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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-xkB, 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 iNOS, NF-kB 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.

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

cholangiocarcinoma
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cox-2 lulitattiaay '3';wﬁ‘ﬁm:é’umiﬁwmia%a‘éas: NO lugﬂmaﬂmm@/vlu

a

A = A A @ =< = a o aa
lasluiaaardaluiitatta au lasdnwudSounaunumIilaswilasniewe1sing

v
=

32 @nwlwwaadaianunvasgilhelagiinisd@nwnasi
NN398NUULNINARES INUTZTNIIRNARYNINIANIATE utidusnunga anu
mw;mnwaﬂsﬂ LL@iazﬂﬁjumxﬁiuLﬁaﬂuﬂﬂQuaz 3-5 et Usznauals 1) NyuAL
ﬂﬂﬁLLazﬁisziaﬁ’\ﬁﬂﬂavl,&ia@wm%‘lﬂﬁﬁuﬁﬂuaﬁ@lLLazﬂﬁ]ﬁ;ﬂu 2) ﬂﬁjmjﬂwﬁa@



8

wenFluldauluanunuuiusasneniszaudie g uazlinnuRalndvesszuuvieting
TLAUAN 9N Az 3) naudtheuzieviathd ndsznmsaunguaziiuiiaau
wonisadidaiaauninuauihannizdudouaudiauvaswenluldey Tu

T2ULIALAZAMMTUTWALANIZRN  LAIA52970N3839 NO  lawadey  Griess’

reaction ATIIANITUAAIBENTEY INOS, NF-KB Laz COX-2 lagazianshaadaan
luszdu mRNA lasnafia real-time PCR WLaz@siamsuaadaantadllsdnlasis
immunocytochemistry  laavinufAsaniuuaudvadfisunizdalysdin TLR2, iNOS,
NF-KB Laz COX-2

3.3 waiaila@nen
1) msansludainaaas sadetsrnunassznavaswensluliey destan Ay
MuNEsziadarasned uarlaunudiussuzfiadavainend (metacercaria) A8
50 metacercaria IUNURIINANZLTI (NDMA) LgmﬁhﬂﬁmzuﬂdLﬂ%ﬂ&jll@]’]lliu‘ﬁim
15798 @im&mmzmnmﬁﬁmm INULRAALAZAY A28819188a21INN1IAT2270
waunMIsivmtayyadasia NO lasialugdvasluasa/lulaslaoanduujizen
Griess’ reaction dwsrathatitaifiasy (lasawnzu3nmsauratiiafifiamssniay)
azudseandususwrin gin uasvnsasaaiansil 1) ﬁjﬂmf’]mwﬁ RNA uaaLAu
1371 -80°C iiiarianania mRNA tieSaLSanos mRNA 289 iINOS, NF-KB Las COX-

2 lavaduinaila real-time PCR 2) Julululasiawnar usufivlin - -80°C e

unadSunuldsduwes iINOS, NF-KB waz COX-2 lagi® Western blotting
\Waltaauazgn homogenate TaanuduTuaaIUSI MU TAuLEn run
i \ a v o Aaa [ a Ado ! A
electrophoresis falysAuasuuiuTn us ¥ jAsenuuendvedndiwzdalsdin
iINOS, NF-KB 18z COX-2 Wa1IAS I Ma28 chemiluminescence 3) Lhaldagiuh
Nzl 10% neutral formalin LiNaYin tissue embedding GaTWLie (tissue
section) waTURaNATIIMEINARA  immunohistochemistry  lagazdaueae
a ado . a . o a o
waufvadndumizealyséin  INOS, NF-KB Uaz COX-2 @aniadlagaids
peroxidase %38 fluorescence oty tissue section UNNFIWITINGDNF
hematoxylin and eosin LWaaTIansiasuulaimanenTaninuazmsimiuaadlse
(Besnliluaudvefda TLR2 fAvhdjitenldlunyuaumass asuudslidrims
@573 TRL2  lumsAnslugainases fumsansn  NF-KB Auaasindnmg
transactivation 270 cytoplasma NAUNY promoter region luflefes 9272
lasns  localization  laswmnadia immunohistochemistry WNWID Electrophoretic
mobility shift assay: EMSA)
¢ & A A % A Al %Y
2)  nsdnsluwsadliadanzifignnszquaisuendinusasmensluldsy

