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UNAALD
SWAbATINTT TRG4880004
solasany miﬁnmmmamaamm:wamsﬂ'uﬁ'\ammamaaﬂmaﬁun@;w signal
transduction LALTRRINZLAEY NIH-3T3 ﬁgﬂm:@jﬂ@ymiﬂ”@m‘"@mn
wen5lu'laiau Opisthorchis viverrini
rawmBUazaNi®  Tumaanasd wiy.at ke 23ad
MOITITIUAL AUSUNNLANFNT URIINLIRLVAWLA
E-mail address tchani@kku.ac.th
srazanlasens  nIngaau 2548-8W18% 2550
msdaawenBlu'ladayu  Opisthorchis viverrini (Ov) HulaseiResdranains
tAalsanzSevianng e luwiuuniingnuinasaaradann Ov aunsnmnetinlwineg
o oA X 6 . A Aaw ¢ A =X
ANTHLIANANNYUVBILTRR  fibroblast Imamsaawmmqﬂs:mmwaﬂnmuuuLmums
LEAIDANTBITUIUNTABLAUBIVBILTARADENTAANRAIINN Ov lanaila cDNA array
= (% dll a 6 d' Al (% v A 1
wazfnwuduniedygianoluosd  Anenslslunsnduldifaniudaisadlas
WNARA RNAI HANINARAINLIN I TaaNIUNANURNIAARRINNNENT T3us1uI% 239
a & a Aa o a & & ' , X A o
IUINNINNG 15,000 31 NUTTAUNITUFAIDDNANNTUAILA 2 t¥inTwly WanITHWE®
% a . il ¥ v | A &
JLAUMILRAIDANVAIINIALINATRA real time RT-PCR 1H9T3:@UNIHIAIaaNNLNNTY
LA 4 v @ .
V093 g 1i4 T TuIuaeuauaLlalmadnnnIzduds transforming growth factor-beta
' o = { o ¥ A o
(TGF-B) 1BwiAnuin smad 4 Suduluanafadyyimvas TGF-B wanandiiials
SiTBRII dugansuaadaanvadldsduaisunfiloassiia TGF-B receptor type Il (TBRII)
WUIEANINaaUSuIos TBRII La1seunns 50-80% 1a932aUUN@ lbaas raanalIuno
TBRII @‘haaﬁﬁ]:"l,sjmmimauauawiaﬂﬁni:ﬁummﬁwﬁaﬁ@ﬂmiﬂ”@m‘"ﬂmnwmﬁvlﬁ
winmaanadUsunns TBRII U@ T,@zlagﬂNam‘smaaou’q"ﬁmmLﬂuvl,ﬂvl,@i”ﬁaﬁﬂ”wé'ﬁnﬂ
WSl ldau Ov sasnmBe i AN ITLL9A eI TRs  fibroblast HAWLAWNIIRE
fyanmed TGF-B laonszgusudast TBRIN uazwiiluswiaadidasnismadinm
A a 4 o A o o A A o [ A A K
WaLANLN A UFINYINRINAAEaw growth factor luansaanadannwend tadnsnnaln
d' 1 d' >3 ] o v Aa 1 6 v d' U :?l’. g
NULUBAWNRIIAINENNTIN IFLAANITLL LTS wmmagaﬂvl,@mn“[mamsummmwmﬂu‘lﬂ
ldifpiunmnszduidunsfedyanmves TGF-B lasansdanaiannend naduss
LEUN RO I HAINETD 21 lgnsdudinzuiumafieunimaidanms

A ° o [ A v a
ket lagansaanasnneisluladau ov
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Abstract

Project Code : TRG4880004
Project Title : Study of signal transduction gene expression and its knockdown effect in

Opisthorchis viverrini excretory/secretory products induced NIH-3T3 cell

proliferation
Investigator : Assistant Professor Dr. Chanitra Thuwaijit M.D.

Department of Biochemistry, Faculty of Medicine, Khon Kaen University
E-mail Address : tchani@kku.ac.th
Project Period : July 2005-June 2007

Opisthorchis viverrini (Ov) is a strong risk factor of bile duct cancer. Its

excretory/secretory (ES) product has recently been reported to induce fibroblast cell
proliferation. We aim to study the response of fibroblasts to Ov ES product especially
the intracellular signal transduction pathway activated by this parasitic product. Gene
expression profile of cells exposed to Ov ES product was studied by cDNA array. The
results indicated that among a total of 15,000 genes/ESTs, 239 genes with established
cell proliferation-related functions were 2 fold-and more-up-regulated by Ov ES product
compared to those in cells without exposure. Real time RT-PCR confirmed the highest
up-regulated expression of tgff 1i4 which is the representative molecule of transforming
growth factor-beta (TGF-[3) pathway stimulation. In addition, the up-regulated expression
of smad 4, an important TGF-f3 signal transduction molecule, was observed in fibroblast
treated with Ov ES product. RNAIi against TGF-3 receptor type Il (TBRIl) was performed
and could successfully decrease around 50-80% of intrinsic TBRII level. A significant
decrement of Ov-induced cell proliferation was observed in TBRIl-knockdown cells
compared to those without siTBRII treatment. These results indicated that fibroblast cell
proliferation induced by Ov ES product might be through TBRII-mediated signal
transduction pathway. Though, in the future, the exact growth factor-like substance in
Ov ES product should be identified to study in depth of what is the exact mechanism the
parasitic product uses to activate cell proliferation. This data may highlight the possibility
to do interfering of TGF-B-mediated signal transduction pathway to inhibit Ov ES

product-driven cholangiocarcinogenesis.

Keywords: Opisthorchis viverrini; Excretory/secretory product; Intracellular signal

transduction pathway; cDNA array; siTBRII
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1. UMY (INTRODUCTION)

s . ¥ a . . - o o
VLN BUNA (cholangiocarcinoma) Lﬁuﬂryvnm‘mimﬁgmwmmyma\‘]ﬂizﬂﬁﬂﬂu

a =

> = EZ [ a
niimaaiBoazineanilasld 1w dezinalng a7 wazdvawa (1, 2) lwlszzinama
aziuaaniduanitavesdsand lnemsGatanenslu'lday  Opisthorchis viverrini  (O.

. .. Yoo 4 o o Aa & 1o a \ a & a @ a
viverrini) 1JwilassiFegaydanaiialinuziieviaing wodmsdaewensluladau o
viverrini @IUERUNTIATUET N-nitrosamine nunInimiisailiifauziSaviaindle (3-6)
nmsdnmludainasauazlunysdnfanssluladdy o. viverrini wuiinszuaunsiia
yziSerimthdanmandeaiweswensluladau (0. viverrini-associated cholangiocarcino-

. ¥ < a ¥ o [ a a dql’
genesis) Usznaudisnanstuaanuaziisidasnunalnnaoating (7) (U 1) midaise
wensviliAa chronic irritation daiwadiiayvieinddnd uaziniterhlvioadidayvath
iansudasadiNanaunwsadafigniaield  dewnaziin adenomatous hyperplasia

. . . & A . A a Aa a o '

wnz periductal fibrosis vavTAdIHoyiavhAUTIMNAWE T dral (8, 9) M3
Wasuuaamane19ina1nasunig mechanical %38 biochemical lagiszn1Inadide
TUNAMNFIIAANK (excretory/secretory product, ES product) Nusagaani1aINan
wenS (2) nanfasnanasnlaasaanainanaanentanaiinalasasidaiginsoas (cell

& A oA @ & \ ¢ A X A
cycle) vadmamibayriaind hldimaddanumaninlumudauaadiindu uaziions
naEWUE (mutation) Lilalaunszdueinansnanziis (carcinogen) dimInanewutilian
AWNNYITRINUNTZUINNTINANLLTI LB% oncogene, tumor suppressor gene, cell cycle

' ¥ v a £ é]
control gene, DNA repairing gene aznizguliiaasundnatoiduisaduzielaiiu

‘ Normal bile duct epithelium ‘

Chronic irritation —Chronic inflammation
b
Proliferating bile duct NO fdrmation Increase activity of cytochrome P450
epithelium le—Oxidation

L 2
N-nitroso compounds

Exogenous (endogenous carcinogen)
—
carcinogen ¥ l Y

DNL damage « DNA methylating agent

Mutation of cell cycle control genes

Malignant bile duct epithelium

zll‘ﬁ 1 MaiaNz39viad@uuy O. viverrini-associated cholangiocarcinogenesis (7)



91NNY B multistage carcinogenesis (10, 11) TIUszNauaIBNTTUIRNINZIATY
ldud  n3zLIMANT  initiation, promotion WAz progression Ldathanltlunsaiune
cholangiocarcinogenesis WwanlutuaawnsiianziSeriatin@nui nitrosamine Luan NN
¥ a Caye g A Aa wn o v a A
IWifRanszuaunny initiation asanidusninidqmany@viliiia DNA damage w3a
a V. . VW 1o Y e |4 ! A A a A x>
\3und7 initiator waidd laivilwimadidAsuudasglig uaziaasnnaaanwen sl ldey
O. viverrini \Juan3NvlAiAanszuIwnns promotion 13an&sUszLANSIN promoter &
wn @ ' & . . a A a ' . \
AUFUUANIZQUNIILLILTRN (cell proliferation) inatdwnznisenin hyperplasia @81
=3 t:lI 1 . o uq: =
andunldsuudasgdinveasadlunniz  dysplasia  wasINRUIadunIzUINMT
o _ X .
progression Faranazld DNA aberration azaumwnmuI@ﬂLawwzﬁulunqu oncogenes LRy
4 . , N - . ¥
tumor suppressor genes G4iilu irreversible process wazvhegaiialduiaauziiiviaa
UnuIMBad 0. viverrini Tunszuaumaifanzieviaidiumaninasylddazla 2
laglugiues O. viverrini ES product whis wiiinfisuadigrwisanuanusiansalunis

{ o v a [l L QI &/ L 1 v a L { e Qo 1
mﬁmml%maﬁmwmmmmmwu wIn Eldvlllﬁ“ll E]W@j’i]ﬁ“ﬁ@L%%Lﬁﬂ’lﬂﬂﬂ“ﬂﬂ’]“ﬂ(ﬂ\‘]ﬂﬂ’]’l

