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Investigation the role of MSH2 expression in Hsp90 inhibitor enhancing

pemetrexed-induced cytotoxicity in human lung cancer cells
Yi-Jun Jian. Yun-Wei Lin*
Molecular Oncology Laboratory, Department of Biochemical Science and Technology, National Chiayi University

Abstract

Pemetrexed has demonstrated certain clinical activities against non-small cell lung cancer (NSCLC). However, ne appropriste biomarkers have been recognized for predicting the clinical
response o pemetrexed. DNA repair functionality plays a key role in chemosensitivity and cell death induction in squamous cell carcinoma, in which human MutS homolog 2 (MSH2), is a
crucial element of the highly conserved DNA mismatch repair system. ln response to stress stimuli that cause DNA damage, cells undergo cell cycle checkpoints to allow time for DNA
repair, while the p38 MAPK pathway is involved in the induction of that. Until now, whether pemetrexed affects MSH2 expression in NSCLC 1s unknown, We hypothesized that the up-
regulation of MSH?2 is responsible for the cell’s resistance to pemetrexed. In the other hand, elevated heot shock protein 90 (Hsp90) expression has been linked o poor prognosis in patients
with NSCLC. Additionally. inhibition of Hsp90 functions affects multiple oncogenic substrates simulianeously and has shown obvious anti-cancer effects in vitro and in vivo. At first, we
found that treatment with pemetrexed at 20-50 mM increased the MSH2 mRNA and protein levels in a MKK3/6-p38 MAPK signal activation-dependent manner. Furthermore, knockdown
of MSH2 expression by transfection with small interfering RNA of MSH2 or the blockage of p38 MAPK activation by specific siRNA enhanced the cytotoxicity of pemetrexed. Combining
the drug treatment with an Hsp90 inhibitor (17-AAG) resulted in an enhanced pemetrexed-induced cytotoxic effect, accompanied with the reduction of MSH2 protein and mRNA levels,
The expression of constitutively active MKK6 (MKKSE) or HA-p38 MAPK vectors significantly rescued the decreased p3® MAPK activity. and restored the MSH2 protein and mRNA as
well as cell survival in NSCLC cells co-reated with pemetrexed and Hsp®0 inhibitor. On the basis of our data, suggested that combinatory treatment with pemetrexed and an Hsp9(0
inhibifor, or the inhibition of MSH2 expression, could provide new tools for overcoming the resistance to pemetrexed in patients with NSCLC, although the clinical relevance of these

findings needs to be confirmed.
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Activation of aryl hydrocarbon receptor reduces
carbendazim-induced cell death

Kuo-Liang Wei'2, Chih-Yi Lin?, Fei-Yun Chen?®, Chang-Rong Chen?, Shui-Yi Tung'2, Jyan-Gwo J. Su**,

'Division of Gastroenterology and Hepatology. Department of |

I Medicme.Chang Gung Memonal Hospital, Chiayi, Tarwan

ICollege ol Meadicine, Chang Gung University, Taoyuan, Taiwan
*Department of Biochemical Science and Technology, National Chiavi University.

Abstract:

