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Abstract

Association between response to lamivudine treatment
and tumor necrosis factor-a (TNF-a) promoter

polymorphism in chronic hepatitis B

Yong Kwang Park

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Kwang-Hyub Han)

Lamivudine (LMV) is a potent nucleoside analty inhibit hepatitis B
virus (HBV) replication. Recently, it was reportadat LMV treatment can
restore HBV-specific T-cell mediated immune resgoits patients with chronic
hepatitis B. HBV-specific cytotoxic T-lymphocyte€TLS) suppress expression
and replication of HBV gene through the inductiof tumor necrosis
factor-alpha (TNFa). It is well known that TNFe plays a critical role in HBV
immunopathogenesis. In chronic HBV infection, itsmeported that TN-was
activated in the liver and the lack of TNFinduced impaired proliferation of
HBV-specific CTLs in mice. TNF: secretion is regulated at transcriptional and
post-transcriptional level and TNE-promoter polymorphism influence TNE-

expression. TNFe promoter polymorphism at -238 and -308 positions is



reported to affect the production of TNE-Thus, we investigated whether TNF-
a promoter polymorphism at -308 and -238 positiongecif the response to
LMV treatment in patients with chronic hepatitis (BHB).

In this study, we examined 225 patients withiBC All patients were
treated with LMV at least for 12 months and follavap for 6 months after
the end of therapy. These patients were classifiea two groups according to
the response to LMV. Responders were patients witavad normalization of
serum ALT level, loss of HBeAg and sustained HBV/M®Niegative after
therapy, while non-responders had the detection HBeAg and viral
breakthrough during LMV treatment. Genomic DNA wasdracted from whole
blood and PCR for TNI- promoter region was performed. The PCR products
were purified and analyzed by direct sequencing.

Two hundred twenty five patients with CHB wectassified into 103
patients of responders and 122 patients of nororelgs. TNFa promoter A
allelic polymorphism at position -238 was presemtl® of 122 non-responders
and 5 of 103 responders. There was an associagtwebn TNFa promoter A
allelic polymorphism at position -238 and resportee LMV treatment in
patients with CHB (responders vs. non-responder6,009). TNFe promoter A
allelic polymorphism at position -308 was presemt6i of 122 non-responders
and 7 of 103 responders. There was no relationsbipyeen TNFe promoter A
allelic polymorphism at position -308 and resportee LMV treatment in
patients with CHB.

These results suggest that the non-respondeéMib treatment in patients

with CHB may be related to TN&-promoter -238 A allelic polymorphism.

Key words : Hepatitis B virus, lamivudine, tumor cnesis factor alpha,

polymorphism



Association between response to lamivudine treatment
and tumor necrosis factor-a (TNF-a) promoter
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(Directed by Professor Kwang-Hyub Han)

I. INTRODUCTION

Hepatitis B virus (HBV) is a noncytopathic efaped double-stranded
DNA virus that causes acute and chronic liver disea HBV infection in adult
is usually acute and completely recovered. Howe8et0% of acutely infected
adults become persistently infected status and loevehronic hepatitis. HBV
infection in neonatal period and childhood is rareleared and over 90% of
such children become chronically infecte@hese persistent infection increases
the risk of developing cirrhosis and hepatocelldarcinoma (HCC). The risk of

progression to chronic hepatitis is related to ratéon between HBV and host



immune response.

Because viral hepatitis is a liver diseaseseduby the destruction of
HBV-infected hepatocytes, the clearance of HBV with killing the infected
cells is required for noncytolytic intracellularrai inactivation by cytotoxic T
lymphocytes (CTLs)-derived cytokines induced by ustactivated antigen
presenting cells macrophage, dendritic cell andeB-¢Hiuman leukocyte antigen
(HLA) class | molecules, complexed with HBV antigempeptides derived from
intracellular cytosolic processing, provide infotioa of intracellular invasion
to CD8+T lymphocytes. HBV-specific CTLs abolish raellular HBV gene
expression and replication by inflammatory cytokirie HBV transgenic micg.
As the significance of host immune response to HB&eases, many research
groups studied alleles of HLA and cytokines fromsthoAmong various
potential factors in HBV infection, tumor necrosiactor-alpha (TNFz) has

been widely studied.

