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1-1. FHoo#H

ML) 1. WHBEICRAOSRE CHOLOIAMTIELN D2, THEDOHWFEDFLITIT 72 A
SHEENSZ) UK EREHEFICZ 0o n ) — 203 L3 2O ILICITIRE &2
2\ 7 MBI K > TRE S B S[Figure (Fig) 1] (1, 2), F7=. /R ERIT
NHLOO, —fERICHER 5 AHE ORI 95, 6~10 AEOIIE B479L). 10 A
HUBE DRI TR ST, FEHRRRFAICHE N 2T 2 (35), Doz &b,
(el) 1iE, A oRESRHICEDEL, TOMOE (F) 128 > TRBERFEER D NE
ENDHEEZLNTND, SHIC, AKIFTEAESEREOHEREERTE T TR, 77
N7y a7 ) i EOREEIRE AR, RAEY  JREAF - A R A
7 EOABIEER T L EENTEY (1-7), AR () 2BENOHET S & &bl Hik
BORZERER LICHFG L TND EBEZLN TN D,

1-2. FLHICE N AEFEMER T
1-2-1. 7=A0E<E (8,9)
a-7 27 FTINVT 2 (0-LA)
AFICEENDTEAELBEIZ T EAS U EAFB AL EICKAITE, 2ok M T
4.6, VU TIE82THD (2,45, a-LAIFTFIETZ XS EIZHhEEN D, WHRHICH &
DM, B FREAFTIEERLELS EENDITZAESETHY . 2AVELEDOB X% 30 %%
E0 5, TV TIREEAMESEDOR 4%E HD D, By AR M EFEA L TEOWRINE
REET HIEA (10,11) <°, BHRMELGEER (12,13) BREmbhTnD, £z, Ee h=r®
AR CTHD R T R 77 o NEL EEND T LD, MEREECRAERENC RIF T 2L
RSN T, @B - TRIK O TRER (14,15) ICBL TGS TS, I BIT,
RN T eFE N TR DO LV AERKRT D 3 FORTF RIZ7 7 LGRS
T HMEEENH D 2L (16), EAT 7 abEa—/LIRED a-LA &4 LA VEEOES
RRD AR T A F— v A ZFHET L5 2 EnREIN TN D (17,18),

77 +7=Vr (LF)

LF IZHIE T AL BICHE SN DA HEORE - AIX<ETH Y . B M TIHRAAFIC
1~3 mg/ml, FIFEAIZ5~7 mgiml &, Z<EEND, FUEMENE, REREENR S
FRRBEREDR N BTV D (19, 20), ERIRAYIZIZ, AR HH AR R EE IR 00 3 38 A B i oD F8AE AR
FEEETSELZE 21, v X VA NVABIYEREERSEL 2L (22) pmohnT
Wo, LF REARTRT vz kvafisns s, 77 7=y b)) LF Of+~%
B OHEIENEEZ & o 7o X7 F R3Eg S d (23), £/, LFIZIFARICZWE T 4 XX
B Cd % Bifidobacterium breve (B. breve), B. longum subsp. infantis (B. infantis) ™ 4% z {ig 1



TOHRSNPEEND ZEHHMOBNTND (24,25),

I —LAh

U V' F— AT EEFLHIZ 30~3,000 ug/ml & E T\ 5, M OB G2 525 2 &
W&k 7T ABMEEERET D, HIRTIE S T AR U CTHUEEMEIER & 2078,
LF & OHFEEMRICL W EFEIRET~T LS5 (26), FAFTREIIRHLOBTHO—Th
D, ZOTONFAETFREIETH5ANTHATHE SN HOFEMES Y >V F— A0EHET,
FLIE D 1/400 FREE &KW,

A AT AR T (OPN)

OPN (35144 2y ) L Fefb 7= AE <& (secreted phospho protein) & HIEENL. EEIZY
VAL E NI WET XS ETH S, BEIC LY ETH D b o0 FEFLFITITE L% 20~4,000
ug/ml OIRFETEENTWD, AUEIRRE., KIE, BORE - #FFCBEEGET5 L ST 5,
WTEOT B 7PV ERWZREHC L D & OPN RINA TIL CfE L= RO ZE i s 135
INH =3 OPN HEFINO N THEERE & el U CREALBEICIT SV Z ERdfE S hvTun
% (27),

a7y (Ig)

BAPICEENL0E T a7 ) o ON, KL IgA Th Y | 43Usiksr (secretory component)
AT LTz 2 BIRD sIgA DFETHAET D, AERFLFIZIZ 0.5~1 mg/ml, #IFHIZI
mg/ml &, LF &R USRI <AFAET D, SIgA ITHEED IgA LV &7 D?YH%K
SLUTmERH Y, JLRMEEZa—T 4 752 L TRENSE L TS, REELT
(2 IgA DEEITAET 2 D1E, AL PICHMRICE I T 57 EU A~ CCL28 2LV
IgA BME DB ILIRICIEE SN D1 HTHY . 20 CCL28 IZ b HIEIGEHENH H Z &
DHHINTND (28),

REY YA NIAY

TTARRT F

TT AR F ATV D W END T T AR IA L D—DT, A LAY
PEORAE, BE - IEEAEERE, SIRIER ELERMEMN 2”3, & MREALHITIZ 4~88 ng/ml
TIFEL, B X Z 19ng/mL & D, BERL LT, IfF~ 7RI EJVW%“’EJL
LIeT T 4 AR F b 2 R I TR S D 2 ERfR S TWD (29),
BT T4 R F oL EHIR DN EIEAEEARD b D k#ﬁiéMTm
(30),



LT

L7F U T T 4 RFR T T U REIEESE D D M END T T A R A v D—D2THY |
BERIE, =L —(EEMERER, RERBER SR REMZR"T, v MR 1
~3 ng/ml CEE L., WIRL & ARBAFLOMICEITFRO vy, BEBR L~V ik, BOW
R LA L, ot sng ZEBnmbn g (31), RO BMI &L
L7 F U CIZIEOFBIN S Y . Andreas B, L 7T URENEWERALA B L 72 VIR
BN LT T ARPEZ R T REEER S H Z L 2R LT 5 (30),

YN

A AV i3 e FREFLANIT 0.2~7 ng/ml THAE LTI K% 1.8 ngiml & % A D%
MERFREE LD by, REICK D R0, WIHAOLRRAFICH L TEZLGERTWD
LEIND, HAEMFI =T FERNTREN D, BRAICER LA A U A0
& BRI R AN S, MEE RS T E T D E AR ENTVWDS (32),

R EFER - (EGF)

b b AaEREFLHC 30~50 ng/ml, #IFLHIC 200 ng/ml FEEF(ET D, TEALE B MR 3%
BENFEI L TBY | WEERERECHLERBERGOEBEICHFG LTV LB bR
TWo, 7 MEFEMEKR (NEC) ET V& HWZET Tk, EGF #5128 W NEC FJE=R
DAEBIK T LEZ EBHEIN TS (33),