Carbendazim 1s being explored to be an anti-
cancer drug, due w0 its  ability  to inhibit
microtubule  assemble  in human  cells. It
depolymerize microtutules, therefore are able to
inhibit mitosis and arrest cell cvole at G2/M
phase, resulting  in  inhibiting  cancer  cell
proliferation. Due to its promising  preclinical
antitumor activity, carbendazim is potential to be
applied as anti-cancer drugs. Our data show that
carbendazim  induces mRNA  and  protein
expression of evtochrome P450 1AL (CYPIAL)
and it promoter  activity,  In  addition,
carbendnzim activates aryl hvdrocarbon response
clement (AHRE), a binding site of the activated
arvl  hydrocarbon roceptor . (AhR).  The
carbendazim-induced CYPIA]  expression  is
blockd by AhR antagonsits, and is  highly
decreased in the AhR-signal deficient cells, These
results demonstruted that carbenduzim nctivates
AhR. by which CYPIA]l oxpression  is
stimulated. In order to know whether the AhR-
induced metabolic enzymes convert carbendazim
into higher or less toxic metabolites, the flow
eytometry to reveal subGO/GL population and
MTT assay to reveal proliferation, were applied
to  monitor  the carbendazim-induced  cell
apoptosis. Results show that carbendazim induces
less apoptosis in Hepa-lcle7 cells than in bath ¢4
and ¢12 cells. Pretreatment of -NF. a synthetic
potent AhR agonist and highly inducing CYPIA |
expression, decreases the carbendazim-induced
cell death. In summary, our results also show that
the toxicity of carbendazim decreased i cells
with AhR signal. This informoation provides an
important  relerence  for the application of
carbondozim in cancer chemotherapy,
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Fig. 5 The aryl hydrocarbon receplor  (AFIR)-akgaal
regulated carbendazim (CEZ) dnduced cell death, Hepa-
12107, o4, und ¢12 cells were weated wills CBZ (5 and 10 phG)
and benzolajpyrens (Bal) (5 M) for 24 h Aflerwards, cells
were subjected 1o stainirgs wWith propidius iodide and analy zed
by flow ovtometry. Cell deah was detormined as the percentuge
af migrmds to the et of the G) peak (sub GO popualstion)
Cells thae hod deed were determined & shown on the charns
Dt are the moan £ S n ~ 3. % Indintes n comparison with
DMSOureated vells. *** p < DO, ** p < 008, and * p ~
nos

carbendacdim (CHZ) sod benxola)pyvene (Bal®). (A Hepao
Tele7 eells were trested with cacherulazim (10 uN wil they
were collected ax .5 h foe RNA amalysis. (2 Hepa-lolo?
<ellr were trested with carhendanm (1-20 pM) for 3 b Toan!
RNA were harvested tor the unulyss The expeesdion of
Cyplal mRNA wis amalysed by  guatitative PCR me
descrided in Expenmental Procodures Results ure expressed
4 the mean { SEM, m ) 3 * compared 10 the har sxhanted by
thse werom. Y™ < 0001, **p <001
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Fig. 1. Effect of carbensh on Ly activity of
Cyplal promoter and aryl hydrocarbon resporse element
(AHRE) Tuciletase reporters, PIO46PT L3 and
pARRIMKLucd, transfected in Hepa-lele7 cells are inclicuted on
awch chart. (A) Cells were treated with cerbendaam (10 pM) tor
30 h (B) Cells were treated wrth carbendazm (10, and 20 pM)
for 3 I AL the end of mesbation withs the test compounds, cells
were harvested. and cell lysates were collected tor am pativity
soisay of luciferwse and galactossduse Resulls are expresisd s
the mean L SEM 5= 3 **%p < 0001, **p <001
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Fig. 3. CYPILAL expression es of protein induced by
carbendaxim. (A on<d B} HO23 and Hepaclelc? colls were
treated with carbeodozim (10 uM) foe 1502 b (C und D)
HO2N and Hepn-lolo? cells were treated with carbendnzm
(120 pAD) for 5 and 6 Iy resp ely. The exy an of
CYPLA| protem was analyzed by Western bloes
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Fig. 6. F-NF neotralizes corbenduzim (CBZ)-induced cell
death. (A) Hepa-Tolc? cells were treated with [WNF (10 pM)
for 25-33 b (83) Hepa-l1eleT vells were prewreated with -NF
(10 ) foc 129 b followed by treatmem with CBZ (10 uM) foc
24 W () HepG2 celis were prettentad with fi-NF (10 py\) for 8
h, followed by treatment with CHZ (5, 10 and 20 pM) for 24 4
Afterwards, cells were suby ! w g with progu
iodide und wnalyzed by Now cytometry. Cell Jdeath was
detormined ax the peraentoge of sagnaks 1o the left of the A1
poak (sub GG populaston). Cells that hod died  were
determined s shown on the chaets. Dista are the mesn £ S0, n =
3. ¥ Indicates u compatison with DMSO-treated cells *™% p -
D001 **p w001, el * p = 0S8
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Fig. 4. Effect of uryl hydrocarbon receptor (ANWR) sigmal
on the expression of cxtochrome 4520 1AL (CYPIATL)
Induced by carbendadm (CBZ). (A) Hepa-10107, 4 and
€12 cells were tremted with CHZ (10 ph) for & e (12) Hepa-
1¢167 eells were ented with either 10 uhd CH-223191 (CH)
or | mM salicylamide {SAL) for | h, followed by trostmont
with CBZ for 6 b The CYPIAL pratem expresuon of thew
vell lysates was analyzed by Western bloas. Both the o4 and
€12 cell limex were denved from Hem-lele7 ad we
detictent an Amt and the AR, resipectively
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Fig. 7. Concentration ot inhibition of carbendart
on cell viability. Hepa-1 snd €12 celle were culiured with the test
compourls, for 24 and 48 h. Cell viability was analyzed by
MTT sy, The dabs represent the meand S B M of w lesst three
sepanite expenments. An astersk (%) indicates w0 sgnalicant
ifference fraom the comtrol (p < G.0S)

