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A LA BW T Wl GE 2 DL ISR,

AB alcian blue pH 2.5

ANOVA analysis of variance

BrdU 5-bromo-2’-deoxyuridine
CBC crypt base columnar cells
cDNA complementary DNA

CldU 5-chloro-2-deoxyuridine
EdU 5-ethynyl-2’-deoxyuridine
GAPDH glyceraldehyde-3-phosphate dehydrogenase
GalNAc N-acetylgalactosamine

HE hematoxylin and eosin

HID high iron diamine

HRP horseradish peroxidase

1dU 5-iode-2’-deoxyuridine

Ihh indian hedgehog

PAS periodic acid-Schiff

PBS phosphate-buffered saline
PCP planar cell polarity

rRNA ribosomal RNA

RT-qPCR quantitative real-time polymerase chain reaction
SE stamdard error

SEM scanning electron microscope
TA cells transit amplifying cells
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http://lsd-project.jp/weblsd/c/begin/glyceraldehyde-3-phosphate%20dehydrogenase

TEM

TMB

TPN

TUNEL

WAT

X-Gal

Z0-1

transmission electron microscope
tetramethylbenzidine

total parenteral nutrition

terminal deoxynucleotidyl transferase-mediated 2’
deoxyuridine triphosphate nick-end labeling

white adipose tissue

5-bromo-4-chloro-3-indolyl B-p-galactoside

zunula occludens-1
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AFDOBRBFIREDIRT &L BV AR ~DMIG & LT, 87 bidkkx e ARIE s 2RI L
T&E 7, AF0OE LEREZBT TR OWHUE~BEI L TR 2T 50 b Wi, o
BIZELEED DB NS, BIFIEEES, R, avEVEHIZALND, —T7. TDH
IZE EFE o TAFLMITTEMITIT, HEILHITL b0 L EBZIFIE L TAIRICAD
bORH D, RFEOAIRIL, HIREW OWFIE L BIEHO—E2, EEaFk L, KEE
KT TAHMZIE 92 &% &9 (Kawamichi ezal 2000), L2>L, ZREMW T
b oA, WA, I, SiEihOked B2 ENAFTITRIGHZDRIE Tl 2941

CHAMRO AFENMEDIL D,

WL OO SR 70 A BRI FERE AR (bout) (ZHFES I Hav, ZOHIL2 A6 5
BHETEREICE > TRELSE2D (Kawamichi et al 2000), iz 13X, LHRF DY
T NI A H— (Mesocricetus auratus) [ 4~5 H B OFHGEIIAIR & 12~24 K O g

HE (interbout arousal) Z# v iKL CAHRZ1TH (Fig. 1-1), 7=, FRHIAIRZIT-
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Figure 1-1 A representative presentation of housing time-course change in temperature time
course in hibernating Syrian hamsters. A temperature sensor coupled with data logger was
attached to each cage to monitor the hibernation cycle.



TWAOIRHHABICBONTE, RMAEFELIETLTWS, filxiE, FrA/aed X

(Spermophilus lateralis) (235 T, FREEAIAMRFIT, JEEEHIRSEE O 2~4% F T
DU, RIRIZEREEIRE D 2~3°C ETHEFF ST % (Carey et al. 2003) , FrgerI4ARIX
LW RENENYE ER ORI CH L PRERICL D PHiEnNG, ¥/ e ) AOFRE
BRI, ARIEAIERET < 0 36°CIC EF- L, Rt A MRICEREEA S & To 12~24 RyfHHE
Frasnsg, £z, ¥37~—F > ;b (Marmota flaviventris) 1%, FirO4& RIS OFEL
PN D 143 200~300 #1725 3~5 #1FE TR L (Zatzman 1984) . MR LI 1 43R
100~200 [E]7> & 4~6 [E1E T N9 % (McArthur & Milsom 1991) . # L C., Bl
IERELJHD LTV D0, EIEmAITEIEL TS (Zatzman 1984), 2L DAY
A IR R R I T2 I IER T < £ CTREIET 2,

ARF O LT E LT, LMRANTAN O A EAfE#AE (white adipose tissue.
WAT) (Z&F8 LT2E 2 AW 2 IEIGRrEA & | AMRE IR L7 B & I3 D i
B ® % (Folk 1980), I IFAMRFUICRAFRZ TS, TOMRYICH REELE LT
WAT 22515 DIV AR DMK SR > TV 5, BEMIIrERICIZ Y ~a e ) e L
DD, ZHIIZH LT, U RARNARLZ—D L ) RIrRANT, IrE LB 2 ik
R IR R L% (Humphriesetal. 2003) . ARIGHTE T WAT & ZEEitEI2 N &
B, BPOKETIEEN 25E<ICE TR S, Lol b LIGEI & RO O
F2 01X, ZOITE LB O D 2 Tlk, 5~8 A OAIRBIM &2 A& X ki /2w,
oo T, ZXIRFBFHORBETIX, =X VX —HEEZMZADEVI R THERTHY,
AIRIZBWCHEETH D (Careyetal. 2003),

— 0, YR U RARNLRL =D L) REFERICZBN TS R A IR I R AR
Z L7pvy, FELRIWICE N TN REE R A B T bR & HEIDEERRY
MOMBERZELNAE T D Z LML TS (Yang et al 2009), #FlziE, T v MZ
BWTHLERSEE (total parenteral nutrition, TPN) ##ifT9 % & . MEfr# 3 H
HTHEOZE S EE (Ney 1999) . il FRRiEEERE OIGIENME T T2 Z L @mE S

6



T2 (Miura et al. 1992), —7J7. ZIREWIZIB T 5 LMK OGO RER > OH%RE
HIZLIZONWTIZZNE TICUTO L S RER SN TE 2, BHlxid, 3a—eE T~
NI A S — (Cricetus cricetus) 1IAMRF 10~12 H M OFFGEIIAIR &, 48 BEf o
WAV KT (Michel et al 1988) . Z OAIREMIZIHNT, NIBRIEIZIHIT 5
27T —=BBIOS Vv Z—BOIEMEIT, FrfI&ARPITIEEE S, PR EERC
LRI, £, 775 —BBXOT I ) XTTFE —BIEHITEHR AR BT
Do MAT, AMRF ORREENT E RT3 205, Kl D HEE L 72l o
VR EEITEE L7y (Michel et al 1988) . Ziuid, AHRAICHREIIZZENET 5
D, W EEER LR B RTNAARR ED X Ry BT LA N2 L ER L T
Do —H. bobbXSHEDBTTATHDIDIE, TAYIEREE DS XIZAERT
HY a2t A (Spermophilus tridecemlineatus) T 5, Z OFiIL 10 A
(CARICAD | 12 HE R AR Z RS2 (Carey 1990), AR HY 15K 5 B &
Xy E, MEBEORS, MBERERENED T2, Zho3REICEE L, 2
IZHRREZRD . KNS 35, EEORTFEEICBITHRA 7 7—8, 4 Vv ¥—
BEBEIOT ATV RAT 7 2 —BOIEMEZR S N mRNA FEBLL~LiE, AR & TEE)
HETCREETH D, LED X ST, S—BET U AARZ—L T a L) R
DAMRF O/NEHREENT, FrfitE LR P OMEEIf L > TERT D2 OO, FuRFEERF O
BEICHZ T, BEtEAIRT CHEE T L UL CHEMSRE R #ERF L T D 2 LR &
NTE7,

DNA &k & M2 IR E R TRV X =2 BRTHMETH D, Lo T, HifuEsH
FFFRERIAIR TRV MAfl SN TR Y . BlaF oG EFIFR D L TWD (Carey &
Sandra 1996) , ZilLE TOLIRF OIS ZIZ OV TOMFIEIX, HEFFEE AN H O GE
AR IC BN TThb TE T, B LRI AR T, S & OEEARE ) i b
JRVHHA T Do ZIIREIR KD OWINERE 2 I KIRICHH T 2720 TH L & E
265, FFHC, & ERITHIESS T A L ACK T D OREIRR & 7e > THRY |
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http://en.wikipedia.org/wiki/Cricetus_cricetus

KRR E DPEAEZ I L TR AZHIE L T 5, E£72, AMIONEY
B THEE L. ITANSERT 2 72012, Fik - NI X 2 15758 Ok
WE L O EEERRAEI A T T\ 5, T b O EKEEIT I 4 FEO{bla T
oD, WL R (HERIBERE) . AR CREIRPEA) . Pisiiie (THIBAE AL
W) 3F— Ml FUEASTF FoW) IZX b TV S (van der Flier &
Clevers 2009) . & FRITHE & MEITI 2 IGE NIBEIC 28 L7 fbflifia s & 7o 2 KE

g L EISRMEAIE B2 2@ O SOOI b s (Fig. 1-2),

Differentiated cells

Goblet Entero- Absorptive
cells endocnne eplthellal cells

Crypt-villus
junction

Proliferative

{ ?' progenitors

Q. Stem cell

“#fae " Panethcell

Lamina propria

Clevers H & Radtke F (2005) Science 25:1905

Figure 1-2 The anatomy of the small intestinal epithelium. The epithelium is shaped into crypt
and villi (left). The lineage scheme (right) depicts the stem cell, the transit-amplifying cells, and
the two differentiated branches. The right branch constitutes the enterocyte lineage; the left is the
secretory lineage. Relative positions along the crypt-villus axis correspond to the schematic graph
of the crypt in the center.



G 5 B N F— MO Z S REIEIIC ML L, ZofMiTak s & bIZRE
MOBEBICBEIL T\, ZERERELFOBE MR TH L, 2 b2 TORE
R E ERE IR DA STV, IBE ERSMRIE A2 B U CHD
BRILKET 5 & &bz, RTORE LM~ bz R oMl L ER I TEY .,
fREETICAET 2 B2 TS, I EROREIETIZIE crypt base columnar
cells (CBC) LMHINDHIRWERER LI HIRUAMAIE L TV D23, Z DOBERRIC DWW
MRS AR TH o7, I, Clevers b O 7 V—7 1%, Wnt ¥ 7 /VERIE G -
D7273T CBC 7238 < FEHLS 2 Lgrd BAn FIZHER L. £ OF-FRiliafE 2B il aEle <
U AR L, TR TOMEMIED Lgrd YEMlaic k52 & REIZHe->T
Lgr5 BErEMas 2@mEfIciff SN s 2 &R L, TR DR G CBC 135 L%
Bl THD EELZLND K DT/ o7z (Barker et al. 2007), LA%. BIfEE T Lrigl

(Wong et al. 2012) . EphB2 (Jung et al 2011) . Bmil (Sangiorgi & Capecchi 2008) .
CD133 (Snippert et al. 2009) . Ascl2 (van der Flier et al 2009a) ., OLFM4 (van der
Flier et al. 2009b) 72 & D513 ififld~—h—& L THE STV 5, B LR
B4y 2 L C— @YD (transit amplifying cells. TAcells) (2722, TAcells 1%
REICBWTERICOHLTEBY, 4~5 H5RE#HEVIRLIEZOL . 0 ERGH~
L. MEOEMIG IR > TEBEN L T <, b8 R R e~ L7z
& BASHNITHIRRSEIZ X 0 ST 5D, 2D X 9 I/ NG E O EHICES S NS
e, #3~5 HEITH %,

FF ARy Fa 7Y X (citellusundulatus) (23T, AARH O/NE RGO DNA
BRUTIEE O A% ETIK T2 HDD, LIRPTHAHE S T2 (Kruman et al.
1988) . LnL7Z2/s 6. R A&HR T O/ DA %R 1L L TR Y | i LEila o
FIE D G IS S HIDIBFTHETT L TV D03, G E 721d S Wi i3z 1 LT
% (Adelsteinetal. 1967), Z O X 5 2l OMF 1, RIRIZ K> TREIZAEL S
BRI DN, 8 D WVIHEIR F 721 TEBE DR E VRS T ClaiEic =7 =2 4E T 5
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D % e/ NRIZ T DRI 2B IS 7 DDy, RIEIT>E D LTy (Kruman 1992)
RO 5k 5y & ARRBE TR I X R TR (P95 (Carey & Sandra1996), H iR R EERE O
MR AR EE 1, 13 & A EDAIREMW CIHEENI O 2 & [A% 7>, 7213 EES (Dubinin
etal. 1995), M1z T, HETEERHZHIFEEAEN EHIZ 72 D L FIKFIC, KR X R0 &
Rl BN CHIIN~ % (Zhegunovetal. 1988) . AHRENMICI51T D FrftAUA R & IR T IE
DY A 7 AN T, /NG LR AN RS IR & BB AR D KT & WO FERNLIT, £
T b g o TR —MEMTIR > B E b 725 hB L OHHEZ#E KL T
DT ENTREND, LinL, KIRTPON ERHMIBOERIC L b2 2 BENIZ SOV T,
B ENE A OHEE 72 & OFEM7ZR A FEITHE STy,

