepatitis B virus infection. Proc Natl Acad Sci U
S A 101: 6669-6674. doi:10.1073/pnas.0401771101. PubMed:
15100412,

Bigger CB, Guerra B, Brasky KM, Hubbard G, Beard MR et al. (2004)
Intrahepatic gene expression during chronic hepatitis C virus infection
in chimpanzees. J Virol 78: 13779-13792. doi:10.1128/JVI.
78.24.13779-13792.2004. PubMed: 15564486.

Lanford RE, Guerra B, Bigger CB, Lee H, Chavez D et al. (2007) Lack
of response to exogenous interferon-alpha in the liver of chimpanzees
chronically infected with hepatitis C virus. Hepatology 46: 999-1008.
doi:10.1002/hep.21776. PubMed: 17668868.

October 2013 | Volume 8 | Issue 10 | e76867



OPEN a ACCESS Freely available online @. PLOS ’ ONE

Genetic Association of Human Leukocyte Antigens with
Chronicity or Resolution of Hepatitis B Infection in Thai
Population

Nawarat Posuwan'?*, Sunchai Payungporn®?, Pisit Tangkijvanich®3, Shintaro Ogawa’,
Shuko Murakami’, Sayuki lijima’, Kentaro Matsuura®, Noboru Shinkai', Tsunamasa Watanabe',
Yong Poovorawan®, Yasuhito Tanaka’*

1 Department of Virology and Liver Unit, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan, 2 Research Unit of Hepatitis and Liver Cancer,
Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 3 Department of Biochemistry, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand,
4 Center of Excellence in Clinical Virology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Citation: Posuwan N, Payungporn S, Tangkijvanich P, Ogawa S, Murakami S, et al. (2014) Genetic Association of Human Leukocyte Antigens with Chronicity or
Resolution of Hepatitis B Infection in Thai Population. PLoS ONE 9(1): e86007. doi:10.1371/journal.pone.0086007

Editor: Man-Fung Yuen, The University of Hong Kong, Hong Kong
Received September 9, 2013; Accepted December 4, 2013; Published January 23, 2014

Copyright: © 2014 Posuwan 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 by grants from The JSPS RONPAKU (Dissertation PhD) Program; the Ratchadapiseksompotch Endowment Fund of
Chulalongkorn University [RES560530155-AM and RES560530093-HR); Higher Education Research Promotion and National Research University Project of Thailand
Office of the Higher Education Commission [HR1155A-55 and HR1162A-55); Thailand Research Fund [DPG5480002 and BRG5580005); Chulalongkorn University,
Integrated Innovation Academic Center, Chulalongkorn University Centenary Academic Development Project [CU56-HRO1]; King Chulalongkorn Hospital and the
Office of the National Research Council of Thailand (NRCT); grant-in-aid from the Ministry of Health, Labour, and Welfare of Japan and the Ministry of Education,
Culture, Sports, Science and Technology, Japan. 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: ytanaka@med.nagoya-cu.acjp

Introduction infections in adulthood develop into chronic hepatitis with viral
persistence.

The frequency of HBV infection which develops into chronic
hepatitis depends on the age at which the person is infected [1,2].
However, the factors determining HBV persistence or clearance
are not clearly understood [4-6]. Risk factors for viral persistence
include the following: virological factors (viral load, genotype, viral
gene mutations and co-infection with another virus), host factors
(age at infection, gender, immune status and genetic variability)
and extrinsic factors (e.g. alcohol consumption and chemotherapy)
[7]. Whether viral infection results in acute or chronic infection
also depends on cellular immune responses influenced by human
- leukocyte antigen (HLA) class I and II molecules which must
and never clear the virus [1-3]. In contrast, 15% of HBV present the viral antigens to CD8+ T cells and CD4+ T cells,

respectively [8]. The genes encoding HLA are the most

The hepatitis B virus (HBV) is one of the most common causes
of chronic hepatitis B (CHB), liver cirrhosis and hepatocellular
carcinoma (HCC). Globally more than 2 billion people have been
infected with HBV and 378 million are suffering from chronic
hepatitis. Over 600,000 people die each year because of HBV
infection. In high prevalence areas such as the central Asian
republics, Southeast Asia, Sub-Saharan Africa and the Amazon
basin over 8% of the population may be HBV carriers [1]. The
main route of HBV infection is vertical transmission from mother
to infant and horizontal transmission between children, whereby
90% will develop chronic hepatitis as infants or in early childhood
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polymorphic in the human genome, presumably in order to be
able to respond to all potential foreign antigens [9].

