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Expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) via NF-xB in opisthorchiasis: from animal to

human study

Abstract— Opisthorchis viverrini (OV) infection induces nitrative and oxidative DNA
damage through chronic inflammation, leading to cholangiocarcinoma (CCA) development in

human. To clarify the mechanism of OV-induced inflammatory response, we investigated the

expression of inducible nitric oxide synthase (iNOS), nuclear factor-kappaB (NF-kB),

cyclooxygenase-2 (COX-2), Toll-like receptor (TLR), antioxidant enzymes, and inflammatory
cytokine in (1) RAW 264.7 macrophage cell line treated with an extract of OV antigen, in (2)
the liver of hamsters treated with OV and N-nitrosodimethylamine (NDMA) and in (3) white

blood cell of OV-infected patient treated with an extract of OV antigen.

1) In RAW 264.7 macrophage cell line treated with an extract of OV antigen, flow
cytometry and immunocytochemistry showed that OV antigen induced the expression of TLR2

but not TLR4. Western blotting and immunocytochemistry revealed that NF-xB, iNOS and

COX-2 were expressed in RAW 264.7 cells treated with OV antigen in a dose-dependent

manner. These results suggest that OV induces inflammatory response through TLR2-mediated

pathway leading to NF-kB-mediated expression of iNOS and COX-2.

2) In the liver of hamsters treated with OV and NDMA, OV and NDMA synergistically
induced CCA in hamsters. Histopathological examination revealed that OV infection alone
induced fibrosis around bile duct, whereas NDMA and OV synergistically induced the
formation of small bile ducts and CCA at 6 months. RT-PCR and real-Time RT-PCR showed
that OV plus NDMA induced synergistically increased the expression of iINOS, NF-xB and
COX-2 in relation to CCA development. Expression of genes of antioxidant enzymes, such as
Cu/Zn superoxide dismutase (SOD1), Mn SOD (SOD2), catalase (CAT) and glutathione
peroxidase (GPx) genes, was decreased, while the expression of iINOS and COX-2 increased,
suggesting that oxidative and nitrative stress occurred. Proliferative cell nuclear antigen
(PCNA) accumulation, indicating cell proliferation, in the bile duct epithelium and
inflammatory cells was associated with the expression of these genes. These results suggest

that the expression of iINOS, NF-xB and COX-2 is involved in the synergistic carcinogenic
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effect of NDMA and OV infection. Therefore, these genes and their products may be

useful biomarkers to evaluate the potential risk of development of tumor and the candidate

genes for cancer chemoprevention.

3) In white blood cell (WBC) of OV-infected subjects treated with an extract of OV
antigen, real-time RT-PCR revealed that OV antigen induced the expression of IL-1, TLR-2,

NF-kB, COX-2, and SOD2, CAT mRNA in WBC of healthy subject. Expression of IL-1, NF-

kB, SOD2 mRNA increased earlier at 6h and then expression of TLR-2, COX-2 and CAT

genes increased at 12h post-treatment with an extract of OV antigen. The ratio of COX-2/CAT,
prooxidant/antioxidant, mMRNA expression increased 12- and 26-fold compared with untreated
control. In WBC of OV-infected subjects treated with an extract of OV antigen revealed that
expression profile of these genes were similar to healthy subjects, except TLR-2 gene increased
earlier at 6h post-treatment with an extract of OV antigen. Interestingly, the ratio of COX-
2/CAT mRNA expression increased 140, 90, 30, and 40-fold compared with untreated control
and these levels were significantly higher than those of healthy subject. These results suggest
that OV antigen induces oxidative stress through inflammatory response which may implicate

for chemoprevention in OV infection-associated CCA development.

Keywords— inducible nitric oxide synthase, NF-kB, cyclooxygenase-2, Toll-like receptor-2,
antioxidant enzymes, inflammatory cytokine, Opisthorchis viverrini, N-nitrosodimethylamine,

cholangiocarcinoma



