> 1

uneanga

o & a % o @ & @ a A
Tﬂ‘i\‘lﬂ'\‘i nlsgy ﬂa‘szuué'f'maansmmjml,a:ﬁmn%m'ﬂ%maaLﬂmgﬂﬁa%m‘smum‘s

A o @ & 1 & a
GIEHJ?I%G\‘]El’lLﬂ&liJ’liJﬂsl%&lzLidﬂa%’m

snSiviahd  (ccA) unninieussnnsfianiaiiasanngisdnldioinuaas
Unngauiisszezgarorilinisifedorildondgiwnnann . wonsailsavasunSiriatiaiiie
oLy mwwmmuw‘"@ummﬁ'ﬂmﬁmumwmuﬁuﬁﬁwmﬂﬁuuuﬂaamiagsamﬁmlﬁﬂﬁau
A o | ' ' ' o o A R A Al Ao, o o A
Luaamﬂgﬂaﬂaaulﬂrgaglmw:q@mwaﬂiﬂ nsnwdwldlaaanaadfiadiintaunas 398
NH wEMIINBaINEI I szENS W nIdnmaTIiisiidagUszasdinanidaya
aﬁfuaguqﬂﬁﬁlmﬂumﬁﬂmL'ﬁaLﬁuﬂizﬁ?w%mwmaammﬁuaz%’aﬁ%'ﬂmi@ﬂmiﬂ'uﬂi‘imi
Y9uUa9Law kIl an ke anTLaTwIa% krait aInuad wIanstNNaandiatwa el wTaa NS
MIANBINLINNNTEUEIEW TN heme oxygenase-1 (HO-1) #3a NADPH quinone-
oxidoreductase-1 (NQO1) ﬁﬂﬁl,ﬁwm’s:aanéﬁmfummluLsna@?LLa:ﬂizéfulﬁLsnaaﬁ::ﬁﬁaavl,'scﬂ'a
0 @ A X Y o o o & o a .
PNANTNUANINGITN  MIANEN A HWEUAIBNITEULS HO-1 uaz NQO1 druinaia RNAI N1y
fuds HO-1  definanszdulinznishdessfunuanlasyildanuaiunsnves colony forming
8A8Y JUHIIYINITAAT G2-M phase n3kianstadiugs HO-1 @8 Zn-protoporophyrin (ZnPP)
! o = . . @ o g a a = o & a
TINNUELAN  gemcitabine (GEM) ﬁﬂ%ﬂ%mﬁaa%aam:aaﬂsﬁmuua:waﬂummimui@mao
& 2 oA & Ao , & 1 ¢ a A oo \ @
LTRA msﬂﬂm"lmwgwmalum}.maaamumsﬂgnmwmwam@ %}val,mu ZnPP 3340U
Gem fifaunzSefifeungamudulalasfiwddonSoufivunumslasuede 9nlidua
qu/ 1 % % % qu (3 1 U v
WUl gniaenanaNNBS AL UaINITULISLTRE miaiwmamﬁamm:mim:@;u p53
& o | =1 ' S AN v a 6 ' o
#ANINHUNUINVDI NQOT luamw:mﬂam@"l,mummLmﬁ:'vﬁLLa:wmﬁ:@umma@waa
NQO1 luliatfanziSeanansawenynilsa laa I@UﬁpjﬂfsUﬁﬁi:@”ﬂﬂ’mmmaaﬂmaa NQO ngﬁ
wenInilsa i@ fszuznsteadwau  MIANBLABINUANT phenethyl isothiocyanate (PEITC)
al cI; { 1 Q( v QI a vt 1 n(
msﬁﬁwﬁmlungaﬂwmﬁ‘m‘mﬁmﬁqmm:@;mwuma:aaﬂﬂjmwmﬂlmmaﬁ wuIlgnd
\ & & 1 ¢ AN P \ a & &
LIIUINEINIIDNNTAANSLSIVIANA WA eTha  Watad PEITC damnzsSaandnialuinasi
d' i [ ‘3’ % a 6 = d! d' o o o (% 6 o 1 Aaa
wmUna"l,ﬂﬂmemaﬂumuﬂmu@maamaaumam‘lmqmﬂmml%Lsﬁaagﬂmmzlmmnmao"l,u
a o @& =< A o = v = A AL o
Tanauta3t a3t PEITC 39U In laNad s1u13ndaduwyzlSInaInianashanaa s be
MIANBLEAI AR I WIAANITLANNNITADLFWDINITINEIAILLUALT/TIRINHIRINIID
Wwldlamenisgugiszsuuduwaandatw/lainuwad  ntgusantoy  HO-1  ANalwunng
' Ao o o Ao ° A % o & A A =]
AOURWAIADLILARNINI AL TIFTN LA BN RAILALINUMTEULI NQO1 NaNdiNALTWNWI
adda ' = ' A o & 1 & adn e
Lﬁuq‘nmﬁmmmmﬂmiﬂﬂmmavl.ﬂLwamiiﬂmummam@ﬂ@wa

