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1 MAEDOER « BHY

L SOTE I A 4R D & 9™ 2 /NEREIE B R E 1L, RIS D F TRAZfEbRn 2 &
%< HRIERD7Z2WTEDICHEANEND ZEN LITLIEH S [1-3], TD7D, ER
DT LT < /AMBREICRDBBHWT LE D AN AE T THIO TRAIND Z EHE 0
e, BRBIGTIIRE R LE oo TS, T, I T BANMREESX T L0
— B L BTN EIN ORI LY | ZHVE THRANKE CTH > 72/ MEo i
B2 RN TEL L D122 o7z [4, LavL., 206 OWNHERIC K 2 A X iE
ICFIA T 2 FIETIHR L TS DOIERPBINZ D LTZBEC A Ky 7 TOFRAES,
FRAED E S DT IR & BN L7 NIRRT B R ORR AR e MR T IT A
TR, ZD7®, RIEERBIY TlE, /MEOHIILCIES O FHF BT822 & o7z
SALERRD STV D,

=T M OT I BBIREAZE L AR N LIRBRBEDOT IV BNT A & G,
FERBCHNT9 % 2 & T, flix OFBICBIT M7 I BROEEZ — 2 2 RE L,
REBORIR I ORT LD ET2RBNH D [5]e ZHE THADOBK~OIG A
Wi bEA TSN [5-7]. /IGRIIE bR S 2 0f 5T 2R B CTOMERE S &
[8-13] (Table 1), Z D —D>AMBMENESH T 5, 181 BB CIIENME O ELCIR
HBROEMICEVIFE O Y THEEESKT L, Hill-CE5 2 & DI s E 8 e 2 5
[8], FRIHFICIBMEB R OBEITIL, M 2AF P UBEDRTRALND [14], &5
12, 7 v — RO RIBR & GO RIEEIEE T, i b 2AF Y U REDIK T
BEHRE SN TWD [9-13], 2O X9, ERNICBIT 2 F e AF VU REDIKT &
INBZ BT DB OBIEMENTEE STV 5, RRS, BRI ST IR BT
PRI E R [T & i e A TF O R E DI I AFRIRFIZRD HALTER Y | £ OB TR
<EBELNTWD, — ., TAF=0 LHIEEDOREEIZOWTIE, ~ 7 ARG LRl 4
AWM R TTAX = RZICEVEENME TS 2 & [15]. BESEMER R 2 308 LTz
KRR TT NN = 0 ORGIZEVIERPSET 22 LR HRESNATND [16], 2D XK
I, EATF VT NNF = ORZIFT/NERE LRI IT 2 x OFFRBIZEIES 2 2
EMEEDIVT DN /NEREIE E Rz R & D EE) 72 R RBRIC OV TE AR e 823 %
[



Z 2 CARMIZETIL., /NME O HLoTE 5 DI IE I B 2 /Mg b R fm o3 3 KON
HFERIZER L /M EEMRICB A2 AF U0 O&E| 2T A 2R E Lz,

Table1 x4 DEBRIZBIIAMF L AFP U BEIOTAE=VOIET

YR EXFDV or TAE=Y  MABREK (%) 51 FH SCHR
Jiti 23 Ay ERXFTV 92 [5]
BB A ERFTV 87
TIXx=r 94
KM A ERXAFTUV 89
TIXx=r 92
LA ERXFVV 97
RITSLRDS A TILF= 96
e DS A TIF= 73 [7]
RIEME BB ERFUV 38 (EEMERMIZE) 9]
ERXAFTUV 69 (7 va—95)
ERXFTV 84 [12]
ERAFI 87 [13]
18 B R ERAFTV 87-89* [14]

MAEH N & DL Tl 722 SEBIERAE & DL



2 /NG B KR & B AERRE RS E

TR LB ZEIE L, REBRSZRINT 2EEREHRTH DL [17], £/,
W OEIERE X, /NERE B CEDI T Y (18], HEMICHIEKR R, HMBIZXs
pH Z21b., BWiiHE O @i I O W BRRITHSE O S IRITE O AR RE L TV D [19],
L7 U/ ERGHIIEIZ BRI 23 N0 5 & | /NGRS B ASilfE L, 2 DOE T IZH
5 REIRE A B M AE N REEEZ D 2 L CHIILBIE A E U5, 72/ MEkEE E R
DOWGHEIL, FEOORIWEH, HIERR « A LA S BICAFERBOADHE THFHERE
ENDHED e MIATZEOL IRV AZIZELEINTNDLEEZLND, TDT2®,
k& 2R AR R U /NG B BGHIIEIZ X D RRRIEE 1K, /NGIRGEIC E A& E &2 Rz
LT3 [20],

/NG BRI & 2 FARMEE AR I e, I K OVb - B 3 DD BRI Sy
Foid [21,22] FTVNEBREE LR BMERET D &L F DR NI H D RIS JECEM
MAENFEMA~RHET 2 Z & 2B <D, /My ERHIRaAEEAE U, I FERA 258 L
CHHERNL A2 BRI HRD . S DI LT 5 2 LI L O MRMEENZE T 55 [23].
FEAREEIRRRIZ I 1T DI O, MBI GO BRI - AL PRI A BELAE 3 2 R
JGTHY ., FRHCEHEETH D [24-26], 72, TID OMBMEBEIEME N EF I ICHET 572
DIZIE, MG BRI DAL E R L ERNCHEFF SN TV D ERH D,

AT, NEZRHIRCA F 2 ilG 2 bR 2 A RIEFE R S LT 7
077 AEINTHRET RO B/MEO TR b=y ARHLND [27], 7T A b— R,
/N BRI O TE RIS b B E A2 Rl LT 0 | /NGRIRE R EI L O B
(CHRBE 2T T AR E MR 2 BR R o720, T b= R8T 5 28],
R AEAFT EFL T TN ET R b= A T T NADREREIRNT o ZAD BT SEOT29,
Z O E AT T DITITHIIRAEAFR 2T TR TR b= AL F T 2 M ERH 5,
TR BN =Y REFMT HITIE, TR M= ABRE#E S XTI E T D caspase 77 I U —
DIETEAL ZRRRET D HIENH D, caspase 7 7 X U —I7 A h— ZAOHIEIZHHE &
DB NI EGREERO—RET, TR M= AR AND &R JEE L, 2D
a7 7 —BIEMEIZ LY FHED caspase ZNAIZ 3R « IEMALT HZ & TT AR F—T A&
B JUET D IOV IERE 2 FF [29,30], £727 R b— AR OMEEIC L 0TS
MAL &AL D caspase WER DT80, TR F—V AOREIREO BN AIEETH D, EE
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PRARRERIE, TR b= ADOTCHERRERNC, T AL v T — %I LTk (caspase-8 1E M
). /MR A ML A& L2 RRE (caspase-12 &P L) . Z LTI b KU T &L
7o % (caspase-9 {EMEAL) D3 >TH D [31],

AMFFE T, & AF VU RZ DN LB ME B A BT 2 720 NGk
R OIEEMSOE E L TEETH D Z ENM LTV DS MfaOBEE, 72 6 NS
MEEOE L SN TVWAMEOAEFE TR N — RACERE Y TEREZIT- 7= (Fig.
D,

_ ERFTY >
¥ MiatEEE

\‘ﬂ*—‘/z ‘.‘

NG EREIaOEEERE) B

Fig. 1 BAFVURZHB/NE LRI KIETRE
FKHNT e AT Vv 2 K2 SHTBEORERER 21T,



3 EXFTUUBIRTAF= 0o T

L-t AF VUL, ORI EERERT HEENT R 20 O 1 > TH Y, K
PET R BRI END [32,33] (Fig. 2), b Rk, RN TOARBEBRR NS
TORAIRT I LI TEY [33,34]. EICEBMNO/NMEOT I JBERNT VAR —
=% LTINS NDZ ETHRLZENTED [35], BENLDOE AT VU EIMN
RRETDE, MPOT VT I RER T 2D & T D8x 7282 7 BOAERIAES,
RMERFEREA BRI L D~NE B EVRELBL O~ N7 Uy MEDOIK T, £727 b —
PER G 2 bR & D R JERBN Z 5 [36-38], LL, EAF VU DORZ E/NGE
B ORI ST,

E AFVATAEERNTE ZAF ¥ U BRIEEER I L0 ABYEEME O v A2 I 24X
HSND [39], b AX I OZAEEIT4TEE (HI-H4) AHSNTEBY £ HHHBLU
XREER S D8, B AX I UNEAT D2 LT, MERT, MR, mE &R
W EZIXEH B WDIRESOER 28T [40], — 7. B AF D UATBIN I ¥ U Ak
FRIZED BT T2V A LTCUXTFROBN ) oD [41], BV 23t
MALERZRD, BBILA ML ADDLARERET IBE RS D [42, ZOXHITE R
FUrBLOZDOREMITERTERREREZFFOZ LML TNDEN, ERATF TV
DRZNED LI LTI L EE 25 S 2T NICHOWTEIARHTH 5,

EZAFVURRR, LT AKX = b R ARNT R V8RO 1 OTH Y BEET X B
[Zo RS D [32] (Fig. 3), fEFREZRARA DN AIRERE 2 HEFF 3 D 7o DI E R B D T /LF
S UIERNTER SN D720, AFKRT 2/ BETIERWV [43], UL, RIEVERE,
BRI RYME, A LA NEOSEBIEIRRSEE . —E DO NI E o TUZEN T
RTNFXF=UDNERSNTRFEICLDMADLEL 70D [44],

TAXZ TN TREICER L, BRERLVE L OQWAIEET 5 2 b, FHEOR
Bl RUART I VB THD [45], E-T7 X =0%, FEWEE OWRREIC EE /% E
ZHORY T IVOEERFEME TCHL Z ENHEINTND [46], S HIZ, TV
X3 —LEHE (NO) BlERORE THLH D720, NO OIE g Hila~D/E
M & D MEILRIEN 285 [33, 47], BT Tl o-3 RN REIENEE-CEERIC T
IV = T N R TR IR A 05T # O GBI A0 72 & s STV D [48]



ZOEIC, EAFVUBLIOT AR Tk RAEFBEZAELTBY, Z2HD
RZEMET TIFAEROKEER T RERIN TS, Lo T, RN T—EEMFTEINT
WAHZENEETHIEEZOND,

ERXF 2 (His)

R MTI/E

- AR RT /R

"ERFZUARKH > MERT. MER. MEEEMHEITE.
B B MR

AN oARE > BRIE{ER

Fig.2 ERAF U DEEL S TFHEE

TILX =2 (Arg)

EEETI/

A RTS/B
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-—RRIEEFR (NO)~KH > MEILE
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4 ERAFOUBIRT A= /NG BRI S o BEE

TR &N ERRIRE O3 F T IS OW T ORI, TR =0 Z s
Y. BA T UICEATORERDH D [49].