IR ETHERN SN TE NG LRI OB &N L 2 5H)l3 2 =72 J71E1%. 5-bromo-2°-
deoxyuridin (BrdU) O/SVAF = A ZAERTH D, ZOHIEZ, B D EEICE
FIZIBWT BrdU #4592 Z LI L 0 Mila 24558 L. M S fiafciE 4 k4= %

IC R VEEEFT D HETH D, L, ZOFETIEEL OFEENLEITR D
72, L OEEEZAFT D Z & NREERAIREWY Tk, ZoHEEEHT 252 L1385
FHTIXR, &2 TARIE T, 1 EETHEST S 2 E RN FARETH 28 LWl
EEEOHEETIEEMN. LT (B2%8), TLTIOHEZHANWT, LIRT U T A
AL —ORy FRMAORBEEEZHEE Lz B33, M T, MiaEFEHEOE(kIC
O THER) I L OMKRERV A L 2 L7 (B4 5), SHIZ, ARV U T oL A F —
R DHMEF OFEEELEZTAE T DA D= A LD TOEREFIE LT (F5

=),
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% 2% 5-Bromo-2-deoxyuridine (BrdU) & 5-Ethynyl-2-deoxyuridine (EAU) @ 2

RS A2 FION T2 LA RS Bh s B HEXE T 1A O s

2—1 HREHAM

ZIETO in vivo 2B DEE — MBI - 7o LRI R B OHEE X
bromo-2’-deoxyuridine (BrdU) OV AF = 4 ARBRICEL Db DOBIEFEALETH T2,
BrdU (37 X Y07 F 1 7T, DNA & 4MIZ DNAIZERVIAEN D, FREIAK 1 I
Bl L <, BN S 1~2 BEEILINIC DNA AR A1T - 72 HIE, % 0 5kl 2 bt
BrdU #iffa AV 7o e ilfede oo U ORI 2 L3 T&E D, Fio, BREZRRDIF
Bl Rk 2 BRE L, BT 5 2 & T, DNA AT 72/ &0 X 5 1B E Lz
EBETHILNTE D, Thbb, BEGORRDFEF CRILLZMEBKICE T S
BrdU B LG o> B2 8 — BRI IR - 7o BREE 2 BFE CTRR9-Z L2 L 0 | AIIa O s i
EWETHIENAEETH S, X, Melendez et al. (2013) %, FAEM~T X &
Cdc42 BIn 1K~ U 22 BrdU %54, 2, 4. 12, 24, 36 R CHRAELZERIL
15 b RGO ENEEE 2 HER L7z, £ DR, Cded2 Bin 7R~V 2D+ 4515 THl
R ENHEE AN L TWD Z & &R Lz, LML ZOHIETIE, 1 EOBEMEOHE

1 5 BHOMENKLETH Y . HE < DEED AFRREER LR LA 2 — D
RREY S 2 5HHIS 5 2 LIXHEN TIIRV, £ 2T, AETIE 2 EEOF I VLT
J 17 BrdU & 5-ethynyl-2-deoxyuridine (EdU) %75 L, 2 EYA %479
Z & Tl B A HEE T2 AR L BR LIz, EdU & BrdU & [FERIC
Y7 Fru s Thy, IFE BrdU OfREFRE LTHEM STV (Buck et al. 2008,
Cappella et al. 2008, Salic & Mitchison 2008), BrdU O ixhi BrdU #Hifkz Hu
T GEAL B B K B8, EdU ORHIZZ U v 7 7 I A R U —IZ K DL LT
ITH52ENTED, 2ZTHWDZ Y v 7 I AN —d, dBENATLHTVRE

(ZAFAES D 7 v M ORI A #5512 KL 5 5USTdH 5 (Hsu et al 2007, Sawa

11



et al. 2006, Tornee et al. 2002), AW TIL, T DOHEORYEE T v M K 2 FEER
THEEL7Z, T 72bb, FEfZETH S L7z BrdU & EdU B0 CRIFHCRIH T &
DI, RESOENA T B0 ED, $5 O RRIRIEF L ONERF 2 A1 AR Ehk B o #e &
ICHET D EINNCOWTRAE LTz, £72. 15 BB F R M, ARami, 15
W WAfE, S — N, 2 7 Mlila, MO 6 DO EilaNFET 5, b
D 6 DDLU R R e~ — I — 2 L7z Geta & BrdU & EdU o 2 Ej %
MABDE D Z LT, ENENDOHMEMICEB T 2 BEEE ZHEET 2 2 LN AliEN D
LIV, ARWFSETIXE OfufE & LT, MMl % PAS Yuta T, BN AR 2 HT 2

BT = ABUATHRIE L, 512 BrdU LD 2 BB ZIT o7,

2—2 Jiik
KREWY B L O

6 BEROHEM: Wistar 2T v b (AARAT R )L —) A 23+2°C. % 8 FEh 5 4F
B SEFE CAREHAL L CHE L=, fikHt AIN-93G (Reeves et al 1993) IZ#E U CE
Rk U7 SR A B R S E, KEKE HARERSE-, 2 l8MHAER, LFD 25

DEBREIToT,

ST

9UEDF v k (Z4—7 A) IZ BrdU (Sigma-Aldrch, 50 mg/kg (K. Ito et al. 2009)
wREENEE- L (T4 5 1) . 17 R[22 EAU (Invitorogen, 5 mg/kg A&, Cappella
et al. 2008) ZJEIEANEE- L7z (“Fill 10 FF),

Fo. Mo eltoZ vy b (71— B) 1T EAU & EEN&E S L (T 5 K, 17 F
[#1#12 BrdU ZJERemE G- L7z (FRT 10 p), EdU & BrdU o5 &I3ATd & F &
L7,

EHHID6IEDT > kb (7 —7 C) 12X BrdU ZMERENE . (1% 10 BF) LT

12



N5 12 R BAU 2 BN S- Lz (4R 10 KF) ., EAU & BrdU O 5 &3 Fik

LlRIEIC LT,

FHR 2

Z v b 3JCIZ BrdU & EdU OEAW & IEEN& S L= (FF# 10 Kf), EdU & BrdU

OG- EITENZI 50 mg/kg KB & L7z,

FTRTOERIZEW T, BrdU & 25\ % EdU £ 50 22 Bk 7 7 2 U HERRE (70
mglkg AH) BLOF T TV UHIRE (8 mglkg (KH) ORAMOIEIENEREIZ X 5
W T ORI L. BEEREINR & 0 B st S, AMB A BRI L 72, BREL L7/, ke L
7= U iR E R B /K (phosphate-buffered saline, PBS) TH# N & W L T b,
NI A YVEIR LY 2 cm EAOZEGRT R 1 em & BB O ST O [BIGHT T 1
em ZERHL L7, BRIRL7CMRRIZEER (27 4 v 7 A B0 T T 74 0T v 7 PN
V) #HVWTEIRTT 3 FiRERZ, 77 ail, 3781 h—24 (REM-710 ;
KRFEHE TEMASH) TRES 4um O/ 28I L AT A F7F 22/ £H1,

HBED 7= 37T CT—H A o F=2X— K LT,

BrdU & EdU o 2 SEAEFRIC K 2 s E oflE

VERR L= MO R &, BXT 7 4 v D= F v LAz 5 M 3 ERIE L= B, 7k
MOz 7 —)VRINRIE LTz, £O%, PUFIIELO7Z0, 10 mM 7 = g
v 77— (pH 6.0) 1T 98C., 40 /rHIMME L7z, RIZDNA 22T 5720, 2 N
BRI 30 ZrFRIE L, RO DIZ 0.1 MINES> T MU v AIC 10 pRIE Lz, 7
By %7 D), 1%BSA/PBS T 1Kl A > F 2X— | L7z, 100 54 L7zt
BrdU #if& (anti-BrdU mouse IgG ; clone 0894.6 ; Calbiochem) & 4°CT—MiAf > =%
2 _X— k L7z, PBS Tk, 1000 (547K L7z 2 kPLA (anti-mouse IgG conjugated

13



with HyLyte Fluor 555 ; Anaspec) &) FO=IR T 1 KA > F = ~X— |k L7z, PBS
THeth, BEEBLEEDT= % 0.5% Triton X - 100,/ PBS (2 20 43liRE L7z, Z 0Dk,
EdU #H D 7%, Alexa Fluor 488 &4 Click-iT reaction cocktail (Click-iT EAU Alexa
Fluor 488 Imaging Kit ; Life Technologies) % i\ TE=IEME TC 30 fiA > F 2
— k L7z, PBS ¥4 . ProLong Gold antifade reagent with DAPI (Life Technologies)
TEA L, SOLBAMEE (BX40, # VU /3 R) THIZ, GEIRY Lz, Mlagahd T

PITO X HIzEE L=,

Ml EhEE (um/h) =ROICES LTIV 7 u 7oty 7 v o il
ERIZEE LT=T vy T ha ZoRtty 7o bl L o (um) 2 SOF

VT e 7o MR (h)

MR Eh R B X, BREES T LI &G LTI o7 a7 oty 7
JLOHRIAE L RICEG- LI=F IV 7T a oty 7o gl & ook
PHWSLZ LickoTh, LT X IZHEE LT,

HNRBENERE (cells/h) =HANCEG- L-F IV 7 a 2oty 7 o h il
CRICHEG LT F I T a OBy 7 Lo b ofich D2 o

DOF IV rusZokbEEE ()

A ENEE X, 7> b 1 ERICoE 10 @RI L, FHEL RO, HEET
Image J (http://imagej.nih.gov/ij/) Z FHWNTEHAIL 72,

MHA T, MO A 2 D TR 2R T T~ bR ) v /=4y (HE) 3
ATV, ERLY 7 h U =7 THREDOR S ZRHII LT, MEOR SITMEBETI bikE
FlmE THORS & LIz,
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N5 N Gy b 6 X OV e oD ik H

AR O HIZIE, ~—h—& L THreE7 7= A iRz L T1T-
7= (Lloyd & Wilson 1983), kD k0 | 7 7 4 B X OHURITELZ OO A %
MAWT, DNA &M, i, BROT Ry X7 %21To7206, 100 5K O40 BrdU
Uk L 250 ROy mE 7T = fifk (ab45179; Abcam) DIEEHZ AT 4C
T—MeA o F 2_X— |k L7z, PBS W, 2 ktiklT 500 57RO anti-mouse IgG
conjugated with Alexa Fluor 488 (Life Technologies) & 500 %77 fR ™ anti-rabbit IgG
conjugated with Alexa Fluor 568 (Life Technologies) D& Z FVY, =IEHEN T T
2 WFfHA % = ~_— | L7z, PBS ¥, ProLong Gold antifade reagent with DAPI
TEA L, #OGBME TBIE, TRRE 1T 7,

MM OB PAS Yeta AT - 72, BIED &Y | §t BrdU HUiATA v F 21—
r L7=® %, MACH 2 Universal HRP Polymer Detection (Mouse and Rabbit Polymer
HRP Secondary Antibody Polymer Detection Kit; Biocare medical) T=iE 30 4y [~
V¥ 2 _X— K L7, PBS JEi% 2. 2.3 mM 3,3-V 7 X J X2 UV IR (R Ab5R)
& 48.8 uM R bk FE A ET 0.6 M kU AEREEE W (pH 7.5) T 10 77fA v F =
— b L7z, FkTHdiE, 0.5%i 3 ¥R (FIOEMEE) BL Oy > 73 (Fiotil
) ZHWTHIEIZLY PAS eazfT\y, ~~v bR U Tzl L7z, =X
S = VRIITRK G T LA K DB L, BT Z 0 ATEARR, JERAREIC &

B, BEREEB IR0,

Eat LR

FERIT TR OPHEHERERRETHR Uiz, 2 B O FHEO B2 Student O £48
EHAT o T2, ZREROFE D LU 1T — Tl E S BT D%, AEERH -T2 b DI
I% Tukey-Kramer 7 A k &#4T > 7-, f#HTICIZ Stat view Z V. PED 0.05 K505
BIHFBNCHE L BT,
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2—3 fER
IN—TABLOC DTy MZBWT, /Mo BrdU & EdU @ 2 EYI L
V. MEEO LET BrdU BtEMia GR) . THT EdU Bl ) St shiz
(Fig. 2-1), Zhb5DF v MIBW T, BrdU (2T EdU 2#5- L TWAH DT,
ARG RV ING B RIS ESE 0 D el BB L T\ D 2 & 2R d 5, 7o,
IN—FBDT v MZBWTIE, V=7 ABLRCOT v k&, MEMO L

