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BB TR CASARET

K3 FERERICHIDAB Y IBHERE
B(CDWCEBE CMAPMHAER B ISRt L
BEDOEREHZEDTHSD. PHERDRBEE
(CHEALTEINIBICENDDST (127485,
131+£97, 1565£162, 207+£199 mg/d/,
P<0.001), BEEEAFEEMRBICEBIN LWL
(42.3, 40.4, 34.5, 42.9%, P<0.001). BUE(,
PHURESIIN\DEBZHDRD, ZUDCAIEODRE
EmEBOLTVDRDICHZ DD, ASERRFICD
WTIE, EEDNIZOSNTVBDLDICHZD.
Gunji 5° FRELREEENRICLEEBMRT
(OYAT 1 v O ZTL), BBBIBDRER
ARECKEIZEZRFTLTCND. BERES
(20g/BXRim), PEHEERBEE (20~408/8),
SEEBEE (408/BLlL) [CDVWTHRBEE S
&L, BIhRFREDCS v XHEBERBESE T
0824 (P=0.044), PEHEERBEE T 0.754
(P=0.008) T®HO, ERBBENBEMAOFREZ
BRLUTLWDHIEZRSLTWVD. Fz, BER
BE TOMEENICEBRTREBRVEDDA Y X
[l 0.853 (P=0.197) &1 Z2TOd¥EZR
LTWD. SERESICIFEUEICKDAEAT - AT
BERBENSEIENDIEEEXDE, —ATIIRE
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BINETHD.

BUBENB C BRI REREDBDIBR T SRR
[CDWVTIE, BUBH NAFLD OFEICHEIC
ERULTWLSTOREMEH D Y D, ZDOEMRKE
FFBREEICIEESNTULRL. F2, ZILI—ILK
HICHBEEDDD, ZOFEESHTHTUR
W&, ZAICBBETZIT TIREBODISIAFFREIC
RETEOEEZRSHICTERVITREEND
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ERBOBRRE R UZARIERDERE T
T#Holz. 1 BORBEDBNIFZDEDRES
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BEBNSE 2T EZERFEZATND. BB
S(CABELIZCOREEEDIBNGSG, AEIHATOE
WCDBEH > TLD.

SOEICEI T BmigE

BOODBERRRTICHNTIE, AERBABRREED
AEZRU v OV ERBEERBDFENEDOHTE
BEREESHTND CBFEEVDBNERT
Hd. LENDT, PILI-IETHNIEP I
J—)LHETHN, BB ASRY v IEREEE
EENFATDIHEICIEK, INS&ESIERITE
EBBOUBZHS ULREBEERELND
NEBMATIRTDS.

PIII—IRBCEEBRIV Y IR - 2T b
DEERIC(EF FTOBBO P A/ (SFVBRED
THR7P I/ BORBHIHETHSD. UREDS
(VLOL) O@llE+nB 7P /8 - A<
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BSRBRVEDICE, INSZETDICEDBRHSER
OIEHER=NTEZ. LHL, DNOND/L
BTk, RWBEN1EG/BZEBRATLSE, AR
ERHEL, BIFOBRENS<Ed. 18I1
BLLEDORBHLHDHEEICE, BUAZBNEER
NEDRREBEEEITOIEELNBEEZSN

OPES AL NAFLD,

B.

FIOBNTZEKDIC, PILI—IULEHEICIK@EE
HREL, REEHCEETBIBREERTRDOEH
DERBEDEBEICIOTEBDHILEDD, &
RDOXSPB R REIBETEIMAZRST
CEERHETHD. BBICHITDREEEICD
WClg, EFBEBROBREVSHIZERBICA
D, SEIRFTIDFREH L.
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#R5|FEE I NAFLD, £EEER, A4 K) vy Fuo—24, A0EE, AMF o

[FU®HIC

k73— v Mg BG MR FE F (non
alcoholic fatty liver disease; NAFLD) I3 BH 5 %>
SERIERE A 5 <, HFEORRRL 2 R 35
FEETH O, DENI T T r#% B 518
WHEELELZON, dFVEBEHIA VL
o7z, LA L, NAFLDERI O i i3 AT
BRI HERE T 237 L a2 — LERSHART %
(non alcoholic steatohepatitis; NASH) O ¥ &
2NdHD, NAFLDZ#3' L & PHEBAF&ITW
ABWIENHENLL>TETNS,

M4 5 E 187 | (Life-style related diseases)
&3, TREE, #HBEE, (KE B A
BEOEEZEL, TORIED L < I3HETIC
BT IHREHITHD, x2K) vy oV
P o — 230 & AR L LU AR
T 5 PR, SIE, REEREEN e
KO THBH. F7-, NAFLD/NASH i34
EHENMEROIPRZ & Wbh, BEREZ D4

IEE BN O TFAEAY, NAFLD %> NASH O % &
ERICIEENIZIERT 5. BEFORKILR
T4 7 2L ANDOEIZHED, HERT S IER
HEREGEERBES ML, EmeEmy
BRI PE S NAFLD OBEAfat e h T b,

AFFTIZAEIZ %61 5 NAFLD/NASH O 48
B, BB £ D 2\ NAFLD O % 12
DWTHERT 5.

]

2 | NAFLD/NASHO$E |

NAFLD O RIEIZ AEZEN AL H, BAR
HA&HXRT7 Y7 ATIENAFLD O &
DE <, DHEDNAFLD D FHREIZI ~
30% EWnvbhTWaY, bhbhORE T
i, 20081 AR KN v 2 &% L, HBs#l
R & HCVHii& 2 #llE L 729,013 A D H# T,
MEERRE S I A& CRERAT & B & h 2= H 13
2,633#(292%) TdH - 7-(X1). % 7=, Hg
HERFRE B 5 5 HBsHUR & HCVHIA A ¢
NEREMTH - =%2#132,561 % (BEHIF

Ayaka HAMABE et al : Epidemiology of nonalcoholic fatty liver disease with or without life-style related disease
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K1 ARBF v 27 22HI26 5 EWHFOHEE
FL ; fgiifif, NBNC ; HBs iR D HCVHUiRERME, Ale: 7
T—, Alc();1HERBER (% / — L) 20g/ HULTF, Ale(+);
IHMER (% /) —L#E) 20g/ HAWEA 5

REMDIT3%) T, X612, 72— JLEH
BNy ) - LBET20g/HUTTH -7
NAFLD {513 1,937 (> 4 L 2 v — & — &t
ORERGFRER D 75.6%) TH 5 (M 1). T4b
5, AMBF 2 %8ED21.5%» NAFLD &
Ziohs.

Kojima 5 1%, Bz 2T 2HEHHFO R R
SEIZIE LML, 1989FTid12.6%, 1998
F£TI13303% EWMEL T B2., bhbhd
BET, REHGRTIC %1 5 NAFLD D4 (349
75% Tdh - 7-Z & » 5, Kojimab D#HEIC
57 5NAFLD D S B 134923 % & #HE Il T =
%. #%7-, Hamaguchi 6 D#ETI3, FERK
THEEONAFLD D 4HE 13233% TH %Y. T
DE>5%HTEnr6, bAEIZHK T 5 NAFLD
DHEI320 ~ 25% L HEE S h 5.