TR =3 NE ERGHIAEIZ 4 mM BN U 72 BRI E 228 L. mammalian target of
rapamycin (mTOR) 35 £ TN ® Tt 70-kDa ribosomal protein S6 kinase (p70S6K) ™V
VEMLEABINSETZ E D, FD A D =X L5 mTOR/PT0S6K #RIE Th 5 & sl X
LTS [50), £7o, TAF=UIEINO AR ORE TH L & &bz, /MMy L EGHla
~SONO RF—DORIMNZ LV lEEMEES NS Z 00, TAF = ORI LV AT
72 NO DNEEZIEET D Z LN RBENTWD [51], EHIC, TAF=0 23N+ 52
£1Z XV focal adhesion kinase (FAK) & M3 2 il 75 12 B -5-3 2 K1 D BLAME N
L, BEEMRBESND LW O WMENHD [51,52], LML, WIS T AF=0 2R
LTEBOWMETHY . 7T X =0 2 REZ SETBRIT/NG ERAIRA~RIE TR TS &
A QAYAAN

— T INZ I NIODWTIRZIZK D BOREN DD, I NVE IV REZFET
T, MIEIEOK T L7 AR b= ZDOTTENEZ D Wb I mM O 71 IR
I EVEET D EEHIC, 1 mM O 7V I IR IEIEARINRE & bk L
extracellular signal-regulated kinase (ERK) DV Eb&S#INL7- 53], £/o. 7V
BV RZ ST /MG EEHIIRIC 2.5~10 mM O 7V A 2 & IR L T BRICEERE A AR
H#THELHIZ, ERK OV UMb EZHEINSE7-#E S H Y . mitogen-activated protein
kinase (MAPK) %1 L7-fREE DB G- /RE Z LTV 5 [54,55], A 2 ATZFOTMIC
Ll EE L, TIAX = LIEEE p70S6K OV UEMLE A IS 528, NO Dk
HAHEMSE L Z 137 ZOWEEREDS 7 /1% =2 L0 21RMEW [56],

DX, ENEROT I VBETRRLEMNEZA L. ORI b 2RI b5
B, ZHUSIFHAIIERH LS > TS ARE R H 5, Bl 78 I3, Trd =
vRBEATITE D pI0S6K DV VLA ETLH E WO HmMEN D D [57].
mTOR/p70S6K #%#5 2 [HE T2 /0 FHEREIIE] 022 > T W, il 2 D7 X 7 FRA
FFOom TR 2 . ZOMEEMR /MG EEME 7 X 7 BEOBMRICK T HHFEIC
NV ZHH LTS, Ll ZOX IR H > T, B ZAF VU K DMl
ASCHIGEIZ B0 2 B0 T VBB I RS 03 T2,



Fo, ERXATFUUBIOTAFT = OmT I JEEE L, FORZIZE Y NG BRI
I RIETRBERZ D VI NMBEE I OW T SR TRy, — 7 AF =
XRIG ERMAIZEBNWT, ZORZICEIVFEELZRTIELZ ERBESN TN
[15], Lo TAWFETIZ, LVHBMEREWEEZ DN AF VU RZITBIT /MG
RO L ZE DA T = XA LOMAEZ HE L, —HOFERICBNTT L F =
Z g IR E LT RV,



5 A5 SCDHERR

Friam Cld, AMFZEICRBIT 2R EANZRT & & b, RimLOMRR A RS L7z,

1 =TI, /NG R & D AHRHEE R O P SUS Th DlEEIZOVWT, BFE
BROFER L BEAZFIR LTz, ARNT I VB 20 2 E0 A= fr—L e L ]
SO T 2 WE RS SEEZ WV T OWEE Z 576 L 72 /558, e AF D0
RZWG LRI OlEEZ R BIKTSEL 22 RHE L, £, MldoiEEide A
FOUDOREIEAF L TIRT L, IEEOHFFICHNEL SND B ATF VU OR/NRET
10 uM ThoTo, EAF VU DORZIZEDIEER T OS5 A 71 =X ALK, transforming
growth factor-B; (TGF-B1) D#EHHIIC XV MIfas TGF-p &AMKF L, TGF- > 7 /v
IREERRIE T3 5 Smad 35 £ OV non-Smad 7 /VRREE Nl S iz 7= & 2 HiT-,

% 2 BT /NG B RGN X 2 MRS TR ARAE 0O HLmlE & 72 5 M AFRIZ OV TG
L, EEBROMER L ERETR Lz, B AF VU RZIE, /M LRI OZ I 2t
FROBTE2EEITIEZRE L. TOAD=XNFI bay Y TEEMOEKT
Lo THEINTET RNV ADTLHETH D Z L2 BN Lz, 7z, MlaAEfrEs
DIKFET R =2 ADTCHEIT e A F VU BEIKFE L, TOHERHCSLE L S D E A
FUL OER/NEEIX 10 uM Th o7z, X1, o e s LTH Efia
Z LB LA ORI & L CTEBMESFERMIAZ VT e 2 F VU RZEMFTIZER T 5
JaAEFROE TR EIRNT R F— 2O RET L7 & 2 A, /NG BRIl &b b A
FOURZITHT HDREZENENZ EDRRIE I T,

N
TP

i3

METIE, FETHELNILRERBIOBREE L O, E AF VU REZD/NME LR
DWEE, MIBAEFRICKETRELZNOLD AN = A LIHONTE LD,



BIE bvRAFVUURZHNNELEEMROEEICE 2 5 HE
1-1 =

ARE T, /MG BRI X 2 MEEEER OIS TH DlEEICSOWT, B AT
VURZNEGRDEBETMTHLE E BT, TDOAIT =X LB LT,

/N b BERRE OO A 1 /INIERE RS b B2 0D TEL T U2 8 2 B RES A7 T <0 L A8 D B IR ~ D 3
2R <7eols, Ml F v E > THREMFT 2O 5208 TH D [24-26], Wik
TN RS T Y . 2 DOHRITE Z H¥H & 1TMSZ LT\ D [19], /M ERGRR o
BEEDMET L2 A, REIRE A B0 A MFEEIC R H LT LE W, HILCIEB DR
K &7n, 207, /My ERMROGEEL, HI-CWES % 7053 2 72 I EE e filia
JRETH D [20], = 2 TARETIE, /NG R OBEEIZE R E Y TTERETo 72,

FRORERIT, £ AF VU RZKMT TONG LRI OB T 25 f 92 7=
DOIZ, /M LR ZRFR L7 L— MCHBEA Y 7 v F2ERIL | Z oMl R g
DifE/NRAZNE LTz, feW\ MG LRI OB ER T 2 8E T 272Dl n e 2F Y
Y ORNREZRRTT S & & bIZ, TOWERTDOA N =X L ZHE LT,

10



12 5

1-2-1  EREE

#MAEIL, Rat intestinal epithelial cell-6 (IEC-6, RIKEN BioResource Center, Tsukuba, Japan)
Z F Tz,

RS O T2 D ORGHIL, Dulbecco’s modified Eagle’s medium £33 (DMEME? Hi,
Sigma-Aldrich, St Louis, USA) ZHiL5#ICHV, EBREMHARME LT, 208D T
J g% 5 /UTZDMEMEEHE (Fullt%#, Cell Science & Technology, Miyagi, Japan & 7= (3
Research Institute for the Functional Peptides, Yamagata, Japan) , L- & A F ¥ > K Z DMEMES
#h (AHisEZHt, Cell Science & Technology, Miyagi, Japan & 7= |[ZResearch Institute for the
Functional Peptides, Yamagata, Japan) , L-7 /L% = R:ZDMEME: T (AArgh% i, Cell
Science & Technology, Miyagi, Japan & 7Z [T Research Institute for the Functional Peptides,
Yamagata, Japan) . &fE7 X / /K ZDMEME? I (Research Institute for the Functional
Peptides, Yamagata, Japan) , 20f85HD 7 X /% 42 CRZ SH7-DMEMEG I (ZerokHh,
Cell Science & Technology, Miyagi, Japan & 7= [ZResearch Institute for the Functional Peptides,
Yamagata, Japan) Z 7z, DL EORGHGERIX, Table 1-1, 121382 R L7, F£7-.
EREHIZHTE ] (Penicillin/streptomycin, Thermo Fisher Scientific, Waltham, MA, USA) %
WAL, BiiE5EEKFD A Fetal bovine serum (FBS, Equitech-Bio, Kerrville, TX, USAF X U'GE
Healthcare, Little Chalfont, UK) iR L7z, £72. EBRFMFIL LT, LLEXTFVUEB
K OL-7 V¥ = (Wako Pure Chemical Industries, Osaka, Japan) ., TGF-B; (R&D Systems,
Minneapolis, MN, USA) ZE5#lZiRN L 7=,
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Table 1-1 Full 551 DFH AL
Full medium Full medium
[ma/L] [ma/L]

Amino acids Vitamins
Gly  Glycine 30.0 Choline chloride 4.0
Ala  L-Alanine 35.6 D-Calcium pantothenate 4.0
Arg  L-Arginine HCI 84.0 Folic acid 4.0
Asn  L-Asparagine * H20 60.0 Niacinamide 4.0
Asp  L-Aspartic Acid 53.2 Pyridoxine hydrochloride 4.0
Cys  L-Cystine 2HCI* 63.0 Riboflavin 0.4
Glu  L-Glutamic Acid 58.8 Thiamine hydrochloride 4.0
GIn  L-Glutamine 584.0 i-Inositol 7.2
His  L-Histidine HCI - H20 42.0 Inorganic salts
lle L-Isoleucine 105.0 CaClz 200.0
Leu L-Leucine 105.0 Fe(NOs)s * 9H20 0.1
Lys  L-Lysine HCI 146.0 MgSO4 + 7H20 200.0
Met  L-Methionine 30.0 KCI 400.0
Phe  L-Phenylalanine 66.0 NaHCOs 3.7
Pro  L-Proline 46.0 NaCl 6400.0
Ser  L-Serine 42.0 NaHzPO4 - H20 125.0
Thr  L-Threonine 95.0 Other components
Trp  L-Tryptophan 16.0 HEPES 5960.0
Tyr  L-Tyrosine 71.3 D-Glucose 1000.0
Val  L-Valine 94.0 Phenol red 15.9

Na pyruvate 110.0

HKATA NI ATF U E LTHIN




Table 1-2 HKIEHIFOT I/ BRIEE

Full medium AHis medium AArg medium Zero medium
(uM] [uM] [(uM] [uM]

Amino acids

Gly Glycine 400 400 400
Ala L-Alanine 400 400 400
Arg  L-Arginine 400 400 0
Asn  L-Asparagine 400 400 400
Asp  L-Aspartic Acid 400 400 400
Cys  L-Cystine 400 400 400
Glu L-Glutamic Acid 325 325 325
GIn  L-Glutamine 4000 4000 4000
His L-Histidine 200 0 200
lle L-Isoleucine 800 800 800
Leu  L-Leucine 800 800 800
Lys L-Lysine 800 800 800
Met  L-Methionine 200 200 200
Phe L-Phenylalanine 400 400 400
Pro L-Proline 400 400 400
Ser L-Serine 400 400 400
Thr L-Threonine 800 800 800
Trp L-Tryptophan 80 80 80
Tyr L-Tyrosine 400 400 400
Val L-Valine 800 800 800

BT X R ZEE T,

AHis Biiids LOVA Arg 55D K 92, Full B5Hi 63435
T BOKBE OuM & LT,

13



TGF-B; #ll7€ TlZ. Quantikine® ELISA Mouse/Rat/Porcine/Canine TGF-B; Immunoassay
(R&D Systems, Minneapolis, MN, USA) ELISA &% > k& U 7z,
7T AKX 71y hTlX, Protease inhibitor cocktail tablets (Roche, Basel, Switzerland)
% 7 VERELZ | Canget signal solution (Toyobo, Osaka, Japan) % LAt . Immobilon
western chemiluminescent HRP substrate (Millipore, Billerica, MA, USA) % % > /X7 &z
OGS HWTe, £72, —kPufk & LT, anti-B-actin monoclonal antibody (Sigma-Aldrich, St
Louis, USA) . anti-TGF-B polyclonal antibody (Cell Signaling, Danvers, MA, USA) .
anti-phosphorylated mammalian target of rapamycin (p-mTOR, pSer2448) polyclonal antibody
(Cell Signaling, Danvers, MA, USA). anti-phosphorylated 70-kDa ribosomal protein S6
kinase (p-p70S6K, pThr389) polyclonal antibody (Cell Signaling, Danvers, MA, USA)
anti-phosphorylated extracellular signal-regulated kinase (p-ERK, pThr202/Tyr204) polyclonal
antibody (Cell Signaling, Danvers, MA, USA). anti-Smad2/3 monoclonal antibody (BD
Biosciences, Franklin Lakes, NJ, USA) . anti-phosphorylated Smad2 (p-Smad2, pThr8)
polyclonal antibody (Acris Antibodies, Herford, Germany)%-, —#X$L{& & L T polyclonal goat
anti-rabbit immunoglobulin antibody (Dako, Glostrup, Denmark) . polyclonal goat anti-mouse
immunoglobulin antibody (Dako, Glostrup, Denmark) % FV 7=,
U 7 /V4 A 2 PCR Tix, ISOGEN II (Nippon Gene, Toyama, Japan) % RNA fiiHiZ,
ReverTra Ace gPCR RT (Toyobo, Osaka, Japan) % cDNA &IV =,