TNFa is a potent pro-inflammatory cytokine, mediating amti-neoplastic,
and anti-viral action and immunomodulatory activitynainly secreted by
macrophage and T-céllin chronic HBV infection, the secretion of TNFis
activated in the livet,>and TNFa can inhibit the expression of HBV antigen in
HBV transgenic mic8. Moreover, the lack of TNRE- induces impaired
proliferation of HBV-specific CTLE. Thus, the production of TNE-plays an
important role in HBV infection and is regulated Hkyanscriptional and
post-transcriptional process. The polymorphic veme in TNFa promoter
region is reported to affect the production of ThfE-* *

Among the various single nucleotide polymospig (SNPs) in TN
promoter region, -238 and -308 G to A polymorphismere vigorously

examined to reveal the association of HBV infectidtNF-a promoter -238 G



to A polymorphism is known to associated with clicornepatitis B' and
progression of HBV infectiof. TNF-a promoter region -308 G to A
polymorphism is significantly associated with HBMearance and antibody

production®®

Lamivudine (LMV) is the negative enantiomer tfie deoxycytidine
analogue 2'-deoxy-3'-thiacytidine [Fig. 1]. LMV isetabolized within HBV-
infected hepatocytes to the active 5'-triphosptiaten by addition of phosphate
groups* Theactive LMV 5'-triphosphate mimics deoxycytidineptiosphate and is
incorporated into newly synthesised HBV-DNA to acaushain termination by
competitive inhibition of reverse transcriptaseé\dist > Recently, LMV is reported
to restore HBV-specific T-cell immune response iatignts with chronic
hepatitis B (CHBY and HBsAg-specific cytotoxic T lymphocytes can mediate
the suppression of HBV gene expression and rejgitahrough the induction
of TNF-a."’

The immunomodulatory effect of LMV and the yubrphism of TNFa
promoter region may affect treatment response tiema with CHB. Thus, we
examined whether TNE- promoter polymorphism at -308 and -238 positions

affect the response to LMV treatment in patientshwCHB.
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Figure 1. Chemical structure of

Lamivudine.

The drug contains a sulphur atom instedd
carbon at the '3position of the sugaring,

which does not allow chain elongatidyy

phosphodiester bond formation, irthe

absence of the normal’ 3wydroxyl group.
(adaptedfrom KarayiannisP, 2003™



1. MATERIALS AND METHODS

1. Study subjects

A total of 225 Korean patients with CHB weneated with LMV for
more than 12 months and followed up for 6 monthsrathe end of therapy.
The 89 healthy control subjects were negative forH8BV markers suggesting
no exposure to HBV before the test. All patientsravenrolled from Severance
Hospital of Yonsei University College of Medicinesttveen January 2001 and
September 2006.

These patients were classified into two gro@gsording to the LMV
response ; “Responders had normalization of alanine aminotransferase (ALT)
level, loss of HBeAg and sustained HBV-DNA negdyivafter therapy, while

“Non-respondér had HBeAg and positive HBV-DNA even during LMV
treatment. All patients had no serological eviderfoe hepatitis C virus,
hepatitis D virus and human immunodeficiency viagsinfection.

Genomic DNA was isolated from peripheral vemoblood using a
NucleoGen Genomic DNA isolation Kit (NucleoGen, 8ledorea) according to

the manufacturer's instructions and subsequentsedtat 4C until analysis.