T B A SR 7B (TGF-B)

HFLIE CIL TGF-B1s D 3 DDT A Y 7 4 — ADBMFET D, B MREFLFORITREICLY
RERENRDHY, o, BEERZELIFFITRE W, BEFERRE 49 ADORFEZ H\ 72 Hawkes
51 & B HFTIE, TGF-By 13 43~7,108 pg/ml, TGF-B, 1% 208~57,935 pg/ml & i & T
% (34), MAIZIE TGF-By WA, REFLAIZIE TGF-B, 235\, Wi LR D 7
DRI LV bR e &b, TGF-B XML - /ML OFRE 72 & S 7ekfe 2~ d 43,
REFLH TGF-B 1L IgA 7 T A A A » FOFHECHIEN: T MifanfbicEE L B2 5T\ 5,
o T AN T TCF-BIEEE L RO T LAF —RIEDERICBILNEE > T 5,
RFLF TGF-B ® L LA DO T LA F—FIEITIT 2L BRD 72\0, & D WITRELT TGF-p &
MEWVZET LAF—DREBERENETLHRELH LM (35, 36), AXT T U ADK,
RKoiE, BAH TGF-B ENZWEE, ZNEEBI LA DOT LL ¥ —FEBFAEFEN
BT HEAEND D2 EDRENTWD (37), BIERTS, RAMICHER L TGF-B 2
FEICHATHLE CIERHL S 22 & (38), RRILMITAHITBATT 2 HUR & T E TR
BN TNDZE (39) REMREINTEY, AXT TV AOREREZFFT 2 8EN
E2RN



WEE

HPICEENIHEDIZEALIZT 7 b= TH Y, BILPITIIB L E 7%, FEFicix
45%aiﬂ5(m)tbl%@77b~x BIIHIIHOP TR O EWVA, b MIFLEH
ICRBITIRENHEZET D70, MR BICKER T T 7 b—RA %[5 EZEZ LTV,
?7F~xu%®%gkbfi\77%~X%%$%%&?5¢@ﬁ)ﬂﬁ%\v7w%
HETBMEA Y S E . BAREKRD 1307 N —FICEENS 100 MEA B2 D54
THEOFIENRE SN TWNWD, b FIr 4 ) T8 (HMO) 1, AL FIcizs k% 5~
15 mg/ml, FIFELHFITIE 20 mg/ml EFEN TRV, FERA Y TFFT2-7a T 7 h—A,
77 MN-T7T FFA—A, T2 b-N-7axXZF—2AThH? (40, 41), HMO DK X 7274 E|
D—DNIE T 4 ARAEHDEHR « HIEE TH 03, WAL DR EN D BT 4 XAEDOW,
7 3 FED HMO ZF|H T& % did B. infantis, B. bifidum 7237 T& Y . B. breve. B. longum
X7 7 b-N-7 7 A=A FFATE L 0D, il 2 Fid> HMO ZEHEIIFIATE 22, L
MWL, 77 F-N-T b TF—RA, T F-N-7aRXo X4 —RAEGENIHEHEEETHD TV
F-N-t4—2 (LNB) (T L5 4 WREETRERE LTHMT 22 &R TE, ZOLNB 2%
MET 4 AAT7 0 —=FBRORKEEZ b, EFEEH SATND (42),

iz

HHEED B %X RV Z7UEY RTHY, NI TIAT U Er— ALY v
fig (C12:0) VU / —/LfiE (C18:2) 1% U N—YIT X 500 fif 4 5\ =18 \ S A TEE 2 o=+
ZENHBNTND (43) HANRED—>TH DY UNEE I 150~350 pg/ml & THY |
FOMEIFAZ Iz RAATZ77TFoNal)y, RRATZ7yF VN H ) —)LT 2
V. IRATyFUONRY S RAT 7 F UL )V b= LDIEIZE N (44), TSI
RRDIEEIZEELEFNERIZLTWDHEEZ LTS, EAIEEE LTI, FEED
BAFICIIFEET D, HF 27 FotTI R LR T ¢ o THIEEC. o7 VA
VR EDRIEART ¢ AWENRREDR DD, TR T 4 THERE ORENILT L H L2
TRV, H 7V F Y RIZOWTIERAHED H O . RGP, 3 L O Mg Re 3
IZEEHZH- TN EFZZHNTND (45),

X7 VAF R

X7 VAT RIIENTHER I D 72D, AT E o TIIBA TRV, FrAa TS
WK ET 2720, AERNOEGKIE T T+ TIEhnetBZBx o Ty, £, Bz
ISEEREDS 0.1~0.7 mg/ml Z £ TWVWD (46), X7 LATF RIZiX, WHALE LRAIEO e
HEER (47), ~ 2 —BIGMEEER (48) . EYBHEER (49). SZiSEA (50) .
PHEPAREE 5 OBCEER (51) R ENHMBA TV,



)

FEFRLHICIZMIEAY 1X10°~1.3X 10"l & £ THEY . BLE 90 %ITEMIBTH S (52),
AT B MR LV, MR E R w7077 —2 LREERERARKFET, U/ EK
b7, F, VU NERORET T MildTh 5, AGAFL CIX A mERIIRIEICHED L, #
iR IR N % (52), B IEBRCIE, AR O AYICHBE S A7 R AP e MR T L 2
HEVIAEI, MHKZ I U TR D o Ef, i, s T2 2 &R EnTEY |
AN TV D EEZ BN TWD (B3), F7-, T, BEELTICIEEMENE T
wé’kﬁ%%ﬂ*ﬁ@ PRI b L7z Z E3liE ST g (54), REALH oA
faDEIERE, BHIZ2 ERRRENE D, SROERSHEFEIND,

1-3. RRfliaEI & N TR IR

A 11 TRLZEE IS, AOMBITREIC L > TRAY, b FoR I FBELARD
WL REBEEZONDD, MONPOEBICEVBAEE XD ERTERVEGE, AR
AFARILAER S5, BEOILIRAFRILIT, FKERSOICITRA L IZER%E LI
BELTWAM, NTREBIROFPEFLEEIRL Y it > 2 Y VR ER -1 (IGF-I) #
FEAE ERBEBLIERETHD (55) &) RBFHIRAEICHET 2WME0. ALREIROFHR
JORR A R3Sy (66), iR Y > XERT T A%l 4 - CD4 Botk T Hifia®l & 23\ < . CD8
B T MfEIA - FF 27 0% 77— (NK) MlaElE 288y (57), FEELEBRAR LV (6
y AULE) Wy (4-6 » A) X0 HMiREEY 27 MRV (58) 72 K RfEsm7e
FECET WA, £, ALRBREFEBOFNE T 4 XAEND2 (59, 60) 72 EHEN
MR BT 2 2R ERHE SN TV5,