Carbendazim  activated AWR  und indoced AbR-
targeting gene, CYPLAL o pluuo 1 metnbohc unz\mu It
s predictable  thot b m v
other phase 1, and phoase 1T and 11 mq:hbulic Cnzymes
Thn rqt()ﬂ provades & mods! for the stuedies of AhR-

bholk In achedi it reveals the toxicity
modul of carbendazim in tissues.
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(INTRODUCTION]

Colorectal cancer in Taiwan is already the highest cancer incidence rate, and
third cancer mortality rate.  Chemotherapy treatments have made great
contributions to the inhibition of cancer recurrence, and metastasis. But,
Chemotherapy is often resistant in about half of the patients, resulting in cancer
recurrence and progression, A lot of evidence are finding to suggest that cancer
stem cells will lead chemoresistance and cause tumor sustained growth.
However, colorectal cancer stem cells(CSCs) for drug resistance mechanisms
remain unclear.

3|
MOTIVE

In this research, we use the mainstay chemotherapeutic drug, 5-Fluorouracil
(5-FU) and Oaxliplatin (OxR) were selected with the colon cancer cell line HCT-
116. The cancer stem cell lines were sereened for colorectal cancer by the use of
chemical resistant cloning method to analysis of whether a cancer stem cell
charactenistics. Study of the effect of SDF-1 on cancer stem cells signaling and
uPA expression and the regulation of the Bel-2/Bax and P-gp proteins may be
related to resistant chemotherapy drug resistance mechanism,

Study Design

Screening drug-resistant cancer stem cells
Cells Drugs

‘ 5-Fu
2 ‘ Oxaliplatin

(Phenotypes)

1. Stem cell cellular marker
2, Cellinvasion

3. Wound healing

sl

HCT-116

(Mechanisms)
Our study 15 to study the mechanism
SDF-1 signaling or Bel-2/Bax and P+
gp proteins may be related to
susceptibility and chemical drugs of
the HC'T-116 cell lines
changes alter 5-FU and Oxaliplatin
trentment.

(MATERIALS & METHODS ]

Targets

Colorectal cancer Cancer stem cell it
(CRC) (€SC)
HCT-116/0xR
HCT-116 ¢
: HCT-116/5FU ey
Cell l-'lu(?rcsccm g Western
Culture immunohistochemistry Bolting
HCTA16 §
OxR
Cell (mormal)
Wound o Invasion
Healing ¢ ;
(Migration) FiETiTng
p " BN
(CONC LUSIONJ s

This result finds that chemoresistant cells were enriched for CSC
markers and showed higher tumorigenic capacity in vitro. Next, we will
be determined that effects of 5-FU-resistant and OxR-resistant
colorectal cancer stem cells were associated with overexpressed Bel- ,
2/Bax, P-gp and uPA proteins via activation of CXCLI2 (SDF-1)/ CXC ,
chemokine receptor 4 (CXCR4), These findings provide further insight £
into the molecular mechanism and suggest promising biomarkers for
clinic therapy of colorectal cancer patients outcome of patients with
lymph node metastasis.
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Fig.d CSC cells have increased migratory and invasive capaciey. Baylen ehamber
and modtified Boyden chamber assays were done o compare the migratory and
tvasive capabilities of CRC and CSC cellx
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