Recently, many genome-wide association studies (GWAS) have
been performed to seek associations between human genetic
variation and the outcome of HBV infection [10-15]. Studies in
the Japanese population showed that 11 single nucleotide
polymorphisms (SNPs) located within or around the HLA-DPAI
and HILA-DPBI loci are significantly associated with the occur-
rence of CHB. Of these 11 SNPs, the most strongly associated with
the outcome of HBV infection were rs9277535 and rs3128917 in
HILA-DPBI and rs3077 in HLA-DPAI [10].

Thereafter, GWAS studies in the Korean population confirmed
the presence of these host factors related to HBV outcome and
reported two new SNPs significantly associated with CHB within
the HLA region, namely rs1419881 and rs652888 in transcription
factor 19 (TCFI19) and euchromatic histone-lysine methyltransfer-
ase 2 (EHMT2), respectively [16]. TCFI19 (or transcription factor
SC1) is a #rans-activating factor that mainly influences the
transcription of genes required for late growth regulation at the
G1-S checkpoint and during S phase [17]. EHMT2 is a histone
methyltransferase responsible for mono- and di-methylation of
H3K9 (lysine at 9" residue of histone subunit 3) in euchromatin
[18], which modifies the conformation of chromatin from its
tightly packed form, heterochromatin, and thus influences gene
repression or transcriptional silencing [19].

In the present study, we determined associations between the
SNPs of HLA-DPAI (rs3077), HLA-DPBI (rs9277378 and
rs3128917), TCF19 (rs1419881) and EHMT?2 (rs652888) in HBV
infected patients compared to those with resolved infections and
those who had never been infected.

Materials and Methods

Ethics Statement

This study was approved by the Institutional Review Board of
the Faculty of Medicine, University (Bangkok, Thailand) code
IRB.455/54. Written informed consent was obtained from each
patient and all samples were anonymized.

Sample Collection

All blood samples were negative for hepatitis C virus and
human immunodeficiency virus. Subjects were defined into 4
groups: 230 hepatitis B surface antigen (HBsAg)-positive HCC,
and 219 CHB who had been HBsAg-positive for at least 6 months
were recruited at the King Chulalongkorn Memorial Hospital,
whereas patients with resolved HBV and uninfected subjects were
from the Thai Red Cross Society and from the north-eastern part
of Thailand (age>40 years) which had been screened by
Immunoassay (Architect i2000SR, Abbott, USA.) for HBsAg,
antibody to hepatitis B surface antigen (anti-HBs) and antibody to
hepatitis B core protein (anti-HBc). Of these subjects, 113 were
negative for HBsAg but positive for anti-HBc and/or positive for
anti-HBs after resolution of infection, while 123 uninfected
subjects were all negative for HBsAg, anti-HBc and anti-HBs.
All samples in this study were collected from subjects who have
lived at the same area in Thailand, suggesting that the genetic
background would be balanced between a case and control.

Genotyping assays

DNA was extracted from peripheral blood mononuclear cell
using phenol-chloroform DNA extraction. The concentration of
DNA was determined by NanoDrop 2000c spectrophotometer
(Thermo Scientific, Wilmington, DE). We determined SNPs of
HIA-DPAI (rs3077), HLA-DPBI (rs9277378 and rs3128917), and
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the genes TCFI9 (rs1419881) and EHMT2 (rs652888) by
commercial TagMan PCR assays (Applied Biosystems, USA). In
this study we investigated HLA-DPBI (rs9277378) because this
SNP had a high level of linkage disequilibrium with rs9277535
(D' =1.00, R*=0.954) [20] and was clearly detectable by the
TagMan assay rather than rs9277535.

Statistical analyses

In this study, Hardy-Weinberg equilibrium was performed on
each SNP. The Chi-square test of independence and Odds Ratio
(OR) from two-by-two tables for comparisons between case and
control groups was performed using Microsoft Excel. Statistical
significance was defined by P<<0.05. The calculated of possibility
level was established using Chi-square contingency table analysis.

