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Abstract: Trefoil factor (TFF) family is a group of peptides with one or several trefoil factor domains in their
structure, which are highly conserved in evolution, and are characterized by heat and enzymatic digestion resistance. The
mammalian TFFs have three members (TFF1-3) , and the gastrointestinal tract and the airway system are major organs of
their expression and secretion. At certain physiological conditions, with a tissue-specific distribution, TFF plays an
important role in mucosal protection and wound healing. But in the malignant tissues, TFF is widely expressed, correlated
strongly with the genesis, metastasis and invasion of tumor cells. These phenomena indicated that TFF may be a possible
common mediator of oncogenic responses to different stimuli. The biological functions of TFF involve complex
regulatory processes. Single chain TFF may activate cell membrane receptors and induce specific signaling transduction.
On the other hand, TFF can form a complex with other proteins to exert its biological effects. In clinical medicine, TFF is
primarily applied as drugs in the mucosal protection, in the prevention and the treatment of mucosal damage-related
diseases and as pathological biomarkers of tumors. At present the first hand actions and the molecular mechanisms related
to TFFs are still the major challenges in TFF research. Furthermore, the discovery of the naturally occurring complex of
TFF and crystallins is highly valuable to the understanding of the biological functions and action mechanisms of TFF.
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100, HAM R INEES R B . TFF £E 4k
F B R SR AT AN A B = R =
DR gl (CURRA P 4ikgial) , IXANUE HH
T PE R S5 R L RE (Wong et al,1999) , 2 A5
DA 44 (1) FH K o

=B R ) B 35 AT B
C-X5.7-R-X5-C-G-Xg-C-X4-C-C-Xo-W-C  (Hoffmann
& Hauser, 1993), 1) X AAFRAT B2 LR,
HEANBEP 2 38~39 NEILMRILEE . FFHITH T E ) 6

AP BRIRIELL 1-5, 2-4, 3-6 HIECH ) A&
Iy TN T, EARRRREE LYGE T TRF 70 1451
AEGEPE(Thim, 1989). 20 tHh4l 90 4E4CTT4A, TFF
HHE R AR 513 3] T B IRN IEST
(Carretal, 1994; Deetal, 1994; Polshakov et al,
1995), HAS[AIGEH . FRALRRIE: . DOREAr sl 55 LAY
PRI EAEA A . ] 100 TRFL iR g s &K

TFF 2B T A HES D), WisLsh . A
RPERE s 8 R M BEEFIPRESh Y.

K1 =MD AR R R
Fig. 1 Trefoil factor structure
a : TRRL FAMIEASIE: b o SR =gkl WEIEHIFUG AR K L IR R R AL UL 1-5. 2-4. 3-6 A HAL
ST IE RS TN IR, ORI =3RS R — AN LR BE(H) S AR I A B 9T 8 4 B — AN R ) PAT

B Ji)Z(B)(3] A Taupin & Podolsky, 2003).

Orthogonal (a) and ribbon (b) diagrams of monomeric TFF1. The conserved cysteines of the trefoil domain are numbered from the amino
terminus, and form three disulphide bonds inthe 1 - 5, 2 - 4 and 3 - 6 configuration. This produces a compact three-loop structure. The
secondary structure is limited to a short helix (H), adjacent to two B strands that form an antiparallel B sheet (B) (cited from Taupin &

Podolsky, 2003).

FEHEAE b, TR RCEA 81 Gk HAT v L R DR~y
(7 Y SR ABL H 11 A = I D] 5 R 3l P ) R S e 1
FAt DR, e B DR ST IR R BRI LA R T HE b 45
sk rb HE L S5/ RN Zh fE BT 6 /5 (Thim & May,
2005).

TRF AE T HESH Y )iz It o A S AR <
PESE R FEAT g2 — I8 B AT 2 AR U B BE 1 4
FUTG B10F TRE BTt AT fRaylim ) iz R AR 5T R
R 7T KBRS ARSI =05
(RGBTE e, HE A 40 TFF A2 30 B DD RE IO 7R L
LA RS 2 h R Y A o