2. Anaysis of TNF-a promoter polymorphisms

A 328-base pair fragment containing the -308 a238 locus of the TNF-
a gene promoter was amplified with forward primer TFB¥6 (5'
TTCCTGCATCCTGTCTGGAA 3) and reverse primer TNF-@® CAGCGGA
AAACTTCCTTGGT 37 in a final volume of 26( containing 50~100 ng of
genomic DNA, 20 pmol of each primer, 0.2 mM dNTP3, U of Taq



polymerase (iNtRON biotechnology, Seoul, Korea) andnufacturer's standard
polymerase chain reaction (PCR) buffer. Amplifioati was performed in a
GeneAmp PCR system 9700 (Perkin Elmer Corp., N&w&lT, USA). PCR
conditions were 94 for 5 min, followed by 35 cycles of 94 for 30 sec, 5
5T for 30 sec and 72 for 50 sec, with final extension at 72 for 7 min.
PCR products were identified by electrophoresiggntiPCR products were
purified with PCR purification kit (iNtRON bioteclafogy, Seoul, Korea) and

analyzed by direct sequencing (bionex Co. Ltd, elorea).

3. Statistical analysis

The frequencies of TN&-promoter polymorphism were compared among
healthy controls, responders and non-responderghiygquare test. Chi-square
test was used for comparison between genotype d&etic agene frequency
comparisons for small numbers. All statistical destere performed with SPSS
11.0 (SPSS Inc., Chicago, IL, USA). P value lesantl®.05 was regarded as

significant.



[1l. RESULTS

1. Clinical characteristics of responders and non-responders

Two hundred twenty five patients with CHB weggouped into 103
patients of responders and 122 patients of nomsretrs according to the
LMV response. In responders group, 80 were males 28 were females and
the mean age of subjects was 40.3 years (range 2B years). HBV-DNA was
negative (< 0.5 pg/ml) and the mean level of ALTw#&hin normal range as
21.9 IU/ml. In non-responders group, 102 were maled 20 were females and
the mean age of subjects was 43.6 years (range @2 years). The mean level
of HBV-DNA and ALT were 518.4 pg/ml and 156.9 IU/mkspectively (Table
1).

Table 1. The clinical characteristics of subjects

o Responders Non-responders
Characteristics
(n =103 ) (n = 122)
Sex (Male : Female) 80:23 102:20
Mean age (range) 40.3 (18~76) 43.6 (22~66)
HBV DNA (pg/ml) <05 518.4
ALT (IU/ml, mean) 21.9 156.9

Note. n, Number of investigated patients; *eam value



2. Direct sequencing analysis of TNF-a promoter at -308 and -238 position

To investigate TNR- promoter polymorphisms performed dye terminator
sequencing. A 328 base pair fragment containing-8@8 and -238 locus of the
TNF-a gene promoter was analyzed. TNFpromoter G allele and G to A

transition at -308 and -238 positions were obserfféd. 2, 3].

B. -308

[

Figure 2. The chromatogram of TNFpromoter at -316 to -300 region.

A. The wild type (G/G genotype) sequence of Ta&Nfpromoter at -316 to-300
B. TNF« promoter G to A transition at -308 position.
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B. -238
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Figure 3. The chromatogram of TNFpromoter at -246 to -230 region.

A. The wild type (G/G genotype) sequence of TiNpromoter at -246 to230
B. TNF-a promoterG to A transition at -238 position
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3. Distribution of TNF-a promoter genotypes and aleles at -308 and -238

positions

The genotypic frequencies of TNFpromoter at -308 and -238 positions
are shown in Table 2. TN&-promoter A/A genotype at -308 position was
presented in 2 of 89 control groups and 2 of 225BQpatients, while no one
showed TNFa promoter A/A genotype at -238 position in all intigated
groups.

The allelic frequencies of TNE-promoter at -308 and -238 positions are
shown in Table 3. TNF- promoter A allelic polymorphism at -308 position
observed in 7.9% of control group and 3.3% of CHRBignts with statistically
significant difference f = 0.015). TNFa promoter A allelic polymorphism at
-238 position observed in 2.4% of responders ar67of non-responders.
There was an association of TNFpromoter A allelic polymorphism at -238
position and response to LMV treatmept=0.012). TNFa promoter G allelic
polymorphism at -308 position observed in 96.1%redponders and 97.1% of

non-responders.