A0ToUANNUARITZLIAVDIN EJW“EGLUVLE:}J/(;]’U daglan (NUTIUTINTEHZAaAauaINeNT
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%

wirflaunyaisszocfiadavaswend (metacercaria) @8z 100 metacercaria LR e
wipld 3 1heu  amuAUTILTINNE T MZIRBINBIATEY excretory secretory
antigen Wuaudawinnizquivimsdidaiiaauninuanuldszmnindnm  laold
AN NTULALITZHLIATANIZRY  LAURITANAIINLALLTAaLND TN A0 70T
myafuaseuyadaszoiia NO lasdalutveslwasa/lulas ordudjiten Griess
reaction Lﬁumaa‘l,ﬁ@Lﬁamnﬁgﬂm:{]’uﬁammu@wmaawm% urluiingn RNA
uAL AN -80°C  NaNNENA MRNA LEYININIIATINANIILRAIaaNaaY TLR2,
iINOS, NF-KB ay COX-2 lagaduinaiia real-time PCR  LOaaU198%azin b
a9 lUsAwnaa83T  immunocytochemistry  lasviufAssnnuuandvedn
Fuwzealdsin TLR2, iINOS, NF-KB Uaz COX-2  Ua1eTadlagaide
. A A =

peroxidase %3aR13L389F fluorescence

Aa A un 6 v ~ ngﬁ o a 6 v A 6
RAGNLTILATIH magaﬂ"l,@mmm:mmaLmﬂ:ﬁmUﬂawmmai Tisunsu STATA
version 6.0 W&z SPSS version 10.0 1U38UBUALAR[E mean PedlszmnIEaINgu

o student pair T-test nagauLLSoUfay 3 mﬂ;&ll‘ff Anova analysis

. LABNIIANRWITRIVLARDALATINIT LBUARZTEIS 6 LA

=)
=n.
N

AanTN 9 1
S aui1-6 7-12 16 7-12

1. dastanazny metacercaria, —_—

infect W Lﬁ&ld%jﬂ: éahﬂhuﬁué"mzm

2. i’Jauwm%’Lﬁ%H Lﬁﬂ\m‘% AUWENT

LATHNLOUALIN

3. nagaUluraInaaas

A
v

4. @TNATIER TNHINUKE

A
v

- ayHauAzInYinTIsIuIdY —

- avausngie «—

. @IS'J‘%%L@]TW‘VT IUITUHAR —p

5
6
7. L FUlADaUAZINIAE «—
8
9

. agﬂwal,l,a:%'@ﬁﬁmmu%%'m —

NRITWRATB138INAIATNIEARUN LI TRITITINITIZA LW TG Ll eiaz )

99 1: TaFaINeaINARUN Expression of NF-KB, iNOS and COX-2 associated
with the progression of cholangiocarcinoma development in animal model

TI81INANAI19LANUN : Carcinogenesis AN impact factor = 5.405
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U 2. FaEesfianainazfifam: Expression of NF-KB, iNOS and COX-2 through
TLR-2 association with the severity of opisthorchiasis-induced the
hepatobiliary disease

TaNIEINAIAINALANUN ; Cancer Research 31 impact factor = 8.318
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nssuitutisaaniile 3 dw Godt