Initiation | Promotion — 1 —— Progression —
Bile duct m-ufﬁ; Intraepithelium : Hyperplasia Epithelium Cholangio
Rl O vivarrind DNA damage - dysplasia carcinoma
. . Excretory/Secretory
e products
Mechanical Chemical Immunological
Process Process Process
Excretory/Secretory
products
péaﬁq;ag: F ficell proliferation [cell 'apoptosis
i] 6e||grow;:i1

=t . .. a & 1o a
E'ﬂ‘n 2 UNunvad O. viverrini 1%ﬂi$ﬂ'3%ﬂ’]il=ﬂ@l&l$ﬁﬁﬂ@%’]@

NENBIWNITITIT M IALINLNIANBNITUNAVBIRTAARRINNNENDTRAG
GOLTAR LU MIANBNAVBIRNIIAARAIANN  Trypanosoma cruzi damIiulavad
peripheral blood mononuclear cells (PBMC) lagiagsinas PBMC wasnentinnulasis
a a ) . =2 . o o . A e &
139n191 co-culture technique (12) NANIANEINUINENINANAIVDY T. cruzi AONTHULT
MIULIAIVDI PBMC waNMNNHNIANBINATBIRITAARaInnent iU ldauaiia
Fasciola hepatica (13) WUINRIIAARAINANINTAIRFINITOGUEINTULIAIVDILTARLAA
\Haau1vaIuNe (sheep lymphocyte) 'l uazluvausidsinuiantSunm CD, vuiioas

1 < o g & ¥ o @ [y Ay o .
LN@Lﬁ@@‘lﬂ'}u%@'}ﬂ 61?01’1\‘1‘1&N@]ﬁ“fl']l‘lﬂﬂi$‘1.l'l%ﬂﬁiﬁﬁ?dﬂuwﬂwﬂu (immune system) Va3



136 (host) aaad auasidudselomidenentlunsendy wasidvlaldluoadauuasyia
W8 NNRANTISHRINENIAENT AL FUITNTIS AN UNATIRTAARAINNENTINA
Anwnuimaandguni TagENIRANAIIINNEN T NA G DL TR SIS N B IAZAANSUL IRV
imaanddunn

myIelassian Tiaduazami (14) ol A A UNaIaIR TR ARAS
NNNNE 0. viverrini datmadimnziassluraaanasaslaslfinafia non-contact co-
culture 114 double chamber plate Toaideanens O, viverrini Hlusuiisonda upper
chamber Gﬁaﬁgwgu LLazL?ivmLsﬁaa’ﬁﬁaamsgmsmﬁlﬂmmaavl,’iil,ud’m lower chamber (31
7 3) lunmesasasnanitaenldiaas mouse fibroblast cell line fia NIH-3T3 Liiaga1n
faﬁ‘*uaaLsﬁaﬁﬁﬁmm%@iamim:@jumnmimnmﬂuaﬂ naBNinilifasuInLiu
miLﬂﬁuuuﬂaaqmauﬁamaomaawl,ﬁdm LLsTdhmiﬂiwjumﬂmmam:ﬁﬂ%mm"l,;imﬂﬁ
Ny lunadia non-contact co-culture 1‘:‘: msﬂ”@%é;aﬁai*’mmﬂwm%ﬁlzmmsml,wimug
winadlugioas  NIH-3T3 ﬁwa:Lgﬂoag@Tﬁumﬂ@T doleissuveanaita i iUty
msanuludainasas (in vivo) die lwnafia non-contact co-culture 4 2z laidinanaans
SR U DITANN ST RINNZA 890NTUM% T lWEuNsafn B Ha8I81sRANAIIN
wenSaalrasuaLaIaeade la msmaaoé’qﬂmmgﬂiwmiﬂ”@uéﬁmﬂwmﬁluvl,ﬁéi'u
0. viverrini sansawmiiesilwiaas NIH-3T3 Awziass i unuinmsudsmadsifadnu
(increased cell proliferation) I@UmuﬂavLﬂmimuquﬁl G1-S phase V84 cell cycle lag
Lsﬁaﬁﬁgﬂﬂszﬁuﬁaﬂmiﬂ”@%éﬁﬁnﬂwm%m:ﬁmmmmaaﬂmaﬂﬂiauﬁﬁm@ 2 a1 @
cyclin D1 W&z phosphorylated retinoblastoma (pRB) RN ﬁﬂﬁma&f&imnﬁﬁnm S-
phase 1849 cell cycle lounnin wnldanimwassfidinduluszo: S-phase :nms
BUIWIULTAR L WUARZIzHzvad  cell cycle @28 flow cytometer ﬁnﬂmmfﬁmﬁu
cholangiocarcinogenesis ﬁLﬁm}’mmimﬁmﬁﬂﬁﬂwmf O. viverrini @T&LLamlugﬂﬁ 1(7)
WUANTTLAIUMISANIS UL TS (induction of cell proliferation) Lﬁumgu@auﬁﬁ%’m”tymao
AR AaNnSs  Wesnnaasndenuasansolunsuiamasiindn  (hyperplastic
cell) azluimasfiiin DNA damage VL@TdmLfJ'agnm:@ju@ﬁﬂmiﬁamﬁa (carcinogen)
uwaziilo DNA damage siwAefsufitipidasnunsfiausss 154 oncogene, tumor
suppressor gene, DNA repairing gene %30 cell cycle control gene fazaunsarinlkioas
ﬁ?w,llﬁiwuﬂmvl,ﬂLﬁumaﬁmﬁavlm"iuﬁq@ lunsdlved cholangiocarcinogenesis 8911338
%aw%uﬂgﬁlﬁ’hﬁ endogenous LAz exogenous carcinogens waerRaNIFINLTaS
nifunuraIIMeudanend vl#ifia DNA damage maama&iﬁauﬁﬁaﬁwﬁ (15-17) 34
dwldlenunumaaswensluldaulumsneliiAauzi5ematiidsise - wananndanwms o.
viverrini a1l initiator u&2 on9vimeifidu promoter Tunsvnliaagussan leRadn

a v g & & a o o & A oA a 4 & = A
anNagy Tﬂﬂﬂ%u@uﬁ]zla%%ﬂjuql%L%ﬂﬂLﬂaHﬂau’]@ﬂﬂ@LﬂaUuLﬁuLTaaNzLiﬂvL@ﬂuﬂq@



B. Upper chamber

A. Lower chamber
6-well plate

L Adult O. viverrini
NIH-3T3
C. Double chamber

@Zo-culture for 2days

D. Collect activated NIH-3T3

317 3 89dUszNaUVBITTUY double chamber culture FWILANBINAVDI lunasanaaad
(18)
qq: 1 ni qzrff 6
A. TWR (lower chamber) Lﬂumuﬂmammaa NIH-3T3
& L 4 v & .

B. 74U (upper chamber) tduduaiudsazdsznavitn luasuans lasaiudsenay
°11aaﬁ'uum:ﬁl,muﬂsaaﬁﬁgmm@Lﬁﬂayjéﬁﬂﬁ LN NUITRINIDIA L TEN ALY DI TUL LA T
819 T,@wmwaagauﬁﬂwaﬁazﬁ'u"t&ilﬁwm%@hLﬁwi'maawqﬂaaﬂmlu{umﬂﬁ

& A o g & & PN

C. 298U3znauLiayinn1snaaed non-contact co-culture LR8I TARIZL T UTRA
LAEINUNILTRRTULULASTUENS O. viverrini ES product mminaa@mmmumaamagﬂu
& = '

TUaITINLTas NIH-3T3 ot
& = A o o A ® '
D. vaa NIH-3T3 ﬁ]zgﬂLmJLwa"l,ﬂuummmm:/maﬂﬂmmimauauama 0.

viverrini ES product



n.-?f a a a 6 C> :?l’. A
wanininan1sidsblas e p3ad wazame (14) Heirimadfouutas
YILTRRNLAANNMTRRLINVRIRNIAARRINANNT O, viverrini AL TAAY
' ¢ A X & P o A a X & A o
anumanInlumMbusadiRnIwlL wiloununaiifieduluoad NIH-3T3 ignnizdu
@1 10% serum aInuamziITBInIruNATIWI luaIAanaIInNNNT O. viverrini 813
A A o v A 9 [ . Aa A
JRIINNAUINA[LNY growth factor (growth factor-like substance) mag‘lu serum 3
v v ] QI ‘&’ U 1
sansnunIzguliiaasdenumunnlumudssadiduduld nsnauauasvadioadee
fanszduannasuaniiiuaswan growth factor Lialia growth factor ANIUALAIILN
ALTag (cell surface receptor or membrane receptor) LLﬂ:ﬂi:({fﬂﬁLﬁ@ intracellular
signal transduction tWassa ot i lwaasuuuiius1auan (signaling cascade) uaz
egath ldnszdulfifiamudfsuudssfiszdunisuaateanvasduiitnertamilasass
uazlassaudanTULIAIVaILTAR
Joyaidasduan oila 1730 uazAmz (unpublished data) Wudndashiaad
NIH-3T3  Massswwnunendlulday o, viverrini  anvihms@nsinsuaadsaanvaIdn
ninualwaaslasinafia cONA microaray Uahiiiunansnguniiszdunisuaaseans
o A X A @ 3 o a i L. L A Aa
320U mRNA iAnduilagnnizdulasminanasainwens 0. viverrini launguiunil
anudaylunstiTieasaeuauasda O. viverrini growth factor-liked substance
a9 bass baun ﬁuluﬂéju signal transduction pathway L2 transcription factor @9%41114
anzAspdlianuanlafinwinisusasaanveIungy signal transduction pathway lu
ad NIH-3T3 fignnazdulavansaandsnnwenslulday o. viverrini wWisuifisumiy
was NIH-3T3 Und iwaabunena lnnsluimaanansaanasannwensluladau o. viverrini
(2 v 6 A 1l L% U A a d'd [ ,:§’ °
nizguldimadifianmudiin lagldaafaniunizdunsusaseanunduduiwin 2
1 J = % a a A A % [ .
windwld  nmamsdnsndsmaiia  cDNA  array  wastduiuiiievasny  signal
transduction pathway w84 known growth factor laud epidermal growth factor (EGF)
platelet-derived growth factor (PDGF) LLaz transforming growth factor-beta (TGF-f3) N
\neataslu pathway sa9n1anszdulas PDGF ldur 3w tyrosine kinase (abl) (19, 20),
protein kinase C (pkC) (21, 22), PDGF receptor O.-polypeptide (pdgfrc), h ras Wag jak 1
protein tyrosine kinase (23, 24) Junnetaalu pathway ?Jaamiﬂ‘izé;fui@ﬂ EGF laun
EGF receptor pathway substrate 8 (eps 8) (25) uaz3ufiiNedadls pathway wasns
nizgulas TGF-B ldun TGF-B1 induced transcript 4 (tgf3 1i4) uaz serine-threonine
receptor-associated protein (strap) (26, 27) adlaaUefeduuazizaunuaaiaani
A X { ) . . . % o
Wndnliras NIH-3T3 annmsiwitensinlas O. viverrini ES product 1W3suifisunyuszay
Undluioas NIH-3T3 (a719f 1) lulassmsisoiasladnmnuguszaunsuaadaan

aananilaginaiia real ime RT-PCR



A A A ! . . A ° 2 A @ (%
A139N 1 NYTBIUNGN signal transduction pathway NITVITNIIANBILRLIUITAVNII

w§adaan lasinaiia real ime RT-PCR (LLﬂdLﬁu 3 ﬂaq'&l ANTUAVDY growth factor)