NASH DS E Z A DK 1.2 ~4.8% & #
L XxNTWBb, %7, Michitaka 5 DHf%E 7
L — T HAT - 72 587 Bt D FF i 25 1 # 33,379
A& L L-RETTIE, 2.1%2NASH(Z
WKL -FEE T, BHTE14%, KHET
1234% &, BHEIZZ 0 (p<0.0000) 0. —4,
NASH A2 R O A EFRAEEIZ31.5% T,
BHTI13422%, ZRHETIE24.1% & BHOT
HHFEA PFEILA RIZE O (p <0.005).

|| MRIICRIENAFLD/NASHD$AE

NAFLD D R4 LIz 3MEZLH D, kMK
D BEOHAREITFIZ 2D R, B
FEomictmELH B, BHETIE30~ 60
OB OHEE IK25% Th % DIZH
L, ZMTIREHS LB IZONTHREHFO
B3 IR A IS L, 60 LIRE TIX MK
LIZIERIFEICAD EHE SN TNEY, Zh
iE, HALEVHAESLTED, ARERO
ZPE T2 Fay Y DTS KD AR
BEMEL, 12 VKNG &R &
ha3-HEELZLNTWNEY., ZO7-0HK
%O ML BARRRT O M IZ I XNAFLD O 1)
ZIOBEBNEREXN TS, £/, bhb
NORETTIE, BEIEASHART O BERE A3 IIE
HTHBDIZHNLT, HEDRERTOHE I
20004 & 20054F TidEA W (X2). BHER
Sk RIFOMmM AR E N5, KlT
SIHHEMT 573X SR BENBLETH 5.

AE®&ENAFLD, NASH

TR 19 418 [F RAR I - KEREICK B L,
AR (BMI(kg/m?) = A& (kg)/ &%&? (m?) ]
25 kg/m2 Ll b B # O HIE 1, 204,

902 AFAERE 60465 - 201046 A



Bt (%) (%)
40 40—
30 - 30
20 - 20
10 10
0 - 0

1995 2000 2005 4E 1995 2000 2005

(6284) (6484) (6829) (n)  (3668) (3852) (4182)

B2 19954, 20004 % & UF2005F AM F v 7 Z#2EIZ I B RGO K

(REEE &)

104ERT & R TEM I MMMERIZ S 5. £
7=, Bt IEHOSEEIRERE &8I
BAIZERLTWAS.
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£ TI334.6%, 30=BMID & & % Tid
77.6% &, REROFEE ORI HEORERGAT
B4 5%, %7, Kojima 5 131989~ 2000
FEO1REMEBRERRES Y Y 4 —-D%
2%39,151 A& L, BBIFHFOAEREIR
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BMI < 30 D B i % Ti351.4%, BMI# 30 L
LoOBEBIERE TI3804% &, BROFEEIE
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5354, JEMENE & L TR ) 2 &
34y XH63TH B EHEL T 52,

Hamaguchi 5 {ZNAFLD & x 2K v 7 &
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F¥9%913.8 7 H OE B TH 721210% (55
HTIE14%, KHETIZS%) DRIEND - 7=
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EEEL TWA, #H7-IZNAFLD A RIE L 72
ERNIBEMETIX17+E1.7kg, ZHETIT13+
l4kg DIKEEMMBAON, OV AT 4 w7
BlEAIIC BT, REOHENNIZNAFLD O
oL L - fakERl T, HHETIZOR 1.51(95%
CI1.40,1.63), &M TiZOR 1.62(95% CI 1.39,
1.89) T %5,

50, EFFNRORmAKML Tk
D, NEDONAFIDE & &> T\ 3.
Tominaga 5136~ 15 & xR & L 72 NAFLD
DERELERETL, 6~10E Ti33.4%, 11
WM 5158 TIE52% EMEL 29, 7=,
INR X &R 52y v Fa— LBl RUEDs
WYEIZH T B NAFLD OB 13, PN
HTI1340.0%, B¥EFZLETIET768%TH D,
XA ARy 7Ly Fa— AIZNAFLD O
. L 7-fGRRIK T 5. Tsuruta b & 224
288 A & W R IZFRRORRET 217\, 20074F-0D
B #1359%, NAFLD DH R #EI$45% T
HBHERELAD, X502, B AEmRE [(K
H— R E) /ARUEIRE X 100] 220%) O
A HF%1Z, NAFLD Ti3583%, JENAFLD T
135.7% L HERICHE SR L 5 (p=0.001).
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The Progression of Liver Fibrosis Is Related with
Overexpression of the miR-199 and 200 Families
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Abstract

Background: Chronic hepatitis C (CH) can develop into liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Liver fibrosis
and HCC development are strongly correlated, but there is no effective treatment against fibrosis because the critical
mechanism of progression of liver fibrosis is not fully understood. microRNAs (miRNAs) are now essential to the molecular
mechanisms of several biological processes. In order to clarify how the aberrant expression of miRNAs participates in
development of the liver fibrosis, we analyzed the liver fibrosis in mouse liver fibrosis model and human clinical samples.

Methodology: In a CCL4-induced mouse liver fibrosis model, we compared the miRNA expression profile from CCL, and
olive oil administrated liver specimens on 4, 6, and 8 weeks. We also measured expression profiles of human miRNAs in the
liver biopsy specimens from 105 CH type C patients without a history of anti-viral therapy.

Principle Findings: Eleven mouse miRNAs were significantly elevated in progressed liver fibrosis relative to control. By using
a large amount of human material in CH analysis, we determined the miRNA expression pattern according to the grade of
liver fibrosis. We detected several human miRNAs whose expression levels were correlated with the degree of progression
of liver fibrosis. In both the mouse and human studies, the expression levels of miR-199a, 199a*, 200a, and 200b were
positively and significantly correlated to the progressed liver fibrosis. The expression level of fibrosis related genes in
hepatic stellate cells (HSC), were significantly increased by overexpression of these miRNAs.

Conclusion: Four miRNAs are tightly related to the grade of liver fibrosis in both human and mouse was shown. This
information may uncover the critical mechanism of progression of liver fibrosis. miRNA expression profiling has potential for
diagnostic and therapeutic applications.
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Introduction

Chronic viral hepatitis is a major risk factor for hepatocellular
carcinoma (HCC) [1]. Worldwide 120-170 million persons are
currently chronically Hepatitis C Virus (HCV) infected [2]. Due to
repetitive and continuous inflammation, these patients are at
increased risk of developing cirrhosis, subsequent liver decompen-
sation and/or hepatocellular carcinoma. However, the current
standard of care; pegylated interferon and rivabirin combination
therapy is unsatisfied in the patients with high titre of HCVRNA
and genotype lb. Activated human liver stellate cells (HSC) with
chronic viral infection, can play a pivotal role in the progression of
liver fibrosis [3]. Activated HSC produce a number of profibrotic
cytokines and growth factors that perpetuate the fibrotic process
through paracrine and autocrine effects.