Results

Subjects were defined into 4 groups: group 1) HCC
(age=58.2%x12 years, 190/230 (82.6%) male); group 2) CHB
(age =46.6210 years, 144/219 (65.7 %) male); group 3) those with
resolved HBV (age =48.2£6 years, 83/113 (73.5%) male); and
group 4) HBV uninfected subjects (age =46.7£6 years, 73/123
(59.3%) male). The details are given in Table 1. To find the
genetic factor associated with chronicity of HBV infection,
however, the two groups (group 1 and 2) were combined
(designated “HBV carriers”). Indeed, according to the frequencies
of minor alleles of the SNPs in the HLA-DP, TCFI9 and EHMT?2
genes listed in Table 2, the frequencies of minor alleles of these 5
SNPs in HCC and CHB were similar (data shown in Table S1).
The composite HBV carriers group had a minor allele frequency
for rs3077 and rs9277378 lower than in groups 3 and 4
(OR=0.57, 95% CI=0.42-0.78, p<<0.001 and OR =0.63, 95%
CI=0.47-0.85, p=0.008 for rs3077, OR =0.59, 95% CI=0.44~
0.81, p=0.001 and OR =0.56, 95% CI = 0.42-0.75, p<<0.001 for
rs9277378, respectively). In contrast, the minor allele frequency
for rs1419881 in HBV carriers was similar to group 3 (OR =0.80,
95% CI=0.60-1.08, $=0.142) but lower than in group 4
(OR=0.64, 95% CI=0.48-0.85, p=0.002). Moreover, minor
allele frequency for rs3128917 and rs652888 in HBV carriers was
comparable to groups 3 and 4 (OR=1.14, 95% CI=0.85-1.53,
$=0.8371 and OR=1.06, 95% CI=0.80-1.41, p=0.673 for
rs3128917; OR=1.14, 95% CI=0.84-1.55, p=0.400 and
OR=1.12, 95% CI=0.83-1.50, p=0.471 for rs652888, respec-
tively).

The results of Hardy-Weinberg equilibrium analysis of each
SNPs were shown in Table 3. All data were over 0.01 ($>0.01),
indicating that the frequencies did not deviate from Hardy-
Weinberg equilibrium. The genotype distribution in HBV carriers
compared to subjects with HBV resolution showed that both
rs3077 and rs9277378 were significantly associated with protective
effects against CHB in minor dominant model (OR =0.45, 95%
CI=0.30-0.69, p<0.001 for rs3077 and OR=047, 95%
CI=0.31-0.72, $<0.001 for rs9277378, are described in
Table 3), suggesting that major homozygous genotypes were risk
factors with the chronicity of HBV. The other SNPs rs3128917,
rs1419881 and rs652888 were not associated against HBV carrier
status (OR =1.22, 95% CI=0.76-1.97, p=0.413 for rs3128917,
OR=0.67, 95% CI=0.42-1.06, p=0.084 for rs1419881 and
OR =131, 95% CI=0.87-2.00, p=0.198 for rs652888, respec-
tively).

The genotype frequencies for 5 SNPs are shown in Table 3.
Comparing HBV carriers with uninfected subjects showed that
rs3077, rs9277378 and rs1419881 were all protectively associated
with chronic HBV infection (OR=0.63, 95% CI=0.42-0.95,
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Table 1. Characteristics of participants in HCC, CHB, resolved HBV and HBV uninfected subjects in Thailand.

HCC (n=230) CHB® (n=219) Resolved® (n=113) Uninfected (n=123)

TB (mg/dl) 1.2 (0.17-14.8) 0.56 (0.2-2.67) - -

Abbreviation: HCC, hepatocellular carcinoma; CHB, chronic hepatitis B; HBsAg, hepatitis B surface antigen;
ALT, Alanine transaminase; Alb, Albumin; TB, Total bilirubin.

?Defined as chronic hepatitis B includes chronic HBV infection but not cirrhosis and HCC.

®Defined as HBsAg negative but anti-HBc or/and anti-HBs positive.

“Defined as any HBV serological markers negative.

doi:10.1371/journal.pone.0086007.t001

$=0.025 for rs3077 and OR=0.55, 95% CI=0.36-0.82, The associations between these 5 SNPs and HBV status are
»=0.003 for rs9277378 and OR=0.57, 95% CI=0.36-0.90, depicted graphically in Figure S1. Each histogram compares HBV
p=0.015 for rs1419881, respectively). Comparing HBV carriers carriers with subjects that have resolved HBV infection or were
and uninfected subjects rather than those with resolved infection never infected. The results showed that the minor dominant model
regarding rs1419881 was significantly protective association of rs3077 and rs9277378 was highly protective associated against
against CHB, but rs3128917 and rs652888 were not associated chronic HBV, while no significant associations were observed with
against CHB (OR=1.58, 95% CI=1.02-2.46, p=0.042 for rs3128917 and rs652888. Furthermore, comparing the frequency
rs3128917 and OR=1.09, 95% CI=0.65-1.82, p=0.080 for of 151419881 between HBV carriers and uninfected subjects also
rs652888). When we consider the Bonferroni corrections (5 SNPs), revealed its association against chronic HBV infection but the
however, the P value for rs1419881 did not reach the level of association with resolved HBV did not achieve statistical
significant difference (0.015>0.05/5) between HBV carriers and significance.
HBV uninfected subjects. These data suggested that other SNPs,
rs1419881, rs3128917 and rs652888 were not associated with Discussion
HBV carriers in this study. . o