1-2-2  Afuss®

IEC-6 fifidlE 10%FBS 35 X OWtEE#Al (100 U/mL penicillin, 100 ug/mL streptomycin) %
AN L 7= DMEM £5H% FIV T, 37°C, 5%CO S F DA v % o _X— X — TR # 2 1T
ST, FFRL LZRWRY a7 R ONRREE TREGE A 1T o 72, £ D%, Full 551,
AHis F5Hh, AArg B5ih, SFET I RRZEHEE (9 uh FBS 72 L, HiEAID V|
37°C. 5%CO, 5 T TH: ) (TR, SFFERZIT o7,
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1-2-3 BEEOHE

WA 1L, MR R EAE O AL (wound healing assay & FEIZAV2 Fik) TRl L7, 6-cm
T4 v ¥ 2| IEC-6 MilaZz i Lary 7 oy MRIBICLI BT 7T AEL—4—%
AOTEEN lmm OMERY 7 v F 2B LT, €O%, B2 52T ORH
(AL, 12 HREES R L7e, ~ 4 7 1 7 )7 A ¥ — (Nihon Poladigital, Tokyo, Japan) T,
MG AR RS A s L. LA O X 9 IS R IR O 2 b iz L - T/ L
oAt RH L, EEOREE L L,

WEE (%) = (FEa (0 FFE) oMEMIREmE — &% 12 FHoMEM

KRR / sEEEET (0 BeH) oMJEMaxBEmfE X 100

1-2-4 £5% EEF O TGF-p, REDOH|IE
B3 EYE R O TGF-B #EE ORI E X, Quantikine® ELISA Mouse/Rat/Porcine/Canine
TGF-B; Immunoassay # JVNTHIE L7z, WOtEEIX, SpectraMax 190 Microplate Reader
(molecular devices, Tokyo, Japan) % FHVNT 450 nm CTHIE L7z, UV 7 7 L 2 AL 540 nm
THIE LTz,

1-2-5 YxRFr7nry b
B UNRTEDRBLL NNV BN UL VT v A T ay MEZRWTRE

BT L7z, IBC-6 AHfaIE, A-55HCly (ek 12 i & ©) K58 %2 ICHE A B 25 L | Protease
inhibitor cocktail tablets Z ¥ f# L 72 RIPA /N> 7 7 —Z i ERIMND ., A7 LA /3—"T[H
UMt > 7 v b Uie, B L 7Y 7o 2 87 EiREIEL, BCA Protein
Assay Kit (Thermo Fisher Scientific) ZHWTHE L7z, WEDOV 7L % 5-20%
SDS-polyacrylamide gel (27 77 A LEXIKENAAT > 721% ., PVDF RIZERE L7z, #5544
@ PVDF [i%, Canget signal solution TR L 7= —&FLIK (anti-TGF-B (1:1000) .
anti-Smad2/3 (1:1000) . anti-p-Smad2 (1:1000) . anti-p-mTOR (1:1000) . anti-p-p70S6K

(1:1000) , anti-p-ERK (1:1000) , anti-p-JNK (1:1000) . anti-B-actin (1:5000)) & 4CT
12 R RO & /72, Z D%% ., Canget signal solution TAIR L7z “IRHUIA (HRP 3% = v
7= goat anti-mouse IgG ¥ 721X goat anti-rabbit 1gG) & iz SH721%. Immobilon western
chemiluminescent HRP substrate TH&Jt: <, Image Quant LAS-4000 Mini (GE Healthcare
UK, Buckinghamshire, UK) THxf% L. Image J software (NIH, Bethesda, MD, USA) TCfi#
#rite,
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1-2-6 EE&HY TNLFA L PCR

IEC-6 AlfaIT, #5551 T 12 BFHIEF 2% (T h 2 % L . ISOGEN 11 Z 1\ T Total RNA
Z-fliH) L 7=, Total RNA J£ £ 3, NanoDrop ND-1000 (Thermo Fisher Scientific) % fV T,
W% EE 260 nm THIE L7z, HIE%. ReverTra Ace qPCR RT % T, cDNA Z &%k L
7o BULNE 37C, 1543 TiTo 721, 98°C. 5 47T reverse transcriptase D EMHALZTT >
7=, BinFBEIX, ABIFAST 7500 Sequence Detection System (PE Applied Biosystems,
Foster City, CA, USA) % AW E&M Y 7 /L% A A PCR £ THIE L7-, TagMan probe
HEERWV, T v b Tefp (NM 021578) 1243 % forward primer 5'-THC TTC GCA TCA
CCG T-3'. reverse primer 5'-TAG TAG ACG ATG GGC AGT GGC-3', TagMan probe 5'-GCT
GCG TGC CGC AGG CTT TGG-3' (5"R¥mlZ d ARk :  6-carboxyfluorescein (FAM), 3'
Kz 7 = F v —5i# :  6-carboxytetramethylrhodamine (TAMRA)) Z{HH L7=, %
P E b triplicate THIE L. £ OFHEE A, FEEL L ~LITNEEEEDE O
GAPDH (Rn99999916 s1; PE Applied Biosystems) (X W MIEL7=, £7/27—%Ii%. AA
CtiETHRE LT,

1-2-7 HREHEMT

KT —ZIXFEEESD. TR LT, #atfiEtrid IBM SPSS statistics ver. 24 % FU>,
one-way ANOVA TRt L, BERI DA EZEMEIT Scheffe test T{T> 72, Fig. 1-3 (D) @
TGF-B1 iNINA HED Hel D 7 Levene O %43 Bl i THEMNT L BEM DA B ZHE 1 student’s
ttest TITo7z, WINSAEZAEITP<0.05 & LT,
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1-3 R
1-3-1 BEAKAT 2V BRZICLDEE~DE

ARNITIZ 20 FEEED T 2V BEBFET D [33]e 2405 20 DT 2 J BRIZEBUV T,
/NG BRI OB ~D BB 5720 KT 2 O R ZEH A W ClEE % RE
fili L7z,

K7 X BEOKRZEHITIEC-6 ffa % 12 R[5 38 L 72 BR il & 34 L 7= (Fig. 1-1),
FERIOFIHDOE T XV BBRZHRME T ClEENFEIZIE T L2 (AHis, AArg, AVal, A
lle, AGlu, ALys, ALeu, ATyr, ATrp, APhe), #FIZ. AHis BHUZIIT 2 EEDINT
N LIE CTH-o7 (28 = 4%, Full 5z 100% & LT), KWT, AArg Bz
DD T HRRE TH-72 (30 + 8%, Full 5% 100% & LC), WENMETF L7
10 HDOHRT I JBRZEMED S B 7THENATRT I /8 (AHis, AVal, Alle, A
Lys, ALeu, ATrp, APhe) Th-o7-, — 5T, TOM 10 IHDKT I/ FERZ M (A
Cys, AAsp, AMet, AGIn, AThr, AAla, AAsn, APro, ASer, AGly) TiL, HE/RiE
EDRTFIEA BN oT,

1-3-2 WEEICBITDERAFOUERRIT A=V ORERD

1-3-1 §i T AF U RZEMTITEBWT IEC-6 MO EENFERITIE T 252 &N
A U7z, WRICZE DOIRERFM 2 MEE LT,

AHis §5iilc e AF P % 0, 5, 10, 50, 200 uM (200 uM % Full 55 #iF024) #hnL
To A E5 1T IEC-6 Ml 12 RefilEs 28 L 7o B D iliE & % 7l L 72, IEC-6 Ml Dl ElL, &
AFVURENS WM UL F CHBEICIK T Lz, £/, EAF P UREN 10 uM LLET,
IEC-6 MR D WeA= 13 Full 54 & [A%5E £ ClHIE L7z (Fig. 1-2 (A)),

FARIC, AArg B5HlZ 7 V¥ =% 0, 10, 50, 100, 400 uM (400 uM Z Full 514
M) WRIN L 72 & B5 G TEC-6 Mifin & 12 BERIRGEE L 7= BROilEE & 514 L 7=, TEC-6 Mifiad
WL, 7= REN 10 M LU F CHEICIKR T Lz, £7 VX = REN 50 uM
UL EC IEC-6 il oifEE 1L Full 554 & [F1% & CEIME L7z (Fig. 1-2 (B)),

17



1-3-3 BERAFUUERRTAX = REZFOWEEET & TGF-p & OBIE

TGF-B1 %, /MG BRI OEEEICRE S 2K F& L TabHNTWD [23,58], B AF
U URZIZ L D IEC-6 Ml DWFEEALTIZ, TGF-pi BBE5-T 2 &M LT,

FTRE BWEF O TGF-B R EZWIE L7z, 1EC-6 Mifa% 12 FEfEs#E L%, W& Lk
HAEBIL, 558 EiEHR O TGF-p IREZMIE L=, TGF-Bi IEEIXZ 24 Full K51 T
1581 = 121 pg/mL, AHis 55#1T 446 * 164 pg/mL. A Arg 55#1C 433 = 278 pg/mL
TH o7, TGF-Bi#EEIL, AHis B E 7213 A Arg 5511 Tl Full 5541 & Hl L C 3 0D
| REDORELZ->TEHY, AERIKTIRALNAT (Fig. 1-3 (A)),

WIT, 1-3-2 HiTe ATV URERGFOICEEENMET L2, ZOHEERKT & 5% E
15 D TGE-B 2 O B &2 st L=, 1-3-2 8 & [FSE T IEC-6 fla 4 12 ek
L. ERXATF U UELET T = ARERAFZ2EEIRT & 5538 RiFH O TGF-p1 IRE D
BEME 2R L7 2 A, EATFUUVRENSUM LT, 7AX=REN 10 uM BT
T, Full 554l & il U CHEIC TGF-Bi IREME T L7z (Fig. 1-3 B) , (0)), F7-.
TGF-B1 IRE & b 2AF VU REIZIEOMBERBRRERH Y . WINBIREN EA3T528 T
WA A R ST,

& 5|2, Full 5541 & AHis 55H10> TGF-B £ D754y % AHis B HUIZIRING 5 Z & T,
WEAENEET 208 5 A REH LT, Full 5540 BiE o> TGF-Br 2 & A His B3Hh B3
D TGF-B1 £ DZ21TH0 800 pg/mL Th 7= Z LvH ., AHis BiHUE 7213 A Arg E5 T H#4&
IR 800 pg/mL DXL Z TGF-B) Z WML, ZOWEENEIE T 50 E 9 hERE Lz,
AHis FHE 7212 A Arg 5 HECITIR T L7z 12 BRI OWEEIL, KIRE 800 pg/mL @
TGF-B1 Z ¥R L 7= 45514 5 Z & C, Full 554 & [F1% £ ClaliE L7z (Fig. 1-3 (D)),