1. M3La89 RAW 264.7 macrophage cell line ANNIZAUAIY wandAwfiannan
Wes OV lawamamsuaadaanvad TLR2 uwaz TLR4  1agdT  flow cytometry Was
immunocytochemistry  @333N17LRAIBNYBY NF-xB  waz iNOS 1ae3% double
immunofluorescence WA Western blotting UazaIINIILEAIaanNYUad COX-2 1o
Western blotting W&z immunocytochemistry luimasuzisouualaswiania RAW 264.7
m:@ju@i”aULLauaLﬁmﬁaﬁ'@mﬂwm'ﬁ oV NANIATIALALAD flow cytometry UaY
immunocytochemistry L&AIILAKGALAW OV wigihnsugaseanaas TLR2 uelils TLR4
HANNIATILALAT Western blotting WA immunocytochemistry Wu31 NF-kB, iNOS L&z
COX-2 pnuaadnanlumasuualasniaziia RAW 264.7 ﬁ'lmzéju@i”ammuawuﬁaﬁ'@mn
WeND OV aUANULTUTY ﬁ]’mwaﬁwuf:agﬂi’]wm% oV wilghmIineusuaddanszuIn
Snigurums TLR2 ialwinisuaasaanaas NF-xB lumilsainisugasaanues iINOS

WAz COX-2 NamsﬁﬂmagﬂvlﬁﬁaLLa@alugﬂnwwﬁaﬁ

B - -
- - -
B TLR2 TLR4

_ 1004 100

3 i

E | A

=1

= — -

3

° -A ]
a T T, 0 5 = T T 1
10° 10" 1% 10° 10' 1w 1w 1w 1w 10!

Fluorescence intensity

gﬂﬂ’lwﬁ 1 MIuFAIBanvad TLR lu RAW 264.7 macrophage cell line gﬂﬂizﬁuﬁw
LAUALUNENANNENT OV (A) immunohistochemistry €aa@28 anti-TLR-2 antibody L&
(B) flow cytometry £iaue28 anti-TLR-2 %38 anti-TLR-2 antibody
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A Control 25 pg/mi 50 pg/ml 100 pg/ml

iINDS

NF-xB

Merge

Q. viverrini
B 0 25 50 100 antigen
NFxB —p- St S - W
Tubulin —P g S
c 0. viverrini
0 25 50 100 antigen
(pg/mil)

iINOS  —jp o

Tubulin —j» i G g

gllﬂ'lwﬁ 2 MILEAdaanuad iINOS waz NF-kB lu RAW 264.7 macrophage cell line 0N
NITQUME Laudilanfisniaanwens OV (A) double immunofiuorescence fausag anti-
iINOS ez anti-NF-kB antibodies LLas (B) Western blotting of NF-kB (C) Western blotting of

iINOS 138Ut N8 uNY tubulin
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A
Control 25 pg/mil
e -- T

0. viverrini
B 0 25 50 100 antigen
(pa/ml)

COX-2—j= G- G =

Tubulin—>

gﬂn’lwﬁ 3 MIuaAdIaanuad COX-2 lu RAW 264.7 macrophage cell line Qﬂﬂi:@uﬁ’m
LAUALAUNENAINNENT OV (A) immunofluorescence £aaaa8 anti-COX-2 antibody Wag (B)

Western blotting of COX-2 1USauiisuny tubulin

' OV antigen

Toll-like receptor-2

suUn i 4 agﬂna"l,nﬁmﬁ]Lﬂuvl,ﬂ"l,ﬁmaamsm:@uﬁammuﬁwumaawm% oV  @ams

AOUELAIADNTZUIUNIONLEL
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o 4 a 1 [ 1 (=
2. Naﬂ']‘iﬁﬂi:ﬂi%ﬁ@l'gﬂﬂﬁaﬂ ﬁiﬁﬂﬂ']ﬁ OV sjdnud1IInaaztIy NDMA