>

an uﬁ Gene name(s) Up-regulated fold
(cDNA array data)

PDGF/EGF signal transduction genes

1 Tyrosine kinase 7.12

2 Protein kinase C 4.23

3 Platelet-derived growth factor, alpha 2.64
polypeptide

4 JAK1 protein tyrosine kinase 2.56

5 H-ras 2.26

EGF signal transduction gene

6 EGF receptor pathway substrate 8 2.32

TGF-B signal transduction genes

7 TGF-B induced transcript 4 8.24
8 Serine/threonine kinase receptor-associated 3.40
protein

uaﬂmﬂﬁg‘?ﬁ'ﬂﬂ'a"l,ﬁmaLLNumaUﬂqumﬂﬁmﬂﬁﬂ RNA interference (RNAi) 1w
ﬂ’]iﬂ@ﬂﬁ]ﬂﬂﬂﬂ’]ﬂ‘ﬂaﬁumj&l signal transduction pathway ﬁﬁs:@”ummamaang@ Lﬁ'a
ﬁa%unmwaﬁmfu@iamim:@jumil,ujaLéﬁaa‘mﬂmsmﬁmﬁﬂ@ﬂ O. viverrini ES
product laginaiia RNAI VLGﬁ”Uﬂ’]i‘ﬁiﬁﬁ]ﬁ’jﬁﬁﬂizﬁﬂfﬂﬁwluﬂﬁigufﬁ‘iﬂ’]iLLﬁ@daaﬂTadﬁu
(gene silencing) (28, 29) wiindszAndawlun1ivin RNAI 1 mammalian cell 2zl
WA UIUTUTRA B9 Ta R LA TUATaINNTETUST UAsI89WNNIYIN RNA tRavhlwiAans
AARIVI5zaULUAU (protein knockout) lulwas NIH-3T3 ﬁ?uﬁﬂizﬁﬂ%mwga 30) n
Ta59m5338# signal transduction pathway ﬁﬁwaﬂa%imwzgﬂmwmm O. viverrini ES
product ﬁ]:gﬂﬂ'ﬂéﬁmsmé'zgfywm usasaIna linesaunsnausuadany
ﬂi:(iTuI@Um'm“'wéi‘imnwznfluvlﬁéfu O. viverrini \WSsuifisunuiwas NIH-3T3 Uné

an 1 6
I@Umwwzqmaumlummmmaa
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2. Jnndszasavailassn13vy (OBJECTIVES)
2.1 LﬁaﬁﬂmLLa:Lﬂ%'ﬂuLﬁsmﬂ’ml,amaaﬂmaﬁuﬂéjw signal transduction lusloag
\WNzLAe NIH-3T3 ﬁ'gﬂmz@ﬂ@ﬂaﬁﬂ”@%éﬁmﬂwmﬁlﬂﬁﬁu O. viverrini
2.2 Lﬁiaﬁ@ﬁlﬁ%ﬁ’]ﬁmadﬁ%ﬂéu signal transduction @iaﬂﬁiLLﬂaLsﬁaﬁaﬁﬂﬂﬁiﬂi:@ju
TaganseanssanwenFluldey o. viverrini
2.3 Lﬁaﬁ_ia“ﬁ? signal transduction pathway ﬁmsﬂ”@m&amﬂwmﬁlﬂﬁﬁu O. viverrini

lﬂuﬂﬁﬂizﬁummﬂumﬁ

3. 25nsnaaad (MATERIALS AND METHODS)

3.1 muaseang15lulsiay 0. viverrini AANI 2

wenslullay 0. viverrini Sz8y metacercaria Qﬂﬂu@LLﬂﬂﬁ]’mmiﬂaULfraﬂa’ma;aJ
cyprinoid (cyprinoid fish) @ewnlali endemic area BaIMAAzIREanIBanila Suiiu
Lmaidﬁﬁé'mwmiam%awm%lﬂﬂm”uluﬂmga Togsiilodanantasdis  Pepsin-HCI
nniusadenanznenslulieussey  metacercaria muldndasgansset  1h
metacercaria ﬁvl,(ﬂﬂlﬁ/%}} hamster anglszanm 6-8 dlanwin (ad libitum) ludamain
metacercaria 50 @adany 1 @ Lﬁyﬂwwﬂunm 4-6 gUant wenFaswauwnduwentlulal
AUANANIE ag’luﬁaﬁﬂﬁ UoI%Y% hamster mﬂifuﬂ”@Lwﬂ‘wm%lﬂﬁm”ué’uﬁm”ﬂmﬂ%kh
lau3% semi-sterile shwenfeadasoanslugisazars PBS 78 100 mgiL penicillin waz
100 kU/L streptomycin 3143% 2 a3 uazugwenslumsazaneaindn 1 37°C e
30 Wi wWaduwnssdelsafionatwidonwinluduaanvesmssauanwens  vwens
Tulieudadusol g luduaawmanzidassunueas  NIH-3T3 wialdlunsifiu ES
product o'kl msmaaa‘lumuﬁvléﬁ'mﬁagm”ﬁmﬂﬂmzmmmsﬁmﬁﬁwmﬁﬁ'ﬂlu
FAINARES NP INURUVDUILAK (Animal Ethics Committee of Khon Kaen University)
Lamﬁaw‘"ﬁ AEKKUO011/04 sﬁdLﬂu"l,ﬂmwé'ﬂmiﬁﬂmimaaaﬁgnﬁaﬂué’mfmaawm

Ethics of Animal Experimentation of National Research Council of Thailand

3.2 mssidgaas NIH-3T3 uasnmswisiaesinas NIH-3T3 Saanunenslulal
AU O. viverrini ANANTULIY non-contact co-culture

\WIA® mouse fibroblast cell line i@ NIH-3T3 5@6§a’ﬂﬂﬂ American Type Culture
Collection (ATCC; Manassas, VA, USA) tW1ztasaumad NIH-3T3 luamnsiagsisasaiia
DMEM (Gibco, Gaithersburg, MD, USA) ﬁﬂizﬂauéﬁﬂ 100 mL/L (10%) calf serum
(Gibco, Gaithersburg, MD, USA) (complete medium) lug CO, ﬁqmwgﬁ 37°c luuuy
stz (adherent cell) Lialaasds wInaNnne trypsinize taas lagld 0.25%



trypsin pH 7.5 wnzLaeal cell culture flask 1wl THinadia trypan blue staining luns
dauianiuiwimoadddia (viable cell) lanumadni viability 11nnin 95% azgninluls
& ] @ al v o . N - A

Tunsmnzidsesiunuwenslulaiau o. viverrini dadaibsald

wias NIH-3T3 uasnendiulday o. viverrini MLANIBY NI UIIIRBITINAY
bUY non-contact co-culture (14) lu 24-well transwell (Costar, Corning Incorporated,
Cambridge, NY, USA) lasiwzidosisas NIH-3T3 1ilusu lower chamber (311 3) uaz
& A x> . L. e & ! A o
woawenslu'lday o. viverrini L@ e lua1 upper chamber G9153nau@l8 membrane
7332110 8-um  TIFIAAUAINNWNTIANTOMIYU membrane  GInE1IAS LUFUREL
\Bad NIH-3T3 Nagduansle lapimnziinaaas NIH-3T3 $1%3u 10,000 iwaatduiam 2
o A o & P A = A & &
M walWaadime@any cell culture plate 88196 wazdaldpuaimsiaoioanidu
DMEM lifl calf serum (serum free medium) lawensaat@aioli upper chamber
P 5 a1 wnzdssnununensluldauanduioduna 2 % ansuldinadia
trypan blue staining N1 THLIMIMLTARTIIRUA (total cell) LIARNATIN (viable cell) LAz

& a ~ o & & ! (% a A =

WIaaene (dead cell) lagiUSuUIRgUTIUWIRBARNLAZLAITINALNENTUALALNZLALS
aud s lasltanngniwziioaras NIH-3T3 11 complete medium wazlu serum free
medium 14 positive LAz negative controls MURIGL LALLTRANLALLALITINALNEN AR
\@uleaIunitsly RNAlater (Ambion®, Hilden, Germany) tiwaldlun1sanaien RNA 1ie

‘n@aamm‘"ummamaaﬂmaﬁuﬂ@;u signal transduction pathway lunisnaaadsda 'l

3.3 MIIAITALNITUEAIDINYDIINNGN signal transduction luizas NIH-3T3 i
wnzidsesannunesluldduaidnse Tagmaiia real-time RT-PCR

afiaugn total RNA 9nwmas NIH-3T3 iwziassriuriuwenilolieulas Total
RNA Extraction Miniprep System (Viogene, Fegersheim, France) mmgumauﬁ‘szq‘lu
lenansUsznauFudn (manufacturer's leaflet) fnsamsUwilonw DNA lagld DNase |
(Promega Corporation, Madison, WI, USA) ﬁqmv&gﬁ 37°C Juan 30 wf ﬁ]’mf?u
¥a1e DNase | lag incubate 74 75°C 1iluaan 10 waft 97Nkt total RNA $1943% 1 g
luwaswin cDNA lagld Reverse Transcription System (Promega Corporation,
Madison, WI, USA) #1 cDNA ﬁvl,@”'l,i.li'@mmamaaﬂmaﬁ'umju signal transduction
pathway WU semi-quantitative PCR lagle SYBR-based method ¥niisenysunmsa
12.5 uL lum%iad Rotor Gene RG-3000 (Corbett Research) I@ﬂﬁmgumaumsﬁw real time
PCR 3daliil denature cDNA # 95°C 1iluiaan 10 w#t ¥in PCR $7waw 50 cycles:
Denaturation 71 95°C 1Jut181 30 317 Annealing 71 52, 55, 58, 58, 54, 52, 52, 62, 65,
WAz 60°C #NTUIW abl 1, pkc, pdgfrQ, jak 1, eps 8, tgff3 1i4, strap, raf 1, h ras, Wa<
Som musnay 1uiaa 30 3wl wae Extension 71 72°C twaan 45 Fufi (0199 2)



