187772

nsudavssntasdwiiBifialuaineanlyd8uiasa (inducible nitric oxide synthase,
iNOS) uazlzlaaand@linaans (cyclooxygenase-2,c0X-2) Himidutarluarlhil (NF-xB) In

Tsanaslulaau: nsAnsndainaassligan

unAatda—nsAAWENT Opisthorchis viverrini (OV)  wilisirluasnuszeanFiafindiuian
' ¥ X o o ' a & 1 3 o A a ¢ a
mﬂmuns:mumsanLzmnasam"lﬂgmsmu:mnaﬂnm‘luﬂu Lwawglwna'lnmaawmﬁ oV
WREMMIADUAUDIABNITLIUANLEY LT TFNwIMIuaaIantasdud g dalusinaanlaesy
L1938  (inducible nitric oxide synthase, INOS) LowiaWuaWihil (NF-xB) lalnaandiuwseaas
=l A’ - - {
(cyclooxygenase-2,COX-2) InalaTiowiaed uaudoonduamewlsy uarduwnuuaslalealaly
(1) wasuzTwualawariia RAW 264.7 fignnazeudsuandauiianannwed ov, lu (2)
aunyuansaainlinms ov fauduasnanz3e Nenitrosodimethylamine (NDMA) uazlu (3)

€= A v a a [ a - o a
l‘ﬂﬂalu@laaﬂ'ln'nlaﬁﬁﬂﬂﬂWU']ﬁ ov ﬂ?:@luﬂ')ﬂuﬂuﬂlquﬂﬂnﬂ%']ﬂwU']ﬁ oV

1) luaasuziFounalaswrazsiia RAW 264.7 ﬁ'mzsfuﬁauuauﬁmuﬁﬁﬁmmwm% OV Ha
n3939las3%  flow cytometry uar immunocytochemistry WAAIITLAUALIN OV wfiinms
usayaenved TLR2 udlils TLR4 wan3a7alas3s Western blotting uas immunocytochemistry
WU NF-«B, iINOS uaz COX-2 gnuamdaaniuigasuunlasmhasiia RAW 264.7 ﬁnszvjuﬁw
uaudleufisianinwe® ov eaanududn  nsafinufuusihiined ov miisnims
ADURKDIRBNITIUIUBIIRUAIUMY  TLR2  1ailimsusaiaantas  NF-xB Twnitenims
WEAIAANVBY iINOS Uaz COX-2

2) 'lunhmaummafﬁﬂauﬁmwm% OV TmusInaus3s NDMA wend oV (§3ugndnu
fnauzss NDMA g linuiiuuzdoiarnd  nanmsamamanmisalanuimsfensns

ov atadrumilsnhlwinadiadafomuseuriedhs Tumm:ﬁmémjuﬁ'lﬁmsﬁamﬁa NDMA
uaz oV issugnivhlwiAaviathdivmadnuacunSoiodad 6 @eou nanmsaselagit RT-PCR
sz real-Time RT-PCR Wui1 OV Tanduarisuzi3s NDMA &SunnilAumsuaaiaantadau
iNOS, NF-kB Waz COX-2 duwusiunszuaumsibaundoionnd  nisuassesniu antioxidant
enzymes LTW Cu/Zn superoxide dismutase (SOD1), Mn SOD (SOD2), catalase (CAT) uac
glutathione peroxidase (GPx) A9 MU TinIIUAAI8ENTEY INOS WAz COX-2 tRadn uusin
TUAaM22 oxidative uas nitrative stress NTIRTRUVDY Proliferative cell nuclear antigen (PCNA)
Mfuasmsudasavenoas 1utﬁaqE‘hvia'lf'lﬁLtﬂ:‘lutmaﬁavnmuﬁ'uvi’uﬁﬁummamaan’uaﬁu
Wil mamsfinmifunsiiinisuseseanves iNOS, NF-kB W8z COX-2 (fitndaanunarainms
\ugnTiussssnInianzise NDMA UWazmsaanes ov FriuS e iusnananuasiuenain



187772

{ vV & a 0 : i [ ) U
rzlominelfiduaustmaniosnmaduuas uazoatuIuihvansluwnmslesss
JaanunmsiiausiSedaly

3) luaadidadanvvosnufidansns ov ﬁgnm:ﬁuﬁ'zuuauﬁmuﬁaﬁmwnwm% oV
Han1TATlau3T realtime RT-PCR wWuiiuaufiion oV wilsnihmsusaseantesdn IL1, TLR-
2, NFxB, COX-2, SOD2 usz CAT luaasiiaifaarvainulnd miugadaanuaddn IL-1, NF-
xB, SOD2 (Ruduluszozusndl 6 Falus ndsendunsusataanvas TLR-2, COX-2 war CAT
Ruduit 12 fﬂmnﬁomsm:ﬁuﬁ'suuauawuﬁaﬁﬂmnwm% OV a7 INY8INITUEAIDAN U
356U MRNA 189 COX-2/CAT, prooxidant/antioxidant AN 12 uas 26 v Lﬂ‘%'umﬁuuﬁunéju
agn  lwoasiliaiRanunvesnuiidanss ov ua:m:vjuﬂ"duuauﬁmuﬁaﬁﬂmnwm% oV
WUIMUULHUIaIMIUEAdanTainmsiaderuluawng  oniumIuaaseanvesin  TLR-2
Wadnluszozuandt 6 $2lug né’amin'szofuﬁvmtauﬁtwﬁaﬁmmnwm% oV sauladluatinebein
ORTIEIUVBINTIUANIBONINIZAY MRNA 189 COX-2/CAT (Ranflu 140, 90, 30, uas 40 ¥
wWisuifisuiunguaiugn uazganiluaudndedafiioidy namsinmituusiiuandiouses
Wit oV mﬁmﬁ'\ma:aan‘itﬂﬁwmmamummauauawians:mué’mau oo Wldens
fasiunmaiauzTolunsfiansn® ov AsuiusiumaiaunSerianig



187772

3
Expression of inducible nitric oxide synthase (iNOS) and

cyclooxygenase-2 (COX-2) via NF-«B 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-xB),

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-xB-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 iNOS, 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 iNOS 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 iNOS, NF-kB 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, mRNA 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.