1-4. AHFFED H Y

WFLEOF AR ((F) 1L, A%o—EME., BER S M?éF%J®ﬁ%x%&L%ﬁ
T 50, T3 ICIEHAE 12 TRLEL I, KEETTRL, %(ﬁ)%m%#%%@
T HRFR, WHILE &5 éﬁé.%ﬁk%aiﬂfW6o_@r%J@% IR E
%T\%ﬂﬁmﬁﬁ%(MﬁﬂF@%%@W%J%@fmFMTﬁﬁjwé%)Mfﬁ%
RIEF) (66) 72 T2\ T, Bix REFZENTT o CE iz, T OFIEAMRE D —EITRLG O
BT, LRZF TREALCHEE ETLLFHASINTWA, LF DX 512, YyHiER
%&LT%%éﬂtﬁ%ﬁﬁﬁE%%ﬁﬁMwlm%”57411E%@WWMM29
ZRTRE HPIEEDA LN TV DR FOEFNID R THH I TV D DT TR,
Flo, B EIIRR MM TH LA 2 e e 972 TFLURATREL) 13, BRx 2R B e
BROLNTHER (67), D72 & B REBEBFHRE CTIIRAL L BADRNLLIZELTWD
HLOD, AE L3 TRLEEIIC, FAHE & ATHE CIERERCmNMREE R & R72
ZNHDEBAFET Do ZAUTEITHFL & THRFLOMITAFAET 2 AEBIE IR 7 OFH =
WCERT S EZZ2 65, AMER] SGEIC LTI, BT v M 4T 4 7 2% T3



RAFARIL) ICEAT 52 & TRISHRRENTWDE DD, LT LL o TIERY., i
IE, RE 12 CORLEE IS, BT 100 EAZB 2 54 SR HEHE L T0DHEEZXD
NDNB, AP T  AAWR EOENFIEL, TR O P RFREROEHERNICF S
LTWBEWIHELHY (68), WA TIZT A FT 4 7 A%EA LA b
ot STV B,

AL TIE, TRFICHFEERMONTOAH RO, FllRABERE AT 2 &, T5
HUCAFAET 2 RAMOAEIEMER 2 i) Z&ick v, TEEAFERI) 2 X0 193
WL DT A7 DEBERDIMAEZGDLZE, TunXLFT 4V AD—DTHD
Bifidobacterium breve M-16V % [FHHIFL) (ZFIH3 5 2 & 2 /&0, RIEESIBNAE R
FOFBREICG X DEBER~DLLEHNE L,

BAREIZRFFENA & LT, 5 2 =TI, RIS L oW S i, HBE RCRWE 2350
HBILTWDLHRINELD—DTHDH TN T ERTF -2 (GLP-2) Doz fatriZ, FLh
S O Sy WREAE R 2 12, RN E Do T2 EM O LA B T T LD 2
LERHBE LT, BEta T (69), & HIT, FUEE512 L NIEME GLP-2 23 pk R HIH{L
BB XTI HELIH~T- (70), 72, GLP-2 JIWEENE o 7= a-LA D3GR L TR
FERICE S N E Y R L. (TD, 3| T, Fea e MR L (72) <
A 71 RNA (MRNA) O H TOFER AR~ FLAHE 2 E L& FToi
EME, BROTEMRGE TRARHRESFICEER TV D EEZHMT Lz (73), At
ML FFHHFIZE MRNA REENTWNDZ ERHALNE o722 G, FH miRNA @
GFHEIEABEI-FETHDI EEZ N, S%OERTOERZRH T2 525
L., EREwE LTRSS Ty ALF O mRNA BHRAEZFI 7=, 7o, FHATO
Bihz & 0 FLHiCiZ miRNA 7217 T2 < mRNA b & ENTND Z EDRRENTZZ ENnD,
mMIRNA & 312 mRNA OREFEIFENT 21T 78 o 72, FLA R IXHPER RIS E LT 5 23, F
BREM OGE . EHLFEN GBS IORETE 5720, HEZRKRFNZLL L AbE TRF L
(74), FHLTORTL, ILHFO RNA =7 VY —LD X ) R/NMalcEEns £ %5 %
ST, KT D RNA IZE/NELSN TCOFEDB MBI TWD, £D72d, 5 3 T,
FHAENOHE LIV = Y Y — L2 L BELO#EO RFL kT8 T, =
7 )= NE I OMOFRE TIEET S miRNA « mRNA ZFi37= (75,76), X5, &
BOTEMNRRAZBER T L, =7V —2E LTORARHENLEEZ N0, 4
PO LIcer VY —2bD e MIl~OERIZOWT B IRE 2177857, 5 4 B TIL,
FRHEFERETBRECHEN SN, ZEEDGNTBNALTT 4 7 AD—DTh 5
Bifidobacterium breve M-16V (M16V) OFHHIA~OFIH % &5HIZ, RIFEEKDEBECHIZEIC KL
FTRELRF L. (77, HB5ETIEL, AL > TH O E A #EE LT,



12

R°=0.8734

10 | ® Rabbit

Protein conentration in milk (%)

Growth rate
(Log ,,days required for doubling the body weight)

Figure 1 : Correlation between protein concentration in milk and growth rate
(This figure was made from reference 1 and 2)



%2 ﬂ¢%ﬂm TOFHIAEIREH OBRER
2-1. F=AE<EIZ X D GLP-2 Zrifilig /e A
2-1-1. ¥5

BrER (FF) ZHAEICHEY, EEOFENERED b2 RMECHURICRE S, £z,
RBEPROBIAS LUV D720, #HONRELEOREN RO NS, FROED
PR ER TRV ECREENTEY . ZNUHRFEFHAE ((F) oEEEIcsWT
BIEEE RS- EEHFEL, AR (F) MEAEEICITHPICE N5 EBEER I35
%ﬂ%v%f&%ﬁ%ﬁbfwé EBRHBINTWD (6), 6> T, FLHEBEMER 11X

FLR () I Pﬁ@)ﬂﬁ”ék%z%ﬂéﬁ —FCma—aTFriv RTIFRYY,
AR, aby R M=l A ((F) DREBRICKGLTHLW L, HAK
ﬁbf%%%%ﬁ?éﬁl@l%@ﬁf%ﬁ%hfwé(wo_hgmlﬁl%®40_
GLP-2 3% %, GLP-2 (X33 FIEDT X VW72 BT F RALELTHY, 7T
VARV RNEV Y ST GLPL EEL T LT S v I LCERB Y
Rty 7 Es g, BRI, RIS - IREOBIIC K Y . BERBICEZAFETD L
AN HWIL 5 (78, 79), ZOAEFEIERIZZ U 7 Mula oG iEE, /MG EEGHia o
TR R =2, BRI REERIEEEE R ETh Y b & L THEEICR LT
BERERIZMB < (80, 81), Z AL O OIERIEIHALE FRREAMAL-CTE L N /0 WA IR L 2 R B3 2 4%
B 72— N L TOERLEEZLNTWDS (82), FAEFEMZ AWIZIZE T, #
AAFD GLP-2 L 7 & —38 Bl 5k L O H GLP-2 IEENRAE W L v a2 & (83), #
B U7z GLP-2 (Zxb 3 2 MUGTERBIAEFTREWZ & (84) 2RrENTHEY |, #E-> T GLP-2 1L
BAER (F) oW LEREICESEARARLVEL EEZ LN TS (85 86), AETIE., =
?D GLP-2 (& H L., O WRIIMEE & iR IRl DB 21770 5 & & b, #HrER
(7)) #1. BEELHICIS T A GLP-2 O&ENZ DWW TRE 21T/ - 77,