S1AULUEVDY primer fnsuudaziuuandluanyed 2 14 B,-microglobulin (3,m)
\Juduerugu (internal control) 1W3suifisudn CT fldannmsr real time PCR A
USunm RNA a9 lagnnsvin standard curve wazliiauen CT Aildannnisnaasaiiia
U9BUSuN s RNA va93usfiasng g luas NIH-3T3 fanstauiuwenfiiiaunuiaas NIH-
373 1nd Tag¥nnmesastn 3 39 Sensdimanuuandnazanuindefianssia
lat STATA version 8 (StataCorp LP, Texas, USA) #ennIuaadaanaaddniaasad
Wisuisuiuaflaanmsdnelay cDNA array (35YMINaasIuazNamInanss

cDNA array TGGR Appendix)



@13197 2 L&A nucleotide sequences V89 primer UARLAITINILIUNGN signal

transduction pathway

Group of Annealing
. . (o]
stimulating Gene Primer sequence temperature( C)/
growth Product size (bp)
1
factor
PDGF/EGF abl 1 Forward: 5-TGAAGTTGGTGGGCTGCA-3’ 52/148

Reverse: 5-TTTTCACTGGGCCCGCA-3’
pkC Forward: 5-GGCATGCCTTGTCCTGGAGA-3’ 55/149
Reverse: 5-TGTAGCCCTGCCTCGAGAGA-3’

jak 1 Forward: 5-CAGCCTCGCTCGTCCTT-3 58/147
Reverse: 5-CCAAGCCCTTCAGAGCT-3’

raf 1 Forward: 5-TTTCCCGGATGCCTGCTA-3’ 62/147
Reverse: 5-TCCTGCTGTCCCATGCA-3’

hras  Forward: 5-TGGTGGGCAACAAGTGTGA-3’ 65/150
Reverse: 5-CCGCAATTTATGCTGCCGAA

PDGF pdgfrac Forward: 5-TGCGGGGAAGGACTGGA-3’ 58/122
Reverse: 5-GTGAGGAGACAGCTGAGGA-3’

EGF eps 8 Forward: 5-CCGCTCCGTGGGTATGGA-3’ 54/146
Reverse: 5-ACGTCCGACACACTGCTGA-3’

TGF-B tgff1i4  Forward: 5-GCAAGTGTGGTAGCTATCGA-3’ 52/136
Reverse: 5-CAGATTGTTCTCCTGCTCC-3’

strap  Forward: 5-GCCGGGAGATACAGGAGA-3’ 52/153
Reverse: 5-TGCTTATGAGCCGGGTCA-3'

"wseumsvhausaInianavasduludas signal transduction pathway I@mmiﬂszﬁfu
31N growth factor ﬁ'@i’mﬁ'u; PDGF; platelet-derived growth factor, EGF; epidermal growth
factor, TGF-3; transforming growth factor-3

2Primers #1913V internal control (f,m): 5-CATGGCTCGCTCGGTGA-3' forward primer
wae 5-AATGTGAGGCGGGTGGAA-3’ reverse primer lagls annealing temperature wae le
product size 1AL 60°C Waz 148 bp MURAL

10



3.4 m‘sﬁ'm%miuamaan‘ﬂaa transforming growth factor-3 receptor type Il (TBRII)
Taanaia RNAI

naia RNAI gﬂﬁwmlﬁﬁaa@mma@aaaﬂmaﬁu transforming growth factor-
B receptor type Il (TBRIl) muduaaufilddminenulwansms (31) Tuaanlasde leurd
M398NUUL siRNA is1wizde mRNA 2093w TBRII lagldlusunsy RNAI designer
(Stealth™ RNAI, invitrogen') 'ldans siRNA fitnanzanlunnssuginisugadoanuadin
TBRII $13% 3 &1 (310 3) GesuivSimiuandronwlluuas mRNA 2895
TBRII (gﬂﬁ' 4) 91 siRNA v 3 slunaseudszansnmlumssudinisuansaanuediu
TBRII vouvvlseiden uazuuunsy laold siRNA sofi 2, s1ofl 241 uazanofl 2+3
USunth 20 pg $2WNU Lipofectamine (Invitrogen) luaamain 1:40 lagasazany siRNA
udazriaasnanlwaad NIH-3T3 fimnziaesly complete medium untuwnan 1 3% lag
incubate s3azans SIRNA nuwmastduian 4 1alus ansusoasuamsasain
complete medium waziwNzAgsLTAsAoLdwIN 48 Talug UA2SY trypsinize taslagld
0.25% trypsin pH 7.5 tieinluatauen total RNA luduseudely vadidaiugs
UszAnsmwnssudgsnsuaaseanvasiu TBRII

A1319N 3 ULREIENALLURVBIRNY SIRNA 6adu TBRII (siTBRII)

No. | siRNA sequences Coverage (base-base)
1 GGUUCAGCCAAUUGUCACUACAGUA 86-110

2 ACAUUGUACCUUCUCACGUUGCUAA 412-436

3 AGUUCUCGAGAUUGUAGGAUCACUU 1139-1163

, No.1 ., , No.2 _, » No.3 [,
. S 5 St ® 2 I 2 . DNA
o 86 412 1139 3
sequence

31U 4 UFAIFAIUNIINNTIVTEY SIRNA udassiiauuans mRNA 28934 TBRIl

11



3.5 N3IALAUNIUENIBaNYaIdw TBRI laainaka real time RT-PCR

anauen total RNA lagldans Trizol (Invitrogen) mm&umauﬁizylmaﬂms
U3znau&uAN (manufacturer's leaflet) fnsamstwian DNA Tagld DNasel (Promega
Corporation, Madison, WI, USA) ﬁqm%qﬁ 37°C 1luaan 30 wifi 9Niurnane DNase |
Tag incubate 7 75°C 1waan 10 wift 31Nt total RNA 1w 1 pg ldwlaewdu
cDNA lault Reverse Transcription System (Promega Corporation, Madison, WI, USA)
i cDNA filalusansugasaanuasiu TBRII wuy Relative-quantification PCR lagld
SYBR-based method ¥iujjisendannm 25 pL Twia3as ABI 7500 (Apply Biosystem)
I@U&l‘ﬂu@laumiwl real time PCR m@lavlﬂu denature cDNA °n 95°C Luiian 10 w17l ¥in
PCR i7%3% 50 cycles; denaturation mmmnu 95°C uian 15 Juf annealing “n
qnmgu 54 C Lﬁ%L’JE\l’] 30 ’JWW] extension ﬂqnmn“u 72 C L‘ﬂuL'Jﬂ’] 45 ’J‘W]“Vl G’WHJ base
Y83 TBRII primers ‘ﬁlﬁ”ﬁa 5 GGCTTCACTCTGGAAGATGC 3 &1%3U forward primer
U8z 5 GGGACTGCTGGTGGTGTATT 3’ &1#3U reverse primer i fom \Ju internal
control lag/ld primers W2 annealing temperature @”aﬁuamlufa 2.3 #en CT ﬁl‘lﬁﬁ]’m
MIANHISAUMIUEAIBaNUadId% TBRII luiaas NIH-3T3 ‘ﬁgﬂ treat #2 SiTBRII, LOAST

treat 928 lipofectamine Waztwas NIH-3T3 Un@ um.l%‘mmﬁyuﬁ'ui@ﬂl"ﬁgmmi@‘hmm

WU Relative-quantification 2 " Method (32)

¥
IS

3.6 NMIIANANIINIZAWITA NIH-3T3 ﬂgﬂﬁ'ﬂéﬁimmamaanwaa TBRII lasasan
wasannnensluldau o. viverrini

WaINAt LI IUEasaanuas TBRIl dznafia RNAI Tagdsmseanann lw 2.4
Wa Lsna§dauﬁﬁq%zgﬂﬁwvlﬂa°@Namsm:@umnmomaﬂmmm"’wé’hmnwm%lu"[ﬁm”u
0. viverrini W3sULAgURULTas NIH-3T3 71 treat @28813 Lipofectamine uaziwas NIH-
373 1nd Taennziaesimadlu 96-well plate 5142w 6,000 cells 14 complete medium lug
Co, ﬁqmugﬁ 37°C ilunan 24 Gl LL&T’;@@]mmsﬁmﬁaL@uaaﬂ F9eBaIMNTIA LS
\Hazfia DMEM fidseann serum (serum-free medium) \Warisa serum ﬁﬂmﬁ”auayﬂu
2TMILABITaLENean ntwmdusInanasannenslulday O, viverrini $1wan 200 i
wnziaeseeluiiung 48 $alug wdase trypsinize voad lagld 0.25% trypsin pH 7.5
RN UIUTASNIRAA (total cell) LTaRNATTIR (viable cell) wazimadans (dead cell)
Taeldinadia trypan blue staining lasd3auifisudiwinaag NIH-3T3 AwiiassTIun
wenSuaswnziassenudme  lasldanisfinnsdoasas NIH-3T3 1 complete

medium uazlu serum free medium 1Ju positive WLz negative controls ANEGL

12



4. HaN1SNARDY (RESULTS)

4.1 nsudndaanvad signal transduction-related genes Aa&1TAAUAIDINNY1S

?11 Zaf @Y O. viverrini

NANIANHILULLNBNITLRAIDNVDITN (gene expression profile) lulras NIH-
3T3 ﬁgﬂﬂswjm’m O. viverrini ES product lasinafia cDNA array Wuinddauannnin
885 mﬁmﬁﬁs:d’ummamaaﬂgﬁuﬁnmﬁnaa‘ NIH-3T3 Un@d (wazidoalu Appendix) 1u
Frwususanand 239 Fu AdwinfiRgTestuNIULTas (cell proliferation-related
function) LLazLfiaﬁnmuﬂm&jwmwﬁwﬁwmwagﬂumju energy and metabolism, signal
transduction, protein synthesis and translation, matrix and structural protein, transcription
control, cell cycle uaz DNA replication @oiiulisdufiAsadasnslasasouazlagsanse
mMIuddduazmafulavasiaas

a o o A

WaRsanIunguiiwinfisedyanaluisad  (signal transduction pathway)