1 TFF BWREEHSH

1.1 TFF ERBEYHIFRIE
VA AR SIS B ) e JE A2 0 8 A v ik 22 TR ) 2
K - Hoffmann (1988) M AU TV (Xenopus laevis)

Bk s B T — AN A DA = i R 5 R 3
WEA. BEERHTTIER, XA AR R —A
B A VYA = DR 5 R 35 1) v 43 T o R
EE AR AAAE T R 0, 1 EE BRI v 44 0
I 7 B % AL (FIM-AL) (Hauser et al, 1990).
e 57 R R 55— A B B 7S A = TR 4
R FIM-C1 (Hauser & Hoffmann, 1992a). [
i, — ok B R S — A I R 3
f#FEE R (Gmachl etal, 1990) FfiEN#E & FH .
B T IX LAy TR R R R A, AR RO AR
TSR AR N F 2 K P2 (Hauser et
al, 1992b). fEARYUREEE b, WIFURIM T &1
IR PSR xPL, AR YA = IR 5
B xP4. BATRIZRIE T AR 2R TN TRRL Al
TFF2 (Hauser F & Hoffmann, 1991). x5
RN, FEREERYE (Bombina maxima) Rk
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7/ I N C o T |} S PN I S T (A A ¢ ]
Bm-TFF2(Zhang et al, 2005), LA & ==K ¥
iR TRF 5 By-abRIA S B RARE 54 (Liu
et al, 2008a),

U S By ) o — - DAL - 5 A 3 ) 22 TR ER R
REFEA ARG A AH B T A A7 0k kb )
B —Fh i B 2 IR AR AE W L3l P b $e3)7IX — I
%, IR T e 2R Ty R AL sh 4 =
KlFZ Ik e, o] DAHENE s — R 2 ik
FI e nTRE SIS TRF AHZSL. Rk, X
HESH I 7T ] LU FLBh Y TR R T AR
PR T H . &R Z 1) 47 P (Qian et al,
2008a).

1.2 TFF ZERE S EANARARIES 2%
121 TRRAEEFEHLPRRIE DA WAL
TFF 3 = A TRRL CGRLBREAISCRK, pS2) .
TFF2 (9= 2 ik, SP) F1 TFF3 (I — MK, ITF) »
TFF fE3AMHEW RS (HgiE. FEE. RS
YA RIE A . B miE e TFF IR 2 5 dn i, TFF
(o3 Ai AT BRA LI — 1, TRFL F1 TFF2 755
(Kjellev et al, 2006; Kjellev et al, 2007), TFF3 I
F AR AN g B s iEs (Baus-Loncar et al,
2005); A5 K A5 A5 0 BRIV, XA 2
—PE 2% (Rioetal, 1991; Theisinger et al, 1991;
Wright et al, 1993). ZEFEL&AF T, TFF A 0l
DIRERIMIRAN M . RGBEA0 M MR A0 M 5515 B I 20l
N, TSR EA (MUC) JEFRIEAMER .
WRRIL, EEBIEN, TFF 5 MUC ZRf7E%E
F AR LR, W TFFL A MUCSAC
(Hoffmann et al, 2001) . TFF2 5 MUC6 ( Matsuoka
etal, 1999) . TFF3 5 MUC2 (Longman et al, 2002)
o FRUHOUT, XL RRIRTT AN R R )
W30 XN T — AR T TRF fEdi b b PR A
P

FRiAL R G4, KE M SCIRE I TRF A2 HAth 20
ZUMRGE b R 40 A Rk, WilRAG B FA B, 45
JEFIVH IR A MR PRIRGERGE. mrAURE. AR
FEASE . WAL, R R, AL OB L
5. TRF AN RIS BAR) 2, (HAEA
[FIZHZR 2 MR IB /KPR SRR o X 22 s B 2R
B0 A AN TRF J8 bt AR R IE A,
Feonth TRRE AR Z AR T e utE, i
TENN A AR 23 23 B 2 TRF3 2 A

ZIRFEMIVER] (Probst et al, 1996)

IR ROE, R FLIE L PR R A A
BT I TFFL A1 TFF3 (\Vestergaard etal, 2008),
FEAEE R N R T RS Y TFFL(Chutipongtanate et
al, 2005). {E4R%F M T ) TRF JT R 2 ), TFF
AR I AT R ThRE S i T 38— 20 5
1.2.2 TFFEREGOL T RIS TFF 7800 B 0
NIRRT AR AR R TRF 1) 547 R0k
SRR, DA SR ) i 2T R s 15 7R
W EE LA TT T

R E R AR . WAETER AL W
A B T R A LTS A S i E R 21
TR AR KR T HE R G s A8 vh 8 m] R B TFF
1) S R AL RN EY e B3R IA o R IRARL RF 5
SE 5 SEBRR B A A T U AR —3, TFFEA
903 BIIR 25 TN B 40 5 9 B R v (1) 2 IA T 2 L3R
1.