‘@). PLOS ONE | www.plosone.org

MicroRNAs (miRNAs) are endogenous small non-coding RNAs
that control gene expression by degrading target mRNA or
suppressing their translation [4]. There are currendy 940
identifiable human miRNAs (The miRBase Sequence Database -
Release ver. 15.0). miRNAs can recognize hundreds of target
genes with incomplete complementary; over one third of human
genes appear to be conserved miRNA targets [5][6]. miRNA is
associated several pathophysiologic events as well as fundamental
cellular processes such as cell proliferation and differentiation.
Aberrant expression of miRNA can be associated with the liver
diseases [7][8][9][10]. Recently reported miRNAs can regulate
the activation of HSCs and thereby regulate liver fibrosis. miR-
29b, a negative regulator for the type I collagen and SP1, is a key
regulator of liver fibrosis [11]. miR-27a and 27b allowed culture-
activated rat HSCs to switch to a more quiescent HSC phenotype,
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with restored cytoplasmic lipid droplets and decreased cell
proliferation [12].

In this study, we aimed to reveal the association between
miRNA expression patterns and the progression of hver fibrosis by
using a chronic liver inflammation model in mouse. We also
sought to identify the miRNA expression profile in chronic
hepatitis (CH) C patients according to the degree of liver fibrosis,
and to clarify how miRNAs contribute to the progression of liver
fibrosis. We observed a characteristic miRINA expression profile
common to both human liver biopsy specimens and mouse CCL,
specimens, comprising the key miRNAs which are associated with
the liver fibrosis. This information is expected to uncover the
mechanism of liver fibrosis and to provide a clearer biomarker for
diagnosis of liver fibrosis as well as to aid in the development of
more ecffective and safer therapeutic strategies for liver fibrosis.

Results

The expression level of several mouse miRNAs was
increased by introducing mouse liver fibrosis

In order to identify changes in the miRNA expression profile
between advanced liver fibrosis and non-fibrotic liver, we intra-
peritoneally administered CCL, in olive oil or olive oil alone twice a
week for 4 weeks and then once a week for the next 4 weeks. Mice
were sacrificed at 4, 6, or 8 weeks and then the degree of mouse liver
fibrosis was determined by microscopy (Figure S1). miRNA
expression analysis was performed from the liver tissue collected
at the same time. Histological examination revealed that the degree
of liver fibrosis progressed in mice that received CCLy relative to
mice receiving olive oil alone (Figure 1A). Microarray analysis
revealed that in CCL4 mice, the expression level of 11 miRNAs was
consistently higher than that in control mice (Figure 1B).

miRNA expression profile in each human liver fibrosis

grade

We then established human miRNAs expression profile by using
105 fresh-frozen human chronic hepatitis (CH) C liver tissues
without a history of anti-viral therapy, classified according to the
grade of the liver fibrosis (FO, Fl, F2, and F3 referred to
METAVIR fibrosis stages)Figure 2, Table S2). Fibrosis grade FO
was considered to be the negative control because these samples
were derived from patients with no finding of liver fibrosis. In
zebrafish, most highly tissue-specific miRINAs are expressed during
embryonic development; approximately 30% of all miRNAs are
expressed at a given time point in a given tissue [13]. In mammals,
the 20-30% miRNA call rate has recently been validated [14].
Such analysis revealed that the diversity of miRNA expression
level among specimens was small. Therefore, we focused on
miRNAs with a fold change in mean expression level greater than
1.5 (p<0.05) in the two arbitrary groups of liver fibrosis.

Expression of several miRNAs was dramatically different
among grades of fibrosis. In the mice study 11 miRNAs were
related to the progression of liver fibrosis (mmu-let-7e, miR-125-
5p, 199a-5p, 199b, 199b*, 200a, 200b, 31, 34a, 497, and 802). In
the human study 10 miRNAs were extracted, and the change in
their expression level varied significantly between FO and F3
(FO<F3: hsa-miR-146b, 199a, 199a*, 200a, 200b, 34a, and 34b,
FO>F3: hsa-miR-212, 23b, and 422b). The expression level of 6
miRNAs was significantly different between FO and F2 (FO<F2:
hsa-miR-146b, 200a, 34a, and 34b, FO>F2: hsa-miR-122 and
23b). 5 extracted miRNAs had an expression level that was
significantly different between F1 and F2 (F1<F2: hsa-miR-146b,
F1>F2: hsa-miR-122, 197, 574, and 768-5p). The expression level
of 9 miRNAs changed significantly between F1 and F3 (FI<F3:
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hsa-miR-146b, 150, 199a, 199a*, 200a, and 200b, FI1>F3: hsa-
miR-378, 422b, and 768-5p). The miRNAs related to liver fibrosis
were extracted using two criteria: similar expression pattern in
both the human and the mice specimens and shared sequence
between human and mouse. We compared the sequences of
mouse miRNAs as described on the Agilent Mouse MiRNA array
Version 1.0 (miRbase Version 10.1) and human miRNAs as
described on the Agilent Human MiRNA array Version 1.5
(miRbase Version 9.1). The sequences of mmu-miR-199a-5p,
mmu-miR-199b, mmu-miR-199b, mmu-miR-200a, and mmu-
miR-200b in mouse miRNA corresponded to the sequences of
hsa-miR-199a, hsa-miR-199a* hsa-miR-199a, hsa-miR-200a,
and hsa-miR-200b in human miRNA, respectively (Table S3).

Validation of the microarray result by real-time qPCR

The 4 human miRNAs (miR-199a, miR-199a* miR-200a, and
miR-200b) with the largest difference in fold change between the
F1 and F3 groups were chosen to validate the microarray results
using stem-loop based real-time qPCR. The result of real-time
gPCR supported the result of that microarray analysis. The
expression level of these 4 miRNAs was significantly different
between FO and F3 and spearman correlation analysis also showed
that the expressions of these miRNAs were strongly and positively
correlated with fibrosis grade (n=105, r=0.498miR-199a),
0.607(miR-199a%), 0.639(miR-200a), 0.618(miR-200b), p-val-
ues<(0.0001) (Figure 3).

Over expression of miR-199a, 199a*, 200a, and 200b was

associated with the progression of liver fibrosis

In order to reveal the function of miR-199a, miR-199a* miR-
200a, and miR-200b, we investigated the involvement of these
miRNAs in the modulation of fibrosis-related gene in LX-2 cells.
The endogenous expression level of these 4 miRNAs in LX2 and
normal liver was low according to the microarray study (Figure
S2). Transforming growth factor (TGF)B is one of the critical
factors for the activation of HSC during chronic inflammation
[15) and TGFp strongly induced expression of three fibrosis-
related genes include a matrix degrading complex comprised of a1
procollagen, matrix remodeling complex, comprised of metallo-
proteinases-13 (MMP-13), tissue inhibitors of metalloproteinases-1
(TIMP-1) in LX-2 cells (Figure 4A). Furthermore, overexpression
of miR-199a, miR-199a*, miR-200a and miR-200b in LX-2 cells
resulted significant induction of above fibrosis-related genes
compared with control miRNA (Figure 4B). Finally we validated
the involvement of TGFP in the modulation of these miRNAs. In
LX-2 cells treated with TGFB, the expression levels of miR-199a
and miR-199a* were significantly higher than in untreated cells;
the expression levels of miR-200a and miR-200b were significantly
lower than in untreated cells. Thus, our in vitro analysis suggested
a possible involvement of miR-199a, 199a*, 200a, and 200b in the

progression of liver fibrosis.