2-1-2. MR ET7iE
2-1-2-1. @

GLP-2 7y WfilrE e aER (555 1), A LEEREBR (325 2) 2o Tid, #HEFER
6 % (1980 4= 3 A 27 HE/R) [EREMW) O L OMRE SIS 2 554 (2H]-> TIT7
W\%%%?ykmmﬁemaﬁmﬁﬁﬁ%(£%3)Kowfi\%wﬁﬁ%ﬁ%%%é
BaARObL L, ARFOTA RTA VI - TT R o7z, FEBR 1 120 T, HEPE
Sprague-Dawley 7 » ~ (7 Hin) ZREERERT » R EHICAARTF v — L XU N— () 72
BHEA L. BiMkiz 14 Bl CRBRICHE L7z, FEBR 2 12OV TiE, MR (WIPE. 9 @il) 7 v
FERELVBEA L, HAER 7 BHEORSCRBICHE L, FEBR 3 [2 o0\ Tk, BEFLE®R
DOREME Sprague-Dawley 7~ & (3 i) Z HA SLC (=fa) 22HHEA L., BBRICAE L7,
FBR L CIHRERET v MC10EDfFT7 v hE2 1y FELTL 7 —YNT, FEBr2 Tlddt
W7 > N EEFNCEE Lz, MBI 7AF v 7 r—U %A, 23+2°C, 12 Rl K

%



YA 7D SPF BIE T CHRE LT, ikl (F2., HAMEPE, Bk - ABEAKIZHHELRE L
77 EBR3 TIETTARAF v 7 r—V & AW =lfand L, 22+2°C, 12 BFEBAKE A 7 10
PR T CHE L=, ikt (CE-2, HAZ LT, HE) « AKEAKITHBERE L7,

2-1-2-2. HEt

FEER 1, 2 THOWEATZ AT BB (ZAELE 80%<), 7 U —AIEik (g 24721 455
mg DO FLIENS. 26 mg OFLKE. 16 mg DFLIZAELE.3mg DI 2T LEETe) B A > (CN)

(T2 XS E 84% <), FIET-AE<E (WPI) (72 AIE<E 90% <) 1 IARKAERO D%
A=, H¥ETTFH 74727 () D, ART 7 22 (0OVA), a-CN, B-CN, B-7
7 hra7 Yy (B-LG), v MiE T V7 2 (BSA)IE Sigma-Aldrich (St. Louis, MO, USA)
MH. REIZAELSE (SP) (7271 CLE, 7oA <HE 90% <) (3R kmskaiadt OR
) B L7z, a-La X Sigma-Aldrich & 72 13 Davisco Foods International (Prairie, MN, USA)
MOHEEAN LT, & TORBRIEITARKICEMR, & L <I3E#W LT L7z, CN ik iFR
FEDA 1 N NaOH ZHW\ T pH % 7.0 IZFAE L=, 5B 3 THW=H T v b GLP-2 fuiig

(Y322) IZRWIEMIFERT (BLE) KVEEALE,

2-1-2-3.  GLP-2 43 Wil neifl & iR
FLH R =R AR R M D bk

HEVEAFZ » b (14 Hi) ZERERT » M OB 2 & C 16 FEflfER S, 150 mg ®
L7 AT < BIRMEARIRIR, LB KRR, £720137 U — AR (kL. 1) &,
YTEROCWTRAKRE Lz, B LEARBORAREITIR TR 25 K L7485, 14 BT v b
X1 HTR8mMI OHAEIT 5L SN TEY 87),7 v MELOMAKIL AIX < E 10.5%,
FEE 3.7%. FE 10.9% & #HF S Tunsd (88), it~ T 14 HE COBEENEIT 51.6 kI & HE
TE S, ABRCHE G LK ilBloZE 25k 13, 1 HEBEDOB L 120 12h7=5, #
5. 15, 30, 60, 120 Z3f&lC = — T VIRREE T CSHMERLF 21772\, FRERIR & 0 £Rifn L 7=,
FoHh -k % 2,000 g, 4°CT 10 sl L, MG &2 572, MigIEaHr £ T-35°C TRAF L
72, MiEH GLP-1, GLP-2 BT = %A LA L/ T vl A F v b (GLP-1: YK 160, GLP-2: YK
140 LI RANFEHFFERT) ([ X D HE LT,

7z AT E M D Hg
KRS /X E O #E, 150 mg @ CN, WPI, OVA, SPI ##:5 L, 120 /5t 2 HH sk
SREBRBRIOLE L FREOBEEZIT2 5 2 & CMKZ2 &7, MRICITREKE®RE L,

FLIZ AE BRI D B
FLZAE B O #IE, 150 mg @ o-CN, B-CN. B-LG. a-LA (Sigma-Aldrich), BSA
G L. 120 S3RICHLHOR S KRB FRB O ik & FEROBWEA1T72 9 2 & TR & 1572,



LIFIZRT a-LA 53R O LEIZ DWW T [ARRICAT e o 7o, RMRICIIZR- K2 &G LT,

o-LA 53R o R

a-LA (Davisco Foods International) % 10% (wiv) & 722 & 9 IZZ&BKICEEM L, 1 N NaOH
Z H\>, Aspergillus oryzae 3 DE4E T 5 Protease A (7~ / WA L, £45RE) TO
IBRIZIZ pH 7.012, 7 X PR SR OR%SE CTH D Pancreatin F (7~ / =2 WA L) F720%,
Streptomyces griseus FIDEESR Td 5 Pronase (BHFHLEE, HpD) TOARIZIE pH 8.0 127
BT, ABERIL 10% (Wiv) & 722 X O ICARRIKICEEMRE Lo, o-LA ¥R, ISR TAIRIE 14,000
g. 10°CC 20 s LA 1T7e\ N, R AR 7214, 0.80 um, 0.22 pm D7 4 L% —iEilE %
17729 Z & TWREE L7z, FEICHL 3% (wiw) &785 KO ICEERIEI AL, 50°C T 18
REF RO S8, BOSHETIX 90°C T 15 o MINENT 5 = & TIT7e o 7=, 13 O = 0 iR
TSRS D 2 L TR & 37-, Protease A /) fi#¥ % LAHPA, Pronase 73 f##) % LAHP,
Pancreatin F 73 fi##7) % LAHPF & L7z,