FEREFTRE Wi e A= 9 B AR, TRF S Rk 1
DA &2 (UCAL) &L (Wright et al,
1990a) 5l T iZ iE . UCAL J2& AR I% 48
Xk, HI R e BB B — A IRFE A 1, 141 e
R0 MR T HECRYE T T 41X CAhnen et al,
1994; Patel et al, 1994), UCAL Fit4EKNK T

(TGF. EGF) K —=Fh %0 hTFF &1 (Hauser et
al, 1993), HEH HATEN MM A G G LALL,
hTFF &5 A B R IA A A LA AT R CAhnen et al,
1994). [FIRAWFFUHGE : 765 85 i 0 AH DG 1
AEPER AT, RILT —ASE4ii &R, JL3IA hTFF
FEAMBERZEMPIT UCAL (Hanby et al, 1993), 2%
LR IE PG AR S i 4 2 AT B (Wright
et al, 1990b). UCAL KI5z FHLLRI 40 B R 1) &
B, R N H AR B 518 B0 — AN 52 2R 4 T 45
1. 2R ES S EDERE, X —d R P2
823 VE T IR N AT IN LAB 7R

TFFL P55 AR FLIE 41 i R MCF-7 rh k3
1, JEbE 2 BT T 2275158 B (Masiakowski et
al, 1982; Jakowlewetal, 1984) . 5, KE W
FRIT TFF FIGE FE 2 R0 SE o8 b i) i %
ik TR IS8 3 A0 T BRI 8 R FIEH R4
CIAMP SRS RS, . FUBE. 8. B,
i R Bl AvsURRRE. B, RS
FE AN AP I R 45 . SEARIRE AL SR () S Rk
K2 A TRFL FI TRF3,  {EAE B M3 T 21 e o
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B, WA TFF2 KIAMWF5THR-IE Collier et al,1995; Vestergaard et al, 2006)

& 1 TFF £ AERRRZS TSR FIEE P YR IAE R

Tab.1 Expression of TFF in human pathology and animal models of human disease

RIS O / B Pathology / Model

TFF R4 TFF

Barret’s esophagus

GERD

Peptic ulcers

IBD

Chronic diverticulitis

Cholecystitis

Biliary disease

Pancreatitis

Numerous cancers

Gastric ulcer (rat)

Acetic acid-induced colitis (rat)
Methotrexate-induced enteritis (mice)
Methotrexate + radiation (mice)
DSS-induced colitis (mice + rats)
DNBS-induced colitis

T cell adoptive transfer colitis (mice)

Asthma (mice)

1-3 (1)
3(1)

2(1)
3(1)
1,2(1)

(1): RIEMG R (1) FiE9ED; GERD:H -1 SR MES - 1BD: # Mo : DSS: HIZEBEHRER 4 DNBS: LRt (51 B Kiellev, 2009).
Note: (1): increased expression; (!): decreased expression; GERD: gastro-esophageal reflux disease; IBD: inflammatory bowel disease; DSS:
dextrane sulphate sodium; DNBS: dinitrobenzenesulphonic acid (cited from Kjellev, 2009) .

ZRA KNI SCR: TRF 7B R 2 i) 2 Rk,
RFILAE AL PR R b R8s — e . H
TEANF R IE LD, EMEA R R A R
R, BB B, TRF R RIATTAA—, il
TR BL N RO IATYE B AL R
PN R (May & Westley, 1997; Regalo et al,
2005) ; AEFMEWEIARE, Hagmk, i
TRFL 758 RS a K iPE L, e 4s
o vh ) e #3601 AR (Lefebvre et al,
1996; Rodrigues etal, 2006) . TFF 7 /e 3 b
113X b e 8 MR S 2C 1) 22 K M 5 L 1) g %5 D) AH
5, [N EE—HE ] TRF B4 B4 A — AN
Fei I R . TRF LESh P i N I AR BRAE TR 731
& 50/ke2y 1 /N1 ) R B /R 2 I 1 P A = e 2 e
TTZ RN IR R, A0 AT ARAT 2B 4
JER AR o