J7\Z EdU B2y . FEBIC BrdU BEMERRRR2 B H S 47z,

Figure 2-1 A representative fluorescence micrograph of jejunal sections of rats having received
a single i.p. injection of BrdU and EdU within a time interval. EdU injection was done 17 h
after BrdU injection, and tissues were excised 22 h after EAU injection. Signals of BrdU and
EdU were detected by immunohistochemistry with anti-BrdU antibody and the click reaction,
respectively. The white thin line represents the outline of villi. Bars represent 200 um.
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RSB 1T Fig. 2-2 D X ) ZHH L7z, Fig. 2.2 13E R 1IZBIF 57V —7 A D
BlCTdH D, FREAICHRH Sz BrdU BEPERIE O 5345 0O Hh RIS ALE 3 2 il & | fkal
B & iz EAU B HfE o434 O Fp B ALE 3 5 M0 & OO R RE Lz s 2
5, 148um Tho7-, Z O BrdU & EdU oK 5RETH 5 17 R THRLZ &
A, MlEaBENEEY 8.7 um/h EHEH S, RO FIET, Z—7 A, BEXID
COZ vy MW THIBEREZ R LIcE 2 A £/ NV — T CTHEREZA DI
727> 7z (Table 2-1), MEDORE IITIWTHO 7 L—7FTHEIG LY ZEHTHEIZES,

KT N—TTOEZRLLNIR ST,

7 Median of BrdU+* cells

148 um

I Median of E4U* cells

Cell migration rate:
- 148 /17 = 8.7 um/h

Figure 2-2 A representative estimation of the cell migration rate on a single villus of the
jejunum. The white thin line represents the outline of villus. Dual-labeling experiments were
performed as described in Fig. 2-1.
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Table 2-1 Estimation of epithelial cell migration rate by dual labeling with BrdU and EdU
under different experimental conditions in rat small intestine

1st set 2nd set 3rd set
Interval time 17h 17h 12 h
Injection order BrdU-EdU EdU-BrdU BrdU-EdU
(n=9) (n=16) (n=6) ANOVAp
Villus height (um)
Jejunum 498 + 13 501 + 25 511+11 0.71
lleum 234 + 8* 227 +17* 238+ 13* 0.83
Cell migration rate (um/h)
Jejunum 8.7+£0.5 8.3+0.5 8.9+04 0.72
lleum 45+0.3* 55+ 0.6* 5.8 +0.8* 0.20
Cell migration rate (cells/h)
Jejunum 1.37 £0.07 141+£0.12 1.23+£0.05 0.34
lleum 0.80 + 0.02* 0.84 +0.02* 0.78+0.01* 0.13

Values are expressed as means + SE. P values of one-way analysis of variance (ANOVA) are
shown for the comparison of mean values estimated under different different conditions. * Mean
value is significantly different from jejunum (p<0.05) as estimated by Student’s t-test.
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FHR 2

BrdU & EdU # R 5- L7=Z v b o/NE#AL TIE. AREICH T Sz BrdU Bt
Hife & fk T S 7z EAU B2 R CALEIC Bl Shv/z, BrdU BtERER
F LU EdU Bt 2 # U 7ok g 2 s Dok, 23T ToEEa
MEAIRENTZZ LB, BrdU & EdU ORI O E I TIZIT TR —F L T

L EEZbN (Fig. 2-3),

Figure 2-3 A representative fluorescence micrograph of jejunal sections of rats having received
a simultaneous i.p. injection of BrdU and EdU. Tissues were excised 22 h after injection of a
mixture of BrdU and EdU. Signals of BrdU and EdU were detected by immunohistochemistry
with anti-BrdU antibody and the click reaction, respectively. Insets illustrate the higher
magnification.
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N5 N Gy b 6 X OV e oD ik H

Fig. 2-4DADEEIHBrdUFLIA L H17 0 £ 27 T = AFURIC L 0 2E ) Ye(d 21T
VN, BrdURGPERIRD 2 fk T IBNOWHIICTH S 7 n e/ T = AGtEfMlaz v o
ETHRHELZLOTH S, AROKENIBrdUBMEMIBOR b EEE. S F » BELEE N
RHEOVHIZTE L TV, Wbkl Sh T o720, BN
TRV EB 2 BT, FHEBIIHBrdUSAIC X 5 0 & PASHA Z [FIIFIZATU
BrdUBG MM I8 (4 T, MR iZse TR L= b D TH S (Fig. 2-4B), HEDK
FINEAR B 23 e b ORI 248 L T B 28, AR Z M H L 72660 & O B IR0

Y A WA/ LY

BrdU/Chromogranin A

Figure 2-4 Detection of BrdU-labeled cells, chromogranin A-expressing enteroendocrine cells
and mucin-producing goblet cells in the jejunum. Rats received a single intraperioneal injection
of BrdU, and tissues were excised 39 h after BrdU injection. A. Double immunofluorescent
staining using anti-BrdU (green) and anti-chromogranin A (magenta) antibodies. The white thin
line represents the outline of villus. B. Double staining using anti-BrdU antibody (brown) and
PAS reaction (magenta). Arrows illustrate the furthest BrdU-positive cell on the each side of villus.

20



2—4 B

Figure 2-1 £V, BrdU & EAU @ 2 (AT L - T, elci s Lz BrdU Z#E I
S IS LT EdU Z2#0E TEBICHER 975 2 L N T & 7z, PR ERIZB VW T BrdU
DHEHEG LTy he, EdU ORx2&E5 LT v b o/NMEHfka VT 2 EfvEa s
fTot2& 2 A, i Tl BrdU BHEMIRO 23, $E Tld EdU BtEfiin o 203 i &
niz (F—24Em), ZnbofERIE, i BrdU #ifk2 EdU 2SS LN &, B
L OEAU BHEFD 27 U 7 BEH BrdU & ZERG LRWE E 2R LTWD INZ T,
BrdU & EdU OFFFESICE D . ZRZR OB EIEERIC B L2 &b
(Fig. 2-3). BrdU & EdU iZ[4£IC DNA ICEY A E 4, FEd s~ L, [ UG
PGS A LB BT, T, Zeng etal (2010) 512 L o THRAHER TH FIEE

DFERPHER SN T NS, L3> T, BrdU & EdU R E#HMERH D & & 2 b,

WA O 2 EFEFREICIL, 5-chloro-2'-deoxyuridine (CldU) & L O 5-iodo-2’-
deoxyuridine (IdU) 72 ED a7 b7 4% 0 ) U TE# L. TS E M
DE72 55 BrdU HUAZEH LTI b 2 44d o) 2 HIER#HRE ST % (Tuttle et
al. 2010), L2>L, ZOHFEZIEOTHNC CldU & 1dU ORI SIS E TLE
I EVI KEMPFIET D (Tuttle et al 2010), ZDJikL <% L BrdU & EdU ®
2 BATRRIE I, SR LT 2 ) v 7 BORIC R D ERENE RN T D720, RERIS
WAETCIRNE NI FIERH D,

EEB 1BV, 7 v & BrdU & EdU & AW TR 28 508 & R 5IEIC K > C
T L. MR EREE A R L. (Table 2-1), ZE[5 & MM & IS4 7 L— T O CHf
LI A B AT bRk o T, Ko T, BE5ME & B 5IEIT B E)E
FEDHEEITEBE LW e B X bz, Loy L 2 OBEYEE OHEE IS ] L 7= B
DOIEFEIL, in vivo IZBITDHRELFR—CTHoH T &, MO NT 7 0 YR Z1E
T DERDOFHETEE L TVRNWI & EHTRE LTWD, £ 2 TR o MR <
72 EPERIREE OMIREIZ K0 BENEE A R L7s (Table 2-1), % L v &HH
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L7BEEHEICBNTYH, B EEEE BICEKE T N—T DM THEZIZA LN T2,
UEDORERE Y FRICKOMEOR S OLHIBHHEICHELRQVWRETHDL LB
b,

/N BRI A 2 BRI I R ARG, FRAIAE, RPN SRR, SRk — N,
27 M, MO 6 SO EHilgiZ53bd % (van der Flier & Clevers 2009), L
L. ENZENOEIICEAA OBERRE X 682> Ty, BrdU %57 v
I~ DN TR 0 IAAEAE & AR A R L7z & 2 A BEEIBIC ISV Tlie b kB SE 0
(ZIEVALICAL B2 BrdU BEtEfila, S F 0 e b BB 238 ORI, 5PN 20 WA
fa L MfifaD &6 65 ThenkEx bl (Fig. 2-4),

I EDOFER LY, BrdU & EdU @ 2 EiF#E AW 2 & T, [F— AT R

OBEREZHET LN TEDL EER DN,
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B3E AR U T UNLRE—IZIT D AGHEIE Bz oo R BT R

3—1 HRLHAM

ARG T, KIRET N E LTI T UNBAL —Z N2, YU T UL AT —(T
FREWME L TEESNTNWDTED, AFRELS THLHZ L. EFTHREZHIET 5
TLICE D ERENTRIREZFERT L ENTE LI EOEALE, YU T UL R
Z—ITBREGRED 5°C. 24 BRI ORESRMG T CHMET 22 LICR0, K1 AT
KIRZBIAT D, K94 HORFHMAIRE 0.5~1 HOHRFEEEZEEVIRL T, 5 »A
MAIRT % (Fig. 1-1), AHREFIX curly shape & TN DI E -7 K8 % L DHER
% (Fig.3-1), KR 5CHHETH DT, FTMD Lim7o< . P & DINTE S I
RTERVD, B L BT OREICTT /) —BROAERZNZ EnD | AF LT

52 LR TE D,

Figure 3-1 A hibernating Syrian hamster. The hibernating hamster assumes a curved up posture
like a ball. The body temperature falls to eventually approximate the ambient temperature. The
heart and respiratory rates decrease to 5-10 times/min and below 1 time/min, respectively. The
basal metabolism is also extremely suppressed.
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ARETIL, AT CHESL L 7o MR BEE OHEE HIEA FHWT, LRV U T UL R
B —ZBT DM LR R OB BhEE & HEE L7z,

P CHEGH L7 EECHIRIE A R U 7e 3 RO el i~ EA- L, MBS TH
WEAFILT 5, TO%ITEF LR b b3 AT L, BRI BRI, ARAER, P40
WA 72 & DoAY ERRIf A~ & b U, #ESeimifIC Bz U 72 284 2 7o il
1T, MIMZEIC XY BT % (van der Flier & Clevers 2009), AMFZETid, KB
AL =D/ ERIZIB T D500« lRAEMNTT 5 Z L2 BN E Uiz, /NERSIEA @I
D7 > MTRWT, METEFRICAEET 2 AT Ui BEGIZ, 7l U AR
Ty A—EBaESBILTND ZENHREINTVD (Hodin et al. 1995), £ ZTK
WFECTlE, ZIRANALAZ =281 205 LR ORGAE 2 | MRS A &2 Anwie7 v Uk
AT 72— OIEMHEYIC X0 L7,

F7-. PAS YLfaIC L B S 2 MM 2 FE AL AV TR R O RV BEAT L 72,
PAS %efald, i3 v % (periodic acid) # WV CHESH A FFRAICER L L, FEDIIERE
DIFAEZFEH T 2 YL TH 5, 03 U RBITHEHOMRA T 2 bt o A — VS A b
BLIOYEEEL T, 7Tk REIZEHT D, ZOT /LT FiEE T~ 7 (Schiff)
RIGETYDETE, 7V a—r v Rk, RERER ERREGEE BT 5700, NGk
B W TR 2 FEA T DM Rz 515 (Nettleton & Carpenter
1977),

MRS PEAE T DRI, AT EMEEN O HESX L R BN TS TH Y . B

HEWNSFMELTF  EWMELT AT b5, MMEORRIT T X TR L F T
HY . ZOMELF AISHICEOHEHICY T VB EEL YT v AT U LB EE
T AV LT D 222550 F Hivb, Highiron diamine (HID) Yt IARICHiBEFEIC
M ORRRME AR OISR LT, pH 2.5 O O 7 V27 F (AB) (IhiEREE7Z T
TRV TIED I NVRF VEITORFET 2, LIeh-> T £9 HID e 2470,
DWTABREEZITI &, TAVT UHFIFIARF VAL KIZOBREET D, T ORS