% 72 IEC-6 HIJEN TP TGF-Bi AEA RS ERB L OFER L XLV TIR T LT D1 EH
MERRFE LT, IEC-6 FIfE D Tgf-f; mRNA £ & | TGF-B; IZHIAEN CRIBRIKR & L CTAEGRK
SN D72 TGF-B A Z 37 D&% E L7z (Fig. 1-4), IEC-6 Mildz 12 KB
& L7=%%. RNA i F 72 3R aey o 7 0 & 18 U SEBr 247 > 7=, Teff mRNA I,
Full 5541 & Hel U C, A His 55 7213 A Arg 55 CHE 2D LTz (AHis: 0.63 =+
0.13 f%, AArg:0.62 £ 022 1%, Fig. 1-4 (A)), HUFIN TGF-B BIBRIAZ o /X7 & b [AlkR
(2, Full 54 & bblg UC, AHis 551 F 7213 A Arg 55 CTHEIZHD Lz (AHis :
71 £ 10%, AArg: 54 + 8%, Fig. 1-4 (B)),
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1-3-4 ERAFPUERIITAX = U RZEBOEEIRTICBIT 2 FEMEHA

1-3-3 8T, EAF VU RZITEY | IEC-6 flAND TGF-B A ARG L~L Tl
T L. TGF-B RiBR{AZ /37 B d L OSHINES TGF-By # > /7 B O &% S+, iEE
RFZ5IEEILTWD I &R S NI, £ 2T, IEC-6 MlDWEERT DA N =X
LEH LT D720, TGE-B 240 Lo v 7T VAR EREE OB G2 DWW TRRET L 7=,

TGF-B1 &2 U v K& Lz 7V RERK & L TiE, Smad 40 L7ofREE A Hiu T
FBY ., IEC-6 MfEIZHBNTHEDORE DA S TWD [23, 58], L- T, EXFT
RZEMETTOIEC-6 MaH D Smad2 V VRt &EA fFH L=, IBC-6 A% 12 Wefilhs
T L%, MlazE L, o7V aER L7-, AHis BEHiE 7213 A Arg 55T 5
U U FR{t Smad2 FEHLEIL, Full B3 & bl U CAEICHED LT e (AHis: 66 = 16%,
AArg: 54 £ 27%, Fig. 1-5 (A, B)), — /T, AHis ¥HE/ZITAArg HHUIZIIT D
Smad2/3 FELE L, Full B5Hh & bhilig U CHEZITA LI > 72 (AHis: 85 + 20%, A
Arg : 80 = 27%,Fig. 1-5 (A, Q)),

— 7. TGF-B &I L7 ¥ 7 F /RERIKIZIL Smad IZIKAF L2V (non-Smad
) bIFET D, £ 2T, HEEICKIT D non-Smad #RHE D5 OF I ST, B
537 T D mTOR, p70S6K, ERK DU Uil &% fiFt L7z, 1EC-6 flilaz 12 REfEs#&
Lizth, Mz E L, o7z L=, AHis 55128155 U >k mTOR 3 &
N Rl p70S6K DIEBLE X, Full B & bbik U CTlRME R A3 S 372 (p-mTOR :
85 £ 17%, p-p70S6K : 80 =+ 30%, Fig. 1-6 (A, B)), F7=. AHis 5licisiT 5V
b ERK OFEHLEIT, Full 55Hh & ol U THEISHED L7z (p-ERK : 66 + 23%, Fig. 1-6

Q) —HT. AArg B2 W TiL, mTOR, p70S6K. ERK DWW hd U L fgfl &
H A B L= (p-mTOR : 66 = 31%, p-p70S6K : 53 £ 30%, p-ERK : 63 £ 35%, Fig.
1-6 (A-C)),
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1-4 E8

ARETIE, B AF VUMM ERAROEE W CEEREE 2 R7- L, TGF-p v~
TINRRE AN L ClEELHIH L THND Z e 2B LT L,

ERAFUURZIE, AEAT X 20 FEE O TR BHIR< TEC-6 Ml ol i 2 ]
L7z (Fig. 1-1), ZAuZ, IEC-6 Ml DlEEICHBWNT, B AF VU NEERER 257
TEWVWIHDTORETHD, Flo. ZOWEERTIZET IV BRZEMD Zero Hiih
CNEERSETH-72Z 0D b, B AT VU IEC-6 MlRDOEEICRAIR TH D Z &M
HA LT, FRRICT VX =0 RZH, E ATV URZICRSEER TR A LN (Fig.
1-1), 7AF=202O0W TR, /M ERMIRROEEEICEA L T, £OXRZICEIT 2 HEIX
RS, RIG BRI 2D L O liERH D [15], £OWMERTIE, 7T¥
S VRZEMETT 12 REEER B OWEEZTE LERIZ, 400 uM 7L ¥ = S H B HE
(RKFEBRD Full 5D Arg JREEIZFIY) % 100%E 35 &, WEEIK T0%IIKTT 5 &
SN TWD, AREEFRTIL, Full 851 & Hhfg U THI 30%IIR T2 729 K ERGHilE X
0N BB D TR T V¥ = U RZ DR TR W RBEEN B D,

Flo, ERATFVUET ARV DORZUSNTRET REHE LT, EEMITLE
10FFHOT I VBERZEMEO DS THENART X /B2 (AHis, AVal, Alle, ALys,
ALeu, ATrp, APhe) TH V. IEC-6 MldDOWEEIZINT, RA[RT I /RO EEMEN
R ENTZ, — T, AFA= EALA =0 O 2 FEOARART 2 BBRIZOW T,
BRZFEM T CEEITIRT Lo Z &0 D /MG ERMIOEEIZIZIA T A =08
FOAR VA= DBUETRNT ENRB ST,

FABZEIZ LD | IEC-6 fIOBEAE T AF UV EIET VT = VBEICKF LT
T L. IEC-6 M DM EMERF IC LB R e AF DU B L OT VX =0 O/ MNEEIL, +
NZENI0uM BE RS0 uM TH D Z Enbo-oiz (Fig 1-2), E¥ 7 v hoff e 25
U URREEDNKY 25-60 pM, ILHR T LR = REEAKI 70 uM Th D72 [59, 60]. AWFSE
T BV IEC-6 MO EMEFHCMNE R AF P 1T VT = O/ MR
TIC 5 Z ik, AHNEBOHFE CIXE I W EBZ BN, LLANG, fix
DIEBITBNT, MP e AF U URECKTAREINTEY (Table 1), 7 2 —2F
DB TIIMEFH AL B LTI e AF D BEN 40%FREICE TIRTT5 &0 ) #
HNHD 9, ZOXIICHEEDIRET TRt AF YU EE LI 7T L=
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RECXR T HRERE SN TR, AR THE LN R/NREZ TREIS ATREENRH D, Z0
K9 G AITE, BIR TS /NG EEMIEOBEER-RME T4 o /et H 5, 7221, &
ERIZERT 27 2 BROMFS TR & 7210 T2 /NEEPERI D & OWRILLHIE PN T
DY T « RXTF R b OGN EENICEG T2 L EADNDT20, invivo I3
T HRET — 2 RMIRT — 2 OHF, EENALELEZ bND, 5%, FERNICKIT D
ERAF TV ERLET AT =DM TR LOVNME EEGRIANORIE L AER TR O
TROBEMZHRT DI ENEETHL LB LN,

WIZ, B2 EET O TR REEZRGT L& A, EATFVURZELEFT LT =
VRZOWTIG Full B0 3 3D 1 L7>TEY (Fig. 1-3 (A), TOEK T LZE
JE43 D TGF-B1 7 AHis E5H, A Arg B5HUCERIN L 72 BRI2, EEDIZIE 100% F TEIE L
7= (Fig. 1-3 (D)), ZDZ &6, TGF-By DSEEERIEIC EE R EE Z#H > Tnd Z &R
AR S AL, WYX IR O TIC X 2/0M EEGRR OMEEIR T IE, 32U TGF-B R
DR TFIEFEL TCWDHEEZ BN, £70. EATF U UVBEEZIIT AT = VEED |
FAZHHI LT TGE-pi N EH- L2 &6 (Fig. 1-3 (B, C)). /IMp LR ILE 7
I BREOZBIZRE LT TGF- IBE A HIHT 2 L E 2 biviz, /Mg ERGMIEICEs
W, TGF-B1 OIRMAEEZREST D LWV D &G ITH 525 [23,58], E ATF V0T v
F =0 TGF-Bi IREOFAEICE G35 & ) IR <. ARERITHHEDR & & &
b,

F7-. 1IEC-6 MifdD TGF-B, I£ mRNA &, HiAZ o7 HEOELL S, EXAFY
VRTNAX=VDRZICE VA L2 0D (Fig. 14), 2607 2 BRRZICE
Y TGF-Bi ZE A AR E- 35 L OFHER L~ L Tl S A, MERRA N~ S 415 TGF-B I=
MET L, EEDR TR SR ShEEEZX bR, LELERG, ZhbnT I/
FRRZMBED K ST TGF-i EGHK A T S 500F, BIRFA TAHTH S,

TGF-B > 7 MRERR K IL, £ D TitiZdH 5 Smad 7 7 I U —Z 41 L2 A EITA
HNTND [23,58], AFFEFEREND, EATF VU ERIETAXF =0 ORZHMETTIX
B4 FIE T O TGF-B IR DMK FIZAE, Smad2 @ U ER{L2M ] S 4u, dEEDOIK T2
LDz enmgsng (Fig. 1-5), F72. TGF-p ¥ 7 F /W nEk#i2iE, Smad &4
U 72 #R B LIAMZ . non-Smad 2 & ’EIXAL 5 Smad FERAFRIZRARIE 23 H Y . TEC-6 il
THHE SN TWD, TGF-P HIFKIZ X % non-Smad #FREITIT K & < 31F T 2 DORREEN
H V. 120F PI3K/Akt Z41 L 7= mTOR/p70S6K #%#. & 9 1 -21L MAPK %I L 7= ERK
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BETHD [61], AFERTIE, ERAFUURZERIITAF =0 RZOWTRIZEW
Th, 215 3 OORET X TORHES D VY Vb B (p-mTOR, p-p70S6K, p-ERK)
2, BERED 2D UIRBIMEB N 2 B2 Z 25, Smad 38 X WO non-Smad O EH 6
OB LG L TWD Z LR E 7= (Fig 1-6),

IEC-6 FIZ I\ Crd, SRS HIIC 1 ng/mL @ TGF-Bi Z WS L72B%, ERK OV i
BV D EAPRESNTEY [58] AfREb—ET D, LU s, A
HIZ 4 mM OT X =2 28N L72E. mTOR/pTOS6K #2H & LCT v /g ERH
Ha D IMEHE 7223 (ERK #REEITBA G- L72 o o VW D &R & 5 [50], Z D ERK
TRIKICB L CIEAEDO T VX =0 REZBOFER E B2, FitdlE 7 v¥=%
WML ORRETHL L, IMLETAXE=U 0N 4 mM & Ty MiLfEED
10 fEUEE VWO BIRETHLZ b, ERFMENERZ ZLICE2bDEEZ BN
72o F£7-. ERK & mTOR DRIZIZTZF D7 v h—27 BNEEL [62]. TGF-B 1%
ERK/mTOR #% & 241 L CliEdE 2 F0i 72 /Rett b b 5,