_12_



Table 2. Frequency of TN&-promoter genotypes in control, respondarsd
non-responders

CHB
Control
Genotype
n=89 (%) Responder Non-responder  Total
n=103 (%) n=122 (%) n=225 (%)
TNF-a -308
G/IG 77 (86.5) 96 (93.2) 116 (95.1) 212 (94.2)
G/A 10 (11.2) 6 (5.8) 5 (4.0) 11 (4.9)
AIA 2 (2.3) 1 (1.0) 1 (0.9) 2 (0.9)
TNF-a -238
G/IG 85 (95.5) 98 (95.1) 103 (84.4) 201 (89.3)
G/A 4 (4.5) 5 (4.9) 19 (15.6) 24 (10.7)
A/A — — — —

note. n, Number of investigated patients; CHB, ohlrohepatitis B

_13_



Table 3. Frequency of TNE&-promoter allelic polymorphism at -308 anr#38

region
TNF-a promoter Control CHB
Polymorphism Responder  Non-responder Total
-308 region
G allele 164 (92.1) 198 (96.1) 237 (97.1) 435 (96.7)
A allele 14 (7.9) 8 (3.9) 7 (2.9) 15 (3.3)
-238 region
G allele 174 (97.8) 201 (97.6) 225 (92.2) 426 (94.7)
A allele 4 (2.2) 5 (2.4) 19 (7.8)* 24 (5.3)

note. Number in parentheses represent percentalgesv
P = 0.015, Control vs. CHB; *P = 0.012, non-respBdvs. responders

_14_



V. DISCUSSION

To investigate whether TN&E-promoter polymorphism at position -308
and -238 affect the response to LMV treatment itieptés with CHB, a group
of 225 CHB patients with LMV therapy were selecatl grouped according to
the LMV response. The present study is a first e@vig that the non-response
to LMV treatment in patients with CHB associatedthwiTNF-a promoter A
allelic polymorphism at -238 position (Table 370.012).

Patients with chronic HBV infection are gerigrdayporesponsive to HBV
protein, and the level of T cell reactivity at thistage of infection is
significantly weaker than in acute self-limited héfis B! Boni et al® #
reported LMV effect on HLA class | and Il restridtel cells activity restore
HBV-specific T cells responsiveness in patientshw@HB. Thus, this immuno-
modulatory effect of LMV may enhance recognition ttee clearance of HBV

infection in patients with CHB.

In HBV immunopathogenesis, HBV-specific CTL$&ohsh intracellular
HBV gene expression and replication by inflammatamgtokines (i.e. TNF
and INFx),”> and TNFe can especially inhibit the expression of HBV antige
in HBV transgenic mic&. Moreover, the lack of TNR- induces impaired
proliferation of HBV-specific CTLS. Thus, the level of TNE plays a critical
role in clearance of HBV. The production of TNMF-was regulated by
transcriptional level which was determined by the&ding capabilities of
allelic-specific binding elements witlrans factors. It was reported that TNF-
promoter region bound regulatory DNA-binding protei and the variation in
this site might affect the activities of the proexsf TNF-a promoter G to A

polymorphism at -308 position has been shown toagsociated with elevated

_15_



TNF-a transcriptional activity.® On the other hand, polymorphisms at position
-863 C to A and -238 G to A transitidrave been reported to be associated
with reduced TNFe promoter activity" * Some research groups studied to
association between the production of TdlFand other TNFz promoter
polymorphisms (i.e. -1031, -857, -376, -244% ®however the function of these
polymorphic variation is precisely unknown whetltee production of TNF: is
affected. TNFa promoter region -238 G to A polymorphism is knowno t
associated with CHBand progression of HBV infectioh. TNF-a promoter
region -308 G to A polymorphism is reported to ligniicantly associated with

HBV clearance and antibody productith.