2 TFF BYE B gE R IE1E B

76 TFF A AEY A Th et SilmIKE= 24K
ES= S0kt & || 1) NIE L S S SERipE LS
L5 004516 52 K g s B AN KB THL ;. Tf TRF (128
A REME ), AN SR U 5 RS 2 (1) G R B N %
Pl
2.1 TFF AR RIPFIESIEHIER

TRRER Y B mE i LR, $AEsNER RS S
B0 (1 FH A 30 22 07 TH BF IR SE

Babyatsky#iff 71 /NH ik B B HEE LBE R
SR BE SR BT 2 2590 Wk Sk (indomethacin) P4
Tl 7 LR R AR . BFSTUE W hTRR2 .
rTRFE3XS W A 5 X5 5 1K U B0 3% B 2 i fR
P1E 1] (Babyatsky et al, 1996). HABHFFTHIEW] T
TRFLFIZEBUE T

Dignass Az Ho45VE R FH 52400 1) PR 23 s 25 40
HEL T BRI R A AR, WESTRER: N
ATFR2EGTRR3IN, b R 41 iz )i 4% 3455 1 BB AL
(P33~ 64 M TFFZ KR (15 IR 2
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[N, b B2 40 iz 20 B 19 n 15 4% (Dignass et
al, 1994).

Playford % H: [F] g5 g 57 1 /I Bl 4 ik DX 5y 4 A
B, SRR RE AR S 98 X I B R IR N
TFFL. 45 2R S d MRS =75 1 S P A A L W)
AT B, DRI N L R Sh K F ERf T
TFF Z Ik A /e &R0 12 2 B b 1 T g
(Playford etal, 1996).

Mashimo et al (1996) il FERFTHEFEA, 4
Sl bR/ TFF2. TFF3 L[ Bk TRR3 L1
/N ERAE I IRBR R A 2B 5 2 IR IR AN REMCEE
NP HEECT RIS & T TRFL F1 TRF2 14
BIEEF . RIS 4R W8 TFFL M1 TRF2 ANREiR
*h TFF3 1k 2K o

e BT EE R B, AR SE 3 AOKS
IR R B OIS ARSI, AR AT 30
min A 32 450 R IR B2 R S 25.0/(kg-h) /s 71 £ )
hTFF2 ¥4 % (Playford et al, 1995; Konturek et al,
1997). AL EBALI T 4] TRF3, RE A 25t
PR TR A AR TR RS 25 S TFF3
Z: 5 R AR R RAS 52 Dy R 1) de B R UE
(Babyatsky et al, 1996; Chinery & Playford, 1995;
Mashimo etal, 1996).

Hoffmann et al (2001) Al Kjellev (2009) [
WEFUR SR W] TR 6 JRIE R CR4 4 I LA T
e 58 R PRV b Bz A oAt s S R b )
WA A, WA (1) TRF 2 0KE 15 0 & 1 b
[F) T A E I BRI 51, 52 -E W TS
ErgS 1 AURERR I AR IR ANPARSN S 7B e ISINE Il
Pi. (2) TFF Z kR A1 W E@ R, WS/ M S
We Z g0 bRz A0 T A%, Ak R B4 E A7 1)
Bro BhBOREER AT TFF (X FIMEH .. (3) TFF
Z IR A A A R i R e AR K T AR
F, TRF2 3 i 03 S i 4 ) 184 e 4 )
PR P 23 WA AT 10 Bz 440 i PR A S P42 T 8 0 o
(4) TRFF RATHEI40 M T, ORAP RG0S 15 1 o
(5) TFF XJ B L4 DhRE A kI @& Dhne 2t 5
HERE ke a. MB1 LAEKRE 15
) - RAE T AL AL RVEH] S8 R .
2.2 TFF EMEREEEFRIER