o-LA 3 oERE T < iR EE

o-LA B XDV a-LA 70 fi#i % 1.5mgll £ 722 K O IZAKBEKTEMR L, 3mM A LRy U Fu
8 CTRRIZAEL 1, BEWAE A 5 3T, 0.2 ym 7 4 V¥ —Ri & {772 o7z, RV
YTV ET X oHTHE L-8500 (HAZ, Hnl) ZHWTatrL, /fohicrsn~< 7T A
% EZChrome Elite software ver. 3. 1.7 (GL %A = A HH) ZHW TN L7=,

o-LA 53R O 5y 18y Af

o-LA B LW a-LA 3@ 1 mg/l & 725 X 512 50 mM $E2, 20 mM NaCl A2 AR L
77, ABLL7=¥% > 7 L% poly-hydroxyethyl-aspartamide 7 /L% L7=H 7 L& - EE
ks a~ s 777 0— (B, ®Z#) THothlic, S FEREOIDOSHRE LT, 196

(/7> ¥ 160,000, Sigma-Aldrich), 77 h/X—FF ¥ —+¥ (LPO) (41 & 93,000,
Sigma-Aldrich) . OVA (4> - & 43,000, Sigma-Aldrich) . € kU 7'v / — /4 (451 & 25,000,
Pharmacia, Uppsala. Sweden)., U 7R X2 L7 —+¥ A (RNase A) (4y#: 13,700, Pharmacia) .
A ARV (GrFi 5,740, FOGHIEE, KiR) ., N> T > (4314 1427, Sigma-Aldrich) .
F¥ by (435 1,007, BachemAmericas, CA, USA), =777 UFI KN (hF&
588, Bachem Americas) , R AR A L > B 7R V€ o (4375 362, BioProducts, Nelson,
New Zealand), L-AF A =2 (/i 149, WFIREEENA A, B0, L-Z7AVZ 1y (F
146, BFNREE A A, B 2 HWie, o hizs v~ b 7T A% GPC software (i)
THMT L, 435 200 A, 200-500, 501-1000, 1001-1200, 1201-2000, 2001-3500, 3501-5000,
5001-10,000, 10,001-20,000, 20,001 LA _F> 10 #iPAIZ & £ 5 0@l DEE & fifdT Lz,
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2-1-2-4. N LB R

AN THoER

ANTEBIZHWD AN THOER T Kanno & O#Hi (87) & Keen b O#HiE (88) 22512,
—EBAE LT R o T, T I O/ E 1B A FLiE=1:20 & L. a-LA F 7213 LAHPA
EHIGTZAE<SEE LTHWE, ER L7 N THOMA A Fig. 2-1-1 1277

NN Gk

Hall 507575 (89) & —#lAE L TITR>72, T72bb, K ETHRIEAK T 727 A
DIFT v M2, REE03mMM DY) arFa—TF TEAET /MeanbHETHEL, v
TN ERBECEIE LT D ARG, v arTFa—T LT ) Re HEE - EREA
S, AMICBEH SV arFa—T70FRNIEMEZ DL LRES LTHY,
BEEICEWRAEZES LI, BARICEEEL LI L (B, IMEOFT7 » MX39C
CERE L EEAKEIC X AR AN AT o — Il SN TERB ARG LT, BEF o —
TIEEFHAAR Y 2AF L F 2 —7 (PE-50, Beckton Dickinson, CA, USA) & ##i L. PE-50
Fa—TIFIANLHAE AN PV e LTc, VU VI AR AN TELIE, MR OZ5H
S TEDIZ 4 CITR S, a7 T AA[EZR v U 2R > 7 (PHD 2000, Harvard Apparatus,
MA, USA) %M\ T 2 IFEIIC—E, 25 )i CHREAZ HNICREG Lc, ALALORG&
(TAEIC 05 ml Z#F L& (F72b6 7 A CThiLX3sml) & Liz, ALEEILT7 AEH
5 14 B E TIT72V, ZOMATAOLZH, PR - PEE 2R T 720 DR a2 7o il A
1 H2 R TZR-7, 14 HEmofi Lo 1 KMEATIC, AR EEKICER L2
5-bromo-2’-deoxyuridine (BrdU), 5-fluoro-2’-deoxyuridine (FrdU) (3:(Z Sigma-Aldrich) (FrduU
1% BrdU BV IAREHED =D H) %2 Zi 24 15 mg/kg bw., 1.5 mg/kg bw. & 725 X 9 T
FhH LTz (90), ANTHLEHT O 2 KIS —T VIR T CEMERLFE 21772\, 23858
S, FREIRE VERMLZIT20, MK - RIBRZHER. HERLD B 1em 24
L7zlE5 2 em Z8RER L, 10% AL~ U o kg dik CRElE L, MRkt L7z, 5% -
ToNBING . I N—=T T 22 AW THE L KL F23 L. 10 ml ¢ PBS (pH 7.4) (Z/&#E
S, T E T-35°CTRIT L T2,

-

ZWERR Sy PR SR TE MR E

< NVH—8, T X —VIEEOREX, Dahlqvist © 5L (91) 1k E ANz THr72
ST, Thbb, INBHEREY 2 — M~/ h—2AF2135 7 b —R L2 37°CT 30 %y
MArvFaX—hL, HEHLZ7Va—2A0BEE2 7 NVa—RT 2 U a— (FeHisk) (2
KV HEE LTz, /NMERIESR T Y 2 — F D7z AE < B &% DC Protein Assay kit (Bio Rad,
CA. USA) # AW CHIE LT, WO/ N a— A B L REDF— MO ESBEEND
FERIE & R DT,
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S AT AT

[ E Atk DB AERR Y & O SRR ARG & Ishizuka © D515 (90) 129E> TAT
Rotz, bbb, < AHBrdU HifA (NA-20, Calbiochem, Darmstadt, Germany). t' 4
F AL 7 Y XH~ 7 X 1gG+A+M (H+L) (Zymed Laboratories, CA, USA) & T ZH 1 KL
R, 2 kiR L L, BETVHENA XX —BHEADOA ML T N T EY Y (Zymed
Laboratories) (ZiRiE L. 7 /%5 L, 3,3 -diaminobenzidine TEE(L L7z, WEMEE
THBOMEIAAET 54 50 7 U 7 b, JEKE S EEICH > T 20 MildzBig L TR =
TALL7= (92), 7V 7 Mgk, BrdU B0 iAZAERRE 2 FHE L, B AR OEIA 2 K
O,