LN E, ERAFVURZEFIIT A= RZIZED Smad #R < non-Smad
REEEDIHIA, ED K5 72 W 1Al LEER T 25 & 2 3 h0%, BIRER TIEARIT
H5, TGF-p LBHET HHE & L CiL, EEMROEEZGIET LA 7 7V 3%
Tohnd, A7 7%, agd—r o EofMast~ ) 7 2 &S L, Mlniig %
FEITH LT, WEERET LI L EE L THLNTWD [63], /MG LR
BT 2HEITROA, B MIERBEEEMAIZHB VT 1 ng/mL @ TGF-B, 2N+ 2% &
AT TV URBNTET 22 ERRE SN TND [64], S HIZ, b HIEBRHRHE R
JEIZFWNT 1 ng/mL @ TGF-By Z IS5 & A 7 7V UREBLOTLHEIC L 0 ik 2R
THZENWMESINTWD [65], E/BRENZ L2, fiE TS L~ ToA
T 7V CRBUTER R SN TWD P, %A TIHEES L L0237 SERR b ~r o
JLHETH D Z LR ENTWD [64,65], ZD X 512, TGF-B LMz £cE< BYS-
THAT 7V ORBEHEIL TS, 7z, /MMy EEMRIZE TS TGF-B/Smad2
DY T FIAREREE 2T U TR B3 2 #A (2. FAK OFEBREIZET 56 D
Wb, FAK 1314 7 70 v xhpd &3 5 MilasE R+ S EMER L, #25in o iE
BT X2 X7 ETHD [52], IEC-6 Mz VT, G TGF-B 280
T5E. Smad A L7 7T AR OTHEIZ LY | mRNA BEXOF \ T EH L~ T
FAK FBHLENHEMNT 5 Z & THEEAZRELTZE WO HMERH D [58, 66], F7=AERIC
TIVX =0 e BRI CUSIN L 72B812, FAK Z > )7 'B 0 ) b il L 0 EED
RENBONTE VO HELDH D [51], LIER->T, EAFVURZBIOT VX =
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VRZIVE, TGF-pi AE KO TIZ L5 Smad #2EE<° non-Smad #XEE OMHNIIHE =, ML
BEZHETIRATHHA T 7V R FAK OFEBL 2\ LIZFAK O VU b 2 B
U7-f 5, MR E DMK L2 mTREME N & 2 S, S B OMGENVETH 5,

E AF VAT ONWTIEL, 7T IUREZEIZET RN EA TE O TIHEHRIT RV, 7
VR = A LT, ERUAMC B R ERIRIZ BT 2 7 X = o ORI S
2 OOWEERIE A 1 = X LD HEZINTND, 1 DEFTNAFF—BICLDbRI T IO
RIBRVE T 2 AN =F o ~ORH, &9 1 DIENO BGREERICL DI NO L bl v
~ORHTHS [15], TAXFT—BICEL A7 vF=onbdr=F r~ORE#IX, K
1 ERHIR D EFEERFICNEATH DL EEZEZONTEY  TAX S —EE /) v 27T U b
Lo~ =F o 2 AET 5 LEENEIET 228 ANV=F U NnbRY 7 I~
DR EILEST D LEENMET TR0 R ) T IV E2RINT 52 L TRIET S Z
EMFEENTWND [15,51], KL T, 7AXF=0 D NO ~ORHIL, /M5 R
EERAZTEEICEIVEIBRIINATHL ET2MENH D [67], /-, NO IZilEED
et LT /05 R CRELAEIIN L TR Y | ANEIERA~DOF S NRIE SN TN D
EEHIT, NO R —OUINC L0 lEEMEES T VX =B & RO REE R L
TW5 [51], TAX=URZICEDWEE~OFBEIZE L CiX. TGF-p; LAz b
DAN=ALDOEE5HE 2 65 b, LrL7aeRnb, TGF-Bi 7 AHis BiH, A Arg B5Hi
WM UTZBRIC, EEDNFIZE 100%E THIE L2 25 (Fig. 1-3 (D)), £ & LT TGF-p;
BN LIV 7 FIAGRERBIIEIFE L TWD Z EIEHLTH D, TILX =20 TGE-p
I LTy 7 T VRIERIRIZ L IEE 245 & W ) IR EXATF UV UITES
TIE A =R LR GT | WEEHIET 2 &0 5 WEBERR, 207D, Kik
Bix, e AFVUBIOT AT =00 TGF-By 38L& I U=/ Np b Rz fAE o i A4 % i) 15
THZEEHOENZI LMD TORETH D,
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1-5 /&

REOEBRGERENG /PG ERMEOEEIZBWNCE AF VU N EE RS 2 R
DA LT, 72 TGF-By =450 L CMNE BRIl Ok Zflil3 25 Z & #5002
L7,

ARNT X B8 20 ISR L, A7 X BERZEEHEZ U C IEC-6 Ml O lEE~D
WEERNLIZE A, EAFUURZNAERNT 2 20 FEOH TR LIEEEZIKT
SEBZZLEERHL, TAX = REZBEAF U URZICKREGEELZR TS, £72
[EC-6 M DMEEIL, B AF VU BILOT A X TR E 7 L, EEEREIC
B R/NBEEX, TNEN 10 uM & 50 yM ThoT2, SHIZ, EAF TV UBIOT v
F=URZFMETICEIT D IEC-6 MlAOMEERT DA B =X L1%, IEC-6 MmN D
TGF-B; EA MBI G B L ORI L~V TR F L, 2RI fEvfilasbic s
TGF-B1 MWD $ %5 Z & T, TGF-B ¥ 7 T WARERKK Td 5 Smad #%#%3 L U non-Smad
IO Y UEREBIE SN AER, EEME T LIZboEE 2 67 (Fig 1-7),
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Fig. 1-1 Effects of individual amino acid deficiencies on intestinal cell restitution.
The cell restitution rates in Full without each of the 20 intravital amino acids were expressed as

percentages of that in Full. Data represent mean £+ S.D. (n = 7-8). *P < 0.05 vs. Full.
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Fig. 1-2 Effect of histidine or arginine concentration on intestinal cell restitution.

(A) Cell restitution rates were measured for 12 h with the following histidine concentrations: 0,
5, 10, 50 and 200 uM. Cell restitution rates were expressed as percentages of that in Full (200
uM histidine). Data represent mean = S.D. (n = 8). *P < 0.05 vs. Full. (B) Cell restitution rates
were measured for 12 h with the following arginine concentrations: 0, 10, 50, 100 and 400 uM.
Cell restitution rates were expressed as percentages of that in Full (400 uM arginine). Data

represent mean = S.D. (n = 8). *P < 0.05 vs. Full.
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Fig. 1-3 Effect of TGF-B; on intestinal cell restitution.

(A) TGF-B; concentrations in medium supernatants were evaluated for 12 h in Full, AHis or
AArg. Data represent mean = S.D. (n = 5-6). *P < 0.05 vs. Full. (B) TGF-B; concentrations in
medium supernatants were evaluated for 12 h with the following histidine concentrations: 0, 5,
10, 50 and 200 pM. Data represent mean = S.D. (n = 3-6). *P < 0.05 vs. Full. (C) TGF-p:
concentrations in medium supernatants were evaluated for 12 h with the following arginine
concentrations: 0, 10, 50, 100 and 400 uM. Data represent mean £+ S.D. (n = 3—6). *P < 0.05 vs.

11321

Full. (D) Cell restitution rates were measured for 12 h in Full, AHis or AArg. represents
non-addition of TGF-B; and “+” represents addition of 800 pg/ml TGF-f;. Cell restitution rates
were expressed as percentages of that in Full. Data represent mean &+ S.D. (n = 5-8). *P < 0.05

vs. Full. #P < 0.05 non-addition vs. addition of 800 pg/ml TGF-B; to AHis or AArg.

27



p—
(=)
T
*

TGF-B; mRNA expression
(fold change of Full)
—

—

DN\

Full AHis AArg

(B) Full AHis AArg

150 TGF-p —== 51 kDa
precursor —= 45 kDa

B-actin Wi S e — 42 kDa

=
2
2
52 100}
52 *
Z%3 1 .
27 sof /
>
= /
3 _
e %

. %

Full AHis AArg

C

Fig. 1-4 Production of TGF-p; in cells under histidine or arginine deficiency.

IEC-6 cells were incubated under 5% CO: for 12 h in Full, AHis or AArg. (A) Tgf-f; mRNA
levels were expressed as fold changes relative to that in Full. Data represent mean + S.D. (n = 3).
*P < 0.05 vs. Full. (B) Whole-cell lysates were analyzed by SDS-PAGE and western blotting
with anti-TGF-P precursor and anti-B-actin (loading control) antibodies. The level of TGF-$
precursor was expressed as percentage of that in Full. Data represent mean £ S.D. (n = 3). *P <

0.05 vs. Full.
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Fig. 1-5 Phosphorylation of Smad?2 in intestinal epithelial cells under histidine or arginine
deficiency.

IEC-6 cells were incubated under 5% CO; for 12 h in Full, AHis or AArg. (A) Whole-cell
lysates were analyzed by SDS-PAGE and western blotting with anti-phosphorylated-Smad2,
anti-total Smad2/3 and anti-B-actin (loading control) antibodies. (B) Phosphorylated-Smad2
levels were expressed as percentages of that in Full. Data represent mean £ S.D. (n = 9). *P <
0.05 vs. Full. (C) Total Smad2/3 levels were expressed as percentages of that in Full. Data

represent mean = S.D. (n=9). *P <0.05 vs. Full.
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(W) Full AHis AArg

p-mTOR s e = —=a 289 kDa
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Fig. 1-6 Phosphorylation of other molecules in intestinal epithelial cells under histidine or
arginine deficiency.

IEC-6 cells were incubated under 5% CO; for 12 h in Full, AHis or AArg. (A) Whole-cell
lysates were analyzed by SDS-PAGE and western blotting with anti-phosphorylated mTOR and
anti-B-actin (loading control) antibodies. Phosphorylated mTOR levels were expressed as
percentages of that in Full. Data represent mean + S.D. (n = 9). *P < 0.05 vs. Full. (B)
Whole-cell lysates were analyzed by SDS-PAGE and western blotting with anti-phosphorylated
p70S6K and anti-B-actin (loading control) antibodies. Phosphorylated p70S6K levels were
expressed as percentages of that in Full. Data represent mean + S.D. (n =9). *P < 0.05 vs. Full.
(C) Whole-cell lysates were analyzed by SDS-PAGE and western blotting with
anti-phosphorylated ERK and anti-B-actin (loading control) antibodies. Phosphorylated ERK
levels were expressed as percentages of that in Full. Data represent mean = S.D. (n = 9). *P <

0.05 vs. Full.
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Fig. 1-7 /MEERMIED TGF-p1 &/ LTz 7 MG ER K

tAF VU RE TG ERAIETIE, TGE-p BEENEA L, ThazirLi-v 7
JVAGTEER S 100 Smad, mTOR, p70S6K. ERK DWW D U (b B IR T L7=f 0, b
AEPMET L7z,
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HE2E b RAFVURZN/NMNGLEEMBORMBARERIZE 2 DEE
2-1 =

AREE T, /MG RN OMEEREZ TN T 5720, MRAEFREZBEICE ATV
VIRZ DA LT, £, EATF U URZICE AMIAEGFERETORRKEEZ S
NETRR—= ZADOTTHEIZHONWT, FORA D= AL E K LI,

/NG b B R O ABRAEAF R AME T 92 & L /NG BB AS /NG O B e R T LS IR L2 4y
MTETRHPNEDL TLEV, ZOE T OREEAELMmE S EPERIcR T T 528 T
FEEN LD, HIM-CIEEORKIK & 725 [22-24], £72. /BRI LR OEEMET, i
. W, Sk - RO 3 D DEFE TR S LD [21,22], ZAUH OERIBEIIERIZ
BEET D=0, /MG LRI AR TH D 2 & BNS /NGB R I O # A A7 =R 3
MEFFSHTWDHZ L, TR M=V AORFETLENEZ > TWRWIENEETH D, &
> T, RETIE, /MM EEMEOMAEFRB I OT R b= 22 BE LT,