=

WUINAdIWIK 59 An ﬂgﬂmﬁmﬁﬂ@ymm"‘wé"\ﬁ]’mwmﬁlu"l,ﬁé'u O. viverrini ES
product Tinsuaasaanunnduninlumadilildsuianumsnanas uswm 2 1
i‘fu"l,ﬂ VL@TLLﬁ%'uﬁLﬁm"ﬂaalu signal transduction pathway maamsmz@ﬂm growth factor
gn9oiant laun PDGF or EGF, PDGF, EGF uaz TGF-f (mswﬁ 4) laodw tgff 1i4
sz abl 1 Fauduiulu signal transduction pathway 289 TGF-B wasad PDGF/EGF

o o o a & { o a
AU ﬁiz@l‘].lﬂ'ﬁLLﬁ@\‘iaaﬂLWMTuﬂﬂﬂﬁq@ﬁﬂ\‘iﬂ']@ULLiﬂ

a nﬂ. o v nﬂ. U = o . . 3 v
wanNINNYmT a9 L sdudnmnzlu signal transduction pathway a7 834

P A X 4 . L
ﬂ'ml,amaaﬂmaaﬁmﬂm%mmﬂu receptor LWNYW ﬁnﬂmsmumuﬂm O. viverrini ES

product LT tyrosine kinase LAz serine-threonine kinase receptors (mﬁi’wﬁ 5)

13



A13191 4 Mede signal transduction-related genes lulras NIH-3T3 ﬁgﬂﬂi:@jﬂ@ﬂ O.

viverrini (LLmLﬂumjmmmsm AURWAIGD growth factor LRz THA)

Related growth factor Gene name/Production Folding
(Accession number) (cDNA array
data)
PDGF/EGF
AW544655 Tyrosine kinase (v abl) 712
C80388 Protein kinase C (pkC) 4.23
AU042564 Casein kinase I-alpha isoform (csnk 1Q1)’ 3.81
C87299 Casein kinase |-epsilon (csnk 1&) 2.88
AU046274 Ras-GTPase activating protein SH3-domain 2.73

binding protein (c3bp-pending)

C87788 JAKT protein tyrosine kinase 2.56

AU017366 Hras 2.26

AW552623 Nras 2.01
PDGF

AW537708 PDGF receptor, alpha-polypeptide (pdgfr QL) 2.64
EGF

C88280 Epidermal growth factor receptor pathway 2.32

substrate (eps 8)

TGF-B
AW546174 Transforming growth factor beta 1 induced 8.24
transcript 4 (tgfﬂ1i4)
AU016757 cmyc 3.70
C79202 Serine/threonine kinase receptor associated 3.40

protein (strap)

1
represents human gene

14



@131971 5 178 kinase receptors lulmad NIH-3T3 finnnazdulay O. viverrini

Receptor kinases

Gene names

(Accession number)

Folding

(cDNA array data)

Serine-threonine kinase receptor

Tyrosine kinase receptor

Serine/tthreonine kinase receptor

associated protein

(C85710)

Serine/threonine kinase*
(C81033)

Serine/threonine protein-kinase*
(AW546799)

TYROS protein tyrosine kinase 3
(AW556118)

JAK1 protein tyrosine kinase
(C87788)

Proein tyrosine kinase 9
(AW544421)

Downstream of tyrosine kinase

(AW557123)

3.40

3.88

2.05

2.60

2.56

1.83

1.59

15



4.2 nMsudanvyaanyay signal transduction-related genes JUNIZAD growth factor
HHAA 9
= A @ ) a ' . . A
miﬂﬂmﬂuﬂmmummamaaﬂma\‘iﬁl‘vﬂuﬂqu signal transduction pathway 7
ﬁi’]LWﬂ:@iaﬂwsﬂswjﬂm growth factor udazzia lasinaile real time RT-PCR WU3HA
371 real time PCR danusidaiia asannan1iznltlunsvin PCR #naidu single
E . oA Xg & . -
peak TR RY Y non-specific product Weadulutuaauvasnisvin PCR (gﬂﬁ 5) NANI
] dy a d'. Qs = rd'u/ a ' U % s
naaadtsdlSunmnsuaadaannasnurasdulumaananns  uazldldsuiany O
viverrini ES product (3U71 6) ilavhdn CT fildndeatenisedluilioufisudunsm
ANUFNNUTIZRI9AT CT uazIanoe mRNA @36u (standard curve) (U7 7 uaz 8) wu
s . QI é/ ] a o o aAa .
ILAUNIUEAIDANYBIAN tgfB 1i4, eps 8, pkC \NNUWBLNIRURIAYUNEDE U jak 1,
=1 QI é/ 3 v dl . . .
strap waz  h ras Ansuaadeaniinduiiniasanmanienlas O. viverrini ES product
luaneNTzaunITuaadaanv8ddu pdgfra lufsundas uazdu abl 1 uaz raf 1 403

LEAIBBNNAARILIBLTRRFNNENY O. viverrini ES product (913141 6)

& a a o a =2 a .
WallSsufisuszaumsuaadaanvasinanmsdnslasinaiia real time RT-
PCR nuwamsAnslay cDNA array wuinnigadnaialinanisiaaseanuaidun
ROAANINWIURIUUIN NA1IAD % pkC, jak 1, h ras, pdgfrar, eps 8, tgf3 1i4, Wz strap
a @ A & = o i .. A ) &
fazdunmiuaasaanigeiuanmaniieasilas O. viverrini ES product ndlauniuainiig
PN . = [ { A & ' v o w aall v
sounaia o lsiauszaumInaasaanIiiuInasIlindnyn et laun Su pkC,
eps 8 Uaz tgfB 1i4 \Wnuk luaeANaaInn1Ivin real time RT-PCR uUsT3e@dums
LEAI80NNIAARITEIT abl 1 UAT raf 1 @AMNWATLAIIN cDNA array (3171 9)

A

dFidT.

0]
[Threshald

' 55 %0 65 70 75 80 '8 '3 95 deg

gﬂﬁ 5 ¢18819 Melting peak 91NN13%i1 real time RT-PCR

A = f,m (internal control)

B = eps8

16
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o1 iy Jf
f /
g II.' u Il|
i f |
g1 X §
ke T = = 13 = K] ] g & ]
|: e D. Hioam, Fluoeg.
1 ;"r gt i o
.'I - II.":I
| I"’ I-'l
w3 ( w0 |
[% & B I ) T ] 0 = T T Trw
E e F e, Flces
. LR T
'y e |l
W) 'y I."I
iy 0 I-'I
| % W TN ] ] Trok ] T ) n ] [
c u..-..sw H, o Fus o
g W !
] i r] 0 =) [ (] (] wn £ (] [
I Paee Flaes J e Flaces: —
1 v i = "o "0 T i K] Crie
31U 6 NWUEAING real time RT-PCR vasdulmiaas NIH-3T3 fudzuazldldifns
unuwe Ul auaLaNIY
C=eps8 D = strap
H = tgff 1i4

A= raf 1 B = abl
E = pdofra F = pkC
J = f,m (internal control)

G = jak 1

| =hras

17
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Ll

g

hT]

LT

-y

Tl

hLa¥)

a

1 o

w

31U 7 nWUEAING real time RT-PCR 28334 1iialT cDNA USunmeng g

A=raf1
E = pdgfra
| =hras

B = abl C=eps8 D = strap
F = pkC G =jak 1 H = tgf3 1i4

J = f,m (internal control)
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Concaniion

3111 8 Standard curve 31NN13¥11 real time RT-PCR 28936149

A=raf 1 B = abl C=eps8 D = strap
E = pdgfra F = pkC G =jak 1 H = tgf 1i4
| =hras J = f,m (internal control)
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A15191 6 WANIANENIZALNTUEAIBANYDY signal transduction genes lagnadia real

time RT-PCR luiwas NIH-3T3 fidusluaniizdeg

Genes Amount of interested gene/amount of £,m in NIH- Up-regulation folding
3T3 cells treated with (mean value) (b/a)

0% serum” O. viverriniIO 10% serum (meantSD)
tgfp 1i4 0.22 1.31 2.59 5.95+1.455*
strap 1.24 1.44 1.16 1.16+0.163
abl 1 1.43 1.40 2.50 0.98+0.107
raf 1 1.70 1.32 2.13 0.78+0.001
eps 8 0.50 2.25 1.93 4.40+0.099*
h ras 0.7 0.74 0.71 1.066 + 0.0815
jak 1 1.47 1.85 1.52 1.25+0.177
pkC 0.65 0.86 0.3 1.53+0.124*

| pdgfra, 21 2.28 1.13 1.08+0.442

* p value < 0.05

20




[ | microarray
741rm  IReal-time RT-PCR

«ﬂﬁﬂnﬂd

abll pkC jakl hras rafl pdgfra eps8 tgff 1A strap

PDGF/EGF PDGF EGF TFG-B

Folding of expression
w

31N 9 szaumIuaasaanvasdIulungu signal transduction pathway LuTHuLiBuTznINg

wnafla DNA array Uaz real time RT-PCR (meanZSD, °p value < 0.05)
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a oA 2 o &

4.2 HANSUAAIBBNYBIIWTILALIZBNY TGF-B (TGF-f realted gene) lwizaa NIH-
373 fignnszaulag O. viverrini ES product

lwdumedsdygimauaadnmInzdulas TGF-B (TGF-B mediated signal
transduction pathway) WnNUNTLFUNNASAL 2 EwnIMelusaanauIngs
S aUlUMINILANNIAOUAKBIVETAS (aun (U AlE smad iulisdudnemaa
SN (smad dependent) wast§un 9N bild smad iulds@udreneasyaime smad
independent (33) lasdTonwinagunianidn smad dependent Luwiduniasayn TGF-
B lelunsnszdumaifulauaziinduwinvaisad fibroblast (34) wudnlawusas NIH-
3T3 NFWW&NU O. viverrini ES product NNAN®1I2ALNNILRAI88NYBIAN smad 4 WU

o a A X N aa = a @ o
FZAUNIURAIDANVIIU smad 4 INVTUaENIARpdIANNRAE WIsunaunuszauns
ugadIaanUaIduaInalulas  NIH-3T3  Aiwzidodluavsiaosaasn i growth
factor LJudutlsznay (serum-free medium)  LTWALINLBMILARLILTARNA  serum
(serum containing medium) (FUN 10) luvmndu tgf3 14 FuduIuasuauad
. ' o oA % & ' P=
(responsive gene) danIn1agulas  TGF-B  wuiidszaunmsuaasaangsiuatnad
wodayeaidannamieasilas O. viverrini ES product Tayafia®in O. viverrini
ES product a’lmiﬂﬂi:ﬁu TGF- mediated signal transduction pathway lagnazHn

smad dependent pathway

. Serum-containing medium

12 4 *
g . A I:‘ Serum-free medium
e 2 N %
7 Co-culture
5 9
]
2 6 ‘.
& ! 1
= 44
g

el

O 1

tgfh 1i4 . smad 4 .