Results of meta-analysis for 3 SNPs (153077, 1s9277378 and Genetic variations of rs3077 ar?d 1*059277378, buF not r53'128917,
rs3128917) in the HLA gene were shown in Table $2 and $3; HBY 11419881 and rs652888, were significantly associated with HBV
carriers were compared to HBV resolved or HBV uninfected carriers relative tcf resolved H.BV in Thai Populatlon. In t}}e
subjects, respectively. While the other 2 SNPs were published only human genome, smgle' nucleotide polymorphisms are found in
from Korean population, thus the meta-analysis appeared only every 300-570 nucleotides. Many SNPs have- no effect on ﬁ_le
between HBV carriers and HBV uninfected subjects. All SNPs function of the encoded proteins, but some variants do appear in

analyzed by the meta-analysis were significantly associated with regulatory or cochng. part O,f the ge?e ar?d aﬁ'ec't gene expression
HBYV carriers. level or protein function which can give rise to disease [21] such as

the 3 SNPs including rs3077, rs9277378 and rs3128917 in HLA-

Table 2. Minor allele frequencies in HBV carriers, resolved HBV and uninfected subjects in Thailand.

HBV carriers vs.
HBV carriers vs. Resolved Uninfected

rs3077 HLA-DPA1 T 227 (25.3%) 84 (37.2%) 86 (35.0%) 0.57 {0.42-0.78) <0.001 0.63 (0.47- 0.008
0.85)

rs3128917 HLA-DPB1 G 459 (51.1%) 108 (47.8%) 122 (49.6%) 1.14 (0.85-1.53) 0.372 1.06 (0.80- 0.673
1.41)

rs652888 EHMT2 C 329 (36.6%) 76 (33.6%) 84 (34.1%) 1.14 {0.84-1.55) 0.400 1.11 (0.83- 0478
1.50)

Abbreviation: Cl, confidence interval; OR, odds ratio.

“Defined by using data from public database (NCBI).

Bpefined as the combination between HCC and CHB.
doi:10.1371/journal.pone.0086007.t002
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Table 3. Genotype frequencies in HBV carriers, resolved HBV and uninfected subjects in Thailand.

259 (57.7%)

53077 cC 43 (38.1%) 57 (46.3%)

T 37 (8.2%) 14 (12.4%) 20 (16.3%)

HWEp

54 (43.9%)

HLA-DPB1 AG

177 (39.4%)

rs3128917 Lk 99 (22.0%) 29 (25.7%) 38 (30.9%)

GG 109 (24.3%) 24 (21.2%) 37 (30.1%)

HWEp 0.117 0.496 0.015

61 (54.0%) 60 (48.8%)

TCF19 TC

213 (47.4%)

2

rs652888 T 169 (37.6%) 50 (44.2%) 57 (46.3%)

cC 49 (10.9%)

13 (11.5%)

HWEp 0.022 0.926 0.142

HBV carriers vs. Uninfected

HBV carriers vs. Resolved

1.00 - 1.00 -

0.44 (0.22-0.88) 0.018 0.41 (0.22-0.75) 0.003

0.65 (0.42-1.00)

0.47 (0.31-0.72) <0.001 0.55 (0.36-0.82) 0.003

1.00 - 1.00 -

1.33 (0.73-2.44) 0.355 1.13 (0.67-1.92) 0.648

0.67 (0.41-1.08)

0.66 (0.41-1.07)

<0.001

1.12 (0.56-2.22) 0.756 0.92 (0.49-1.70)

?Defined as the combination between HCC and CHB.

vs. CQ).
doi:10.1371/journal.pone.0086007.t003

DP region of MHG class II. The function of HLA-DP is to present
bound peptide antigens, e.g. from HBV, at the surface of antigen-
presenting cells. CD4+ T cells recognize these antigens and initiate
the adaptive immune response. They assist the MHC class I-
restricted GD8+ T cells which are the primary cellular effectors
mediating HBV clearance from the liver during acute viral
infection [22]. HBV infection will either be cleared by these
means, or establish itself as a chronic infection. The reason for the
latter is unclear but may be related to variation of HLA-DP alleles.
Thus, the position of HLA-DP SNPs might be associated with
possibility of clearance or chronicity. The rs3077 and rs9277535
SNPs are located within the 3" untranslated region (UTR) of HLA-
DPAI and HLA-DPBI, respectively while rs3128917 is located
downstream of HLA-DPBI.