TEZ RS A LA AE TRF [0 &L .
TRF e R K R P IIVEH 4% K
a5, IR REILL R IR

B ——TFFL ) 9 i A AR HA A A .
X} B e (I 0 R IR 3 W A7 AE St TRF [
A 21q22.3 XS RN, 1 TRFL ik KA
e 2 £ e ) R AR E R U R B R R AR RIS
LR AN UL T OFFT R W, TRFL Bk il
/N B R AT AT 1, SR 13 KB R
P < B0 R P e DA 2% S i ( Lefebvre et al, 1996) .
HE— SR R I TRFL RS S Boxt 1 2l i 1
BEIRET) N BE, AT 3 B0 A 1 9808 Y H
WL, BT B AR AR JL#E ., Beckler etal (2003)
XTI NE B BT ORI S5 IE A,
B A0 ) TEFL-mRNA R A 5 5220
s AHR WS FE R 5848 . Bl IR 7O 15 th 52
FriX—45i (Ren et al, 2005; Moss et al, 2008) .
1M Kimetal (2008) 5T R BoR: SEUkMEE
FEARLLEL, BB TRFL RIS E ] B
o TRF3 75 B S 49 v (%) S i AR ARDN TRRL AT S
RN %, e —4Umpirt, ARG N
A 1yk/> (Kirikoshi & Katoh, 2002) .

JFREYE iE——Khoury et al  (2005) X 40 ity
A2 TRF3 RIS HLAE TS5 R o TFF3 1)
FAR IV I8 2 G 2 IR AP AR AR DG, 1T
AR 2 AT M. Thuwajit et al (2007) X
T R ZUR I 4 i R AT B U TRFL 5
MUC-5AC 7 P IR/ i 20 2 b 3R 30 HE 3 v 7K1 (1)
JHRIEIMG, TFFL ] Xt 1R 28 HA Rt
Jfl.  Haruhiko et al (2007) &5 X1 1l #E A5l s
RIHIIT . 76 mRNA R R R R KE b,
TFF3 S T, SR 59 AL AR I 32 2220
AT 14 BN R A 13 BRI R m R IA K
P, 1 20 IR BIFEAAN A 8 BRI H T

2k W —— N A G & Yio et al (2005)
Al Babyatsky et al (2008) #/F57/NH 1] siRNA #4
HER, G2 MRS, Sela ARSIk,
PIR SRR BIRE AT T TFF 58 2%
PEAEMIAT NI C R, 45 FEoR TRF3 5 iR
ARG o X0 TRF X s 5 7% A R b PR AL T

L R E 4
LA ——FUNAE AL LT TRR (RN

B E-IF R IREA 2 —, TFFL [RIE 56 0]
PATIZR P 20 sl Bhve Ty (7 st R O B . i
W oY E 50 TRF ZEFLIME 1R BB i
(IVE] . May etal (2004) [IBFFT45 5% BoR: TFF2
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T 10 20 PRI R b R A rh A Rk, I
AU AN i TR . Smid et al (2006) &I
eI ML AL AT A b, 5 BRI E AT e
AHECAR, i 40 0 1) B e B LA MR 1 DR 3R TR R
fiE, P Au$s TFFL. TFF3 (TFFL Sz g0 i g %
ZIRAH OGP BE G BIE D , MR R e AR R
(R AR A DR Rk R AR

TFF 75 8g o3 B o A P — L4 2 IR =
PO RVE I I AR FOLEL A5 5 i A%
DTS T — 2 3, WA AR (Hl T
S AR B2 AR Koy AR
WL — BRREIS B B, XIT TFF S k4. K
Ji 2 18] 20 2R (W BRARATIAR S AR DA TRF (AR B
DI REFIAT R0 25 S R4 B (1) Aty I

TFF A DR R acm 2406, 25 T3k
DA TR 22 P A B g 8 R B s N o R R AIE ST 4 R 3R
W1: TFF 25 7 LR (Chinery & Playford, 1995;
Playford et al, 1996) . fillfji1& 5 (Goke et al, 2001) .
41 Ui F% (Kato et al,1999; Prest et al, 2002; Graness
et al,2002) . #T-14% (Kinoshita et al, 2000; Taupin
et al,2000) . R B (Calnanetal, 1999; Emami
et al,2004) . 4i g 5> 1k ( Taupin et al, 2001 ;
Bossenmeyer-pourie et al, 2002) . IfiL & 4 %
(Rodrigues etal, 2003) . i+ (Cooketal,
1999) SFHEM Yk B . R FESE R 2 A A
B2 1 SIS — 2D i B

(1) TFF S5 RIE RV IER] . TRFL G2
¥ FEHITER RAEVEZEL, RIERIEE— P i
RBL ) SEHENEZ BIA AT T (PR, i Al R A e
b, AR ZInT fe it Ak R i Rg 4121