FEBROWKIL, £ & ZATF VU RZEM T TONG BRI OMBAFROKT B &
QTR —= 2AOTEEZBIRE L THRA ZNO A UGEET DO EREZAF VD
/NREZRE LTz, £lo. TOMBEFRIETOA D =X LIZONWT, TR =X
B X X OIS, R har RUT 2N LERBICED TR =V A THD Z
L ERE LT,
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2-2 ik

2-2-1 EBRFE

#MAEIX. Rat intestinal epithelial cell-6 (IEC-6, RIKEN BioResource Center, Tsukuba, Japan) .
Rat gastric mucosal cells (RGMI1, RIKEN BioResourse Center, Tsukuba, Japan) . Rat kidney
cells (NRK, RIKEN BioResourse Center, Tsukuba, Japan) % I\ 7z,

Ak O 7= O, Dulbecco’s modified Eagle’s medium 35 (DMEM 1z #h,
Sigma-Aldrich, St Louis, USA) A HisFE IV, FEBRSIFHEELE LT, 20 HOT
J B&% G /T2 DMEM Bi#t (Full 554, Cell Science & Technology, Miyagi, Japan & 721%
Research Institute for the Functional Peptides, Yamagata, Japan) , L-t A5 2> /RZ DMEM
it (AHis 3 Ht, Cell Science & Technology, Miyagi, Japan ¥ 7= 13 Research Institute for the
Functional Peptides, Yamagata, Japan) . 20 D7 I / g% £ T/KZ S 7- DMEM K5 Hi

(Zero ¥5Hl1, Cell Science & Technology, Miyagi, Japan ¥ 7-1% Research Institute for the
Functional Peptides, Yamagata, Japan) % H\ 7=, LI EOEZHIFAIE Table 1-1, 1-2 (25K
Zon LTz, F 12 RN HUE A (Penicillin/streptomycin, Thermo Fisher Scientific, Waltham,
MA, USA) Z¥IN L. Aiik5#E R 7 Fetal bovine serum (FBS, Equitech-Bio, Kerrville, TX,
USA I3 & U GE Healthceare, Little Chalfont, UK) H¥RINL7z, £, EBREMIIS T,
L-t 2AF > (Wako Pure Chemical Industries, Osaka, Japan) . TGF-B; (R&D Systems,
Minneapolis, MN, USA) Z E5H#ICHINL 7=,

7T AKX 71y hTTlX, Protease inhibitor cocktail tablets (Roche, Basel, Switzerland)
%t 7 VEREIZ | Canget signal solution (Toyobo, Osaka, Japan) % LA Z . Immobilon
western chemiluminescent HRP substrate (Millipore, Billerica, MA, USA) % % > /X7 B fz
OIS HWTe, £72, —kPufk & LT, anti-B-actin monoclonal antibody (Sigma-Aldrich, St
Louis, USA) . anti- caspase-3 polyclonal antibody (Cell Signaling, Danvers, MA, USA) | anti-
caspase-8 monoclonal antibody (Abcam, Cambridge, UK) . anti- caspase-9 monoclonal antibody

(Cell Signaling, Danvers, MA, USA) . anti- caspase-12 polyclonal antibody (Abnova, Taipei,
Taiwan) Z VN, ¥ FLfk & L T, polyclonal goat anti-rabbit immunoglobulin antibody (Dako,
Glostrup, Denmark) . polyclonal goat anti-mouse immunoglobulin antibody (Dako, Glostrup,

Denmark) % v 7=,
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2-2-2 HEfakEE

A FEMIE L 10%FBS 3 L OWLE Al (100 U/mL penicillin, 100 pg/mL streptomycin) % s
SN L7= DMEM 5% T, 37°C, 5%CO §:fh F DA % 2 _— X —CHiE#EZ{T-
Too FFRLLARWRY | a7y FOIRREE TR E 1T o7, £ D%, Full B,
AHis £5H#1, Zero HiHi% (W3 b FBS 72 L., HiEAIH V. 37°C. 5%CO, S ¥ CTH;
®) IRl FHEIEREITS T,

2-2-3 MRAEFROAE

MAEAFRIE, 96 V=L T L — MIAHEMBZ AR L= 7Ly MRBBIZ LT
%, Biiha SRR ORI AZH L, BRRFAYIC 18 RFfAT E TREERZICIIE L7z, M
7EIX. Cell counting kit-8 (Dojindo Laboratories, Kumamoto, Japan) % fH\TiT-> 7=, W)t
FE1X, SpectraMax 190 Microplate Reader 2V T 450 nm CHIE L7, V77 LU XX
650 nm THIE L7z,

224 YTRFZUTHY L
ZURTEDRBLL VBN ULV VAL T ay MEZRWTHE

Br U7z, A FEAIIEI, ABEHCity (kK 12 REf & C) 858 % ICh5 A BRZE L, Protease
inhibitor cocktail tablets & ¥&fi# L 7= RIPA /N 7 7 —Z &R b, 227 LA /=T
I UABRaR Y 7 & Ui, B LTe Yo T &2 o R 7 BRI, BCA Protein
Assay Kit (Thermo Fisher Scientific) ZHWTHE L7, W@EDOV T % 5-20%
SDS-polyacrylamide gel (27 77 A LEXWKEN 21T > 7%, PVDF RIZERE LT, 5%
® PVDF (%, Canget signal solution THR L7 —k$Hi{A (anti-caspase-3 (1:5000) .
anti-caspase-8 (1:2000) . anti-caspase-9 (1:1000) . anti-caspase-12 (1:1000) . anti-B-actin

(1:5000)) & 4°CT 12 FFfEi S 7z, D%, Canget signal solution TAAR L 72 K
PUiA (HRP #553% X 4172 goat anti-mouse IgG % 7213 goat anti-rabbit [gG) & K& S H 7%,
Immobilon western chemiluminescent HRP substrate C%& )¢ X, Image Quant LAS-4000
Mini (GE Healthcare UK, Buckinghamshire, UK) CHxf% L . Image J software (NIH, Bethesda,
MD, USA) T L7z,
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2-2-5 TR b=V AMROB B

TR b= ARE O H O BIEL 1E, FITC-Annexin V CHOEYE L 72 7R b — o A g %
PR N CRIZE, IRIBT 5 Z & THEMLIZ, AT A FF ¥ 2 /3—IZ IEC-6 #Mllld & Rl k528
L7cte, B S FEBRAAF ORI AR L, 6 R 7213 12 FFAIES R L7o, Miia sy
1%, Apoptotic/Necrotic/Healthy Cells Detection Kit (PromoCell, Heidelberg, Germany) %
HWTIT o 72, EEBIZERF D excitation & emission D K1, Z4LE4L 492 nm & 514 nm
TAIT o 70, BIE2 fRf% 1%, TCS SP5 MP fluorescence microscope (Leica microsystems, Wetzlar,
Germany) Z MW TITo72,

2-2-6 I bar FYTEEMORE
I hay RYUTEEBAMIE, 96 7 x/L 7 L— MZ IEC-6 Mz RG#E LIy 7 vz
MIRREIZ L7cf%, B3 A B R FEBRS M OB I AHA L, RRRFAYIC 12 R & THERZ I
HE L7z, MIEIL. Mito-ID Membrane Potential Cytotoxicity Kit (Enzo Life Sciences, New
York, NY, USA) ZHW\WTIT-o72, @M HERFO excitation & emission DK FlX, T+
U490 nm & 590 nm T{T\>, Wallac 1420 ARVO MX plate reader (Perkin Elmer, Waltham,
MA, USA) THIE LT,

2-2-7 WEEHEAT

BT — 2 ILAMEESD. TR Lz, #EatHiEHTid IBM SPSS statistics ver. 25 & HlVy,
one-way ANOVA TEHT L, BERM DA B ZEMEIL Scheffe test TfT - 72, Fig. 2-3 @ TGF-B,
TN D LLl 0O Fx Levene Dy U E THEAT L. BERIOA EZEME T student’s #-test
T2l WTFRBAEEIZP<0.05 & LT,
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2-3  RER
2-3-1 ERFIUURZIT L BMAEERA~DE

b AF VU RZ D IEC-6 M D EAFA~KIET BT 5720, e AF VU RZE;
Hi1 A TRl AR 2 5l L 72,

IEC-6 it 2 18 WFfERE#E L /- BROMI A F R 25 h L 7= (Fig. 2-1), #%. AHis 5
Mz ) DM AETFERIX, Full 55 & i L C 3722%I2{E F L7z (Fig. 2-1 (A)), &
72 Zero FEHCT 1T A MM AAERIL, Full B & Fbi LT 33£5%I2IKF L7z (Fig. 2-1
(A)), EBHIZ, AHis 55H1 T IEC-6 ML ORRREH) 22 I EF RO (L EZMRFE LT & =
4. Full #5#1 & Hofgs U C 3 BF £ TIIAERZEITH DRI o708, 6 B LA T
R AEAEREPA BEIIKT L. (Fig. 2-1 (B)), Zero BiHlZHW T HFEIFRIC, 6 KRefH LK T
MIRAEFREPIARIIET L. (Fig. 2-1 (B)),

2-3-2 MIRAERFRICEIT 5 b XAF VU OBER

2-3-1 Hi Tk AF VU RZ M IEC-6 MO EFRE2E LK TS5 2 & A3HH
L7z, WRIZFEDORERFMZMAET 5 & & b2, IEC-6 MO ELFREHEFF T 57
DIZHAKIR LB 72 b ATF D 8B 2 34 L 7=,

AHis §5 iz e AF 2% 0, 1, 5, 10, 50, 200 uM (200 uM [ Full 55HAHY) ¥
NN U 7455 H1C IBC-6 Al A 18 WRefil5a8 L 72 RO M A 73 & st L 7=, IEC-6 M@
MIAEFRIT, EXAFVUVRENSUM U T THEIIK N Lz, £/, EXFVUIRE
25 10 uM LU EDOFBRIZ I TEC-6 MifE DAl AL A7 321X Full £5H & [F%% Cdh - 7= (Fig. 2-2),

IHIT, ZOERFVUOR/NMNEEIX, 1| ETORLEEEICBST2R/NRELFRILTT
Botz, 2T, EAFVLREIC LD IBC-6 MM OBEAL T & Sl A 1F R F A3
A= ALNE D NEHERT D72 1-3-3 Hi & [FERICER R R~ 800 pg/mL
D TGF-B1 Z M L, MRAEGFRNREE T 508 5 aiat LI-f S, TGF-p I &
LIEEIXA LR Do 72 (Fig. 2-3),
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233 ERFUURZICEABT R b—L A~DEE

HALE BRI BT DA ROKTIX, 7R b= ADTLHIC L - Tl & o
SNDEVOIWENRDH D [68,69, T T, EAFTVUREZTIZBIT DT R F—TATL
HWOHEEIZ OV T LT,

9. TR N RATUEOFEZ MRS 5720, MIENICET DIE AL caspase-3 F§
Bl A MET Lo, AE5HC IEC-6 MR A4 fRIRFAYIC 12 REfH £ ThEEE L 7R oiE Mk
caspase-3 FHLEAZWE L7 & 2 A, Full 15H & ki U C AHis 551, Zero 55t & ¢ 9 FiF
[FIRE 20> & BEMBL A 23 7 B A1, 12 BRI C RIS BLE 2 N L 7= (Fig. 2-4 (A, B)).
12 HFREJBF S Gl Full 54 & fhil U C. A His 551 COIEMEAL caspase-3 JE L 1T 221 =+
86%IZ £ THIM L 7=,

F 72, Annexin V JIZ K 57 R b— 2 RGO E LB AT o7, 6 IF
FREAUCIE Full 854, AHis ¥5Hi e & 7 A b — v ABGHERIRRIE A DL Ze o 7223, 12 I
[FIRF 5 CTUE Full 35U W T T AR b — 2 A G 7 H L2 D> 72 DIk L, AHis
EEHLCIE T AR b — 3 A GYERIIE 2 R Rk B EOED 2 B AL, 1EMEAL caspase-3 FEHL & DY
mné— L7 (Fig.2-4 (C)),