24



R ERMERTEP TIEA VR LTF UBRBEAIZ, T rATF URFRICEAIND
(Spicer 1965), AHFZETIZ HID-AB YeflZ LD ALK LT & o7 a LF DY)
ST EFALC, ZRALAY =BT D LT U T RO E L& iR Uiz,

i CTHIIH L. B Tolk L7eAs b et £ TR L2 LG, FHan
AR THIRISE L, MBSO HET D, Led > T, MERIL LMo
ERBRAFED N T o ANARAFT 5, T TPN Faf THEZ: E i N8R —EM T 72
W& HREEFE DD B RS D BRI OFEMEN B & | BE OMRENME T 2 &
DHIHIVTUVW A (Goodlad & Wright 1984), #2137 » MIBWT, 4 HEOME TH
ENFENH L2 W HIBIRH D (Goodlad et al 1988), KMRFIDNLAZ =T, F14 H
[l OFHEAIAIR & 0.56~1 B OPIRFEEZ MV IRL TS (Fig. 1-1), Fri&IRIx
B E < ERET, TRERFCEET 5, ZOXIREARASY = Z2#VIRLT
WD ZMRAN DA Z — DRI ZER LTV D TREMEN B 5, ABFZETIE, HE YetalZ
FOMEORSZWE L, BrdU /L ZAEBRIZ LV R2ERICIS T 2 HAiila 2 5192
Z T, ARANLR Y =BT DR X ORI O A R LTz, N
2T, T BEIREE A FIV TR b Bz 2 1 oD il IR 1 D ZEBIC DWW T HBIEE L
720

iz, FEMBFMAEWV BRI RSO T, M Z > TV D afRetEs
EZ bz, RS ERE XTI 2 i = 32, fMlaEba 42 & T,
WREZRHE A B E, DAZ T LTS EEbIT5 (Going et al 2002), Efb
AR CIEEBRMESRME FCR- A7 7 by X —BIEERRHE NS Z ERHESNTND
(Dimri et al. 1995), % 2T, MIRE{CEER- T T 7 b X —BIEHEREAIZ D | £

AR AN R X —DRG ERIZB W THIREL A U TV D 0ENE TN,

3—2 Jik
EREWY I L O
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10 BERDO Y T o AZ— (FIHAE 120 g Aiitk, HATZ AT/)L2—) 12 JE
%, R 2312C, T#% 8RG8 RFE TAMI & L CAIE L7z, flBH IR
AR R H A Z 2 — R (HAREETE) 2 M0, Kk ki BERsE
Too 12 E TRE L72Db, 1284 1HE 6 LD 2 BEIZ T, ZNERANREE, &
B S Lo, TREVBEIEI S LRt L RS C/E L. AIRBET. 24 FFREIRTH, =ik
LSCOBREET CHE L, AREMAMHRT 572012, &7 —VOREICT —F 1 —
(RTR-52A, 74 7V RTA) G LICREE P —2R%E Lic, XREOHH 4
PBiX, &MREAGS 1 » A% OFIEREERZ EdU I8N EG L, 20RO HE
FREFIC BrdU z4¢5- U7z, 1&EHE 6 PCI3MEE] o> 50 BeflATIC EdU 2, 18 BfAlic
BrdU Z#5 L7z, #5812 2—-2 OER 1 &FEIC Lz, KIRESE BrdU # 5% 0F
FEANR 4 A BIZBHIE L. FRENR X 0 st S, 2285 L OEB AR Uiz, i
U 722205 & B, Ok PBS THEMENZBES L T 6 2 em OWA % 5 E1ER L.
DIFHEZEIVBINT AT A RH T R KV AR E &0 BRsERFE LT, £, 2
- HOW i3 E8%] (OCT compound, Tissue-tek, Sakura Finetechnical) Tu#if
B U CHMR RS ARDIERICHE LT, 3 D HOW A IE, 2—2 LRBRO FIEIC L - T
PRI T4 ML R AER L, 408 L 5 SBDOBAIL. BEEDD 2.5% 2
WELT AT E R/01M U CEEAEER (pH 7.4) (R L, B BBEAIEADIE
B L7z, EERHT. YT —T U XA RRRE FCBIME L, IEREINR & Y S
SR, AMREE L FERICERH & (Bl LTz,

BrdU & EdU @ 2 EYC X 2 liuf Ehd E o JE

2—2 LREED HIETIT- -,

MBREBENZ BT D TNV R AT 7 Z —BIEEDOHIE

BRI L 7R Z R L, KB L2650 mM v ==& E 2mM U R -
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WFSREEE 10 ml (pH 7.1) &Mz, T 70 REDFA F—2HNTHRETF A X
Lic, E 15 mM "I =ta7=z=LY B N vA6 KfWEETeT viA
Wik AM Y& ) —7 2 AR pH 9.8) 200 ul [IZRE LAty 1 — &
2ul MMz 7% 153D 405 nm OWSEEDEE~A 707 L— K —&Z— |2 THIE
L. Walter & Schitt (1974) OFHEIZHEST, 13 2F Tuymol D/XT7=hr 7 =

S BT DRERIEEEZ 1U & LT,

MBHFREI A S IBIT 2T N T YR AT 7 &2 —BiEEY

2T RTFTAZ2%D 3T I /) Fubt’ /L NI hxv 50/ Tk b (B8
FTE) IV a—T 47 Linb DWW, BN S, 2V AR Z b
TEZ5um OELUIFZTV L, AT7A4 F7 7 A0, |k Tz,
10% A~ 1U 2,/ 01 M U EERRENR T C 10 sy MREE L7z th, Bk T L7,
MR 2 OGS (77 h—/L AS-MX U > 2 0.1 mg/ml, Fast-blue BB salt 0.6
mg/ml, NN AFILHFENLT I R 5ul/ml, 2mM#fb~27 %> 75 01M ~Y
A - HEEAREEWR pH 8.8) H T 37C, 10 7oA > F 2~_X— L7z, PBS THH%.
Nuclear fast red THfHtYeta L7 (Kirihata et al 2008), =& / —/LR5ITHiK,
FULACKOBRL, AT F A ATEA LR, ERBEMSEIC L VRSB L O
BEEGE 2 1ToT, —MEHTZ D ODIEHHMOEIEZ, —EKHZ0 5 7 FTOMET

L. £ OVIEZ —~BAEOTEEELOEIG & L,

VDINEALPCRIZED TN AV IRAT 7 X —YiBa+F DORBEMNT

Zeim KOG ORI XV Trizol (Invitrogen) % HAWT7'm b a2 —/L{ZHEVV4E
RNA it L7=, o722 RNAIZEENDHY / - DNA % RQ1 RNase- free
DNase (Promega) (Z& > CThrZE L7=t%., Oligo (dT) primer 0.5 ug (AbiHE S AT
LY A = A), 10 mM dithiothreitol (Invitrogen). 0.5 mM deoxynucleotide
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triphosphate (Takara). 20 U RNase inhibitor (Wako). 200 U Moloney murine
leukemia virus RTase (Invitrogen) % ¢ 20 pl @ 1st-strand buffer HC 42°C, 50
A F2_X—= 352 LITLY 1st-strand cDNA #7157, D%, RNase H
(Invitrogen) ZX& VW RNA ZFRE L7z, 56472 1st-strand cDNA %, Thermal
Cycler Dice TP800 (Takara) ZffiH LT, U7/ %A LE&E PCR (quantitative
real-time polymerase chain reaction, RT-qPCR) (Zffk L7z, &7 7 A ~—DHi AL
B L HIEY A XL Table 3-1 © LBV TH D, KIGIL95CI0 D%, 95C5 . 60C
30 W& 40 A 7 MToT-, D%, 95C15 7, 60°C30 7, 95C15 Fb CHERE X
oo THHVKRRAT 7 X2 —EDHELT glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) (X 2RHADLIZE Y | WFEOBIs IO LR ZIT -T2,

Table 3-1 Oligonucleotide primers used for RT-qPCR

Target Template PCR Primers Product Size, bp
ALP
Sense 5-GGTCAAGGCCAACTACCAGA 198
Antisense 5-CAATTACGGTTGACCGTGTG
GAPDH
Sense 5-TCACCACCATGGAGAAGGC 169
Antisense 5-TGCACCACCAACTGCTTAGC

GAPDH primer sequences were in accordance with Giulietti et al. (2001)

Periodic acid-Schiff (PAS) ¥uf4

2—2 LAROTIETHI R 2R L, EEICEY PASRE L ~v hx2 i
KD RPHGE 2AT VY, DRI TSR, GEIRE 21T - 72, BiEMlao & e
DESZWEL, #E 1mm H72 OEEMREZFE L, Zhze EkdHv 5
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DOMETITV, £ OVEE L —EIROBEIEMaR L Lz,

High iron diamine-7 /L7 > & pH 2.5 (HID-AB) 4uf%

2—2 LABROIFIETHU T ZER L, N, N AT - m 7 ==L VT I
feti (Sigma-Aldrich) 120 mg, N, NV AT )-p7 ==L U7 I U (Fok
fidK) 20 mg/WiHE/K 50 ml & 40%IEA(LE —8kEER (FoEMizk) 1.6 ml ZiBA LT
YRR U7z HID ¥ ¢ 23°C18 Bl A > F = X— k L7z, Wik T 3 oifkifth. 3%HHE
BRAKIZ 5 /MiRIE L, RO =D T V7 U HRIE pH 2.5 (FEHiE) < 30 43
A Fax—F L, £O%, 3%HBKTHEEFLIZOL, WK THGF Lz, BAKD
ey ) — VRN L Tth, LB L, T H o ATE AR, LR
WERIC L Vs, TERE AT o7, MR EIIRERRH T2 OMEBILTI O O
HEOFIGTHIE L. BRI —@iEH7=0 5 DOMETH A, ZOFEHfEE—

TERDEGEMIE & LTz,

Hematoxylin and eosin (HE) ¥:f4

2—2 LREBRO FIETHY T 2ER L, BT 7 0> KFntk, EIECTHE 268528
Zhotlr, mE ) —LVRHITHABI LKL OER L., BT E LY A TEA
%, BB L s, BEREZITo72, MEBEORIONTEZ —E{&H=0 5

DOMETITV., ZOVHEEZ RO EDOE S & L,

FEGE A D F

2—2 L [AIRED 1k CTAIREE & IEEhREIZ M5 A1y 2 RERE C BrdU % JEIENE G- L 5],
T 7 4 U ER. BrdU Mt 21T o7, BiEiascz — 8K 10 Earo e CH M

L. ZOVHfEZ —EAROEGEakk & LTz,
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B BRI & D B OB 5%

FH U2 B E D7D 2.5% 7 VA LT VT e RK01M Y o BeiEER (pH 7.4)
I 2.5 IR, =&/ —/LRIITHUK L, ERICHRSETZ, TO®, A A AN
v % (MSP-1S, EZET /34 ) W CEAEZ L, ERME T IHMSE (scanning
electron microscope, SEM ; VE-7800 ; ¥ —T 2 R) IZ LV BIBB L OEBEERE Z1T-
7o

BOKMIT. SEM & [RIFRICIEE L2, 1%EEY 7 =LK T m v 7 Jeth & i
L. =& —=NRAITHK L, =R URBIARICEME L7, EYAIC L0 B DR
FOHEDY 7 = VIC X 2B REZITV, ZIEE 7ML (transmission electron

microscope. TEM ; H-800 ; H37) I X VBB LI OEEMRKRE ZITo7-,

B-HZ U b F—PiEMEYE

TNHVIRAT 7 4 —BIEHEY & A0 7 15 CHERUR Rk DY) T & 1ERL

L. PBS TUi%. BEEDT- 10% AL~V 0.1 M U R T T 10 5 iaiE
L. OVPBS T L7z, B AT 7 b ¥ —BYEFKIZELY 37C12~16 KA >~
FaX— Mg, =AU TREGE LT, B-H T 7 b —BYEARIROME

bromo-4-chloro-3-indolyl f-p-galactoside (X-Gal) 1 mg/ml, 40 mM 7 =V >
B R U ARER (pH6.0), 5mM 7=V o7 bV U A 5mM 7 xu v 7 v
{EB VoA 150 mM b FU U A 2mM b~ 7 %7 A ThHD (Going et al.
2002), FfRIZT X ) — /L RIITHAZF L AZL VSR L, B Z 0 A TH

Atk EFBAMELIC LV REE, TEEIRE AT o7,

AeatALE
AERITT N COPHME R E TR Lz, 2 B OB O LEZIZ X Student O £
WEZITo -, RHTIZ1Z Stat view 2 VN, PIED 0.05 KOS ICHEIIICAE E &
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L7,

3—3 fifH
/NI b B AR oD R e

155 b B HARR O SRR B L IS BN EE C 5.9 um/h, AREET 0.9 um/h TH Y | AIREE
THEICKMEZ R L. (Fig. 3-2), ZOMREY | MEBEM» OMEILHE TBEIT 5
DIZHERABERH LI A, FEFECTR 3 H Tho7zdizsf L, AHREET 23 A