Discussion

Our comprehensive analysis showed that the aberrant expres-
sion of miRNAs was associated with the progression of liver
fibrosis. We identified that 4 highly expressed miRNAs (miR-199a,
miR-199a* miR-200a, and miR-200b) that were significantly
associated with the progression of liver fibrosis both human and
mouse. Coordination of aberrant expression of these miRNAs may
contribute to the progression of liver fibrosis.

Prior studies have discussed the expression pattern of miRNA
found in liver fibrosis samples between previous and present study.
In this report and prior mouse studies and the expression pattern of
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A control(olive oil)

HE
Azan
EVG
Ag
B -
miRNA Fald change CCLA4 mouse/control
4week Gweek 8week

mmu-let-7e 2.92 2.09 2.64

mmu-miR-125a-5p 4.29 235 2.67

mmu-miR-199a-5p 2.71 2.12 2.38

mmu-miR-199b 3.25 255 2.49

mmu-miR-199b* 5.13 4.47 3.94

mmu-miR-200a 2.23 1.63 2.02

mmu-miR-200b 2.38 2.06 2.20

mmu-miR-31 34 235 3.19

mmu-miR-34a 3.89 322 3.5

mmu-miR-497 2.25 2.00 255

mmu-miR-802 2.02 2.87 274

Figure 1. The change of liver fibrosis in mouse model. A. Representative H&E-stained, Azan-stained, Ag-stained, and EVG-stained histological
sections of liver from mice receiving olive oil alone or CCL, in olive oil. Magnification is x10. B. The expression level of mmu-miRNA in mouse liver
with olive oil or CCL, at 4W, 6W, and 8W respectively, by microarray analysis.

doi:10.1371/journal.pone.0016081.g001

3 miRNAs (miR-199a-5p, 199b*, 125-5p) was found to be similar
while the expression pattern of 11 miRNAs (miR-223, 221, 24, 877,
29b, 29a, 29c¢, 30c, 365, 148a, and 193) was partially consistent with
fibrosis grade [16]. In low graded liver fibrosis, the low expression
pattern of 3 miRNAs (miR-140, 27a, and 27b) and the high
expression pattern of 6 miRNAs in rat miRNAs (miR-29c*, 143,
872,193, 122, and 146) in rat miRINA was also similar to our mouse
study (GEO Series accession number GSE19865) [11] [12] [17].
The results in this study and previously completed human
studies reveal that the expression level of miR-195, 222, 200c, 21,

:‘.@: PLoS ONE | www.plosone.org

and let-7d was higher in high graded fibrotic liver tissue than in
low graded fibrotic liver tissue. Additionally, the expression level of
miR-301, 194, and 122 was lower in the high graded fibrotic liver
tissue than in low graded fibrotic liver tissue [18] (19] [20}(GEO
Series accession number GSE16922). This difference in miRNA
expression pattern may be contributed to (1) the difference of
microarray platform, (2) difference of analytic procedure, and (3)
the difference of the species (rat, mouse, and human).

The miR-199 and miR-200 families have are circumstantially
related to liver fibrosis. TGFB-induced factor (TGIF) and SMAD
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Figure 2. Liver fibrosis in human liver biopsy specimen. A. B. C. D. and E. miRNAs whose expression differs significantly between F0 and F3, FO
and F1, FO and F2, F1 and F2, and F1 and F3, respectively. Relative expression level of each miRNA in human liver biopsy specimen by microarray.
Data from microarray were also statistically analyzed using Welch's test and the Bonferroni correction for multiple hypotheses testing. Fold change, p-

value are listed in Table S2.
doi:10.1371/journal pone.0016081.g002

specific E3 ubiquitin protein ligase 2 (SMURF2), both of which
play roles in the TGFP signaling pathway, are candidate targets of
miR-199a* and miR-200b, respectively, as determined by the
Targetscan algorithm. The expression of miR-199a* was silenced
in several proliferating cell fines excluding fibroblasts [21]. Down
regulation of miR-199a, miR-199a* and 200a in chronic liver
mjury tissuc was associated with the hepalocarcinogenesis [9]).
miR-199a* is also one of the negative regulators of the HCV
replication {22}, According o threc target search algorithms
(Pictar, miRanda, and Targetscan), the miRNAs that may be
associated with the liver fibrosis can regulate several [ibrosis-
related genes (Table S4). Aberrant expression of these miRNAs
may be closely related to the progress of the chronic liver discase.

Epithelial-mesenchymal transition (EMT) describes a reversible
series of events during which an epithelial cell loses cell-cell
contacts and acquires mesenchymal characleristics [23]. Although
EMT is not a common event in adults, this process has been
implicated in such instances as wound healing and fibrosis. Recent
reports showed that the miR-200 family regulated EMT by
targeting EMT accelerator ZEB1 and SIP1 ([24]. From our
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observations, overexpression of miR-200a and miR-200b can be
connecled to the progression of liver fibrosis.

The diagnosis and quantification of fibrosis have traditionally
relied on liver biopsy, and this 1s still true at present. However, there
are a number of drawbacks to biopsy, including the invasive nature
of the procedure and inter-observer vanability. A number of siaging
systems have been developed to reduce both the inter-observer
variability and intra-observer vanability, including the METAVIR,
the Knodell fibrosis score, and the Scheuer scorc. However, the
reproducibility of hepatic fibrosis and inflammatory activity is not as
consistent {25]. In fact, in our study, the degree of fibrosis of the two
arbitrary fibrosis groups was classified using the miRINA expression
profile with 80% or grealer accuracy (data not shown). Thus,
miRINA expression can be used for diagnosis of liver fibrosis.

In this study we investigated whether common miRNAs in
human and mouse could influence the progression of the liver
fibrosis. The signature of miRNAs expression can also serves as a
ool for understanding and investigating the mechanism ol the
onsct and progression of liver fibrosis. The miRNA expression
profile has the potential to be a novel biomarker of liver fibrosis.
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Figure 3. The expression level of miR-199 and 200 families in human liver biopsy specimen by real-time qPCR. Real-time gPCR
validation of the 4 miRNAs (miR-199a, miR-199a*, miR-200a, and miR-200b). Each column represents the relative amount of miRNAs normalized to the
expression level of U18. The data shown are the means+SD of three independent experiments. Asterisks indicates to a significant difference of

p<0.05 (two-tailed Student-t test), respectively.
doi:10.1371/journal.pone.0016081.g003
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Figure 4. The relationship between expression level of miR-199 and 200 families and expression level of three fibrosis related
genes. A. Administration of TGFp in LX2 cells showed that the expression level of three fibrosis related genes were higher than that in non-treated
cells. The data shawn are the means+SD of three independent experiments. Asterisk was indicated to the significant difference of p<0.05 (two-tailed
Student-t test). B, The expression levels of 3 fibrosis related genes in LX2 cells with overexpressing miR-199a, 199a*, 200a, or 200b, respectively were
significantly higher than that in cells transfected with control miRNA (p<0.05; two-tailed Student t-test).

doi:10.1371/journal pone.0016081.g004

Morcover miRNA expression profiling has (urther applications
novel anti-fibrosis therapy in CH.