(2) TFF W] REREEAERI MR R AR e X —
BRI FE RS TRR MR 40 B it B e
TEME AR SR R . [, SE4A8
(R0 A R i 98 %) e e MRS T 3 A= 1L A B TR
TFF 08 A B DR 3 1k v REAE g A A e f% i
R R AR

(3) TFF X e 4 Bk HA ) A K AR .
TFF RS0 AT g BRSO b 83 40 B A= 1T
Pl TFF 0080 e 48 i AR 0 /E - BILERL, 20T
AR B @it O B8 MAPK/ERK HUBERR AL :
@ 38 0 oan B IR 4 R pl6INK4 Al
p21CIPL/Wafl /K~f-; @ il cyclinDl/cdkd Fi
cyclinE/cdk2 &5 HTE 2

EARAE FHBLIAT A BH o AR 56 i 90 &5 A7
A=, BERPERINS; (1 TFF 58 R 4.
R AR B DI CRAP . R
I UE A7 PS e 2 975 Vs Jaate Y U1 PENY 7% 2 RN i1 )
S Ik R RS R A PO P AR, AR B —
IR 35 23 58 A XA AR B AR A 72 . TRF BE
SEMI IR 7, ORI R AT, X
A FH B PR TR RS TR LR N 2% T %) TRF 5 g 56
RINWTIT. S 2RV TFF gwmhd L pA 5 bl fe e —
ANEBEDR s AH X (B BeAE LU TRR AR A 9 1 1 A
HAECA B R . (e B RE b, TRF W RE
o3 [10) 2 e e DR 6 A ] S Al S 2 B ) A
i# 5t Ccommon mediator) f¥) #fi {4, (Perry et al,2007) ;
WRE - HEMBEUESE, B4, TRF AEMR ) kA
R BFEITTIER, SRS E —ASETIAR
£ FERIN FH AT BE

3 TFF iR IRKEF S B8 A

TFF {EIm PR EE 2 AUR R N HT, SR S AR
RN SIS SR B TRF RILELE,
JLAE I R B2 27 Sz e b ] e HAT VR — B2 WE T
PV O E 2 — o S KIS J7, 2ERGH.
AIAEMIRTHE T, H AT BERE NI PR S5 BRI Ak “ 55 A
F4] TFF3”,

“REPRI A TRR3” OBt N X — 2 2y,
IVRITIE N B SR/, Tl 56T B ImiE s
JARAE, AT TR A7 18 8 R R B 47 1)
WSCRRRYY . “IENTELL TFR3” Hural
R R SR P AR 2 o A B 22 I DR 55 Bk
PEAGHRIE R, BAS PRIT Uk 52 B AT IV
(IR, AR T R 70 R FH Y LR 2549 31 5 3
“HREDNEEA TRF3” 3 HATAE A A it R 73 O
i P LA

AR ANS B TFF3 ME— il A H Y il
BRES . S8 SAHRR R B4 AE . iR
BN RS TRF3 REEAE AR, 2] fe
LA B4,  Ehln Chutipongtanate et al(2005)
PR R H 1 TRRL AT I 50 R B, TRFL B
0o R S 4 1 T 1) DR 5 A A DR i v B ARG
FIThRE: 1M Vestergaard (2008) #5714 BARIHTFTIR
BN THET RO E I, TR A8 R JLEE 27
S BN H AT fE

Vestergaard et al

(2008) %A JLBEFLH T
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TFF S B TIESNM A IR . AEm FLRESR 177 5 2
— B FLIT S A B R TRRL R S 7K 1)
TFF3, JFAEM RN PIE N %, F=f5 15 d FERIER
MEACE IR E . 2Tk, BRI
(1) TFF3 AT 58 2 JLIR R /N 45 1 98 1
A RBEAR DG . R FIRILG 2 MR I — 2D 0k
A BT S 7 W B DA R R 8 AR ) LR AE
7NV 45 T 98 1R R0 AR

FEXS TR ThRERITF R AN, TFF 768
B 2 TR R N v Ak TR R Bt . TRF 7EMR Va7
(IR RAM A RT3 TRF A8 g s B 7
VERIBUHRI A HE— SR FIUGR, RNt 75 140 )
BIT S FEPRATT BRI BGARI R RE . RAE a1
BT o, BEAE RSB AR Rk 20 RO R T ¢
BHOFRR, ANV Ebe &Y —TFF M 12
Wi AT % %) 2 Wy ( Bosma et al,2002; Takano &
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