2-3-4 TRV RIBITDHERAF IV ORERT

233 T, EAFUURZIIT R N—V A TLHET A E M L, £2 T,
JAEFRLEFRIERIC, ZOe ATF VU UREKRGFHEEZRIET D& L HIZ, TR M=V AZ L
HES RV ATV DR NBE A R LTz,

AHis 55fiic e A2 % 0, 1, 5, 10, 50, 200 uM (200 uM % Full E£HIFH ) s
U 7= &5 1€ IEC-6 a2 9 BffE5 2 L 72BROMIa NI I 1 2 1E 1AL Caspase-3 FEEL
B2 T Uz iEME(L caspase-3 BEI R (T, b AF VU IBENS uyM UL F CHEIZEL .
b ATV UPREN 10 uM LLEOBRIZIT Full §53h & A% THh - 7= (Fig. 2-5),
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2-3-5 BERAFUURZIZLBT AR b— ATUHEDKEFAZA

WIZT R P =V ATLEPE Z DA D =X LD TR Lz, 7R b—3 R 2Tk E
T T3 OORBEBEMET D [31], TALETSZ—2 L-RE, MMk L2
ENLTERE, LT hary RUTENMLERED 3 STHDH, FRRED Y 7R
FEMEAEITIE. F X4 caspase-8., caspase-12, caspase-9 DIEMALABER L TRV, £
LT D2 T, TR M=V ATLHED A I = X A& it Lz,

K BE T IEC-6 iR % 12 BEESE L 72BEDIEME/L caspase-8, caspase-12, caspase-9
B EEZNE L, S5 E HIHMEE caspase-8 3 L ONEME(L caspase-12 DR BLEIZH
W, 12 FEf 208 L CE BN A B /e n o 72 (Fig. 2-6 (A-D)), — 5 T, 1&11E caspase-9
FEHLEIL, AHis BEHIIZISUWN T, Full $5Hl & bt U TR 6 PRI LI TH R L
7= (Fig.2-6 (E,F)), %72 Zero H5HIZI\ Cid, Full K5 & bblis U CRE## 3 BRI LI
THREIZHEML (Fig.2-6 (E,F)),

2-3-6 ERAFOURZICEBIrary RYT~DE

2-3-5Hi T, ERATFVURZFUETICBITATR = ADTLEIX, I b N7
ERNLIERBETHDLZ DR ENTZ, 2T, 2 har R THEOIEELE LT, 2
k= N 7 REEEN 27 L7z,

FEEHCIEC-6 flZ 12 FEES8 LS ba v R TEEMOBLZFHli L& 2 A,
Full 5540 & Fols U C A His 5511 ClIE58 14 6 RERILIE CHER I h 2y R Y TREEN.O
KFRAHLNTZ (Fig. 2-7), F7o. Full B3O REEBRIGEE (0 KefE]) OfE% 100% & LT
3% &0 12 BRSO AHis B5 R 5 2 b2y R Y TIEENMIT, 6124%Th
o7z (Fig. 2-7). Zero FiHUIZI W T Full H5H & Feliz LT, K581 6 REMILARE THE R
2 by R TRELMOK F23 A5 0, AHis §5H & FEEORERE R L= (Fig. 2-7),
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2-3-7 /MMBEERMBEUADHRTO RAF VU R2ZIC L HEE

/NG BRI LIS OFBEIZ KT LT, B ATV U RZ DINEMERE OIEIHIE A TH 5,
ZZC. 7 v M EREMao RGMI flilE 2 /NELIS Ok E ERGiiia S LT, 7 b
PR RRAMESE AR AL OO NRK ML 2 AL LR LA oMl & U CLuBFRIZ A, B A
F U RZASDISEEOE NI DN T, MR E TR b — 2 A Z fEEICHHE L7z,

F£9°. RGMI Ml & NRK Hifd & & 55 C 18 KRG L, Ml F=R42HE LT,

RGM1 #if T, Full 554 & Fis LT, A His 354135 JOY Zero 5 H TA B IS FR
METF L (ZEREH 75£6%, 40£13%, Fig. 2-8 (A)), —J5. NRKMifd CiX, Full 5%
it & Hel U T AHis 85 HUCH B MIIAAF R OIK T I e - 72 (921 6%, Fig. 2-8
(B)), Zero M CIIABEZRMIBAEGFEOIKFIZALNIZHDD, 85E10%IZ & EF D
FRRBbIEA BN o 72 (Fig. 2-8 (B)),

KIZ, RGMI #fifd & NRK ffid &2 & 551 C 12 Kl h528 L, e o7&l caspase-3
BB A NE L7z, RGMI M T, Full B5#h L Heifs LC. A His 5513 KUY Zero £t
TIEMEAL caspase-3 FEBLE AN A BAZHIN L 7= (163+23%, 269+33%, Fig. 2-8 (C)), — .
NRK #f@TlL, Full 554 & bl UC. A His 55 TH B 72276 MEAL caspase-3 FEHLEDHE
IEASieinoTz (117216%, Fig. 2-8 (D)), Zero K5Hi T3 B 721EMEAL caspase-3
HHEOHIMIA LN L DD, 159E15%I2 L EF D RGMI IE EDOELITA B/ h
~7-= (Fig.2-8 (D)),

2-3-8 /MEERMEIICBITAE RE I U DEE
DAHIIEIZBWT, B 2AF PO TH 0 | HEx 2/ EREEEZ e 2 X2 I 0D
REZWTRBE—=VAETLHE LTV I HERH D [70], =2 T, IEC-6 MBIz 5
AFIURZ T, R THHIEAZIVOIETEHA L TWENE I nafma L,
AHis F5HIIZ 103 ~10°M O b A I 2L, MRAEFEROBERSIOT R h—

AN BINDNE D M EE Lo, /R, AHisEHUC e 24 I 23 L <
b, MRAEFRE, TR F—200NTIUS S ZE A bR o7 (Fig. 2-9),
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2-4 EBE

ARETIE, IEC-6 Al WT, E XF U REZNEHICHAEGFREKTSE, £+
DA ALTII bay R TIEENOK TICL > THEINTZT R h— ADOTLEE
ThHZEEHLMNI LT,

FP B AFVURZEMTICBT S IEC-6 MO A RA~DORELE ML L
Z A, Full il & bl U CHERIK TR b7z (Fig. 2-1 (A)), BEERtE L TEW
7227 X JBERZEKMID Zero s L RIEDIK T AR LT D, B AT VU RZN
AR TS RIETEENRREI VW ENRBEINTZ, 202 b, B AT U UN
IEC-6 M D AAFRHERFICEHE TH DL Z LB E R o7z,

F 7R F R OB LIL, Full B4 & bl L C A His B5HZ 35\) € 6 BRI LA
THEIZK T L (Fig.2-1 (B)), ZTOMENICBITA e ATF VU RELZIE L L Z
A, AHis i CH:#E 3 2 R0 IEC-6 AL 1.0 X 107 EIZI 1T D HIAEN & AT A
54.6 uM Th o 7cDITx L, 558 6 RFRF A CTIXER TR (<133 uM) % FEl-> TV
728 (data not shown) ., IEC-6 fifEDOMMIEEFHROKT /AN E A F T OIEE B —
LTS ZENHBI LT, E7o/hG BRI Td % 1EC-6 ML, & ORI 234
18 IRfft] & FRFRI T 0 . Mg, REHEHEEH N 2D [71], B ATF VU 2R &
T HEBICMEIR R DBERENE L | REZOEBEEZTOTWAREERH D LB 26
i,

WIZ, B ATV U RZIZE D IEC-6 HIfBDAEFRIK T DA B =X KON THRE Lz,
IEC-6 Ml OWEEK T & MIRATFRE P, e ATV UVREICHT 2HBENRFE L Th-o
72728 (Fig. 1-2 (A) ,Fig. 2-2), HEAEHIEO A =X LT D TGF-B; FEAERE & [F—
DA T =ANTHDAREMNEN B> 723, B BiGH ~H&IRE 800 pg/mL @ TGF-B; & ¥
MLTH, MRATRIEEE Lo 7 (Fig.2-3), 2O b, EAF VUK
Z MY IEC-6 AIRR O AR FIZ KT TEM & AR R NI R TIERIZR R v | Ml
AHFROIETIEFBIOA =X L EVHFI S TWND Z EDHBI LT,

AL ERHIRIC 31 2 IR R DI T, 7R h—Y 2D L - ThI & 2
ENDHEVIRENDH DT [68,69], B AF P U REZNT IR h—L A& JLHET LY
D D ERGET LT, fES, IEC-6 M 31T 5 B AF ¥ U Rz L, MRRFIIZTE AL caspase-3
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BHEZENISE, VRN RETLHETHZ EVHA L (Fig.2-4 (A,B)), F7=.
TEPEAL caspase-3 FEHLE DO HEINIL. Annexin V Yeta % F W72 PSR BIERIC K 52 7 A b
—AGMERIE OB Y A 2 v 7L —F LT (Fig.2-4 (C)), B2, 7&K h—T R
BIFDE AFVUREERFEABRE LIERR e AF P UVREDER T E L BITT R b—
CANTLHET D Z EBH L E 2D (Fig. 2-5) . F OHEBITMIRATEROHERE & —F L
7= (Fig.2-2), > T, MIFAETFROETILT AR F—Y ADTLEIC L > TR &
TmEEZ BN,

EDHIT, EAF VU RZEMETIZEIT S IEC-6 MDD T ARk — 3 AFHERR I 2 MET L
2o TR P =Y ZO TR L LTI, 3 00K MLNTWD [31], UL, 7
AL B =% LT, /MR A ML RAZ LR, £ LT hary KU 7 &5
LR D 3 D Th D, Matofsd, 1EME(L caspase-9 FELEDIEMN A BT Z &)
B, EAFUURZFMETTRIATHA b= AOTLHEIX, T b2y RU T4 LR
BTHDHZENHFA L (Fig 2-6),

A FYT RN LET R b= 2AOREEIE, MU DR N L AMP 5 Z
LT hay R 7REEREERLNHE, I hay RYTREMMET 52 LT,
R u e DR, caspase-9 OIEMAL, caspase-3 DIEME(L & o 7 VMBS L,
TARN—=VRAEFHFET D [72,73] AEBFFHERIIZOWRIZ—HL, e AF VU REZN
/NG ERRIRZAT S DA NV AERE 2 I hary R T OBEEMEZIKTFEET R b—
VAZFHETHZ LT, MRAEFRORTESIEEZ LiztE X bnie (Fig. 2-7),
JAA RV RZE VAL DY 7 FNEI har RU T MEX DR EE LT TR =V A
DARHE S /37 B T % Bax X° Bak OVEMAL I b3y RU TEEMOK N 25| &
T EVOIWERDHD [74], oy MITHR =V A NI ETHD Mcl-1 1220 T,
TBIEPERIGR BE OWLE ERGIIZ 31T 2 BBLERAD DR SN THBY , TR h—
ATUEDRKTH D &I TWD [75], Gk, EAF VU REZDT R b—T A EEHX
YR BEOTEMACETTT R b= 2l 2 X7 B OREEIZ TG LT E
IMERIT DMENDH D, £z, M EEIRICEIT A I by R 7GR E L,
b A R L AL DM ~D A MLV AAM THEIND Z ENHREINTVD [76],
BRI TIE, E AT VU RZEMET CTHEA P LARFHEIN TN DE0E ) NEIARPIT
HOHMN, BETOLENH D B Z bl /MMy EEAIRE~ 25~50 mM O EREO B 2
FOUERMTAZLICE Y, B A L AR tumor necrosis factor-a. (TNF-o) HllJ% 12
LD IL-8 EAZMFN TEL LT H2HREDH D [77]), AN=ALITIAFHTHL DD,
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bR b LA TNF-a fiIT W T b e TH 2 7R b— v ATLEEZFE T 52 7
FATHY E AF P UNENBITHT 2IHEIRI R ZF> Z L ITARBIFERER & —ET 5,
Fio, AR NV—T I ATF VU2 FL VT T RThHLH UL/ 2 (B-Ala-His) <
Gly-His #Efl S®¥725A4TH IL-8 pibEEIfl S - L HiE LD [78], Lo T,
EAFVURZICE DT AR b=V ATUHEIR, E ATF VU RZIZR D EENREEE L
ZDORBEY T D EBIEHEWEDORZ E L TOREL D 2 SDOMEH AN EEM: &