Materials and Methods

Sample preparation

105 liver tissues samples from chronic hepatitis C patients
(genotype 1b) were obtained by fine needle biopsy (Table S1).
METAVIR fibrosis stages were FO in 7 patients, F1 in 57, F2 in 24
and F3 in 17. Patients with autoimmune hepatitis or alcoholic liver
injury were excluded. None of the patients were positive for hepatitis
B virus associated antigen/ antibody or anti human immunodefi-
ciency virus antibody. No patient received interferon therapy or
immunomodulatory therapy prior to the enrollment in this study. We
also obtained normal liver tissue from the Liver Transplantation Unt
of Kyoto University. All of the patients or their guardians provided
written informed consent, and Kyoto University Graduate School
and Faculty of Medicine’s Ethics Committee approved all aspects of
this study in accordance with the Helsinki Declaration.

RNA preparation and miRNA microarray

Total RNA from cell lines or tissue samples was prepared using
a mirVana miRNA extraction Kit (Ambion, Austin, TX, USA)
according to the manufacturer’s instruction. miRNA microarrays
were manufactured by Agilent Technologies (Santa Clara, CA,
USA) and 100 ng of total RINA was labeled and hybridized using
the Human microRNA Microarray Kit protocol for use with
Agilent microRNA microarrays Version 1.5 and Mouse micro-
RNA Microarray Kit protocol for use with Agilent microRNA
microarrays Version 1.0. Hybridization signals were detected with
a DNA microarray scanner G2505B (Agilent Technologies) and

@ PLoS ONE | www.plosone.org

the scanned images were analyzed using Agilent feature extraction
software (v9.5.3.1). Data were analyzed using GeneSpring GX
7.3.1 software (Agilent Technologies) and normalized as follows: (i)
Values below 0.01 were set to 0.01. (if) In order to compare
between one-color expression profile, each measurement was
divided by the 75th percentile of all measurements from the same
species. The data presented in this manuscript have been
deposited in NCBI's Gene Expression Omnibus and are accessible
through GEO Series accession number GSE16922 (human) and
accession number GSE19865 (mouse).

Real-time gPCR for human miRNA

For detection of the miRNA level by real-time gPCR, TagMan®
microRNA assay (Applied Biosysterns) was used to quaniify the
relative expression level of miR-199a (assay ID. 002304), miR-
199a* (assay ID. 000499), miR-200a (assay ID. 000502), miR-200b
(assay ID. 002251), and U18 (assay ID. 001204) was used as an
internal control. cDNA was synthesized using the Tagman miRNA
RT Kit (Applied Biosystems). Total RNA (10 ng/ml) in 5ml of
nuclease free water was added 1o 3 ml of 5x RT primer, 10x 1.5ul
of reverse transcriptase bufler, 0.15 ul of 100 mM dNTP, 0.19 pl of
RNase inhibitor, 4.16 u! of nuclease free water, and 50U of reverse
transcriptase in a total volume of 15 pl. The reaction was performed
for 30 min at 16°C, 30 min at 42°C, and 5 min at 83°C. All
reactions were run in triplicate. Chromo 4 detector (BIO-RAD) was
used to detect miRINA expression.

Animal and Chronic Mouse Liver Injury Model

Each 5 adult {8-week-old) male C37BL/6] mice were given a
biweekly intra-peritoneal dose of a 18% solution of CCL, in olive
oil (0.02 ml/g/ mouse) for the [irst 4 weeks and then once a week
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[or the next 4 weeks. At week 4, 6 or 8, the mice were sacriliced.
Partial livers were fixed, embedded in paraffin, and processed for
histology. Serial liver sections werc stained with hematoxylin-
cosin, Azan staining, Silver (Ag) staining, and Elastica van Gieson
(EVG) staining, respectively. Total RNA from mice liver tissue was
prepared as described previously. All animal procedures concern-
ing the analysis of liver injury were performed in following the
guidelines of the Kyoto University Animal Research Committee
and were approved by the Ethical Committee of the Faculty of
Medicne, Kyote University.

Cell lines and Cell preparation

The human stellate cell lines LX-2, was provided by Scott L.
Friedman. LX-2 cells, which viable in serum free media and have
high transfectability, were established [rom human HSC lines [26].
LX-2 cells were maintained in D-MEM (Invitrogen, Carlsbad, CA,
USA) with 10% fetal bovine serum, plated in 60 mm diameter
dishes and cultured to 70% confluence. Huh-7 and Hela cells were
also maintained in D-MEM with 10% [etal bovine serum. HuS-E/2
immortalized hepatocytes were cultured as described previously
[27]. LX-2 cells were then cultured in D-MEM without serum with
0.2% BSA for 48 hours prior to TGFB1 (Sigma-Aldrich, Suffolk,
UK) treatment (2.5 ng/ml for 20 hours). Control cells were
cultured in D-MEM without fetal bovine serum.

miRNA transfection

LX-2 cells were plated in 6-well plates the day before
transfection and grown to 70% confluence. Cells were transfected
with 50 pmol of Silencer® negative control siRNA (Ambion) or
double-stranded mature miRNA (Hokkaido System Science,
Sapporo, Japan) using lipofectamine RNAIMAX (Invitrogen).
Cells were harvested 2 days after transfection.

Real-time gPCR

cDNA was synthesized using the Transcriptor High Fiderity
cDNA synthesis Kit (Roche, Basel, Switzerland). Total RNA (2 pg)
in 10.4 pl of nuclease free water was added to 1 pl of 50mM
random hexamer. The denaturing reaction was performed for
10min at 65°C. The denatured RNA mixture was added to 4 pl of
5x reverse transcriptase buffer, 2 pl of 10 mM dNTP, 0.5 pl of
40U/ul RNase inhibitor, and 1.1 ul of reverse transcriptase
(FastStart Universal SYBR Green Master (Roche) in a total volume
of 20 pl. The reaction ran for 30 min at 50°C (cDNA synthesis), and
five min at 85°C (enzyrne denaturation). All reactions were run in
triplicate. Chromo 4 detector (BIO-RAD, Hercules, CA, USA) was
used 10 detect mRINA expression. The primer sequences are [ollows;
MMPI13 s; 5'-gaggcetccgagaaatgeagt-3°, as; 5'-algecalegtgaagielggt-
3', TIMP1 s; 5'-ctiggcttcigeactgatgg-3', as; 5'-acgetggtataaggtggtet-
3', al-procollagen s; 5'-aacatgaccaaaaaccaaaaglg-3', as; 5'-catt-
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1. Introduction

ABSTRACT

Purpose: Although the risk of oxaliplatin-induced neuropathy depends on cumulative oxaliplatin dose,
susceptibility to this adverse event differs greatly among patients. In this study, we investigated the
associations between oxaliplatin-induced neuropathy and the following polymorphisms: glutathione
S-transferase 7 (GSTP1) lle'®Val, and glyoxylate aminotransferase (AGXT) Pro''Leu and AGXT
lle34%Met. Experimental design: Eighty-two Japanese patients with histologically confirmed colorectal
cancer who received at least six cycles of the modified FOLFOX6 (m-FOLFOX6)regimen were enrolled.
To minimize differences in cumulative oxaliplatin dose betweern patients, oxaliplatin-induced
neuropathy was evaluated using an oxaliplatin-specific scale during the 2-week period after
completion of the sixth cycle of treatment. Results: Forty-four patients developed grade 2/3 oxaliplatin-
induced neuropathy. There were more patients carrying at least one GSTP1 105y4] allele among the
group with grade 2/3 neuropathy (1844, 41%) than among the group with grade 1 neuropathy (9/38,
24%), although the difference was not statistically significant (P = 0.098). There were similar numbers
of patients carrying at least one AGXT '®*Met allele in the grade 2/3 neuropathy (7/44, 16%) and grade 1
neuropathy groups (5/38, 13%; P = 0.725). The AGXT *'Leu allele was not found in any of our patients or
controls. Conclusions: We found no significant association between oxaliplatin-induced neuropathy
and the GSTP1 He'%5Val and AGXT I1e3*®Met polymorphisms. Given that no AGXT ''Leu allele was found
among our study population (n=177), evaluating this polymorphism in Japanese patients in future
studies is likely to be uninformative.