2-1-2-5. HEFLE T v M 2 NP GLP-2 PHE R
BT GLP-2 i £ 5-

PL7 v b GLP-2 fiE Y322 (LLAF aGLP-2) [IHifET > &= AJLEIZ & 5%*%%%%?@0
72% PBS ICHIEMEL7-bOZMEH Lz, 2 HIZ—[E 1 mg/kg bw. & 7225 K 9 IZRBREEIC
oGLP-2 %, XfFREEICIZ V¥ MiE (NRS) 245 L. &AIOF G156 13 Hi% (5 kIR, 5)
IR AT 72 o T, fi) 1 RE AT AR B R K VAR L 72 BrdU, FrdU % Z 12741 15 mg/kg
bw., 1.5mglkgbw. & 7225 K9 TG Lic, =—7 /VRREE T CEIMENLF 21T 72 WAL S
G- B - B OFHME EZ AT o 7o, MBI 45 L, B E 0+ T8 -
7« AL - AL & L, [2-1-2-4. A TEERE  GEEHEEHE) & Rk FIET
BrdU H Y A OE A & R 7,

2-1-2-6.  HERHENT
FLHOR = REBRM ORI TIX, A ¥ — MEE (0 FFfH)) I2X9 2% 7% Dunnett’s test
Z FO AR 0D = K o2 35 [ oD LR 1 Tukey-Kramer honestly significant difference (HSD) test
Z R CREGHIRNT 21T 72 o T2y O OFER Tlid, ZREM O Lk I21X Tukey-Kramer HSD test
Z |, 2 FEM O FLE 1213 Student’s t-test 22 IV Mo, A7 E/KHEIZ P < 0.05 & L. JMP software ver. 5.1
(SAS Institute, NC, USA) (2 X {77~ 7-,

2-1-3.  #EE
2-1-3-1.  GLP-2 /)y WK AERI & 5k BR
FLH R =R AR R M 0 Lok

AT > MK DI = REBRFE G L D GLP-1, 2 S0l IE M % BRI 78
Rz Z A, GLP-1IZOWTIE, ARG TOAREE 15, 60 S Z I/ NIV E DD
AEL GLP-1 EFAMNRBO LN, i AELSE, 7V —aFEG5HTIIWT o MICE
WTH EFIERD oot (Fig. 2-1-1A), — T, GLP-2 I 2\ Tk, HBERGHET
#4515, 30, 60 73&iZ, ATCAIESE, 7 UV — LA G5HTI 15-120 53 % O W T ORI
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BWTH GLP-2 BE FANED L=, FEEMICRBIT 23 HEZRREZEM 21T -
TAER, FhE 60, 120 RERICHEWNT, WA ERGEN/MIo 2 BEE L, AEICH
VN GLP-2 Zih &7~ L7z (Fig. 2-1-1B) . FL72 AL EH 5T 120 0% 2 GLP-2 D &' —
IRRBOONTZZ LD, T X B O g 525X, #5120 5% IC8RIm7
HZ Ll LT, o, THIIRL TRV, B 240 435 Tlifnd GLP-2 23 120 45tk
CHIL TR T2 2 & 2R LTV 5,

BTz AE < E M o Mg
FLHIR =R/ FER O TlE, HiAE S EITR D GLP-2 Sl E A AR bz
7o, BRI AE<E O GLP-2 WFMIEA A ik Uiz, Al AXSEIZIEA v &
FUEZ AT EICKBITE D720, % % O GLP-2 Sl /B & bl L7z, & Of5HE, OVA,
SP1 {213 GLP-2 73 WA EHIZEE O HALd . CN, WPI T GLP-2 73 WA E I 2358 80 b7z
(Fig. 2-1-2) ,

L7z AVE BB Feigg

HEA v, HIETAELBIRE S0V OO AESEIZDT A ENRTE S, £0D
e, EA ANTEEND a-CN, B-CN, FLUETZ XS BEIZE £415 B-LG. o-LA, BSA %
b L, a1 Tl olc, ZOREE, BSA LSO 7 AiE < BT GLP-2 73 Wi EH 2558 8
5L, FTH a-CN, B-LG, a-LAIZEWIENRH D EE 2 b7 (Fig. 2-1-3),

o-LA 3 iR oo bk
GLP-2 /i ER O @i -> 72 3SFOFLIZ AL EDOF T, a-LA Lt MREFLFICR D E
BICEENTWDLLAELETH D, 2D a-LA 238N L, GLP-2 3WAZIEA &% 7 Rk
RENMEER DM, HRELTHZOMERITE > TWDDONEFRD 120, KTEEEE SR %
ERIL | 45 % O GLP-2 3l EM 2T ~To, £ OfER, 70if L CTH GLP-2 73 sl E ]
FROIT, £lo, A F 7 MR o-LA XD B ZDOREBIEANE O0FRO Hi7e (LAHPA)
(Fig. 2-1-4) ,

o-LA 53R O R

o-LA B LT o-LA 535 D GLP-2 43 WA R O 2Tt D 7 X 7 I 0oy &0l
BRI LTV D AlREMEE B 2, K4 OlERET 2/ BB L O+ E0m 2 0E L3, /iy
M CILEREY X/ ie&E, 0 FESMIBICRERETRD bk -7- (Table 2-1-2, Table
2-1-3),

LAHPA #:5.4% 01 GLP-1, 2 #& 25k
0-LA 0> a-LA 53 & 0 b GLP-2 SYUWKIE O 12> 7= LAHPA T % 4%, 43k
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LizcZ Llizky, &EZOMmF GLP-2 REE— 27 NI BRGH% LITR 2> TS A

REMEDN 8> D 728D, G RIEIFAL 2~ T, %@ﬁ“k%‘% #5- 30-120 53%% T GLP-2 73 iis -5
WERO B, 120 0 EITHKR bW E WS | T AU EERER L RO R TH - 72, GLP-1

oW TIE, ALeAEL E&ﬁﬁﬁﬁﬁﬁwﬁilﬁﬁf’ﬁﬂ% RO o7 (Fig. 2-1-5),

2-1-3-2. N LfaHRER

GLP-2 3 WA D723 ERRIIEALE RIS R TRE TR 5720, 7 2/ Ik’
AR CTH Y, GLP-2 3R IEA A #7225 a-LA & LAHPA % £727- AUIE < B &
L7ZATHTEE LT v FOWMILE Z ik L7- (Table 2-1-4), = O#5ER, LAHPA .5
# (LAHPA Bf) TliT o-LA A58 (LA ) LH L, AER/NGROMEM, 77 % —
BIGMEOIR T, 7V 7 hoMifadEm, mH GLP-2 IBEOHIMNRD bz, v /L& —E8
JEVEITEINT oMW (P = 0.078) 238 Bl #Ek, NERADIEIR L 2 b~V 2 —81F
7 2 —Fth (93,94) BDEEICED ST, KIBRICIIARRZETED bivienr>7-, BrdU 5
PEARIRE] & OfENT OFEF. LAHPA BE/NSTIE, o-LA BEE bl U, SRR AT Z -
TWAHEHRNEO N H OO, GELRZEITE)» -7 (Fig. 2-1-6), LxL, KEBTIEZ Y
7 M ELJEER % cell position 1 & L7234 . position 7-9 TH E 72 BrdU BV SAZIEINANZE 8 B
7= (Fig. 2-1-7),