Recent investigations have identified 11 risk alleles for CHB
related to mRINA expression of HLA-DPAI and HLA-DPBI [23].
The results showed that only these two alleles, rs3077 and
rs9277535 were strongly associated with the risk of CHB and
decreased expression of HLA-DPAI and HLA-DPBI, respectively.
In contrast, while rs3128917 was associated with CHB, it was not
associated with the level of HLA-DPBI expression [23]. Variation

PLOS ONE | www.plosone.org

Abbreviation: Cl, confidence interval; OR, odds ratio ; HWEp, Hardy-Weinberg equilibrium analysis.

PDefined as a minor dominant according to the comparison between heterozygous+minor homozygous genotype and major homozygous genotype (eg. rs3077; CT+TT

at 5" and 3’ UTRs can alter the binding sites of regulatory proteins
which protect and stabilize newly synthesized RINA, either
increasing or decreasing binding [24,25]. Nevertheless, the present
study showed that rs3128917 was not associated with HBV carrier
status in Thailand. Because rs3128917 is located downstream of
the direction of transcription of the gene, this suggests that it does
not affect regulation or coding of the gene and would have no
effect on HLA protein expression.

The results from the present study not only establish the
importance of variation at the HLA-DP gene but also explore two
new SNPs, rs1419881 located in 7TCFI9 and rs652888 in the
EHMT2 gene [16]. TCFI9 (or transcription factor SC1) is a late
growth regulatory gene like histone, thymidine kinase etc,
maximally expressed at the onset of DNA synthesis at the G1-S
boundary and S phase of cell cycle. This protein is also involved in
regulations of growth and transcription factors controlling the
number and development of peripheral-blood monocytes and
erythrocytes [26]. The EHMT2 gene is a histone methyltransferase
[18] mainly responsible for mono- and di-methylation of H3K9 in
euchromatin. This changes the conformation of chromatin from
euchromatin to heterochromatin and then affects gene repression
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[19]. Histone methylation has a critical role in gene transcription
and epigenetic events [27-30].

According to recently published GWAS data [11], two SNPs
associated with the risk for CHB in the Korea population were
identified. These were the top signals in the genome-wide
significance level analysis and were independently associated with
HIA-DP and HLA-DQ, respectively. The authors then confirmed
the results in a replication sample, showing that the frequency of
their two SNPs strongly associated with CHB; OR =0.76, 95%
CI=0.68-0.86, p=4.51E-11 for rs1419881 and OR =1.26, 95%
CI=1.07-1.47, p=2.78E-06 for rs652888 [16]. Furthermore,
another GWAS study focused on HLA, of hepatitis B vaccinated
people in Indonesia, showed that rs652888 was also associated
with risk of CHB ($=0.0001) in that population [31].

In the present study, however, we found that rs1419881 tended to
be associated with chronic HBV infection, based on the results of a
comparison between HBV carriers and uninfected subjects.
Nonetheless, it did not reach the significance by the Bonferroni
corrections, as well as when HBV carriers were compared with
patients who had their HBV infection resolved, no association with
rs1419881 was observed. The second SNP, rs652888, was not
associated with chronic HBV infection in the Thai population.
Although our study had sampling error due to small samples, it
might be another effect that the result between rs652888 in EHMT2
gene and chronic hepatitis B in Thai population was not associated.
The reason for these negative findings for the two SNPs might be
due to the affected gene functions that were not involved with the
immune system or processes of persistent infection. Data supporting
this notion are to be found in the GWAS data for the Korean
population, where pathway analysis of genes involved in the
regulation of immune function showed that 7CFI9 and EHMT2
genes are not significantly involved in human immunity [16].

Mapping the position of the two new SNPs showed that
rs1419881 located at the 3° UTR of exon 4, with a tendency
towards association with CHB and rs652888 which is not
associated with CHB located on an intron. The position of each
SNP might affect the phenotype of gene expression and
susceptibility to disease, explaining why some are associated with
chronic HBV infection, and others not. According to previous
publications, the 3" UTR of the HLA-DP region is strongly
involved with regulating HLA-DP expression and influences the
outcome of HBV infection [32]. In addition, another study showed
that variation of the 3' UTR of HLA-C was strongly associated
with HLA-C expression levels and with control of human
immunodeficiency virus [33]. This illustrated the general principle
that the position of SNPs affects association with diseases.