© 2010 Elsevier Ltd. All rights reserved.

the ongoing use of this drug in spite of its wide range of efficacy.
The risk of developing oxaliplatin-induced neuropathy depends on

Oxaliplatin, a third-generation diaminocyclohexane platinum
compound, is a key drug in the chemotherapeutic treatment of
patients with advanced colorectal cancer [1-3]. Oxaliplatin is
widely used in palliative settings, and in recent times its efficacy in
neoadjuvant and adjuvant settings has also been established, thus
an increasing number of colorectal cancer patients are receiving
this drug [4,5]. Oxaliplatin often causes neuropathy, which limits

* Corresponding author. Tel.; +81 75 751 4770; fax: +81 75 751 4772,
E-mail address: kanai@kuhp.kyoto-u.ac.jp (M. Kanai).

1877-7821/$ - see front matter ©® 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.canep.2010.02.008

cumulative oxaliplatin dose [2,6,7). However, susceptibility to
oxaliplatin-induced neuropathy differs greatly among patients.
Some patients suffer from persistent neuropathy for more than 2
years after withdrawal of oxaliplatin, whereas others can tolerate a
cumulative oxaliplatin dose of more than 800 mg/m? without
experiencing neuropathy [6-9]. Since there is currently no
effective treatment for oxaliplatin-induced neuropathy, risk
assessments for this adverse event using a pharmacogenetic
approach are clinically valuable,

To date, several genes have been identified as being of interest
in the context of the efficacy and toxicity of oxaliplatin.
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Glutathione S-transferase 1 (GSTP1) is a xenobiotic-metabolizing
enzyme involved in the detoxification of a variety of chemother-
apeutic drugs, including platinum derivatives [10]. Rs1695, a non-
synonymous single nucleotide polymorphism (SNP) of GSTP1,
converts Ile to Val at codon 105 and reportedly alters the
enzymatic activity of the molecule [10~13]. Given that altered
GSTP1 enzyme activity is likely to affect the detoxification of
platinum drugs, the association between the GSTP1 lle'®*Val
polymorphism and clinical response to platinum-based che-
motherapy has been examined [14-28]. However, few of these
studies were designed to evaluate oxaliplatin-induced neuropathy
as a primary endpoint. In one such study, that by Lecomte et al,, it
was found that grade 3 neuropathy was significantly more
frequent among patients harboring the homozygous GSTP1 '%lle
allele than among patients with other genotypes. These authors
hypothesized that the GSTP1 '®*lle protein weakens the cell's
defenses against oxaliplatin neurotoxicity via inhibition of c-Jun
NH,-terminal kinase activity [17]. The results of several other
studies support this hypothesis [25,27], whereas other groups have
reported no significant association between this genotype and
oxaliplatin neurotoxicity [24,26] or have obtained contradictory
results [21,28]. Other experimental findings that indirectly
challenge the view of Lecomte et al. are that the GSTP1 '%Val
protein is a less potent detoxifier of carcinogens than the GSTP 1
105[]e protein [13] and that patients with the Val/Val genotype have
been found to receive significant survival benefit from oxaliplatin
[14]. Thus, the role of the GSTPI Ile'°*Val polymorphism in
predicting oxaliplatin-induced neuropathy is still controversial.

Oxaliplatin affects neural voltage-gated sodium channels indir-
ectly via one of its metabolites, oxalate {29,30]. Based on the fact that
glyoxylate aminotransferase (AGXT) is involved in the oxalate
metabolic pathway {31], Gamelin et al. hypothesized that alterations
in AGXT genotype and therefore enzyme activity due to AGXT
genotype could theoretically affect the likelihood of oxaliplatin-
induced neuropathy. In fact, they found that the AGXT Pro''Leu and
lle*4°Met minor polymorphisms are significantly associated with a
higher risk of oxaliplatin-induced neurcpathy [24].

However, all the above-mentioned studies were carried out
using Caucasian patient populations, and to date there have been
no such studies performed for Asian patients. There exist
considerabie interethnic differences in genotype frequency, which
can greatly affect the results of pharmacogenetic analyses. For
example, the UGT1A1*28 marker is known to vary markedly
between ethnic groups [32-34].

In the present study, we investigated the association between
the GSTP! [le'®Val, AGXT Pro''Leu and AGXT lle®*°Met poly-
morphisms and the development of oxaliplatin-induced neuro-
pathy in Japanese colorectal cancer patients. To minimize
differences in cumulative oxaliplatin dose, we studied oxalipla-
tin-induced neuropathy that developed in the 2 weeks after
completion of the sixth cycle of m-FOLFOXB6.

2. Patients and methods
2.1, Patients

Between October 2005 and December 2008, a total of 174
patients with histologically confirmed colorectal cancer received
at least six cycles of the m-FOLFOX6 regimen at two medical
centers. Eighty-two patients (the patients' characteristics are
summarized in Table 1) were enrolled in this cohort study. The
remaining patients were excluded because they died (n = 60), were
referred to another hospital (n=10), or were lost to follow-up
(n=22) before we could obtain informed consent or a blood
sample. The local ethics committees of both centers approved the
study protocol. All patients enrolled in this study provided written

Table 1
Patient characteristics (n=82).

Variable n (%)

Gender
Male 51 (62)
Female 31 (38)

Age (years}
Median 64
Range 41-80

Location of primary lesion

Colon 47 (57)
Rectum 35 (43)
Histology

Weil-differentiated 11 (13)

Moderately differentiated 58 (71)
Poorly differentiated 1(1)
Other 12 (15)
History of prior chemotherapy

None 48 (59)
Yes 34 (41)
Previous chemotherapy regimen®

UFT/Uzel 17
5-FU/leucovorin 9
TS-t 7
FOLFIR! 5

UFT 5
Other 3
Cumulative oxaliplatin dose (mg/m?)

Median 510
Range 336-510

# Several patients received more than one regimen.

informed consent. Patient registration and data management were
conducted at a data center at Kyoto University Hospital (Transla-
tional Research Center). Forty-eight of the 82 patients were chemo-
naive and the others had previously undergone at least one
chemotherapy regimen other than oxaliplatin-based chemother-
apy before m-FOLFOX6 (see Table 1 for details). None of the
patients had a history of diabetic neuropathy, but two patients had
a history of spondylosis. The m-FOLFOX6 regimen consists of
85 mg/m? oxaliplatin plus a 400 mg/m? bolus of 5-fluorouracil and
200 mg/m? 1-leucovorin on day 1, and thereafter a 46-h infusion of
2400 mg/m? 5-fluorouracil every 2 weeks {35]. The dose and
schedule for m-FOLFOX6 were adjusted at the discretion of
individual physicians according to baseline bone marrow function
or the occurrence of adverse events during the previous cycle.
Bevacizumab was concomitantly administered to two patients.
Blood tests and physical examinations, including evaluation of
oxaliplatin-induced neuropathy, were performed before each
cycle. Instances of oxaliplatin-induced neuropathy that occurred
during the 2 weeks after completion of the sixth cycle of m-
FOLFOX6 were graded using an oxaliplatin-specific scale (grade 1:
paresthesia, dysesthesia of short duration; grade 2: paresthesia,
dysesthesia persisting between cycles; grade 3: paresthesia,
dysesthesia causing functional impairment) [6,36]. In this study,
we classified patients without paresthesia or dysesthesia into the
grade 1 group.