Iuﬂwmuama%ﬁﬂauﬁmwm% OV sIuNUaITAaNzt3s NDMA ﬁlzmﬁmﬁ’ﬂ,ﬁ%wﬂu
P2SIVaUNE  WANIIOTIAINWNENTIFLAWLANNNIRANENT OV aradsawnieainliiie
¥ { d a 1 :’ { 1 { v 0 =3 a Q€ o v
aibaiiuiiusaurathd  lusaeinynduildmnonziss NDMA uaz OV ie3ugndvld
LAY aUMIaALANLAZNZISIVaNNaN 6 1Haw Nan1IRIIAlasdT RT-PCR uas real-Time
[ 1 =3 a cs‘ nl a .
RT-PCR WU31 OV Tiu0UeNInauzlss NDMA L&3NONIININIILEAIaanuasat iNOS, NF-
KB URY COX-2 RUWKENUNITZLIWNNIINANZISIVIaNNG  n1Iugadaanin  antioxidant
enzymes LB% Cu/Zn superoxide dismutase (SOD1), Mn SOD (SOD2), catalase (CAT) L&z
. . y . o ¥
glutathione peroxidase (GPx) AR IMTULANTUEAIBaNTEd INOS WAz COX-2 LN
LN INNANTIE oxidative WA nitrative stress NIIRERNVAY Proliferative cell nuclear
. o/ ' = e & A a ' g’ a 6 o o ¢
antigen (PCNA) @2L4TUaInIUUIAIVDILTAR I%LﬂaqN’ma%’mLLEI::I%L‘IJ@E]QT‘ILN‘]J?(&JW%‘.E
o a & = g o .
AUNNILRAIDANTIIWLAETE  HNANITANENHLULININNTLEAIDANTEY INOS, NF-kB LAz
dl U Q a Afﬂl 1 =1 =Y a
COX-2 N TaINUNATaINILFINONINUVBIRITNaNSS NDMA  UazmMIfawens OV
AIBUINREIRLAzNANEAT0I3%  anauTlwdszlumiiNalHilua st n iz Fasn s uuzS
wazanaiwiniihnunslunisldasdasnumaiavziSedaly

2.1 HANSANBINIWINYISIN

sunni 5 LLammSwiaﬁ’laluﬂwmuamﬁ Alasuwensluldau ov wazsnsna
V2159 lwdeun 6 (A) unmwinuesdiaan (B) Awaluannnsgaud hematoxylin

LR eosin
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NDMA

sinnn 6 u,amwm%ﬁaimlué’u%w,l,auaL@a'§ﬁ€1@wm%lﬂﬁé’u OV $38 R13NaNzSY
(NDMA) LiNg98En49L087 wae OV + NDMA 1u3uf 90 3% uaziui 180 wuin

ﬂg}ﬁlﬁwm‘ﬁ OV + NDMA azuiluuzt39viasing

2.2 HanN3UEAYaanVad Proliferative cell nuclear antigen (PCNA) @2148289n13

wisAIDadnaa 1aa35 immunohistochemistry

90D 180D

3 p

OV = O. viverrini, D = day

cda

Eﬂﬂ’lﬂﬁ 7 MILEeIaanYad PCNA luﬁuﬁwmuamaiﬂm@wm“sluvlﬁﬁu ov LLﬂZil%

V21597018 1wIuh 90 waziuh 180 (LHauh 6) laudandae anti-PCNA antibody

WU PCNA u,amaaﬂmﬂﬁq@lwﬁamﬁmaﬁﬁﬁ
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2.3 N1SUEAIAANIKITAU mRNA 22994 iNOS, NF-kB, COX-2 Wag antioxidant
enzymes ‘lué’n’nw%uauama‘?ﬁﬁmm%c[uvlﬁéfu OV waza1snaxziss NDMA laginaiia

RT-PCR 1182 real-time RT-PCR

A)
21D 1M 2M M 4M 6M
UNGOONUNOONUNOONU NOONUN OONU N O ON
B)
NF-kappaB
1000 - — U
I N
)
/1 ON
- 100 A
a
a
<
o
@ -
o
Q
3]
=
L
z 1
A
21D 1M 2M 3m am 6M