LETHY | AMRPETIEEIED 7 (5 LL LS M Bg 238 L Tz,

7 A
6 - I
5 -
=
e ]
37 %
2 -
.. B
0 L
Active Torpid

Figure 3-2 Comparison of migration rate in ileum of hamsters. Hamsters received a single
intraperitioneal injection of BrdU and EdU within a time interval. In active group, BrdU injection
was done 22 h after EdU injection, and tissue was excised 19 h after injection. In torpid group,
BrdU injection was done 222 h after EAU injection, and tissue was excised 85 h after injection.
Values are expressed as means+SE. Comparison of mean values were done by Student’s t-test. *
P<0.05 vs. active. Active; n=6, torpid; n=4
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NGREZ BT DTN Y RAT 7 2 —PiEME

WM 2 cm OREIRARE Y 32— MIBIT AT H YRR T 7 X —PiEMZ ik L
722 A, ZEFBICBWT, ARBECIEIRELY A BIZEWVIEER R 5T, BIGIC

BWTIE, 2 HMICHEEREZZTA LN o oDy, 221G S RFFEROMM 2~ LT

(Fig. 3-3),

10 - *

9 4

8 -

7 -
S 6 - NS
Jg 5 7 T
< 4 4 T
S

2 -

1 4

0 L L L L

Active  Torpid Active  Torpid
Jejunum lleum

Figure 3-3 Alkaline phosphatase activity in jejunum and ileum of active and torpid Syrian
hamsters. The activities are shown as units per 2 cm section. Values are expressed as means+SE.
Comparison of mean values were done by Student’s t-test. * P<0.05 vs. active (n=6) NS: not
significant

NIRRT\ C BT AT U R AT 7 X —PIEME

Fig. 3-4 |/R L7ZMSRICB W T, FRBTAH VKR AT 7 X —BOIEMZ R H 5
Tho, TNVAVKRAT 7 2 —BOME%Z R LML, MEELIHEIC A B,
fEEIITRO b ol (Fig. 3-4A), #E LERERITH T 5152~ B OF
BEREMLIEE A, EREEGE BICARBECIEEF LV AEICAEELZ R LT

(Fig. 3'4 B) o
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Figure 3-4 A representative micrograph of alkaline phosphatase activity staining in the jejunum
of active and torpid Syrian hamsters (A). Bars represent 200 um. The ratio of cells with positive
signals in the villus in the jejunum and ileum is shown in panel B. Values are means+SE (n=6).
Comparison of mean values were done by Student’s t-test. * P<0.05 vs. active.
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TIHYKRAT 72—V DI

TINIIVRARAT 7 X —BBIa ORI, WL CHEERZIT R o720, 2RI

BWTARKETEVMEAIZH > 72 (Fig. 3-5),

20 -
18 - NS

1.6 -

1.4 -
1.2 - '|' I
1.0 -

0.8 -
0.6 -
0.4 -
0.2 -+
0.0

NS

Relative mRNA expression level

Active  Torpid Active  Torpid

Jejunum lleum

Figure 3-5 Jejunal and ileal mMRNA expression of alkaline phosphatase. The mRNA expression
level was normalized to the mRNA expression level of the GAPDH. The mRNA expression level
in active group was set at 1. Values are expressed as means=SE (n=6) Comparisons of mean
values were done by Student’s t-test. N'S: not significant

/NG BB 36 1T 2 M

2R L ONERFIC BT, WRE CTHREE A DO SIS FERE ) kB 2RI T Tl
EMEICA BT (Fig. 36 A), #E 1ecm H7- 0 OB EMEOIL. 2258 X OEIGIC
BWTHEM THEEREEIIR» > b00, {EFEfEL O LARFETEZWVEICH -T2

(Fig. 3-6 B) o
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Figure 3-6 PAS staining in jejunul sections of active and torpid Syrian hamsters (A). Bars
represent 200 um. Red stains reflect goblet cells. The number of cells with positive staining per
1 mm in length of villus in the jejunum and ileum is shown in panel B. Values are means+SE
(n=6). Comparisons of mean values were done by Student’s t-test. NS: not significant
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e — BN S T ANVER AT U B IO T v A F U EARMB O S F

IREIEIC B W T, BEAD AR LT VEARHIIIHRESERICEIEL T, F
BOTT v AT AT EEMTICOARR b (Fig. 3-7TA), #ME LEIZE
U BAEBHT D D AR T COMIBNLE Z L DANVKR ATV BLOVT - AT U
ERRHIRA O A Fig. 3-TB TR LTz, AJLAR 5T o BE MR 130k 6 S0 70 © Se i
(ZNF TR T 2D L, 7 1 5F U PEAMMIRII RIS DK 30% DALEIZI VT
LTV, iz, AIRFECREW TS, THEIE & RIARIC AL LT pEAMHAR T
EEERICHIEEIC A B, 7 a A F U EAMRRIIREMEIC R b0, )
BEL D o7 0 AF URRNR D72 . AV LT U BEANR% < Ry (Fig
3-8A), £ T, MM TENENOMMOEZ I L& Z A, 2GR L OEE
DR JFIZIBNT, TEBIEE & Hle U CAIREE T A LR A F U EAMMIROB S HEICS

<V ¥7uLFUEEARMIBOBITIAEIC D)o 72  (Fig. 3-8B),
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Figure 3-7 A. HID-AB staining in the jejunum of Active group. Black staining reflects
sulfomucin-producing goblet cells, and blue staining reflects sialomucin- producing goblet cells.
Bar represents 200 um. B. The number of sulfomucin- and sialomucin- producing cells on each

cell position along villus base-tip axis is shown, in which 0% represents the bottom of the villus,
and 100% represents the top of the villus. Values are means+SE (n=6).
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Figure 3-8 HID-AB staining in the jejunum of active and torpid Syrian hamsters (A) Black
staining reflects sulfomucin-producing goblet cells, and blue staining reflects sialomucin-
producing goblet cells. Bars represent 200 um. B. The number of sulfomucin- and sialomucin-
producing goblet cells in the ileum per villus. Values are means+SE (n=6). Comparison of mean
values were done by Student’s t-test. * P<0.05 vs. active.
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B R Ok

Fig.3-9 A XM HEDZERG & RIS OXEE R Z HE R L= b D Th 5, BN
MELNE CORIZFHIILZE 2 A, 22 LG E GICHERM THEZEITRD b
MolobOO, AIRFECIFEIFEC I L CGREORE I BN L Ch a2 HAICH -7

(Fig. 3-9B),
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Figure 3-9 Comparison of villus height between active and torpid Syrian hamsters. A. HE
staining of tissue sections in jejunum and ileum of hamsters. B. Comparison of villus height in
the jejunum and ileum. Bars in A represent 200 um. Values in B are expressed as means+SE (n=6).
Comparison of mean values were done by Student’s t-test. NS: not significant
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/NBREEIZ 3T D BrdU BPEMIOFIE A2 L7z & 2 A, KRBV CIE IR
I L CHBIIR T LW (Fig. 3-10), BrdU B4R 38 51512 DNA A k%
ToTWEMETH D720, ZORERIF2E IS T 2 ML OFIE DAL & 4
HHDTHD,
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Figure 3-10 The ratio of BrdU positive cells in crypt of small intestine in active and torpid

hamsters. Values are expressed as means+SE (n=6). Comparison of mean values were done by
Student’s t-test. * P<0.05 vs. active.

/NG b BRI O A i

Fig. 3-11A /X, SEM IZ XV ERHEZIHRE L= DO TH D, IHEFEOMER mIL T
HCThDOICER LT, LIRFEOMELR mITHME 2R TH - 7=, Fig. 3-11B 1%, TEM
2R EREHIRR OB AR E OB ELRE L72b D Th L, IGEFEOMMEILR =2
B)—THERE LTEY | MMEOERmITHERN RO IZDITH L, LIRFEOWHEITRE
SWAE—TEFNIHTH Y | FERB A SN2,
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SEM

TEM

Figure 3-11 A representative electron microscopy of ileum of hamsters. A. A representative
scanning electron micrographs of villi surface. B. A representative transmission electron
micrographs of enterocyte microvilli. Bars in A represent 10 um, and in B represent 500 nm.

MR EALBIHB- 1 Z 7 b 2 —PlENE

Fig. 3-12 IZB W HFanMin B LBER- 7 7 7 N v ¥ —BIGEEZ R 0 Th S,
IEEFEICB W T, IEMEZ AT BRI R o e d oz, —F, AIREETIX, B-T 77

b3 —RIEMERIRA 2SR St O A BIER S, B2 LA 3Bl S n o T,
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Figure 3-12 Senescence-associated -galactosidase activity staining in the ileum of active and
torpid Syrian hamsters. Blue staining reflects 3-galactosidase activity. Bars represent 200 um.

3—4 B

KRN DA SZ =12 T BrdU & EAU 0 2 FASRIC & 0 bR s & 4 1l E L
Tel A IEBMONLRAZ =2 LT, F L BEEEMUT LTV, Miass)
W X 0 MM E IO E R AR AR L 24, IREMECH 3 B, KIREET 23 ALL
ETHY, AMRFECIEEI LD 7 UL BRI LT\ e, ZHETIZ, WD
MOBAGT- 3~ T ANZEIT 5 LRI ENCE G L TWD Z E R LMNT R > T
%o Bl ZIE A& X0 E e a— R LT\ 5 Ape &It OXRIAIE, B R Ofl
BE#i 2 ESE5 2 LA REN TS (Andreu et al 2005, Mahmoud et al 1997,
Sansom et al. 2004), —7Ji. Rho GTPase & =t— N % Cdc42 O KIAITMG R AR D
B#z#sE% (Melendez et al. 2013), A T, ML O KARI3M LG OR
B &K T S8 % (Groschwitz et al. 2009), & HIZ, /MR GIBRINTE OFETE/ MG
X (McDermott & Roudnew 1977) . ##HAVEY: L 7/MEIZE W T (Hoste & Mariana
1989) . I LA MO BE S IET 5, LavL, Bafs—BHcin - 205 Lo
BEE L0 FHA D= ALNERTEIZSED LTWRY, £, AWFETRIZ ST AR
UT UNDARZ =D XD, MIEBEREE D 7 ELL EOZ BB S EIE, Th
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FTITHED R,

ABRAE AR CHS ERHIIR OB 3 L B L TV e 2 L h | MRS O LRSI
DL & RNIBEICHEIT L TWA Z ENTFRINTTZD, LDz, AIREE
D/INMGDOEES S0 DT NH Y ARAT 7 2 —BIEMNIX, 2 CIESRICHKR L THE
IZEVMETH Y, 7B VKRR T 7 X2 —BIEHREAIC K- T, KIREECIRIESHALO
FENENZ ERENT, ZhHORRIL, AREFECBNTMEOR SV 0T
NV HRAT 7 4 —BOIEERRHOCOIZ—HldH T2 0 OEERE W=D TR, 7
NAVRAT 7 Z—BEREL TODHBOBENENL N LIZED T EEREEL T
%o Fio, TAHVEAT 74 —ED mRNA BHL L~V H LIREECEVWEBIZH - 72
e, FURTELANNVETTERS BETFLIAVTOT AR RAT 72—
BOREPEIML TWDZ EA/RENT2, Hodin et al (1995) 12XV, LG =
AR T VAV R AT 7 2 —BE2RBLL TWAHAZ ENRMEINTNWHZ ELD, &
HERAE D/ ML R Ikt L7 BRI OBIE S INL CWab e B2 bhiz, 7L
HYVIRAT 7 X —B a3 2 OFRIN EEHIRTH 5720, KIREHIRBWCTREL
TR ERARRROBIA BN L TV D b0 EHEER S D,

INEHRERR D PAS Yett 2T o 72 & 2 A AIRBEZEB W TR OEN L\ MERNIZ & -
Too ZAUH . AU 7RI R AR O BN & [RIRRIS . b RCHRAR AN BT L 7 R
S bI LOREA UTe BERGHIaAS N U, 434k U7z B RCHNe o —FlC &b 2 Ml o HE N
IZORNRoTbDEEZLND,

JEENMEAIZ 31T % HID-AB Jea Tld, ALK AT o PEAMHIITHESARIC R S h
T T a AT UEARMIIERRETICOA R ST, MEO R R
DITHE - TRREBES ) MBI SR E T 5720, AFZEORRIT. M T
DIZONTHWT D LF U EZ S T a LF Uinb AVRLAF NS D2 L%
RELTWD, ZOMREBEST D L. LIRBETALR LT VEAMMILA B L,
T a LT UEAMMIREAD LT 2 X, AIRBEIC IS T D ACEWR RGO YEIN 2 bk
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T5, b Z &t LHREEO/INEREIECIIAAAR-CW L E R iR 2 5 b 7o il L
7= ERHIRAASEEIN L CE Y . ZAUTAIRAN LR X —Z 8T D R T O IR AE 1
Koo EHMEREINT,