Keywords: cholangiocarcinoma, antioxidant, heme oxygenase-1, NQO1, phenethyl

isothiocyanate, redox, mitochondrial death pathway



Abstract

Interference of antioxidant and cytoprotective defense system in
cholangiocarcinoma as the mean for enhancing chemotherapeutic drug response

Cholangiocarcinoma (CCA) is one of the most devastating malignancies because the
majority of cases develop without clinical symptoms, and thus making the diagnosis of CCA
very difficult. Prognosis of CCA is extremely poor because treatment outcomes and survival
of the patients have only slightly improved in the past several decades. Because most of
patients are already in the advanced stage of the disease at diagnosis, chemotherapy and
radiotherapy may be the options left for most patients. However, no effective chemotherapy
is known for CCA. The study was to provide evidence Y to support a new strategy for

enhancing cancer cell killing by mean of inhibition of antioxidant/cytoprotective enzymes
and increase of cellular oxidants in cancer cells.

The study reviewed that inhibition of heme oxygenase-1 (HO-1) or NADPH quinone-
oxidoreductase-1 (NQO1) resulted increased cellular oxidant and conferred a strong
sensitizing effect to CCA cells in response to chemotherapeutic agents. The study was
verified by knockdown of HO-1 or NQO1 gene expression. Inhibition of HO-1 also
sensitized CCA cells to gamma radiation, where colony forming ability was impaired and cell
cycle was arrested at G2-M phase. The antiproliferation of Zn-protoporophyrin (ZnPP), a
potent HO-1 inhibitor, in combination with gemcitabine (Gem) was causally associated with
oxygen radical formation. The study was validated in nude mice xenografted with CCA cells.
Treatment with ZnPP, in combination with (Gem) almost completely arrested the tumor
growth, while single treatment did not. The effect was associated with suppression of tumor
cell proliferation and angiogenesis, and with activation of p53. Moreover, the role of NQO1
in CCA patients was investigated and showed to be a good prognostic biomarker. As the level
of NQO1 mRNA expression was inversely correlated with patient survival, the higher NQO1
expression, the shorter survival time found in the patients. The study of phenethyl
isothiocyanate (PEITC), a phytochemical known for its inducer of cellular oxidants found in
cruciferous vegetables, was shown that it potently inhibited growth of several CCA cells and
induced apoptotic cell death. The effects of PEITC on the cellular redox are mediated via
different ways in different CCA cells leading to cell killing through the mitochondrial
pathway. The multiple effects of PEITC may be beneficial in overcoming the drug resistant
cancer cells.

The study demonstrated a proof of concept of approach to enhanced
chemorradiotherapy response by interference with antioxidant/ cytoprotective system of the

cancer. Our studies indicated the synergistic effect of HO-1 inhibition in chemotherapy and
radiotherapy and it may be true for NQOI1 inhibition. This worthy strategy warrants further
investigation in the treatment of CCA.
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