4 Qo { QI &, v
Eﬂﬁ 10 LEAITZAUNIUEAIBNNLANTUDBIAN smad 4 I%Lsﬁﬂﬂg NIH-3T3 ﬁ]’]ﬂﬂ’]iﬂiz@l%

a8 O. viverrini ES product (* p value < 0.05)
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4.3 wanmsgugamsuansaanzas TBRI lnginaia RNAJ
Lﬁaaﬁnﬂﬁagahﬁaﬁﬂﬁmmumﬁwﬁu vsganudulllddimad NIH-3T3 N
mz@ju‘l,ﬁﬁmiﬁﬁmumaa TGF-B mediated signal transduction pathway Wudn 91nnn3
wilgaiinlay O. viverrini ES product @”&ifw,ﬁaLﬂumsﬁga]ﬁawﬁgm@”qﬂdn HAde levi
NITAUINILEUNIINIFIFY U1V TGF-B mediated signal transduction pathway T
AnmminauanastadsasdanInzqunIutedalas O, viverrini  ES  product
Wisuisunuluaasng signal transduction pathway @9ns1Und tHhasannidunanis
sosumlas TGF-B lidneziduuuy smad dependent %38 smad independent Aiaal
axdaald TBRI Faudulusfudasuiidrimas (membrane receptor) HAae | lTinaila RNAI
Tunssudansuanseanvasiu TGF-B receptor type Il (TBRII) lagwanmaninldséue
fifiszeunsuaasaanionad nInauauaItadTasdanINzdulan TGF-B aziauaieiy
nanmInaaadlasls siRNA da TGF-B AflEURIITUALANGINULY MRNA 289
S TBRIL (397 3) WU siRNA wdazmeduszansawlumssudonsuansaanues
AW TBRIl LANAN (gﬂ'ﬁ' 11) lagRINTNANTZAUNILEAI8aNTBIaU TBRII Luioas
NIH-3T3 ldUszanm 50-70% v89szaumsugataantnd nanmsle siRNA sefi 2

FINAVRNLN 3 a:ﬁﬂs:ﬁw%nwwg&q@hﬂwsﬂ'ﬂﬂ'ammamaanmaﬁu TBRII

140 -
120
100
80 -
60 -

40

20

% TBRII transcript level

311 11 HaMITUGINIUEAI0aNYBIU TBRII Tauld siTBRI NeNA196i197 %1% mMRNA

2893% TBRII (* p value < 0.05)
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4.3 Namsnszé‘un'muiam”waamaa‘ TBRII-knockdown NIH-3T3

Wovumad NIH-3T3 figndudsmsuaaseanaasdn TBRI (TBRIl-knockdown
NIH-3T3) lUauK&nAY O. viverrini ES product 1uszasinan 2 1% %&Lﬂmw:nmﬁﬂgﬁ]ﬁ
udri s NIH-3T3 g9dszaumsugasaanuasin TBRIL sndwas NIH-3T3 Und
(31]“7'1' 12) WANTNARBINUINLTAR TBRII-knockdown NIH-3T3 Vl,ximmsngﬂmﬁmﬁﬂﬁﬁ
msudsrasRniwldidasudany O. viverrini ES product (gﬂﬁ' 13) @9anniaas NIH-
373 Undfidsmnmasiuduainitaananmanisiinlas ES product wenanniina
MITUEINTURAIDaNEIEH TBRII g9vnliiaad NIH-3T3 faasluonmsiapoimasdna
serum (serum containing medium) @AURKAIAD serum HoURININTRENTT2AUNS
waAIaanvad TBRII Un@dneae

-g 120 4 [ ] Lipofectamine-treated
= 1001 [l siRNA-treated
& 804
E 80 *
% 40 4
*
2 20 A
0 . , Period post-siRNA
48h 96 h treatment

5111 12 32AUNIUEAI0aNTDIAN TBRII 132821787 48 WA: 96 T2 LUINAIRNNE siTBRII

u

(* p value < 0.05)

2000 -

1800 4 _ [ JUntreated
E 1600 4 M siRN A-treated
o 1400
& 1200 -
2 1000
© 800
2 600 *
400 4
200 * %
0 T T
Ov ES product Serum-containing Serum-free
in serum-free medium medium
medium

Ul 13 MInaUaHaITaNTAR TBRI-knockdown NIH-3T3 lTuamnsidpaaadziiadigg

(* p value < 0.05)
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5. 43148239130k HAN1IMARDI (CONCLUSION AND DISCUSSION)

msdadanenslulaidy o, viverrini Lﬂumm@;ﬁm"'@ymaaﬂﬁtﬁm:ﬁmaﬁwﬁlu
ﬂi‘;ﬁﬂﬂigﬁﬂ’]ﬂLaL%mm"’uaamﬁmlﬁ laun dezwnalng Uszinaan dssnadsauwy
wartszinelunauld (1, 2) luﬂizLﬂﬂvlﬂUwuqu‘“@“msrﬁﬂm,ﬁmiiﬂmt.%maﬁﬁﬁgﬂu
Uszrnsninaziuaanidadinite I@]ﬂﬁ*nmmqﬁ'ﬁmirﬁgaq@agjﬁﬁ]”am”@mammu WU

AipuziSiviath@uniis 88 au dedszzing 100,000 aw (35) nalnmawmiedshlwiaad

ayviathaundueuliidwasduznimeidlaswnluliduuu dAnsundu
Lammuwuiﬁmiﬁ'@ﬁuma&ﬂﬁaqﬁaﬁﬂﬁﬁnﬂmﬂmaaw 817D (sucker) AaliiAaau

\§umodairadidoyrievind (mechanical damage) WAZMIINDUFUBIVBITZULNAAUNY
PYAITINLADAINENT  (immunological damage) Lﬂumm@gﬁm"%ylumsl,ﬁ@wm%amw
voamadiiayvioid  laliwwinilnenunied  anudAYaInIAaRaInNNNes
U s £ v 1 s nl 3 . . .
lu'lsddu (ES product) TunianszdulAimaduiadaiindu (increased cell proliferation) (14)
o A A (% A A A ° v a | @ &
wings liinsnwenuna lniwensllunaniosh liifeansudsdivasaas

A AN oo 2 6 1 . ..

G’]%’Jﬁ]U%ﬂ@]ﬂ’]ﬂ’]iﬂﬂﬁ:}’mﬂvl,ﬂﬂ’]i@laﬂﬁ%a\ﬂla\‘ilfﬁaa@]a O. viverrini ES product
A a A A o v 6 1 (>3 a J =S
WaaBulunalnf ES product lolumsindedthliiaasudidifads annnansdnen
\JaIduNINUNNIAaUAUEIVBILTARGE ES product lau@nELULLHWANTLEAIBaNYD
a . . €d'u/ o % o a 1
U (gene expression profile) Tl radNRUNENUAIAARAILatinATla cDNA array WU

o a o a ot n‘ J
MNIUUET EST 1% 15,000 Tha J3uswiw 885 wlaiszaumiugadaantNadn
e A ! ' ed o o o a o & a a
(t(nINUKRIBNINNIN 2 LNN) luLGﬁﬂﬂﬂﬁﬂJNﬁﬂU ES product WHUNULTRaUNG Lazwuanin
A A a & Aa i A o A4 ) @ eV o oA a a
ULNEN 239 AULNTIBUNUTILITBINURWINLNYINUNITLLIAIVDILTARN VL@LLTI %uNﬂ@Iﬂi@lu
ANeTeINU enzymatic metabolism W&z biosynthesis LT glyceraldehydes-3-phosphate
dehydrogenase, alpha-enolase, aldehyde dehydrogenase, cytochrome C oxidase LA
ATP synthase Judu IundalUs@uiiieidaInunszuIunns DNA replication Lou
RPII215 polymerase, topoisomerase Il LazDNA primase LJudu Sundalusaunineivas
fucell cycle progression LT% cyclins uaz CDKs Tia@1d9 (Judu Iunfaldsdui
\NeTaIny protein synthesis/degradation of superfluous proteins %% translation
initiation factors, elongation factors, translation initiation factors L8z elongation factors
) a A A A A @ (% . . a

udu  Fundalusduniieidadny matrix and  structural proteins (iﬂﬂazLafJ@M
Appendix) ﬁagaﬁ'\mmLLa@alﬁLﬁuﬂ’;wmmmluﬂ’ﬁmﬁmm‘nmamaﬁmaa O. viverrini

ES product ﬁﬂﬁﬁ&lﬂﬁdﬁﬂﬂﬂf’mad growth factor (36)
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wanannnsAnsNMIneuauaItadlTaaaa O. viverrini ES product L%
JﬂWS’J&II(ﬂU@LLUULLN%T‘I’]SLLE\T@NQEm“llad‘:]{%@vdﬂé’]’lLL§? Namsﬁﬂmsm”ummamaamlaa
A . o a o o DX g o
INNJU signal transduction pathway mumwmmylumsum pathway ﬂgﬂﬂi:@l‘ﬂ(ﬂﬂ

@ e e oA & [ a a )

ES product LL@zL‘ﬂuNﬂl‘ﬁLGITNRNHW‘ELLUG@I’JL‘W&J?Ju ‘V]x‘l%I@fJL‘]Jiﬂ‘LIW]U‘LIﬂ‘LILL?LJTIJLLNW‘I’]?
LLa@aaaﬂmaﬁuﬂ&jm signal transduction pathway 3WI1zNaauawadsa growth factors
TRAG ) AUNT LI BNIULE ﬂszﬂauﬁ‘uwamsﬁﬂmmaaﬂqu;&”’ié@ wudwqmauﬂ'ﬁmi

