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Antiviral Effect of a Combination Therapy of Amantadine/Biphenyl Dimethyl
Dicarboxylate in HepG2 2.2.15

Seong-Soo Joo, Tae-Joon Won Yong-Jin Lee, Kwang-Woo Hwang and Do-Ik Lee*
College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea

Abstract — For decades, the demand for new antiviral strategies, especially in hepatitis, has increased markedly due to its
devastating pathogenic outcome. In the present study, we examined the antiviral effect of the combination of amantadine
and biphenyl dimethyl dicarboxylate (DDB) in HepG2 2.2.15, which is transfected with HBV DNA. The study demonstrated
that the combination not the single treatment may have an anti-HBV effect through a synergism of antiviral, anti-inflam-
matory and cytoprotective activities in STAT1 ¢, 6-16 gene, and pro-inflammatory components such as nitric oxide and IL-
1B expression. In addition, hepatitis B surface and core gene expression were examined as a final end point for the anti-
HBV activities, which was also significantly suppressed comparing to normal control (p<0.01).
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Amantadine(Sigma-Aldrich, U.S.A)% DDB($. &) dlgA)|ek)i=
Y2+ 33155, oMEY E™e] 9] stock solution(10X)2 1t
Eo] 20°Co) A48}, A8 Al microfiltered vjokulx]o] 3]
A3lod Aol chgt 2L HASBIHHAET S ¢ interferon-
o, 1000IU; amantadine, 20 ug/m/; DDB, 50, 100, 200 ug/ml).
HBV in vitro 222 A4 HepG2 2.2.15(human hepatoblastoma
cell line)S AFE3}E 21, 10mM HEPES, 5% fetal bovine
serum(FBS), 100 IU/ml penicillin, 100 wg/m/ streptomycin®]
¥ RPMI1640 v o)X ufokaie] Aol A8t

AE2HE] E8)E= nitric oxideNO) 42 98} modified
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gaa cat gg-3, anti-sense: 5-acg ccg cag aca cat cca gc-3
(253 bp); HBsAg, sense: 5'-gaa gca ccc aag tgt cct gg-3, anti-
sense: 5'-aaa cgg act gag gcc cac tc-3(380 bp); 6~16 gene,
sense: 5'-caa gct taa ccg ttt act cge tge tgt-3, anti-sense: 5'-
tge ggc cge tge tgg cta cte ctc ace t-3(553 bp); IL-1B, sense:
5-tga agt gct cct tcc agg ac, anti-sense: 5'-tcc ttg agg ccc
aag gcc ac(445 bp); GAPDH, sense: 5'-cca tca cca tct tcc agg
ag-3, anti-sense: 5'-cct get tca cca cct tet tg-3(576 bp)). L3
izl B8 93] western blotS 58315t =, cell lysate
o2 HE FZ2 W 30 ugS 10% SDS-PAGER 2| &
PVDF membrane®] transferd}$i T}, MembraneS- 5% nonfat
dry milk/TBS-TZ 2|4 1417k blocking 3 ¥ TBS-Te] 2]
A8 anti-STATlo(Zymed, U.S.A), anti-NF-«xB/Rel-A(Delta
Biolabs, US.A)E 1A7F F9F Ao vESAIZTE 12} &4
2] ¥ anti-mouse £3= anti-rabbit Ig-horse radish peroxidase
(Zymed, U.S.A)) 2%} d41E £9 ECL(enhanced chemilumine-

scence luminogram) reagent(Amersham)& Rhe-A|7 ZEof -
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Fig. 1 - Comparison of nitric oxide (NO) production in culture
media after five days of incubation with each experimental
drug. NO increase was found m DDB, amantadine, and
DDB/amantadine combination group compared to positive
control (interferon-alpha). Cont, culture midia, IFN-c.
interferon-o, DDB. biphenyl dimethyl dicarboxylate,
amant. amantadine, AD. amantadine+DDB. Values for
nitric oxide are expressed as mean=SD for triplicate
measurement. *p<0.05 vs. control (t-test).
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Fig. 2 - Signal transduction of IFN-dependent/-independent pathway and gene expression of 6-16 gene and IL-1f. A. Western blots for NF-xB
(Rel-A, p65), IxBa, and STAT1a. B. RT-PCR for 6-16 gene (I) and IL-13 (ID. Line 1, control; line 2, interferon-c; line 3, DDB; line
4, amantadine; line 5, amantadine+DDB. **p<0.01 vs. resting HepG2 2.2.15 (control).
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Fig. 3 - RT-PCR results of HBsAg (A) and HBcAg (B) mRNA levels in HepG2 2.2.15 cell line after 3-day treatment with each study agents.
Relative levels for each band were assessed by scanning densitometry. A significant down-regulation of those genes was observed in
AD combination treatment (p<0.05). *p<0.05 vs. resting HepG2 2.2.15 (control).
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