2.2. DNA extraction and genotyping

Genomic DNA was extracted from whole blood using the
phenol-chloroform extraction method and stored at 4 °C until use.
The GSTP1 lle'®>Val, AGXT Pro’'Leu and AGXT Ile**°Met genotypes
were determined by using a fluorescence quenching probe
(QProbe, Bex Co., Ltd., Tokyo, Japan) [37,38]. Briefly, a QProbe
contains cytosine at its 5 or 3’ end, which is labeled with a
fluorophore that is quenched by guanine. When a QProbe
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Table 2
Genotype and allele frequencies for the investigated polymorphisms.
Polymorphism rs ID Nucieotide Amino acid Sample set Genotype distributions {%) Freq. A2 P-Value?
ref. (A1) var. (A2) ref. var. Al/A1 Al/A2 AllA2
GSTPI lle'®Val rs 1695 A G lle Val Grade 2/3 26 (59.1) 17 (38.6) 1(2.3) 0216
Grade 1 29(763) 8(21.0) 1(2.6) 0132 0.158
Control® 68 (73.9) 21(22.8) 3(3.2) 0.147 0.155
AGXT lle3Met rs 4426527 A G lle Met Grade 2/3 37 (84.1) 6 (13.7) 1(2.3) 0.091
Grade 1 33 (86.8) 5(13.2) 0 0.066 0.553
Contrat® 82 (91.1) 8(8.9) 0 0044 0132
Polymorphism Sample set Genotype distribution P-Value? Odds ratio® {95% CI) References
AljAL A1/A2+A2jA2
GSTP1 lie'®val Grade 2/3 26 18 114,16]
Grade 1 29 9 0.098 2.23 (0.86-5.82)
Contral® 68 24 0.080 1.96 (0.92-4.20)
AGXT lle*°Met Grade 2/3 37 7 23]
Grade 1 33 5 0.725 1.25(0.36-4.31)
Control® 82 8 0.226 1.94 (0.66-5.74)

* P-values are calculated for grade 2/3 vs. grade 1 or grade 2/3 vs. control.

B A sample set representing a control population of healthy Japanese subjects was used.

¢ Odds ratios are calculated for grade 2/3 vs. grade 1 or grade 2/3 vs. control.

hybridizes with the target DNA, its fluorescence is quenched by the
guanine in the target that is complementary to the modified
cytosine. By monitoring fluorescence intensity, each genotype can
be determined. The frequencies of the three SNPs in the general
Japanese population were also examined using DNA samples from
healthy Japanese volunteers in Pharma SNP Consortium (Tokyo,
Japan) [39]. This population is referred to hereafter as the control
Japanese population. The investigators performing the genetic
analysis were blinded to the patients’ characteristics and clinical
condition. The characteristics and frequencies of the studied
polymorphisms are shown in Table 2,

2.3, Statistical analysis

The primary endpoint of the study was the association between
genotype distribution and the occurrence of grade 2/3 oxaliplatin-
induced neuropathy during the 2 weeks after completion of the
sixth cycle of m-FOLFOX6 treatment. The planned sample size
{n=182) was specified in the protocol to provide 80% power to
detect an odds ratio (OR) of 5.4. The calculations were based on a
previous finding that the OR of developing grade 3 oxaliplatin-
induced neuropathy in a patient without the GSTP1 '%Val allele
was 5.54 [17]. We estimated that the frequency of patients in our
Japanese population with at least one GSTP7 '%5Val allele was 21%
and used estimated incidences of grade 2/3 oxaliplatin-induced
neuropathy after the first six cycles of m-FOLFOX6 for patients
with and without a GSTP1 '%Val allele of 30% and 70%, respectively.
Statistical analysis was performed using a two-sided x?/Fisher's
exact test with a significance level of 5%, and quantified by
calculating ORs with 95% confidence intervals (95% CI). All
statistical analysis was conducted using SAS (version 9.13, SAS
Institute Inc., Cary, NC).

3. Results

Patient characteristics are summarized in Table 1. The median
curnulative dose of oxaliplatin was 510 mg/m? (range, 336-
510 mg/m?). Although some patients received a lower cumulative
dose than expected, the most common cause of dose adjustment
was neutropenia and none of our patients underwent a dose
reduction because of neurotoxicity. Forty-four patients (54%)
developed grade 2/3 oxaliplatin-induced neuropathy (as scored
using the oxaliplatin-specific scale) during the 2 weeks after

completion of the sixth cycle of m-FOLFOX6. No significant
differences in age, gender or cumulative oxaliplatin dose were
observed between the group of patients with grade 2/3 neuropathy
and those with grade 1 neuropathy (Table 3).

We performed genotyping analysis for the rs1695, rs34116584
and rs4426527 SNPs, which correspond, respectively, to the GSTP!
lle'%Val, AGXT Pro''Leu and AGXT lle**®Met polymorphisms. We
performed this analysis for 44 patients with grade 2/3 neuropathy
(group A) and 38 patients with grade 1 neuropathy (group B). The
frequencies of the variant allele in rs1695 (G), corresponding to
GSTP1 '%Val, were 0.216 for group A and 0.132 for group B.
Although the frequency was higher in group A, the difference was
not statistically significant (P = 0.158) (Table 2). The frequency of
allele G in the control Japanese population was 0.147, which is
similar to that of group B. When a dominant model for the variant
allele (G) was applied for comparison, the number of patients
carrying at least one variant allele was higher in group A (18/44,
41%) than in group B (9/38, 24%) although the difference was not
statistically significant (P=0.098) (Table 2). A similar trend was
observed when the same comparison between group A and the
control Japanese population was performed (P = 0.080) (Table 2).