@ v a . & . L. & A ) 2 @ A
ﬂiz@;u‘l,mﬂ@mil,l,mmaamm O. viverrini ES product %1 NFIUARILYARINUKNIIEN
a ‘3’ { o v 4 v
WaduaNnMsnieianey calf serum (37) Fedsznaveae growth factors wang
fie lawn platelet-derived growth factor (PDGF), epidermal growth factor (EGF),
transforming growth factor-f Laz insulin-liked growth factor (IGF) LIARRINITOADURHES
\ P o ! @ a A , Y
68 growth factors TuHa§14 ¢ @IGT‘IN’]’J@I’JEl;iﬂLL‘]J'iJﬂ’]iLLﬁ@Naaﬂma\‘ﬁ]%‘ﬂLLG}ﬂ@]Nﬂ% (38, 39)

=< Somne 2 o s A a . .
ﬂﬂiﬂﬂﬂ’]luiﬂidﬂ’ﬁ%a’s”ﬂEl’%GVL@Lﬁ]’]taﬂY]LLiJllLLN%ﬂTﬁLLﬂ(ﬂdaaﬂﬁlad’ﬂ%ﬂQM signal
transduction pathway WL signal transduction pathway 1 O. viverrini ES product o

1umimz @j’%ﬂﬁiLL‘].i\‘l LTAR

Wan1sAnslag cDNA array 8181I0AALRENAUNEY signal transduction pathway
UI% 9 In ﬁﬁsm”ummamqaifm’mmimﬁmﬁﬂ@sl O. viverrini ES product Laztilu
@ﬁl,mmaamim:ﬁuim growth factor F9TRAANY tALAA abl 1, pkC, h ras, jak 1 uae
raf 1 ﬁﬁﬂﬁﬁﬁlu signal transduction pathway 283 PDGF Waz/%3a EGF (PDGF/EGF) W
pdgfrar vinwtinfilu signal transduction pathway 189 PDGF 3w eps 8 viwiiniilu signal
transduction pathway 283 EGF TRECH) tgfp 1id ﬁ’mﬁwﬁlu signal transduction pathway
289 TGF-B (38, 39)

Lﬁiaﬂmimﬁ signal transduction molecule J:%#374 pathway ‘ﬁlﬂiz@mﬂﬂ TGF-B
LLazﬁﬂi‘:ﬁuI@U EGF/PDGF ﬁ]zwudwﬁldﬁLL@m@haﬁ'usme”uLL‘iﬂ LL&zﬁﬂ’J’]&lﬁ’]ﬂVmﬂ%ﬂ’]‘i
Wgn signal transduction pathway ﬂ%aadﬂéwﬁaaﬂﬁ]’mﬁ AaThaual receptor lag
receptor U84 TGF-B-mediated signal transduction pathway fa ﬂ@luﬁlﬁmiﬁﬁmmﬂu
serine-threonine kinase Iummx‘ﬁ EGF/PDGF-mediated signal transduction pathway It
tyrosine kinase receptor (38, 39) HANIANHITAUMTUEAIBBNVBIT U LA 1T TG
receptor ﬂ%ﬁﬂdﬂ&j&lﬁi@&lmﬂﬁﬂ cDNA array UsFinfsraunisugesaenfiiudwanias
anmawiieavinlag O. viverrini ES product 5\1ﬂ'a"l,;immsnl%ﬁagaﬁhmiﬂﬁuufﬂﬁ

O. viverrini ES product ﬁwavl,ﬂm:@ju signal transduction pathway 1@1%L6ﬁa§i{lﬂu§nﬂ”€y

atndlsnany Hasnnns@nmszaumsuaadseanuaidulasinaiia cDNA array
fMUNI0LITIULULNTUEAID8NYDITUUARLNGN (gene expression pattern) UAZAANTAS
(screening) Funidszaumiuaaseandouudadlulasfinszdudnsg 16d udwindaanis

YANIZAUNTLRAIDDNNUULOUVDIIN davadunanadnlunITHRIUNaNIINARD
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watanAoultlunsEuaUNaNIIANETZAUNTLRAI8NUBIAN Aa aila real time RT-
PCR titasnnnidumaiianinigaiia vinladne wasmen liuws nams@nmiudguszaunis
L§A9UBIIRNAY signal transduction pathway 113 9 THa WUINLAUMIUEAIDONYDITUA
dnslaslfinaila real time RT-PCR l#NaszaUNTu&aI08nadnLN L3N cDNA array
a v A \ = o A Aa % A X
NNAw oniiudu abl 1 uaz raf 1 adglinauluiwiuiunizdunuaasaaniindv
NNMIANHINIFDUNARAUUNLIN T% tgfB 1i4, eps 8 WAz pkC HUszaLUMIUEAIBEN
A X . A o aa ed & ! (% A v a @
N TUDEINREFIANIRAG (p value < 0.05) lwmasniassiaununensluldauscasen
u/ 4 o . a X ' o %
\iaiBLlalinuny negative control lasiAndis 5.95, 4.40 WAz 1.53 WNANEGL (A1519
71 6 uazgU" 9) atielanaudad signal transduction gene UNFINHAMINATDLAIL real
. v a' J [l o o aa v J .
time RT-PCR l#nanisuaasaaniindwminliinnudaynesialaun strap, jak 1
Wae h ras 8% pdgfe Winmsasundadteaunsuaadaan (uumen abl 1 was raf 1 §
FEAUNIURAIDNTNAAAI LMTARNFNNRNLUANTAARAIINWET  uaztilaWansaaInszay
§ Q‘ &, { . qq: ~
muaasaaniinduannfigasein tgff 1i4 ninnmsdnmlaznaia cDNA array
uwnzbudunalasinafia real time RT-PCR aanudadanudwldldgen o. viverrini ES

product nazulAiinnsutisiaaslasendy signal transduction pathway 189 TGF-f

ﬁswUdﬂ%dﬂtﬁﬂ@ﬂ&?gﬂﬂi:éjﬂ@y TFG-B azdiszaumiIuaadaanyaddw tgff 1i4
(40, 41) lavdu tgfB 1i4 1T transcriptional modulator vaIMINIzdUlay TFG-B #anan
TFG-B udwuindu tgff 1i4 awnsngnnazdulalay 12-myristate 13-acetate Uaz serum
ud lidnsnuwignneduldles EGF @1) daznauduwuinszdumiuaasaantaiiu
strap Soludaguss pathway asnanaglwnmsidng iagaﬁaﬁuagumwmﬂuvlﬂvlﬁﬁ
O. viverrini ES product f?ﬁ&l’]iﬂﬂS:(9‘;fu>ﬂ’l‘il,l,li\1leiaar lagls TGF-B signal transduction

pathway

lugrwnsuaadaanvasdw abl 1, jak 1, h ras uaz raf 1 G9.u signal molecule

. , , ' o o ¥

a4 EGF/PDGF-stimulated signal transduction pathway NT=AUNIUEAIDDNLAND Y
' Ao o @ Aa o o A A o o A

QUWGVLIJN%UE‘TWF]EUWVHGEIU@ FUNUITAUNILRAIDANVDIIU pdgfrQL 511(]71’1‘1/‘\%’1711% PDGF-

mediated signal transduction pathway atfluinmsind dayadsnaniveanudulyled

“asfiaasezld EGF/PDGF-stimulated signal transduction pathway lunInavaunadde

miﬂi‘;@:fuiﬂﬂ O. viverrini ES product

1umum3ﬂizéju’{hm1wad EGF-stimulated signal transduction pathway b
t% a A a & T A aa A&
Toyan1Iuani0an1a9du eps 8 uaz pkC NiRNTwadIdipdRy9add Ui o,
viverrini ES product 819n3zgmdunwaing1 inaltlumanioiiliisaduiseainn
‘3’ 4 U { v e =) v 1
1 1$4899N A8 eps 8 Lﬁil’l“lla\ﬂ(ﬂEl@li\‘iﬂUﬂﬂﬁ‘Luﬂﬁ‘iﬂ‘izﬁluﬂﬂiLLUdL‘Ijaéﬁlad EGF
(42)
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@ a % . .. X

lavayUdayansuaasaanvasdnainninszdulas O. viverrini dsanuduly
ldunnoasazly TGF-B stimulated signal transduction pathway %38 EGF-stimulated
signal transduction pathway lunsaauawadda O. viverrini ES product §5189197371114
TGF-B usz EGF funuwmdeglumnduaasUndlinaodussdunisld lay
TGF-B 813N INIEGUNMILLLTAT [N TasLIaYnIaITad stroma (stromal cell) (43) 71
Wanananldmanszdulas TGF-B  lumstsdusswenniniannzuziiold  daunns
uEAIaanUesdn EGF wuanunsanulalunsSimaiosiia 44) Jafanudulylenoas
A ' ? A o o e = v a/ I3 s s U A:id ni
ayviaihddunanunensluldduanauivazldaiuninizduain ES product Nilignslu
MINTEGWTARUUGEINY TGF-B %38 EGF il TGF-B mediated signal
transduction pathway Waz/%38 EGF mediated signal transduction pathway Qﬂﬂizﬁuagj

=3 A o @ & A o A a a & =

anaaa aniziuuimusawioiihioadidoyrieinddnd wiswllidweatuis
riindldlunge  aelsiaudoyaszauniuaataanuasdu tgff 1i4 usz smad 4 Mg
AN UL aNFUNETIL O. viverrini ES product (3U1 10) aviuayudayafl TGF-B-mediated
signal transduction pathway 12zt pathway fiwenFlulaiaulsluninwfisinldine