LTEZLNTZ,

FTARBIZEIZ LV | IEC-6 Ml DM A RIERHI LB B 2T 2 0 O /NRETT 10
UM THDHZENHBA L, 2T R b= ATTEEZIGIT 27 0IcnE i e 2AF U
D/ INRE L —B L7 (Fig. 2-2, Fig.2-5), ZALHDOFER NG, 10uM UL Lo ZF
VRS B HERFT D 2 & T /N BRI OEGFRK T B L OT R b — 3 AT & I3
HIENTEDLEEBEZLNT, LLRRG, AEIOFERIL invitro DFERTHY | A&
KN TO/NEGTIT pH, IBPHE, IFENES), G E W BRAEES D L& %
bID [79-82], D=, /I ERAIBDAELFRIZONWT, E RAF DU EBEDOLTIT
FERICHAT A Z LI L, A%, invivo ICBIT AT — 2 LIRS — % OB,
LHEPMEEEZ LND,

FE AF VU RZICE DMBAFEROE FIZHOWT, /MG BRI TH % 1EC-6 #
RALIAA ORI CH B LIeFR R ONE I DERGE L= 2 A, B LM TH S
RGMI MifiEiZd\VCTlik, /MG BRI TH 5 IEC-6 MlE & [AEkOBMAE R L, B AF Y
VRZEM T CHBRMBATROK T E TR b= ZADOTUENA LIV (Fig. 2-8 (A,
Q). ZDOZEND, MEE LRMIICBWT, EAF VU RZICIHAIAELRITIET
HoH LR ENT, LvL, TORBEOREITELRY | IEC-6 MlIdd77 53 RGMI #
faDK) 2 fi5, BLORRENKEN-72 (Fig. 2-1,2-4,2-8),

— 05T, BRI T H D NRKMIICR W TIE. /M BRI TH 5 IEC-6 il
ol Bie ) B AF VU RZEME T CTHMBAGFRE TR M= RTEERR LN
7= (Fig.2-8 (B,D)), ZDZ &nb, E AF VU RZICLHAEGT, HLE LR
ICRWVEZEEZ RIS TH D EBEZ BN, TOBEMEE LT, WHWbE LR,
IEFIARHEHEAHNZ &S, 2 hay RY TREEMOK T O L 5 72 iE 052401t
HHEAR AR 7 = L F —PEAERSREDFEE D FRFH TR ERPEL L TBNTEER D
i,
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FDHHIETIX, EAF OB TH Y | Bix R EREEERFOEAZ I D
REZMWT AR M=V AZETEHELTZ WO RERH 528 [70], IEC-6 Mgl T 5 e AF T
YRZEMFT T, DAL 1XE 2D REEW TH D v A ¥ L OBMDS AT
RRLTIR P —V ADEIEIZEBE LN B L- (Fig. 2-9),
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2-5 /NIE

REOEBRERNS ., /MM ERMOEFIIBNT, B AF VU EE M RE 2 BT
TZENHBA L, £ B ATF O URZICE A/ EREROAGFEROKTIZ, 2 b
oy RUTHREET L EEHLNT LT,

b AF VU RZEMM T TIEC-6 MldDEFRPARBIIETTHZ L2 /AL, £D A
H=ANEI bar RYTEEMOIK FICE > THEEISNZT R b=V ADTLETH
52 EEBLMMZ L (Fig. 2-10), F£7-. IEC-6 MfaOEFFRIKT & 7R b —v AJLiE
E. EAF U UICRERFMEE R L, EOMERHICMLE R R/NEEIL 10 uM Th o 72,
EDHIT, ERAFVURZEMTICH T HMRAEGFROER T LOT A b—v 2070,
D AHaFE &t L, /N ERGHIE Cd 5 TEC-6 HERIZ B\ TRV S 2 7R LTz,
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Fig. 2-1 Effect of histidine deficiency on cell viability.

(A) IEC-6 cells were incubated for 18 h in Full, Zero or AHis. Cell viability was expressed as a
percentage of the Full. Data represent mean + S.D. (n = 6). *P < 0.05 vs. Full. (B) IEC-6 cells
were incubated for 0, 3, 6, 9 or 12 h in Full, Zero or AHis. Cell viability was expressed as a

percentage of O h in the Full. Data represent mean + S.D. (n = 6). *P < 0.05 vs. Full.
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Fig. 2-2 Effect of histidine concentration on cell viability.
IEC-6 cells were incubated for 18 h with the following histidine concentrations: 0, 1, 5, 10, 50
or 200 pM. Cell viability was expressed as a percentage of the Full (200 mM histidine). Data

represent mean + S.D. (n = 6). *P < 0.05 vs. Full.
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Fig. 2-3 Effect of TGF-B; on intestinal cell viability.

[T 2]

Cell viability was measured for 12 h in Full or AHis. represents non-addition of TGF-B; and
“+” represents addition of 800 pg/ml TGF-p,. Cell viability was expressed as percentages of the

Full. Data represent mean + S.D. (n = 5-6). *P < 0.05 vs. Full. n.s.: not significant.
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Fig. 2-4 Effect of histidine deficiency on activated caspase-3 expression and apoptosis.
IEC-6 cells were incubated for 0, 3, 6, 9 or 12 h in Full, Zero or AHis. (A) Whole cell lysates
were analyzed by SDS-PAGE and western blotting with anti-caspase-3 and p-actin (as loading
control) antibodies. (B) Data were expressed as a percentage of 0 h. Data represent mean = S.D.
(n=3). *P < 0.05 vs. Full.

47



Pretreatment

Fig. 2-4 Effect of histidine deficiency on activated caspase-3 expression and apoptosis.
(C) IEC-6 cells were incubated for 0, 6 or 12 h in Full or AHis. Apoptotic cells were stained
green (FITC-Annexin V staining). Nuclei were stained blue (Hoechst 33342 staining).
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Fig. 2-5 Effect of histidine concentration on activated caspase-3 expression.

IEC-6 cells were incubated for 9 h with the following histidine concentrations: 0, 1, 5, 10, 50 or
200 uM. (A) Whole cell lysates were analyzed by SDS-PAGE and western blotting with
anti-caspase-3 and B-actin (as loading control) antibodies. (B) Data were expressed as a
percentage of the Full (200 mM histidine). Data represent mean + S.D. (n = 3). *P < 0.05 vs.
Full.
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Fig. 2-6 Effect of histidine deficiency on activated caspase-8, -9 and -12 expression.

IEC-6 cells were incubated for 0, 3, 6, 9 or 12 h in Full, Zero or AHis. (A) Whole cell lysates
were analyzed by SDS-PAGE and western blotting with anti-caspase-8 and B-actin (as loading
control) antibodies. (B) Data of (A) were expressed as a percentage of 0 h. Data represent mean
+S.D. (n = 3). *P <0.05 vs. Full. (C) Whole cell lysates were analyzed by SDS-PAGE and
western blotting with anti-caspase-12 and p-actin (as loading control) antibodies. (D) Data of
(C) were expressed as a percentage of 0 h. Data represent mean = S.D. (n = 3). *P < 0.05 vs.

Full.
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Fig. 2-6 Effect of histidine deficiency on activated caspase-8, -9 and -12 expression.

IEC-6 cells were incubated for 0, 3, 6, 9 or 12 h in Full, Zero or AHis. (E) Whole cell lysates
were analyzed by SDS-PAGE and western blotting with anti-caspase-9 and p-actin (as loading
control) antibodies. (F) Data of (E) were expressed as a percentage of 0 h. Data represent mean
+S.D. (n=3). *P < 0.05 vs. Full.

51



—
[T 39
oS O
1
IX‘ |x.

oo
(=)

Fluorescence intensity
( % of Full medium 0 h)

ANNNNNNNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNNN
ANNNNNNNNNNNNNNN

0 3 6 9 12
Incubation time (h)

B rll O Zero AHis

Fig. 2-7 Effect of histidine deficiency on the mitochondrial membrane potential.
IEC-6 cells were incubated for 0, 3, 6, 9 or 12 h in Full, Zero or AHis. The mitochondrial
membrane potential was expressed as a percentage of 0 h in the Full. Data represent mean + S.D.

(n=6). *P <0.05 vs. Full.

52



~~
N

-
~~
-

120 ~ 120
@.g 100 b_g 100 .
=T % =% T
2 g 80 ZE 80
=35 60 « 3 60
i I e
oz 40 o e 40

S 20 )

0 0
Full Zero AHis Full Zero
(C) (D)
=

£ 350 . S 350
2 300 j’_ 2 _ 300
g~ 3 - S~ : L
=E250 | =€ 250 |
en T 200 } * 7 ?é 200 | .
[-F]
z 5 150 } z 2 150
&= == I
2= 100 2 & 100 r V
=% 50 | =% 50 | /
T e T Z
£ 0 §S 0 4
‘% Full Zero AHis S Full Zero AHis
< >

Fig. 2-8 Effect of histidine deficiency in other cells.

(A) RGM1 cells were incubated for 18 h in Full, Zero or AHis. Cell viability was expressed as a
percentage of the Full. Data represent mean + S.D. (n = 6). *P < 0.05 vs. Full. (B) NRK cells
were incubated for 18 h in Full, Zero or AHis. Cell viability was expressed as a percentage of
the Full. Data represent mean + S.D. (n = 6). *P < 0.05 vs. Full. (C) RGML cells were incubated
for 12 h in Full, Zero or AHis. Activated caspase-3 levels were expressed as a percentage of the
Full. Data represent mean + S.D. (n = 4). *P < 0.05 vs. Full. (D) NRK cells were incubated for
12 h'in Full, Zero or AHis. Activated caspase-3 levels were expressed as a percentage of the

Full. Data represent mean + S.D. (n = 4). *P < 0.05 vs. Full.
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Fig. 2-9 Effect of histamine concentration on cell viability and activated caspase-3

expression.

IEC-6 cells were incubated for 18 h (A: cell viability) or 12 h (B: activated caspase-3

expression) in Full, AHis and AHis with the following histamine concentrations: 107 to 10% M.

(A) Cell viability was expressed as a percentage of the Full. Data represent mean = S.D. (n =

5-6). *P < 0.05 vs. AHis. (B) Activated caspase-3 levels were expressed as a percentage of the

Full. Data represent mean + S.D. (n = 4). *P < 0.05 vs. AHis.
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TEXHZE%ERLIE, ZOZ LT, —EEOE AF VU EAEERNICHERT2 2 LT, /b
PEREREE | R BE5E 2 TRh - i CE D AHEEZ R L T D, —J T, AR i
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DD, 5. invivo RKERK T/INEO LI L ONEEOUGE - PRIICHT e AF U
D EREEDT — X 2EETHZ L TUHEERDDRISEBRTELH 7Y AV NED
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LT,

Flo, AFEIZLY, EAFVURZICEDINODEGO A I = AL, HEEICD
WL TGE-B1 B DT L~ )L TOMHNZ LD 2 7 F RO TH 0 | M4
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