2-1-3-3.  HEFLW T v M 2 NP GLP-2 PHEFER

HEFALI O NRME GLP-2 D& 2~ 572, BEFLEH D T » MIPL GLP-2 fiF 4 2 H I
1[0 2 EEEE L, MBI 2827, £ ORH, B GLP-2 g 58 T3/ i
FE2E< 720 (Table 2-1-5) . ={Z[A5 O BrdU BV iAAMIEEIG ME T LTV D Z VR E
i (Fig.2-1-8), AHE, WLEERBIOHEBEICHERZITLGED bR ho T,

2-1-4. E%%

GLP-2 13V b EE O EEEE 72 E A2 R TRV EL DO—DOTh Y OB L
KERIZEZVIHEEANZWHIRO —>TH D LAIRE D pWEhd Z Enmbit T (80,
81), & HIT, AIICH G- STz GLP-2 DML A ERET 2 Z & (95) <o, HrENE (F)
D GLP-2R 8l « 18 GLP-2 AR SN TWAH Z & (83), A% —HIZ GLP-2 124§ 5%
FOSHEREBREI N TN D Z & (84) BESNTWD, E-T, AL (ff) 1k > THE—
DB TH LAHFITIE, RBRNVE L OGWMERET DR A7 & LTHEAREETIE
N EB 2 RETITIFHT v h &AW, zLEPI?HD GLP-2 Z3 WP R 2 584 L 7=,
H 7R A HANT GLP-2 OIFEITMER SN TE BT, TR L TN DD, T
AT EATIR o TR, FLT GLP-2 | i*ﬁﬁﬁﬂﬁ%?f&mt_k%ﬁﬁ; LTHY, WIELEm
H GLP-2 [ZFL Sk TlE R uy,

GLP-2 Z3WARIEIE . THARAE PR 4 WAHE el oA R A e L 2 ek~ 5 #2070 e BMIC L5 L
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AR A~DOEHERN 2R E 2 HILTW D (79) 23, FKEFRBES GLP-2 /35 3 555
BT MBI H E D B, 72720, B PRAZXRE LIAFRICE W T, AR L E
BT GLP-2 S WIER A B v | 7o AE < BTN F 28 (78) 00 BT v b &

WV, EEIENERIC T DIERR S S & T oWE (96). A ML Y I RN OREIRIE
%%wﬁybfiﬁ%m% £ 0 GLP-2 Mgt s iz L WO MENH D (97) LoD,
Te T BT GLP-2 73 WHIIEM 3 & 5 & T oA TS | RE TR LA OHERITH)
bbf@%@f\‘a%éo

GLP-2 &3 RAIZ GLP-1 IZ DWW TIIRBERBIUZ L 23 WIZHONTE L OWEDR & 5,
A7~ S OMLERIE, RERT v b & WS TIE, 4 LA VERIC GLP-1 /bl /E
MAReH2 T @ENRHY (98,99, fdH 72t Maxtgy LT, 44 “FE (100)
W2, 2 BUBERRIFRE g & LTEFEClE, AU — 7 e N Z — (GRcA v A R0 gy
%\) (101) 12 GLP-1 & 7 v a—Z{RAFHEA A Y A3 U 7 F R4y bl Ve
DHESNTND, _m%ﬁﬁﬁk GLP-1 73 UAZEE T 20705 L AIE<C K Al o #illg A
N=ALZe & Ty FTHEL TWDAEBENEWZ E NSRBI N5 28, AEMICIEA
LA VEBRHIHIZ S GERTVWD (102) ICHDb LT, AT v MIxd 23 ik =
RFERD GLP-1 AR TlX, 77 b—AZh T WARRIER AR & ivi= 72
FTho, 7V —a, AL BIZITZERBD N oTz, £, FURHICIXESIRI R
HHBHEENLTEY (102), Db FRAZXRE LIz Xiao & (78) O#WMETH, 7
U — I GLP-2 3 WFIEIER B 0 | AIETZ AL EIZIE W E SN TWDH A, ATEZ A
E<EITIE, GLP-1 /Wb 2 & v o s (100) 235, AT T v MIxrd 25 H
K ZRHFERFE D GLP-2 W ClE, &4 IZENTNWAEIERARRO bz b o
DO, ZOERIFA AR R bENSTe, ZNHLDZ EE2FET H L, GLP-1 & GLP-2
T—oDFa IV ITUNBELNDE DD, FOHWMILT L E ST LATIERL ., &
fRIZ L D% 2 DBWNET A T AT —VIURFE L TV D00 LILRYY,

%ﬁ%7yk T A IR SRR HEIT L D GLP-2 S WHIIMERBR OfE . - AEL

RO NEDE DS LN, &b GLP-2 WA RILT 5 7= AL BOER 214772 -
ko%u%@ﬁmt X<E GBYNEK OVA, KEHIK SPI) (2% GLP-2 W I ER X
<, AT ATE< BRI TIX, AHFITHEIZ LMEE L2V BSA LIS, BEIZEE
NDEITZ AME LI GLP-2 2 IHIRIER DN 8- 7=, UL EofERE, #rAER () #iic
B DA AMEL EDOEEZRET 5,

Wiz, HAER ) BT 2R AESEIZE D GLP-2 /Wil L, Iz AE<E
DA VBT NDRIEENBEE N EZTHRD 720, o-LA 28N L, FHEEELE HAVO O 3
FEERL . GLP-2 3 WHRKIERIC 5 2 2 B A <7, ZORER. HRIZ KD GLP-2 473U
FIERIR TIERBO 6NT, L LAZOERERIND L DONRH 7=, Stoll & (103) 13
TH BN, WEET S R - Sl a— R - S TR SN AT L AL H Y —T 4
— 2T, RAESE AWK - IRE TSN DA AN — AT 4+ —I 27 XD b GLP-2
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BEHINSED k%&i L“CI/\E)O ZOZEDPTRRT D00, BEEET X BRem AT