Antigen presenting cells (APCs) deliver virahtigen presentation to T
lymphocytes through the MHC class I, Il. The vadas of MHC gene deliver
inappropriate viral antigen presentation to T lymgftes®, so it may affect
HBV infection. Ahn et af* reported that HLA-DRB*13 associate with HBV
clearance in Korean. Other groups also reportedcagon of HLA-DRB*13
and HBV clearance in Caucasiarand Africari®. The TNFa gene is located
between major histocompatibility complex (MHC) dalsand MHC class Il. To
investigate the linked polymorphism between T&NBnd HLA on the outcome
of HBV infection, some research groups studied @ation of TNFa promoter
polymorphism and HLA types in patients with HBV éction™® # %In point of
this, the linked polymorphism between TNFpromoter and HLA types may
profitable to the present study and needed morestigation.

Although our results demonstrated ThFpromoter polymorphism at -238
position was associated with LMV response, we ditl include the influence of
the TNFa production by TNFa promoter polymorphism at -238 position in
CHB patients with LMV treatment. Moreover our ddtad a small investigated

population. So, the present study needed for tmetifnal study and large of

_16_



population.

In the present study, we showed that TdNBromoter -238 A allelic
polymorphism is one of the host factor associatdath whe LMV treatment
response. Thus, TN&-promoter polymorphism may be a helpful information

the clinical research of LMV response in patientshwCHB.

_17_



V. CONCLUSION

This study demonstrated that TMFpromoter A allelic polymorphism at
-238 position associated with the response to LM&atinent in patients with
CHB. These results suggest that Thifpromoter -238 A allelic polymorphism
may be one of the factors related the non-respdnsdMV treatment in
patients with CHB.

_18_
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Abstract (In Korean)

w4 BY 2dol A guRd A %

tumor necrosis factor-a A& ttd A 3o A

W BE HE A mAE BY M9 wole 2 (HBV)S A A E4E
AAstE gtrl o] b wol AFEE AL gtk HE Aol A vhA
o 3Hx}e] cytotoxic T lymphocytedCTLs)] 7|55 3] 5 A7) 2hnl 39 9]
W xd 750l B FAt. HBV E0] %<2 CTLs2 tumor necrosis factor-
a (TNF-a)¢ #HlE &3 HBVY HA et Fdx &d-s A, o2
Houkg-o g34 o2 HBVE A ASESE 238t TNFae= W4 B3 3H
A FApe] koA Eu| ko] FrbshH, promotedt$l o] fx A thE Aol w
ZHA HAR GAleE AAF F Al Al TNF-a w4 %ol 2. TNFa
promoter -308 -9l 9] 74 tEPAL> BE ke A A frof, 238 H9
FHA G BE Y A ddo] dvkar B ®l onp 917
of, & d3+= TNF-a promotervxdx—i gl mE v BE HEA 7
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A e e A kg te] o
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WA BY HEEA T oghv A A7 Rk Amd2ad o hE
L A 2259 S YR A8 Ay A7 F A
AAL, HBeAgel 974 Aol wha} vk
(non-respondersi22™) o = E/Fak9lar, A4 A4Q =t 899 ¥ v s
=3

TNF-a promoter -308 F+2912] G allelee ZvjRd X5 ¥k Fof A
96.1%, HIHE-g ol A& 97.1% % 11, A allele type® wF-§ o A 3
WS 29%E 7 oo 7HY] A FoAd e BEEHA okt vh TNF-a
promoter-238 9]¢ 74 G allele x5 9b-3 ol Al 97.6%, B RE-S ol
A 92.2% AT A allele& X5 WS ol A 2.4%, H|HEE oA 7.8% =
= o] TNF-a promoter-238 - $19] A allelez} #}w|Fl v]gkg o+ 19
SAA ool BEH

WA B P S tel A gbr el o) s HBV O] el Q1A
ste] CTLs w7 WS wkg-o] 3]E 4 4 oA vk TNF-a promoter-238 ¢
o FAA gF Aol o] TNF-ae] ¥ o] HAashA =W ghv]fdo] o
g A 8RkEo] oy A s du wEbA B Ao Aye g d
2] g ¥k-g-o] TNF-a promoter-238 99 A2 Aol J4F& = F%
AttE AL A SRk v BE k9 &k AA S Aol o w

of digt A3 v #AE F g TNF-a promoter] et 3714 <l
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