Duration times

U= normal hamster, N = NDMA, O = O. viverrini, ON = O. viverrini + NDMA, D = day, M = month

gﬂmwﬁ 8 MILEAIBBNVBIIU NF-KB Iué'umummmaﬁfﬁa@wmﬂﬂﬁé’u oV uazlu
mﬁ\‘wimi’la 10837 real-time RT-PCR (A) wonls 2% agarose gel electrophoresis
(B) TAUNSHRAIBDNVEIIN NF-kB LUSHUWABUAD GAPDH lasdfiuissnisuaad
88NUUL Ct method 91N%Y 3 67 LAZMINARBIFNDY 2 A59 MTURAIDBNVDIEH
NF-kB gaﬁqalu%gmjwﬁlﬁwm% OV + NDMA lastamnzidiand 1 uas 6
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A)
21D 1M 2M M 4aM 6M
I 1 I | I | 1 1 | I | 1 I 1
U NOONU NOONUNO OONU NOONU NOONU N OON
B)
iNOS
1000 -
U
I N
] EEE O
T 100 —ION
(=)
o
<
o
0 10 -
(@)
Z

21D ™ 2M 3M 4M 6M

Duration times

U= normal hamster, N = NDMA, O = O. viverrini, ON = O. viverrini + NDMA, D = day, M = month

gﬂmwﬁ' 9 MILEAIBBNVBIIN INOS ’Lué’fv%wmmma%ﬁa@wm%’l,uvlﬁéb oV uazlu
uxi5viatind lag3s  realtime RT-PCR  (A) wamsugnlu 2% agarose gel
electrophoresis (B) J:@UMILEAIB8NVBII% INOS 1UTauLfisuny GAPDH lag
fMUIUNIIUFAI88NULL Ct method MWL 3 61 LAZMINARBIFNET 2 AS9 M3
LRAIBBNVBIIN INOS gdﬁqﬂlu%hbﬂguﬁ‘lﬁwm% OV + NDMA lagiamzidond 1

LaE 6
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COX2

oo0ozcCc

100 -

10

COX2/GAPDH
e | [[[[]]

.01
21D 1™ 2M 3M 4M 6M

Duration times
U= normal hamster, N = NDMA, O = O. viverrini, ON = O. viverrini + NDMA, D = day, M = month

gﬂmwﬁ' 10 MILEAIDBNVDIIU COX-2 IuﬁU%HLLammai‘ﬁ@@wm%lu"[ﬁéi’u oV uazlu
uniSeviond 1agd%  reaktime RT-PCR  320UMILEAI0ONUDIT%H COX-2
\WisuifiBuny GAPDH lasfuimniuaasaanuuy Ct method 91N%Y 3 61 UAZ
AINARDITNTY 2 A59 MIUFAIBONTBIIH COX-2 gaﬁqmlw&néuﬁlﬁwm% oV +
NDMA lastamzidandl 1 uas 6

Duration times
21D 1M 2M 3M am 6M

UNOONUNOONUNOONUNOONU NOONU N OON

SOD1

SOD2
CAT

GPx
GAPDH

U= normal hamster, N = NDMA, O = O. viverrini, ON = O. viverrini + NDMA, D = day, M = month

Eﬂﬂ’]W‘ﬁl 11 mmamaaﬂmaﬁu SOD1, SOD2, CAT, GPx ’Luﬁw%uammas‘ﬁa@wm%
105960 oV wazluwziSevionnd Tad% RT-PCR wisuiisuny GAPDH lasusnlu
2% agarose gel electrophoresis MN#Y 3 ) LLazmiﬂﬂaa\‘]ﬁﬂgﬂ 2 ﬂ%y'o n3

LLamaamlaa%‘um&hﬁ@‘hﬁq@h%&mjuﬁlﬁwm% OV + NDMA lagianizidani 6
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OV antigen
9

~ | Toll-like receptor-2

Inflammation

CCA development
N

U
T No, RO

COX-2 8-NG

ﬂ ‘02\ 8-%0(’6

—> NO ——> ONOO—

8-NG = 8-nitroguanine, 8-oxodG = 8-oxo-7,8-dihydro-2'-deoxyguanosine

sunwi 12 agﬂﬂa"lﬂﬂ’lsl,ﬁw:ﬁwiaﬁﬂ?lﬁmaLﬂuvlﬂvléilu%kmauama%ﬁ?mwm%lﬂﬁ
@u OV uazladTuRIIAaNzL3I NDMA HIunIUaadaanuaddw NF-kB, INOS Las

COX-2