—J . HE B2 K 0 /NGB OEE 2B LTz & 2 A, AIRME K THRERKE D
RIVHEML TWDHAICH -7z, OB —EHFITOI RV L ARG

DU, BHENRZERET DLV ZERMbNTWD, Lol AIRMERIZIS UV THEGH
T LT zic b B 63, RIRIEER L Tl 63, I iREM I
72o MEORIIL, BEICET HMIEE L | MBI 2l & DT o 22K
5, KIRMEERET, MIHEEAED LTI b b b9, MENAREL 2o T
=% EIZEBIT DMIERHD L Tnb b EEL NS, LML, mkben
HMIRAZEDS, S BT L TWD ZE 2T 20N TH L, £z, LIRSV T
INDAR—IZBWCOMBHIEAZEE L TRV oik, KRS —a 7 o b AX—L
AR 20 DU ZAD/NBRIEDZERE L T e D &3 —E L 72wy (Michel et
al 1988, Carey & Sandra 1996), ZiUFFHGMIAIROFMA I —a BT b AKX

—IX12 B, Yavudrtr P XFT 12 ME, YU T UNLRE—D 4 HELDY
EWZ EDEBRTLHERERS D, T7hbb, PRI E S — Pk 30
THZENRHEZN TSN (Dubinin et al1995), ¥V 72 NAAX—T{X I DO
JaFE OB OBEEEN, I— B ET VAL RAZ—L Va2 b P) 280 %<,
DAOMRESED D 72T | RO ZEAE A Ul o hd L7y,

oI, EFEMBEICLY . MHEERE & WIL LRI O BE NI L 7o
(TESH) \CAFAET DB L BIZE Lz & 2 A, IEEEIR CIEMEDOREAIE 50T
Hot-DIZx L, KRR TIHMETH -7, SOICMBEEZBIZERT S L. HEEA
TIEIMHEEBOR SBH—TER L LTV =DIcx L, KRR TIEE S AR E—TH
HeTh o7z, SEMIZ Ko TAMRMEEROMEREAHMEIC L Z 201%, MEREEZE-
TWATIHEDRE I NAE) —Th o772 EEZX bV, Filk Lz X 51T, W R
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FODIEEFANE L TS Z &0, EDHEZE(LE R L THDHDONE LLR,
MBI, ADF U EREEZ RO M EERE 2 o N7 EMAE L, JESEE nm OFf
K EWEEN D JE & L CHii R & B @ > T\ D (Moran et al 2011), Z DOFEK
INENREA TIEBIREICBIZ S el o 7o, BERDKESZ 7 BITADERZFDH, K
M7 & 53U S T- LR AT 35 LT\ D (Moran ef al 2011), £7-, WU bRz Hifa
DI EICIE, BEEEAVEEEER D REBLL TS, LD > T, PERITREBROKE
HIEDNEZ 25 THY . DMED TH LT I /7 BB ITFHE R < WL ERGHARE ) &
%2 DWIRKZ N LTI E N5 (Moran et al 2011), —J5. PUR & 220155545y
FRUA VA MEBYLEL « ZEIZ L VR ZE < SV HRIT TRIIABICEET 5 2 L i
Ko TR W=D FERITRIN ERZ OBy ) 7 & L ToxREIZRI-ZLTW\WDS L&
Z BiLsd (Janneke et al 2013), Z OFERPLIRBEARTIHE L TV D AEEERH D Z
EMD . ARMEEOIFEIZIBV TN Y THEREAME T L T2 AMREMENE 2 b,
VLB O IEH 2 AL DISIa 2 ) H L, IBERGOP THEET L L. KIIO
D HITRSEIT D0, D —EDEEIIHT 5 & RRA A2 A2
RIS 5, ZOBREHMIEE D) (Hayflick & Moorhead 1961), 71 X7 D
gL Ax DA N LA DABIRTFORBR EICEVFEI, EFBRNLE
(ZAIE S A A e 0 R LT Aiilia~ & TR BRI 5 2 & 2B CHtE & L T TV D
&2 5N TW5 (Bringold & Serrano 2000), Dimri ef al (1995) 12X~ T, £
Mz pH 6 O FT, X-Gal ZHE L LT pAT 7 b X —BaRmts Ll M
JaEALZEZ LTMEOAN T RE D Z E0NWE SN, 3@ xR pH 28
ATHDLHRTT 7 N X —EREI o TEIL LR, EEpH BN 6127 M5
e EEDLNTND, ZOX)ITHMaE(LEEER-TF 7~ X —BIEMIT in vitro 1T
B olaEfbO~—T—& L TRRLINZN, invivolZB T HllaEto~—7T—
(ZIRDINE D MIRIZFT - VT, HEHLD 720, Going et al. (2002) &, in
vivo (235U TRk & 22 BB &2 O TR 2 (LBEB- 1 7 & b o & — B TR A Bl 42
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L. MilaE(bDO~—H =220 E I PERFL TS, TORE., LN EA
TEALASIRIE D BB AR I W TIEMEA BN T2 Z & 72 BN B AAL L7 BB ML <
IEENAD T2 2 L 2B LT, 2F D BEICB W TR A 7RI Tl

TEPEDSEEI L, DSARIED X 9 TR b THIFEANIE S 2o Mifa TS ER 32 2 &
ZRE LT\ D, AFRIZIRWT, IEEMEED/NEGTIEB-TZ 7 F o ¥ —BiEM I
HEnT, AIRFEERICENTORMEEDOLEMICERD bitle, ZOHH L LT, AIRP
D AR E Tl BRI O BN EBIE L TV D T2 DICHE DR TSN £ 0 fi
. TORER, MaFEMPERT D &L BITHERER fb FmORWIE LD
ARSI LIREBIZ R > T\ D Ted b & X bivle, Fio, @I LRGSR Fm

x5 L AIIIEZR ST K D MERRD O Z OMBIINE T 2 72oic, ZLREBICE TR
Hgwy, —F, AREECHEOZBRIREDN R oz v o 2 &k, AIRFEER TR
FE72 ST K DM OB O OB L TNWDL ZEZERL TWL O s L

A/AN
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W4 KIRVUT UNLARR—IZEBT A /NEOEEZAL,

4—1 & HAY

INBZIE B OV ERIUERE L . B0 7 T U T EORAER/NY THEED
T2 2 ODOHERED B D, AFFFRITIBN T, KR AN DA X — D/ NIGREIEE B2 (A0 58 23
B L TRY ., TOREE, A LM GBI L, Bl ORER 2 LT
DT ENRENTE T EG  NEREIE AR OBERE © 2L L TV D FTREMER B 2 B
2o MA T, MERIC K VBE OB AN 7K T T2 2 EBMbTW5, flziE, 7
> MMZRWT 3 A TPN 2173 2 & HERIEOZERMEN B & M7 2 DM
PERTT 2720 T2 < BRBOEREDTTER X A My 7 v a VORI LY O
NYTHEBRTL AT U TN NTrAulr— a UREEE I END AR S
% (Yang etal 2009), Z DX 5 ZRIBKE AU 7 O TIE, IEHEY A MU A 12X
5 LRI O T AR b — 2 ZOFFENRK & E 2 BT (Bojarski et al. 2000),
Bl ZIX, 7 B TPN ZfEfT L2~ DU RZBWT, A Moy a AAHEHET L
YR BORBUYKT & IFN-yOMN A 5 TH Y | IFN-y23 8 T HRE O T 28 <
HEROONEDTHDHZ LRIz (Yang et al 2003), KRN A 2 — & Hifge iy 4
HRRBEIC W TITEW A B L 2 o) TEEIH O R & [FARICHE S U 7 2MET L
TWAHAMREMED B D, Fio, RIRICI W THER ST BRI O Rl & 4k, Ril+#%
FEOMEEZAL D b KA TR T A5 SR I L TWDaRENE X bND, £2T
AMFFE T ABRP O/NEDOBEREIZ DWW TLL R D X 9 I~ Tz, ML RIEERE & LTI,
HILEER CTH D~V Z—BOIEMEZRIET 2 Z & TRl L7z, /N 7SRRI DUV TS
i & & horseradish peroxidase (HRP) OEZiaM:, # A Moy o7 v a BESX
X7 B OFRBUT X0 R U 7, BB R 278 > TV 2RISR 3 BEAE T2 BT 3
FRHTHY |, HERE L RET 2RI AN 7 & U THERET 2, AIFETIE, /MBS
B D5WHN LT % a— T 25 Muc2® mRNA BB L~V & EERNEYD T O LT
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VEENET S LT, ARPORE AN T A2 L, BEEEBEC OV TR, T
B4 TDOX LRI EThD HRP @ ex vivo KESEIEIZ L 2B HEANET 2 2 L1
LOME LIz, £72, A bPx 7 va it BT 5 A 2 R B 5 N
UTHEDOEDTHY, 7 u—T 4 RFINT 4 ZO-1 o EDZ T EIND
RSN TWD, IBE ERICRBWTH A h Yy 7 v a AR ERGIRTE S Ol &
(ZIEAE L CAA(E L, AIARRIBR OWE O % Wi IR T2 Z L 2v b WEE DY
THEREIC K& < HG LT3 (Tsukita et al. 2001), AAFFETIEX, A FP v 7 v g
VEMRT DX RIED L7 u—F 4001 £ Z0-1 O mRNA BEL-ULE s

—T 4 -1 OGP G O LA B A T T,

4—2 Jiik
EREW B L UM

3—2 TIERK L7/ MEkEIE A Sk 1st strand cDNA & 3—2 TER L7=28F 7 4 L EI
P L7, F£72, 3—2 LRUEIREI Y. EBNEYZ 200 mgll FEREL L., BUFEIRTE
L7-, HRP OFEiE&ERIEIL 3—2 & [RARICEHT L7 &HIREE 6 PLEIREIE 6 PICL 0 | [A]

fakumdl ¥ dem 2810 H L., HIEIZEEA L7,

~ v Z —BIEVERE

3—2 TERIR LAERK LoD R E o Rr— b2 e, FEELE L T5E55 mM /L b
—A%EET 0.1 M~ LA UEEFEENK 30 Wl IZAEY R — K~ 30 ul 2%, 37°CT 30 47
A FaX—hKL7zDb, 5oMEHLAamE, 71va—XCI-7A TV a— (fn
JEHEE) AW TEERE L 727 v a— 2842 HIE L. (Dahlgvist 1984), 17122 1

pumol M 7 /L a— Rz BT HEERTEMEZ 1 U & LT,

UITNZALPCRICKD LT aT 737 B DO REBEYT
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3—2 T BTz 1st strand cDNA %, Thermal Cycler Dice TP800 %1 L T,
RT-qPCR (Zflt L7z, &7 7 A ~— O IEES| & HEIEY 1 XX Table 4-1 D L B0 TH
%, RS, 95°C10 Bodth, 95CH5#p, 60°C30 0% 40 1 7 W7 o7, Dk,
95°C15 %, 60°C30 ¥, 95C15 B CTREHE S ¥ 7z, Muc213 188 ribosomal RNA

(rRNA) (9 2 FHOLIZ LY | W EOBIGFREI DK 21T - T,

Table 4-1 Oligonucleotide primers used for RT-qPCR

Target PCR Primers Product Size, bp
Template
Muc2
Sense 5-GCTGACGAGTGGTTGGTGAATG 113
Antisense 5-GATGAGGTGGCAGACAGGAGAC
185 rENA
Sense 5-CGGCTACCACATCCAAGGAA 187
Antisense 5-GCTGGAATTACCGCGGCT

These primer sequences were in accordance with the following.
Muc2: Hoebler et al. (2006)
18S rRNA: Hewitt et al. (2004)

SBENEMT O LT EE

EIBNEM LY A F iy % Lienetal. (1987) O FEICHESWTHEEL ., O-FEAME
PR B L L CATF U BERIE Lz, -80C CHAERIFE LI-EMNAY &, SRS
(FDU-540, Eyela) Z MW CHEfE#EE L, PBSImlI 21X Ty RAREV A P—%
FAWTiE®m L, =008 L7 (10,0009, 30 77, 4°C), Eiflcm=% 7 — &z
T-28CT—HEEHE LTz, £k, =OmoREL (1,400xg, 10 7. 4C), RIEAFRE

L7221 015 M it T b U 7 LB % 900 pl Il x T AR S Sk, =%/ —
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v 27 ml 12 T-28CC—ukkE L7-, D%, = O0aREL (1,400Xg, 10 43,
xH

4°C), BiFZBRV TR K Z 900 pl INA CTULE & i S8, SRR LT, Tk,

w

ZRE/K 900 pl Z2 A THfE L, O-fE & MEH O ERICHE Lz, /NMEREY T O-f &2

FESH O E B X, Crowthe & Wetmore (1987) DOFIEIZIESNWTITo72, 7KK T 5 (%A

U

WU F VS 100pl skt L, 7B Yo7 78X RERKR 02M2-27 7%
Z I K015 M KBRS N Y o A=1:5) % 120 ul iMZ T 30 43f, 100°0CTA > F =2
— hL72, 0.6 M AUEEEEEWR (pH8.0) Z1mlix, ~( 7 a7l —h)—X—%