ﬂ']iLL‘].ix‘]Lsﬁagﬂﬂﬂﬁq@

mssay g mnslusasannInszgulas TGF-B 1 Wuinuiudinsudud
FasunAnTas (membrane) Ehey TGF-B receptor type Il (TBRIl) Wwazk1% signal
transduction molecule ﬁﬁ%’]ﬂ”ryﬁa smad 138N31 smad-dependent signal transduction
pathway (33)  wiihdmpawmnnszduasdlay  TGF-B laglild smad  (smad-
independent signal transduction pathway) WAWUINLTAE fibroblast 3AaUaUEIRE TGF-
B lufiamenisuasfindutiugnls smad-dependent signal transduction (34) Wan13
nasaswuindagudimsuaaseanvasiu TBRI lagmaiia RNAI 498101508a3520UM3
usasaanvaiiu TBRI ldlavimassifidineg LLazﬂ‘ammsmauauamaﬁam:@umn
AMewan 1w growth factor 1 serum & (Eﬂﬁl 13) waziflatih TBRII-knockdown fibroblast
@”\‘1ﬂa'nvlﬂmaaumsm:@ummﬂaLmaﬂ@ﬂ O. viverrini ES product WU LTRaAIN&1IE
nIneuanaIdamIRARAIIINENTTaI T NIH-3T3 Unfadnsfitudanmeaia ua
myneaasitsianudulUlad o. viverrini ES product sanIanIzgunsuLsaslasly
TGF-B-mediated signal transduction pathway LLﬂ:Lﬁadﬁ]’lﬂ TBRIl-knockdown fibroblast
FNINABUEUIAE O. viverrini ES product laanann luumeiisnansnifionisudaaas
Idthslusniznianszgulas  serum aslu serum  wwduinsuiudinysznauds
growth factor WaNaTHa fagaftﬂa%l@ﬂayam’] growth factor-like substance lu O.
viverrini ES product ez ld TGF-B-mediated signal transduction pathway Junanlunis
nIzgduMIuLILTa \fla TBRII %\1Lﬁuimaqaﬁaé'rytyﬁmﬁﬁm?ylu pathway #LszLN"T
L&A aNTIToYa "506’(\1Nﬂ@iﬂﬂ’]ﬁﬂi‘;({f%ﬂ’]il,l,ﬂoLsnafﬂml ES product &89 lata
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sluﬂi:mumitﬁ@mﬁwaaLﬁaq (carcinoma)  uwwUImananmstasulad
ﬂ’]illmsliaﬁﬁfllalql (epithelial cell) W& ﬁi’]ild’mﬂ’]il,ﬂaltluuﬂmlmﬁmgﬂE\}:&I stroma
(stromal cell) lapdssaunsiia fibrosis INMINTTAULTAA fibroblast Twdinsas
collagen  3nin ﬁiwmuﬁ%ﬂu&@l%@aaoLLaﬂuwmﬁﬁmmmwuma: periductal
fibrosis (8, 9) lwnszuaumsiiauzSevieindle Ssaradwlylddinanann o. viverrini ES
product ﬁ]:vl,ﬂmzéjuﬂ’mmw‘i‘maqmaaﬁﬁaqﬂaﬁwﬁiﬂm‘ia@”aﬁ"l,éfﬂdnLL&T’; O. viverrini
ES product Sysansnuniieainliiass fibroblast lﬁfuLﬁaqﬁaﬁﬂﬁLLmﬁaLﬁu%u TBF
witgliiennszuiunsans collagen (Teya cDNA array UsBmsuaaseaniiviu
YBIAWINABANIIAT collagen lulas NIH-3T3 ﬁ]’mmimﬁmﬁﬂﬂﬂ O. viverrini ES
product, unpublished data) &z&NaULNANL fibrosis Iuﬁlq@ uaﬂmﬂﬁmmﬁ@mnmsﬁl
O. viverrini ES product lUnszduaasluszuunidunuuazasnalasdanliiianinzdu

q

AR fibroblast ANFAaWI NIRNARLITANNEALIVBILNLINVEY O. viverrini ES product

2

lunszurunisiAauzSviaing

I@lEJagﬂmu%”ﬂf:uamfagamiLLamaan“uaﬁu (gene expression profile) Tulag
Afimsudedaindwanmswiteasinlas O. viverrini ES product ToyaNIUFAIBENYDS
’iuaﬁuakl,uﬂﬂﬂgmmiﬁmaﬁm\ﬁé‘aLﬁwifmﬁaﬁusi'aﬁ'umm”wé’ﬁmnwm% \flasaniu
fmNnfidszaumsuaaseanindutisn  SwihiAgTesiunTUIRMIULNTs LUy
LLNumiLLa@\‘laaﬂﬂlaﬁuﬂﬁju signal transduction pathway mmmﬁd%ﬁumdﬁ O.
viverrini ES product 1#lumaniiensialwioadutseantiad iagaﬁamnmsﬁnmiw
inaila cDNA array uazinafia real time RT-PCR luimasfigudaniuasnanaisinnens
ﬁuﬂ'm:@“’ummamaaﬂﬁgaifumaﬁuﬁﬁmﬁaﬂu TGF-B uaz EGF-stimulated signal
transduction pathway uanawnﬁfayjaﬁ"[ﬁa”oﬁo%ﬁwLeﬁaa’a@mmauauawia O. Vviverrini
ES product atafiindAymsia Wawadfsdumiuanieantasdu TBRI aaad
Yl%%&l@ftﬂd%ﬂ’nmﬂuvlﬂvlﬁﬁ TBRII-mediated signal transduction pathway =HUNLIN
fanlunineuauasdanianazgulas O. viverrini ES product LLwﬂuﬂaﬁ;u”uﬂ'oleiﬁ%Qaﬁ
W@l growth factor-like substance lusnisanasanwenslyldey mnﬁagaﬁ"l,@i”
ﬂa%ummwﬁm”zymaa O. viverrini ES product lunszuaumsfiauzioviethd suaa
sansndszgndlidayadinan TunssudanszuaumsifiauzSioindannsmitnai

a8 O. viverrini ES product bé
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NMINATDUUULUHNBNITUAAIDDNVDIIN (Gene expression profile) Twiaa NIH-3T3

nmsnszanlagarsaanasnnneslulaiau o. viverrini (ES product)

Hybridization and array data analysis

The in-house prepared mouse cDNA array was prepared by Dr. Kazuhiko
Uchida, Department of Biochemistry and Molecular Oncology, Comprehensive Human
Science, Graduate School, University of Tsukuba, Japan. It consists of 15K of either
mouse or human genes/ESTs. Firstly, the total RNA extraction from NIH-3T3 cells
treated and untreated with adult O. viverrini ES product was performed. Briefly, total of
2-5x106 cells were collected in RNAlater solution (Ambion®, Hilden, Germany) and
processed for total RNA with a commercial kit (ISOGEN; Nippon Gene, Tokyo, Japan)
according to the manufacturer’s protocol. The RNA quality was confirmed by subjecting
the samples to electrophoresis on formaldehyde-agarose gel and staining the 18S and
28S RNA bands for visualization. Then, a 2-llg portion of the intact total RNA was
dissolved in 8 uL of RNase-free water; 2 uL of oligo(dT) primer (1 g/L; Invitrogen,
Carlsbad, CA, USA) were then added. The sample was heated for 10 min at 70 °C and
immediately chilled on ice. The following were then added to the sample: 5 uL of first-
strand cDNA synthesis buffer, 1 yL of DTT (0.1 mol/L final concentration), 1.5 uL of
deoxynucleotide triphosphates (20 mmol/L dATP, dGTP, and dTTP), 1.5 pL of
SuperScript (200 MU/L; Invitrogen), and [33P]dCTP (111 PBg/mol; Amersham). The
reaction was incubated at 37 °C for 90 min. Labeled cDNA was then denatured for 3
min at 95 ‘C. The array was prehybridized at 42 °C for 2 h in MicroHyb solution
(Invitrogen, Carlsbad, CA, USA) with 0.5 mg/L poly(dA) and 1 mg/L COT7 DNA
(Invitrogen, Carlsbad, CA, USA). The probes were hybridized at 42 °c overnight in the
same solution. The membrane array was washed twice at 50 °C with 2X SSC-10 g/L
SDS for 20 min and at room temperature with 0.5X SSC-10 g/L SDS for 15 min. The
membrane array was exposed to an imaging plate which was scanned with a BAS 5000
imaging analyzer (Fuji Film, Tokyo, Japan). Spot intensity was quantified with
ArrayVision version 5.0 software (Imaging Research, Ontario, Canada). GeneSpring
version 5.0 software (Silicon Genetics, Redwood, CA) was used to normalize values for

each gene for data analysis.
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Gene responding to O. viverrini ES product

Using a mouse cDNA array, we examined the gene expression profile of cell
proliferation stimulated by O. viverrini ES product. A total of 15 000 genes and ESTs
were tested. O. viverrini caused widespread alteration in gene expression. The ratios of
gene expression between treated and untreated with the parasite ES product equal and
greater than 2 were focused on because of their striking changes. Among all
genes/ESTs in 15K cDNA array, 885 genes fitted to this criterion. Among these genes,
only 536 genes had a variety of molecular functions and only 239 genes within these
536 genes had cell proliferation-related functions. These 239 genes were categorized in
groups as proteins playing roles in energy and metabolism, signal transduction, protein
synthesis and translation, matrix and structural protein, transcription control, cell cycle
and DNA replication. The percentage distribution of genes in each group is 25.2, 21,
18.9, 17, 12.6, 3.3, and 2, respectively. The examples of genes in each group are

summarized in Table 1.
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Table 1 Proliferation-related genes with 2-fold and more1 up-regulated in fibroblast cell
proliferation activated by the O. viverrini ES product compared with the negative control

(not exhaustive)

A. Energy and metabolism Glyceraldehyde-3-phosphate dehydrogenase
(gapd), cytochrome C oxidase, alpha-enolase,
ATP synthase beta subunitz, thioredoxin,

aldyhyde dehydrogenase

B. Signal transduction Transforming growth factor beta 1 induced
transcript 4 (tgf3 1i4), tyrosine kinase (abl 1),
interleukin 1 receptor-associated kinase, MAP
kinase phosphatase (mkp 6), colony stimulating
factor 3 receptor, protein kinase C, Janus kinase

2 (jak 2), casein kinase | alpha (csnk 1a1), c myc

C. Protein synthesis and Polyubiquitin C (Ubc) gene, ribosomal protein
translation 827a2, ribosomal protein L27, elongation factor
Tu, RNA polymerase 1-2, translation initiation

factor 4 gamma2
D. Matrix and structural protein Lysophospholipase 1 (lypla 1)

E. Transcription control Transformation/transcription domain-associated
protein (trrap)z, telomeric repeat binding factor 1
(terf 1), transcription factor EB (tcfeb), DEAD-box
RNA helicase (ddx 21)’

F. Cell cycle Kinesin family member 3a (kif 3a), mitotic kinesin-
liked protein 12, cyclin dependent kinase 4 (cdk

4), cdk 5, cyclin B1

G. DNA replication RPII215 polymerase Il large subunit,
topoisomerase |l alpha, DNA primase p58 subunit

(prim 2), ribonucleotide reductase

1 . . . .
Sequence in each group is ordered from high to low expression increases

2
represents human gene
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