The prevalence of HBV in Eastern countries, i.e. Asia, sub-
Saharan Africa and the Pacific is much higher than in Western
Europe and America. Most people in Eastern countries are
infected with HBV during childhood and 8-10% of these develop
CHB. In contract, the frequency of chronic carriers in Western
Europe and North America is =1%. Furthermore, previous
GWAS and meta-analysis reported that A alleles at rs3077 and
rs9277353 have protective effects against CHB. Asian and African
populations, especially Chinese, have lower frequencies of A alleles
than European and American populations [10,34,35]. Moreover,
the previous study showed no associations of rs3077 and
r$9277535 with progressive CHB infection; however rs3077 was
highly significant associated with HBV infection but not associated
with rs9277353 in Caucasian populations [36].

While the frequency of alleles at rs3128917 and rs1419881 in
Asian and African populations are quite similar, Northern and
Western European populations have high frequencies of the
protective T allele at rs3128917 but have low T allele frequencies
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(a risk allele for CHB) at rs1419881. The allele frequencies of
populations in the worldwide for conspicuous details came from
dbSNP Short Genetic Variations available at http://www.ncbi.
nlm.nih.gov/projects/SNP/snp_ref.cgi. Lastly, both ethnic East-
ern and Western populations have similar allele frequencies at
652888, carrying a risk for CHB, with T allele frequencies very
much higher than C allele frequencies, which has a protective
effect. In addition, evolution of genomic characteristics, the
migratory history of different populations, as well as HBV
genotypes [37], HBV carrier rate [38] and pathological procession
of liver disease [39] in each country may affect the distribution of
HIA alleles. This was illustrated by a recent report in two Han
Chinese populations (southern and northern) having different
distributions of HLA-DP genes [39]. Thus, the genetics of the host
is one of the factors influencing and predicting disease outcome
[40].

According to less number of samples, it might influence
statistical power in this study. Thus, we made another statistic
meta-analysis of data obtained from previous reports and this
study in Table S3. We compared HBV carriers with HBV
uninfected subjects, because most previous studies also compared
CHB with HBV clearance and/or healthy (negative for any HBV
serological markers). Interestingly, all SNPs analyzed by the meta-
analysis were significantly associated with HBV carriers. These
results could support our data in Thailand. Additionally, no
heterogeneity was observed between HBV carriers and HBV-
resolved subjects (Ppe, = 0.10 for rs3077, 0.79 for rs9277378, and
0.07 for rs3128917), as well as between HBV carriers and HBV
uninfected subjects (Ppe =0.10 for rs3077, 0.02 for rs9277378,
0.91 for rs1419881, and 0.04 for rs652888) except for rs9277378
(Phee=0.000), for the minor allele frequency (MAF) of only
rs9277378 was different between HapMap-CHB (MAF =46.3%
of G allele) and HapMap-JPT (MAF =44.8% of T allele).

In the present study, we determined associations of variations at
the HLA-DP gene with outcome in HBV infected Thai patients
and the major homozygous genotypes of rs3077 and rs9277378,
but not rs3128917, were significantly associated with HBV carrier
status. Although genetic variation of two new SNPs, rs1419881 in
the TCFI19 gene and rs652888 in the EHMTZ2 gene, were not
associated with the outcome of HBV infection in the Thai
population, a large-scale study should be required.

Supporting Information

Figure S1 Association of 5 SNPs with HBV carriers,
resolved HBV and uninfected subjects in Thailand. The
results were compared between percentages of combination of
heterozygous genotypes and minor homozygous genotypes (White
square) with percentages of major homozygous genotypes (Grey
square). Five SNPs applied in this study were rs3077, rs9277378
and rs3128917 in HLA-DP gene, rs1419881 in TCFI9 gene and
rs652888 in EHMT2 gene. OR, odds ratio; (lower-upper), 95%
confidence interval.

(PPTX)

Table S1 Minor allele frequencies in HCC, CHB,
resolved HBV and uninfected subjects in Thailand.
DOy

Table S2 The meta-analysis of minor allele frequencies
in HBV carriers and resolved HBV.
(DOC)

Table 83 The meta-analysis of minor allele frequencies
in HBV carriers and uninfected subject.
(DOC)
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