FHUNT 336 nm D flL I K38 K 0 383 nm DHUDEIE R O HOEHIE 2 HE L-, MERIT

lzi#

K TH#IR L 7= N-acetylgalactosamine (GalNAc) # FWTIERL L 7=,

ex vivo s B EIC L D HRP OF il E

Enomoto et al. (1999) O FIEIZHASNTIToT2, NAARZ—0nbLigH LzBIG%
Kt PBS TS L7k, BIGEMD 4em OW 280 L CXEEL7-, KR L 7=
[Ef 4 b U AEREE (pH 7.5) Tz LT, Mz fk oKL, KigY v s %
ERE L7z, Y7 % 40 pg/ml @ HRP Z &t b U AEEFEE R (pH 7.5) (232 L. 30
S BTCTRFF LT, ZD%, ¥y 7 OWIRAZEI L T 5 FIZAR L, WK 10 pl
2T R T AFARVY L (TMB) BEEK (02M 7 =, 0.2M 7 = Ul =7F
FU A 0.82mM TMB, 1.8 mM ifi#{t/k3E) % 100 ul Mz T=HEIR, #HFTH
A ¥ a_— bk LTz, 2NFilEE 50l A%, ~f /7 aFL—h)—%—%
FVNT 490 nm OWOLEE 2 HIE Uiz, Ml b U AEREEK (pH 7.5) THARL

72 HRP % W TIERR L 7=,

YT NEALPCRICEDZEA N vV a VR 87 B nF OB

3—2 T 5 i7- 1st strand cDNA %, Thermal Cycler Dice TPS00 ZfEH L C.
RT-qPCR (iZflt L7z, &7 7 A ~— O IR & HEIEY 1 XX Table 4-2 D L B0 Th
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5. BUGE. 95°C10 73D, 95°C30 0, 60°Cl 0% 45 A 7 WMTHo Tz, D%,
95°C15 #. 60°C30 B, 95°C15 B Cighft X ¥7-, GAPDH (77 A ~—I{% Table 3-1

EFL) (ST HEBOLIZLY , MHEOBIG RO 21T -7,

Table 4-2 Oligonucleotide primers used for RT-qPCR

Target PCR Primers Product
Template Size, bp
Claudin-1
Sense 5-CGGTCTGGCGATTTTAGTAG 202
Antisense 5-TGGTGTTGGGTAAGAGGTTG
Z0-1
Sense 5-CCACCGGAGTCTGCCATTACACG 268
Antisense 5-GGGTGGGCTCCTCCAGGCTGACATTAG

These primer sequences were in accordance with the following.
Z0-1I: Sun et al. 2008

7 a—7 ¢ -1 ORPERHER LT

3—2 TR LT T 7 YU &, BT 7 4 B K UUKIE, WERE~L A%
X =B DRIFELILD T2 3%H202 T=IR 5 73l A »FaX— KLz, 2—2 L[EERIC
TURIRIE L, 78 w7 LIctg, 1 IRBUAIE 500 AR O5 7 v—7" ¢ »-1 filk
(Rabbit anti-claudinl polyclonal antibody; Bioss) # V>, 4 CT—#iA > F = ~X—
k L7-, PBS TiiF#. MACH2 Universal HRP polymer T=iE 30 4534 > % 2
— h L7z, PBS¥E#%., DAB THE L, ~~ MU TRk, I Z04

LTEAL, JEEBMET THE, TEHRE LT,
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e ALEE
il RAT T N TR AR HERRE TR Lz, 2 BEFE O FfE O L2 iE Student @ +

WEEIT- T, fENTIZIZ Stat view & U . PAE2S 0.05 K OBES I EE &

L7,
4—3 FER
~ VX —BENE

ZEWk L ONEIG & HIZ 2 B FOMER A I 2EEZFHILZE 24, mEH

THERZZIR OGN -T2 (Fig. 4-1),
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Figure 4-1 Maltase activity in the jejunum and ileum of active and torpid Syrian hamsters. The
activities are shown as units per 2 cm section. Values are means+SE (n=6). Comparison of mean
values were done by Student’s t-test. NS: not significant
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& 3 U 7 DO FA

ZENGIZ BT D W LTF % a— R LB+ ThHh D Muc2 DFBUT AEBREL D b
AR THEIEME CH o7z (Fig. 4-2A), — 7. EIBNEWHIEEE 12 H- 0 D O-
REETBESH Y B L UCHIE Lo AT &L, MM CHERZEIT R o 7ohd | AIREET
KA~ Lz (Fig. 4-2 B), ISR O KRGS Y~ 7 % v 7= HRP B &Il

B CTHERZEZIA LN Toh, AIREECEWERIZSH >7- (Fig. 42 C),
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Figure 4-2 Evaluation of intestinal mucosal barrier. A. Jejunal mMRNA expression of Muc2. The
MRNA expression level of Muc2 was normalized to the mRNA expression level of the 18S rRNA.
The mRNA expression level in active group was set at 1. B.Measure of O-linked oligosaccharide
chains as mucin amount per 1 g of dry cecal content. C.HRP permeation of distal ileum in active
and torpid Syrian hamsters ex vivo. Values are expressed means+SE (n=6). Comparison of mean
values were done by Student’s t-test. * P<0.05 vs. active. NS: not significant

AT x 7 va Y T B DRI

FZBIT A7 a—F -1 BLONZ0O-1 ® mRNA O%HIL,. WM TAEEREIX

oo T- (Fig. 4-3),
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Figure 4-3 lleal mRNA expression of Claudin-1 and ZO-1. The mRNA expression level was
normalized to the mRNA expression level of the GAPDH. The mRNA expression level in active
group was set at 1. Values are expressed as means+SE (n=6). Comparisons of mean values were
done by Student’s t-test. NS: not significant
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Fig. 4-4 [ZBWT, ZKADEDN 7 v—T ¢ -1 BtEE R L T 5, IEERETIT B
MR BIT D27 a—F ¢ -1 Bty 7T V0 iR T & L ISRy Lty 7
JTIH B2 o 1o, AIRBECITIEEIREIC T, MR OBty 7 idss <. il

BIZOVE AT S 7 TV SRS S T,
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Active

Figure 4-4 A representative immunohistochemistry for claudin-1 (brown) in the ileum of active
and torpid hamsters. Insets illustrate the higher magnification and red arrows indicate cell
membrane among cells. Bars represent 200 pum.

4—4 B

AIRBEC~ 2 — B OIEMITIEERE L EN A O e oo 2 L h | LR & 1H(LEE
FOIEMETE T L TE T, WOV TIIRIRT Tt i ShTns e Exbh
2o TNETIC, KRFOI—0 ETUNLAZ =LV 2P 2P R 2ENT,
HALBEREOIEMIZETET., CHLOOEBFRIABETLARAVEWVWIHELRDH D

(Michel et al. 1988, Carey & Martin 1996), &R U 7 U AR Z —|ZEB1T HiHL
BEROEMIZONWTH, I—a ET UNLRAF =LV aTuH v DU ARERICHHH)
AIRFCHIBE T LV TRBEDHER STV D AR S < A HIICE 2 578 5
. PIRRERRF O RTEEN R 2 TIHILHRE A HERF L TV D LR ST,

NUTHERED O BAKRIZ HOWTE NGO WAL LT % 20— R4 % Muc2® mRNA

EH VANV BPELREAETET L TR EO L ERAEM T O LT BIFEKT L
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TWiedo Tz, FiI AR T Muc2 DRBUIRT L TV 223, FRFEERRHC — kI
FHLN EH L, £ 0% OFRHAAIRIZI T 2 ARIESA: T CTHNMEIC X 202 i T
BH I, AIRTOBENORKEITMFF SN TWD EEZX N, FAIRT O
Muc2 DFEFUXTIL. 5l & OFRRAIAIRT THEa 1 LUV TRELDHER S Tne
THILEESR TR DAERCH o 1o, LIRPITZ RV X —Hi D 72 0 B HAR R 22 HHE D
FHLDBEHEFFL TWHDH DG LR,

A N7 va AlB# T 550805, 7 a—F 4 -1 O mRNA JE8
LA DWW TIEAREERICI DT LI R o Tmb DD, 7 a—F 401 XNy
DB BN TEALN H BTz, TEEMER CITMREIC BB L T\ m—F 1
-1 A3, AMREARCITMIRRENICE T A 7 FAREE L TWe, Z7a—7F 4 0%, A4 b
Vx I a N T 2 RV ED YL, EOWREE AT D EERS L NIET
DB FINT 4 I EDIa—FT 4 VUSDIA N g VRS NI E R
RFEGTTATIEIA PP v 7 v a VORI T LW, 7 u—F ¢ VR
VU AIENMET T D2 ENMBN TS (Furuse et al. 2002), ZAR{EAKRIZINT
Ja—7 41 OFBGMAIIEALR AN LD, XIRFPIEIFA RO 73
Y OBERENZEL L TV D ATREMENE 2 BTz,

—J7. ex vivo DREEIEEIC L 5 HRP OIGE %@ &I ITIHEMEA & LIRMEA L o
M A SN2 o7, HRP 130 T84 ORI XTF RKTHY, hT7 2 AYA b
—VRILKVBEEFERT H, NT AT A b= R i, kNN E & B A
A THIRANZ LT DV AT LA THY XXV E 7 EOESWE OfEIcEb s &
INTW5S (Barreau & Hugot 2014), —F4. # A4 Mo v 7 v a VEHSICEE IS
INLIZE ISR IZ 20 > TR 0 KR FEIZT AN L CRBtiT 2 &
ZHITCW5 (Tsukita et al 2001), L7=23-> T, LIRMEARIZEVT HRP OB &EIC
ZALRZpin o1 2 L iE, BRI ORI G D2 (B O E DL L7 &) 237
LNDICHEDLLT, T AV A F—Y R LD FZMOZAEDBEE TN LA E
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W5, 72, A by o7 va EEY RNV EORBEOE(LIZ, HRP © X 57

BT E ORI ET HREOELTIE W EE b=,
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BHE KRV UTUNLARAT—IZBT DM ERCHRE T RBED A 7 = X A

5—1 HmE HRY

Goodlad & Wright (1984) 5%, ~ 7 A B W CHIIEEIE IS X AR & FHERED
WL RGE LTz, MRT O~y ACHERASE S L BHHICKEICE T 5 ERMaEs
B U 7223, RIS BT 2 BTN Uieh o 7z, MBI 2 MRS N 23 B A
BEDIZE X720, BENLOHMESHEABE L7272 TH Y . ZIUTHERERFOXR
BRI RHN R T D720 EHEl S iz, LTedd- T, B —#EEICh - 72 B
faOBEIL. BMAICREI SRR TH Y | BREICRIT MO RIC L 2 b0
TRV & B ITA i Lo, KIRANLA S — F % BRI OBENHE DK T 6, 2
EIZB T DO I L AR TIER L RALPORFIZX Vi ST D
AIREMEDN B Do SN O FE AR -CIE H M OMERH L, MO HE%E, 31k, FE, JEH),
PEAES OMIGE DGR EERT 2 Z LICLVREI SN T, b DOER
HIG21%, BMP 3 X ' TGF, Notch, Hedgehog, Wnt ZE Dty % v 737 HIZ
LoHEEN TS (Logan & Nusse 2004), 1T Wnt (ZHIIEGE & 451k % HIfH4
LRI ETHY, Wnt DM EOZBRICHEES L RICTEM LS U2 /Mia o
T T IARTERE I, B T = R, SEmEAakEtE (PCP) #8363 L UY Caz+iR g o
3N FAET S (Kikuchi 1999), B-71 7 = U REEE Tid, Wnt 2SS IER 42 &
BB DOB- 7T = NEEN L, MIRENICERET 5, MIANICER LBV 7 =13
PICBAT L7 t%, BRG IR F Tef S AR EZTEAL L, il 2 OIERYEIRF DR B AR L C,
ZORER. MO b ZHIET 5, DF 0| BREICHIT 2 MO X 5 7 Wnt
T FVBERAL L T SIIZEB W T, B 7 = S D EEA~BIT L TV 5,
— 7, AR R LRI BV T, B T = RIS RIEL, E- R~ vk
fEE LT3 (vander Flier & Clevers 2009), & Z CAIFETIX, BT =& E- 7
RAY OGO E TV, TNENDO X X7 EORBGH %2 R5 2 & T, AR
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INDAR—IZBIT D Wit & 7 VOB OF A B LT,