Table 3
Association between clinical variables and genotypes and oxaliplatin-induced
neuropathy.

n %) P
Grade 1 Grade 2 Grade 3
Age (years)
<60 15 (62) 9(38) 0(0) 0.13
>60 23 (40) 34 (59) 1(2)
Gender
Male 27 (53) 24 (47) 0(0) 0.11
Female 11 (36) 19 (61) 1(3)
Cummulative oxaliplatin dose (mg/m?)
<510 18 (49) 18 (49) 1(3) 0.50
510 20 (44) 25 (56) 0{0)
GSTP1 lle'**Val
lle/lle 29 (52) 26 {47) 0(0) 0.16
llefval 8 (32) 16 (64) 1(4)
Val/val 1(50) 1 (50) 0()
AGXT lle***Met
lle/lte 33 (48) 36 (51) 1(1) 1.00
lle/Met 5 (45) 6 (55) 0(0)
Met/Met 0(0) 1(100) 0(0)

* Fisher's exact test.
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Table 4

Findings from published studies on GSTPI lle'®3Val and oxaliplatin-induced neuropathy among patients with colorectal cancer.
Study Year Sample Ethnicity Regimen Cumulative Genotype distributions (%) Genotype associated P-Value

size oxaliplatin with frequent
dose (mg/m?)  Al/Al A1/A2 A2[A2 neuropathy
Lecomte et al. [17] 2005 64 Caucasian® Mainly =500 39 (61) 20 (31) 5(8) Al/AL 002
FOLFOX4 (72%)

Grothey et al. [28] 2005 288 Caucasian FOLFOX4 <600 120 (42) 130 (45) 38(13) Al/AZ+A2(A2 003
Ruzzo et al. [21] 2007 166 Caucasian FOLFOX4 N/A 92 (55) 62 (37) 12 (8) A2{A2 <0.001
Gamelin et al. [24] 2007 122 Caucasian FOLFOX4 255-2125 54 (44) 56 (46) 12 (10) ns ns
Pare et al. [25] 2008 126 Caucasian FOLFOX4 >510 44 (35) 49 (49) 20(16)  AljAl 008
Kweekel et al. [26) 2009 56 Caucasian XELOX >500 25 (45) 25 (45) 6(11) ns ns
Current study 2009 82 Japanese m-FOLFOX6 <510 55 (67) 25 (30) 2(2) A1/A2Z+A2{A2 01

N/A, not applicable; ns, not significant; XELOX regimen consists of 130mg/m? oxaliplatin plus 1000 mg/m? capecitabine b.i.d. every 3 weeks.

2 Except four African patients and one Asian patient.

The G allele of SNP 54426527, corresponding to AGXT lle**°Met,
was present at frequencies that were not significantly different in
group A and group B (P=0.553) (Table 2). The T allele of SNP
rs34116584, corresponding to AGXT ''Leu, was absent in group A,
group B and the control Japanese population {(n =177, data not
shown). The frequencies of GSTP1 lle'®Val and AGXT lle**°Met
were in Hardy-Weinberg equilibrium.

4. Discussion

In this study, to minimize differences in curnulative oxaliplatin
dose among patients, we attempted to evaluate oxaliplatin-
induced neuropathy during the 2 weeks after completion of the
sixth cycle of m-FOLFOX6. As a result, we evaluated early-onset
neuropathy rather than the most severe grade of neuropathy that
is associated with oxaliplatin.

Lecomte et al. reported that grade 3 oxaliplatin-induced
neuropathy, as scored using the oxaliplatin-specific scale, was
significantly more frequent among patients harbering the homo-
zygous GSTP1 '%51le allele {17]. Our planned sample size of 82 was
based on these findings. In contrast to the findings of Lecomte et al,,
we found that grade 2/3 neuropathy was more common among
patients harboring at least one GSTP1 '%Val allele, although the
difference was not statistically significant (OR, 2.23; 95% (I, 0.86-
5.82: P = 0.098; Table 2). There are several possible reasons for this
discrepancy between the outcomes of two studies. As mentioned
above, our findings reflect our focus on early-onset neuropathy,
while Lecomte et al. studied the most severe grade of neuropathy
experienced during oxaliplatin treatment. Qur findings are in line
with those of Grothey et al, who determined that patients
harboring at least one GSTP1 '°°Val allele were more likely to
experience early-onset oxaliplatin-induced grade 2/3 neuropathy
[28]. Because Grothey et al. studied neuropathy that developed
before the cumulative oxaliplatin dose reached 600 mg/m?, their
approach is more similar to ours than that of Lecomte et al. Since
functional impairment due to oxaliplatin neuropathy does not
necessarily develop in a progressive manner but develops
suddenly in some patients [40], it is possible that those who are
prone to developing early-onset neuropathy have different
genotypes from those who suffer from functional impairment
due to oxaliplatin neuropathy.

Genetic differences related to ethnic background may also be
a reason for the differences between the present results for
Japanese patients and the previous results for Caucasian
patients. In particular, because of the very low frequency of
the GSTP1 105 Val/Val genotype among our patients as well as
the control Japanese population, we cannot accurately assess the
role of this genotype in predicting the likelihood of oxaliplatin-
induced neuropathy. Previously published data on the GSTPI
lle!®5Val polymorphism and oxaliplatin neurotoxicity are
summarized in Table 4.

There has been only one prior study in which the associations
between AGXT genotypes and oxaliplatin-induced neuropathy
have been investigated [24]. In contrast to the findings of Gamelin
et al, we did not see any significant association between
oxaliplatin-induced neuropathy and the AGXT lle**°Met poly-
morphism. This might also be explained by differences in genetic
background. In particular, no patients harbored the ACXT ''Leu
allele in our study, whereas 30% of patients were found to harbor at
least one AGXT ''Leu allele in a Caucasian patient population [24].
In contrast to other clinical responses, such as tumor shrinkage or
neutropenia, oxaliplatin-induced neuropathy is minimally affected
by concomitantly administered drugs or genetic changes in the
tumor cell, so genetic polymorphisms are particularly relevant in
the context of susceptibility to oxaliplatin-induced neuropathy. In
future pharmacogenetic studies, in order to obtain the most
consistent results, we recommend that early-onset neuropathy be
evaluated separately from the most severe neuropathy and inter-
patient differences in cumulative oxaliplatin dose be minimized.

In summary, we found no significant associations between
oxaliplatin-induced neuropathy during the 2-week period after the
completion of six cycles of m-FOLFOX6 and the GSTPT lle'%*Val and
AGXT 1le**Met polymorphisms in Japanese colorectal cancer
patients. Since no patients harbored the AGXT ''Leu allele in the
present study, it seems likely that evaluating this polymorphism in
Japanese patients in future studies will not be informative.

Conflict of interest statement
None declared.
Acknowledgements

This work was supported by a Grant-in-Aid for Young Scientists
(70432416) from the Japan Society for the Promotion of Science.
We thank Yoko Teraguchi and Hiroce Tada for their valuable
support.

References

{1} de Gramont A, Vignoud }. Tournigand C, Louvet C, Andre T, Varette C, et al.
Oxaliplatin with high-dose leucovorin and S-fluorouracil 48-hour continuous
infusion in pretreated metastatic colorectal cancer. Eur ] Cancer 1997;33:214-9.

|2] de Gramont A, Figer A, Seymour M. Homerin M, Hmissi A, Cassidy ], et al.
Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment
in advanced colorectal cancer. ] Clin Oncol 2000;18:2938-47.

|3] Tournigand C, Andre T, Achille E, Lledo G, Flesh M, Mery-Mignard D, et al.
FOLFIRI followed by FOLFOX6 or the reverse sequence in advanced colorectal
cancer: a randomized GERCCR study. ] Clin Oncol 2004:22:229-37,

{4} Andre T, Boni C, Mounedji-Boudiaf L, Navarro M, Tabernero ], Hickish T, et al.
Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon
cancer. N Engl ] Med 2004;350:2343-51.

{5] Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM. Rougier P, et al.
Perioperative chemotherapy with FOLFOX4 and surgery versus surgery alone
for resectable liver metastases from colorectal cancer (EORTC Intergroup trial
40983): a randomised controlled trial. Lancet 2008;371:1007-16.

- 494