F 72, hedgehog ¥ 7 VIR DS GE OTEFEHAMERFICE G L TWA Z &ML TE
D, v TAZBNCTZORBEAAEFESND LT A b— AR, EREMiEORB R
FENTLHET D Z ERHE SN TWD (Tang et al 2009), L7253 - T, IH& D hedgehog
T FIOVRRIEIZE 59 B # N7 Toh D Indian hedgehog (Ihh) @, &R/ A X
—DO/NERIE RS 1T 2 mRNA FEEL L~V 2t L, &HR AN DR 2 — D g - B ARG OB
DK T IZ hedgehog ¥ 7 F VIR 3B G- L TV D B0 & FRGEIE L T2,

—Ji. v a Y a U OBEEFIENT S Wat (2R (PCP) &EICH
WK 8 G BEAE TH D Rho X° Rac #iEM b L, ZOfES., Rho ¥ —1t & Jun
X —BEIEMET S 0, CaRRKIZHBNT C T —EBR L ET 2 %) —
BEIEMEAT 2 2 L3 52878 - T & 72 (Kikuchi & Yamamoto 2008), PCP #%# &
Ca R & 1T oo TR-I 7 = U IEKAFMERRIE L FEFXI TV DR, T D OREEIT LT
Wt [ E#E 2 HIE L 2 ofkE R, MAES) & Rt 3 5 & Ml 2 R E S 5 L
Zz2 b TWw5 (Kikuchi & Yamamoto 2008), Nz T, Rho 77 I U—G ¥ v/ &
ThD Cded2 O/ v 7T 7 b~ AD/NMFIZEBWT, [EEOMBaHEEAHEM L, LR
MR OBENRE LM LT W ) HE D DS (Melendez et al 2013), ZHH D Z &
5. Cded2 NAMRNLAZ =28 5 MIHEEIR T & MaB B OB ICE S5 L T
AIREMEDNE 2 BT 7o LR LA X —D/NEREEIZ 51T 5 Cded2 D mRNA %8 %

fEHT 3% 2 & T, Cded2 DR O M4 GE L7z,

5—1 ik
FERENY I K O

3—2 TIER L 72/ NI RERR R K 1st strand cDNA &, 3—2 TIER L7237 7 ¢ L HI T

LT,
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B-HT =B LV E- B~V DR R

3—2 TR L7=RT 7 4 VHIF 2R LU RIITHANT 7 0 L, T va—LR5
TR, 2—2 LRERO FIETHIRIKE LB L O T m vy X 7 21T o7, £0H%, 1
PRI 200 R5A7 IR OFIB- 7 7 =ik (14/Beta-Catenin; BD Biosciences), %
T2IEHL E- 5 R~V U HiR  (clone 36/E-cadherin; BD Biosciences) # i\, 4°CT
—WhA > F 2 X— k L7z, PBS T4, 2 RHUAIT 1000 (%4 D anti-mouse IgG
conjugated with HyLyte Fluor 555 (Anaspec) % HV>, #Y FiZ T 2 BFH=IETA
V¥ aX— kL7, PBS ##%t%. ProLong Gold antifade reagent with DAPI ©

AL, d4OLBRE THREE. STERY LT,

U 7V Z A I PCRIZ K 2 A B BEE & » 28 7 SEn 1 D FE BT

3—2 TH 5472 1st strand cDNA %, Thermal Cycler Dice TP800 Zf#ifH L C.
RT-qPCR (Zfli L7z, &7 7 A ~— DO ILALS & gV XL Table 5-1 O &Y TH
%o BUGIE 95°C10 53Dk, 95°C30 #b, 60°C1 434 45 A 7 WM To T, Dk,
95C15#, 60°C30 F. 95C156 B Tt =7, GAPDH (77 A ~—I% Table 3-1
L) (CHTHREADIIZL Y 2HOBEF IO 21T o7,

Table 5-1 Oligonucleotide primers used for RT-qPCR

Target PCR Primers Product Size,
Template bp

Thh

Sense 5-CCACCTTCAGTGATGTGCTCATTTT

Antisense 5-GCATGACCTGGAAAGCTCTCA 68
Cdc42

Sense 5-TTGTTGGTGATGGTGCTGTGTT

Antisense 5-AATCCTCTTGCCCTGCAGTA 168

These primer sequences were in accordance with the following.
Ihh: Tang et al. 2006
Cdc42: Melendez et al. 2013
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T ALER

il RAT T N TR AR HERRE TR Lz, 2 BEFE O FfE O L2 iE Student @ +

FRIEZAT > 7o, MRHTIZIX Stat view 2 HV, PEAS 0.05 Kl OSEISHFHICEE &

L7,

5—2 fHE
B-AT=VEBLOE-H F~Y U DIEHL

BV THETO _E RO MBS /312 AR o B
TR D B

B-H T =T OWTIE, TEEIEEIC
LD B L, PR EREES I 2 31T D s 7
BT HIGEIEE & FERIC, MBS OMILESS o OBt 7
B Bav, IHENHE & A IREETITIEBL N~

T TN D RHED TR
7= (Fig. 5-1A), AMREEIC
b BREIEE OMBEZE 73 DS 7T D3R
— MR TH T,

E-71 R U AZOW TR TEETFEIC IV TR T 00 b B2 HIAE o0 MR ARIBEES 53 12 R 2 D By
HHNT- (Fig. 5-1B), KIRBECE VLT HIHENE & FEkIC, e

Mo 7 D JRTEDRFR

BB I B2 AR O AR NESES 3\ Bo e & 7 TV 358D B AL, TEENEE & A MREE TILF BN F —

YRFETH 0T,
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A Active

B Active

Figure 5-1 A representative immunofluorescence staining for 3-catenin and E-cadherin in the
jejunum of hamsters. A. Expression and distribution of 3-catenin (red). Lower panels are at higher
magnification in the crypt region. B. Expression and distribution of E-cadherin (red). Lower

panels are at higher magnification in the villus region. White bars in charts A and B represent
200um.
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M RS B BEE & 2N 7 SE AL - D FE BT

Thh OFBUIAIREE CIEEIRE L 0 A EICIEVWETH - 7= (Fig. 5-2A), Cde42 DFEH

XM CH B 21X 72> 7= (Fig. 5-2B),
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Figure5-2 Ileal mRNA expression of 1hh (A) and Cdc42 (B). The mRNA expression level was
normalized to the mRNA expression level of the GAPDH. The mRNA expression level in active
group was set at 1. Values are expressed as means+SE (n=6). Comparison of mean values were
done by Student’s t-test. * P<0.05 vs. active. NS: not significant

5—3 B

KRN AL —IZBWT, B-H T = BRI 1T 2 A O M Z 12588 &
ALE-1 RV UPHER O EEAIROMIREIZETE L Cve, v 7 AD/NMEBIZIB N T,
7 HfE® TPN I L 2 MK FIZfE> T, B 7 =& E-1 R~U O mRNA &
BRI EDOFEBLLAOLMET L, BREIESIZBIT 5B 7T = DE~DRIEBIE T L
TV orENH D (Feng et al. 2009), ZiuiL, TPNIZL Y E-H RAYU U OFEHLD
KF L2, lEH BB Y U EfEE L TREL TWEB- 7 = SR L TR%
EWLR), 2 X TF AINDTZDEZZONTWD, ZOXHIZ, BOMEBIATTD
ek Wnt/B- 7 =2 o T VR IE O N K D AR OIK FIc o723 % (Feng
et al. 2009), LU, ZIRPIZFHEAARPISEREL TWLDIZHEDLLT, E-U R

U OFBEAITIBD DRI o To, LI2hs - T AR K O M $EFER T 13 Wnt/p-
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NT = TR OENIZ LD DT RNWEE X b,

Fio, ARMEMRIZIBVT Thh © mRNA OFBLPME T LTz, ZORRIT, v 7 A
IZ8B1F 5 hedgehog > 7 F LR DOBRE DS E R OB EE N D728 572 &0
IMEE LA WEERTH o7 (Tang et al. 2006), Mz T, Cdcd2 ® mRNA D3
B~ O W TIEHAREGR THERZ(LIZR O NR o7z, LML, 2D OfERIX
WD mRNA LUV TORERTHY . ZNHDOHX LRI EREIRANLA S — 28T

% [ LRGN OB ENEE DK TIZREG L TW L0 E 9 IR TH D,
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6 R

AAFFEIZHBWT, BrdU & EdU @ 2 FAERRZ FV o/ NGBR3 Ul B e
HEEIE ARSI Lo, ZOHIEIIE, 1ERCBENEEAHEET 52N TED LN HF]
SR8 D 128D AMRAERD X 5122 < OEED AT R 72 8 o I b B ia O R 8 i
FEAREST 2 ZENFREICR o1, ZOHEIZEY  XRFOS YT U NBZZ =D/
R R b R O MR BN 24 L 72 & 2 A, I&EEIK T 5.9 um/h TH 5D DITxt L,
AHRMEAT 0.9 pm/h EEINTART L TR Y | IREMERD 7500 1 b AR ST 2380 L
TN ZEBRHLNT 2T, BRI TIZIRW T, ZHUE E E TITHIN S - B i
T HBIBIIMITHE SN TR, F7o, KIRANAR X —O/NMBIZ IO THIK T HT 3
W L7 RE R, MR OMEMIC & b 7e o TRIRAD /0 b & A HETT L. MR Jeiimil Tl
A LIREEIZ 72 > TV D T E R BN 572, A T, MO ST & Rk
IREBICHRT 5 &5 2 b D HMER KB ORI L R DOWR, BIOEA R v
VarvMEA LRI ETHBE I =T 4 -1 ORBSE — DN i, KK
NWYUTHEEE XA N 7 v a USRI E L TV A AIEEERE X bz, £ 2
T. ex vivo DREGEIEIC LV | ZREEROERGANRIZEH T 5 HRP 0% & 4 &
Lot 2 A, FRETISEEGE L iR L THREICE L TnieoTe, Lo T, &R
RICEB T DR Y THEEOZAEIZ, HRP O X 5 2@ 0 F W E OBBICITFEL 20
LEZ DN, KIRPORBEAY 7I2o0TIE, SSICESFYEOBHEEZHET 5
ZEIZED AT T v a VRO ZLIZOWT O REET 2N ERH D LB R D,
Fro, AREEO/NGEZEIZB WD TRIGEEFEAME T LTV ey, 2O Ficid Wnat/p-
BT = T FRREIEE S L TR B3, AIRFEOMIHEE DR T i%, AR Mo
FEDIR T TR DA D =AML DD EEZ LN, MA T, ZRANLAZ—D/)
IREIEIIARE LT 0 . ZAUIMEIRICZI T Mgt & MO BiE 2384 LT\ 5729
EHERI S AT, ABFTE T, AR TP OMIIEAE & MR O BLE O OWTHER T 5 Z &
NTETELT, S%OMETHD, I HIT, ZIRANLRZ —ZE1F 2 Hka 58 o
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AR = AL HIRAT DO MBI ET 5 LE2 6552 /X7 HD 55 Thh
& Cded2 DFRFUZDOW TR 21T 57278, mRNA L-~-ULTOREROHZTH Y | RIS
FXESLRDoT2, TNHDX U RTEIZBW R, VT AZ T ry MEZLDEES,
S IERRAL 2N & BRI O 2 LI LB 2 v R B L~ UL TOMIT b LETH
HEZERD,

ARWFFRIC BV TCHESE L7z, BrdU & EAU @ 2 Sk 2 Fi\ O 7= i 8k o HEE 1%
ERNDZLICED | BERERBIYOREICRIEL Y bbb T LR TE R, KikL
/N BB DS LRI RF B i B IE A LB D 2 LI LY | srfbiiaE A OB ENE
EERETLHI L LR THD, o, HEMREAEL L, BRI T2 L
ICk Y, BEHEOHBEE 252 L b AMRETH D, S HIT, MRS nvitrolZBIT 5
MBI OMATICLIGH T2 2N TED LEZ D,

ARHFFRNZB N T KIRF DY T LN A Z — D/ NGk R OfIa TN E L <K
TLTWDZ EBHLMNTAR STy, T A =R LW CEFUE, Mg 4
Ay b= T HIETEDLRDITRDFREMEN D D, BRI L FREIZ L0 /)
B30T 2 R BRI ARG 25 D & /NG LRI o BT CH 5K 3 — 5 H
[ C LR i, BRI ZE G & BREREENE X 2, LT, 20Xk o7k
BB/ N B R ORISR 2K T S5 2 & AT X AU KEIEZENE O F A D RIE L |
THALEBER OFERN E 71X TR 273 2 b Lt E£72. TPN SLSFRF Ol

K D /NIREIRE DZEME & BEREREEIZ DWW TH | [ARRIC T TE 220h LivZgvy,
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