F IR, RIMETEAESE LY b GLP-2 AR T 5 Al Th 525, /B L7z 3 f~
7F FOWEEET 2 /ﬁ&— . BOMIIKREREBWVIBEO bRRhoTe, £z, bR

D> 7= LAHPA @ GLP-2 4 Wél {%ﬂ’ﬁﬁﬁ T, ROfE a-LA DB LZ 25 Tho2, &5
il GLP-2 R (kIL, I AES BIREREFARO NS — R Lz, ZRbDZ E
DR 5 DT, LAHPA qﬂ@:iﬁiéﬂf:ﬁ%ﬁ@&j’% RECHIZS, GLP-2 43iis % HiK 9~ 5 af
REMESR, GLP-2 & RiEMAL T 2R TH D VT F U NLATF X —F-IV (DPP-IV) % Bl E S
LHAMHEME, HDVIEHE DR Z > TV D A[REMETH D, FEBE. Gunnarsson & (104) (3F3LIE
72 PAE B/ EERC DPP-IV iEMEZBRE L TWAH Z L2 MmiE L TRy, is-AIEE
D—>TH 5 o-LA IZ DPP-IV [LEEFINH Y | <7 F RFHROBEE T o K\ DPP-IV
FLEANTF R ER SN E LTHAREETIT R, S 51T, GLP-2 [ZITHEE N Y 7 Ofit
0, MEESEEMEOMEIER N M STV D (105) A3, Arvola ik, #iEFT v &AW
e, FUIE T2 A BRI IS Eia v A LR B L FIfRE E IR TS5 & #
HLTWD (106), Z DFIET A B X 2 M bE SEmtmfl o —i%, DPP-IV
FHEESC GLP-2 b3 % 5- LT D D0 d LitZeuy,

BN (fF) WNCHIZ AUE B GLP-2 3 a il T 5 2 & &R L7, GLP-2 43 Wi
PR O 722 N EBRTHALE ORFEIZHF G T 20EIH SN TR, £ 2T, EARMIZT
I BBMEAFEICTH Y . GLP-2 SpWHMIERICZED & 5 o-LA & LAHPA % £/ AiE<
B & Lt)\I?L%{”E%L AT > b2 ANTEET H Z & T, GLP-2 Wil EA D 7=
DHLAE TR RIE T B AT, EORER. GLP-2 WA EH A TRV LAHPA % £72
AL ERE LI AT TRE S (LAHPA BE) TlE, o-LA 2 FE/e/- VX< B &
L7z ATH (a-LA B EHE L, [IEGZ V7 b oMifatk, WAESEM L, /MBI
DI L 72 B~V X —BZ7 7 % —TFk (93, 94) OHEMMRED Hivlz, BEALMIZH GLP-2
M % 8B 5- L 7ot Cid, BRI ALEE O BrdU BV SA A IZHT GLP-2 1L D203 G b i
Teo Elo, MNHEEORED RO O, 2, BT GLP-2 mig# 512 L v WEPE GLP-2
DOVERIIH v, M DB RIERIC R > TR E KB L2t B2 b, EE, =
[EB521E GLP-2 27095 L Ml % < /e %, 8% . GLP-2 |% DPP-IV TAIEMEAL &
DA, IMH GLP-2 DI L2 7 LN & Mo TR s bhTngd (107),
F7o. L I RIBIC B AFIE L, FEEE GLP-2 B RIBRICK L THDI Th 72 &V 5 ik b
H5 (108) Z &b, GLP-2 [FEMEf~KIGHE CEICEDIERZRET 20008 Lt
2, P T v FEAWEATEERBRCTIL, EXICEOH S TZ/MFIZBW T, LAHPA
BEC BrdU U IABEIG DR EWEAIZRO T 00, HERZITGRD LT, ESICIEED
o> o KIBCTHEREDRD bivlz, SHEBERECHITIC LY GLP-2 OEHNBLN S DI
R ZENH 2 b B 2 b,
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2-1-5. /NME

AETIL, MEERBER 2 RTHRALE L D—>Th b GLP-2 O4WARINAE R % 5k &
L. HLHREDD A7 V== 7 %772\, GLP-2 /IR A 2858\ O il 2o 28 . AT L
BIRBIZKITTRBE LR LT

FTHDIC, AT T v N RV, FLHER=REEFRZ D GLP-2 i EH 2 i ~7- &
A, b I\EEJ\%DEE%@J%T“%D HBIVTWAREREIFERY, AT E  RbEWIREY
RTZEERH LI, thOBRMBTZAESE LB L E 2 A, BIFH R OVA, K Hik SPI
(2% GLP-2 43 wﬁ&@%i@< FLIZ AE < E D CN & WP T IZ T4y Wl IR A58
BTz, HEA v HIETAESEIZ S BV 90D 7= AMIELS BITHERRE/R Z b,
HHICEENDToAELSE 5 FITOWTHHARIZE Z A, APIZIIME LS 720 BSA
LIS D 4 FEIZ GLP-2 3 WHIAER A3F8 8 BTz, WIZ, GLP-2 M IFF L AE S E DA
VB NIREED LB TR D) A%LT%%@W%i%oTV%@#%ﬁA%k@ o-LA
DEFERER R 2 FR L GLP-2 /0 WRIIMIE I Z2 i ~7=25, 73fif L C% GLP-2 73 Wik
TERIZ DT RGIED a-LA L0 RN E WL ORH 5 Z & & R Lz, £OfE o-LA
& GLP-2 53R F O FE VY a-LA 538 (LAHPA) IZIEAMICHE U7 2 7 BB TH D |
ENENZLAELERE LTED AT T EMMEE L. GLP-2 752 FIAER O 7227054
LEREICKIETHEBZM L7, ZO/ME, LAHPA HLEECT/MNEER. 7 U 7 Mlilatkory
NI 5305 7 £ GLP-2 SR E A D78 % KB L IR T 5 2 L VR S iz, itk
HEFLI = » Mk LIt GLP-2 ik z #5925 2 & T, lkRlick féﬁlﬁewa®¢%
ZARAS, GLP-2 I3FFICEAEIGITEH L T Z L2 60 e LT,
ui@i5ﬂ\:hi?ﬁ%ﬁfwﬁﬁot I AL EIZE D3R (fF) #] GLP-2
OYWHISAE A 2 B 5 29 5 & 3, GLP-2 23 W B D m OB DS LE R I w5 L
5513\GWQ@W%H@&E%%¢M&Lfmé_&%mﬁ_&#ﬁ%t&%zéo
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Table 2-1-1 : Composition of the milk formulae for rearing of rat pups

g/L

Protein 84
a-LA or LAHPA 80
Casein 4
Fat' 103
Lactose 30
Mineral mixture? 10
Vitamin mixture? 5
Energy content® (kJ/L) 5750

! Fat contains 30% palm oil, 25% coconut oil, 20% soybean oil, 15% medium chain triglycerides oil,
10% corn oil, and 0.33% cholesterol.
2 AIN-93G (109)

® The energy values for each formula were calculated from the macronutrient composition using 17
kJ/g for protein, 17 kJ/g for carbohydrate, and 37 kJ/g for fat.
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Figure 2-1-1 : Changes in serum GLP-1 (A) and GLP-2 (B) levels in neonatal rats in response to
gastric infusion of milk protein concentrate (circles), lactose solution (squares), or cream fraction
(triangles). Values are shown as the mean £ SEM. =, }, 1 show significant differences from time zero
for each treatment (n = 4, P < 0.05, Dunnett’s test.). Values not sharing the same letter are

significantly different at each time point (n = 4, P < 0.05, the Tukey—Kramer HSD test.).
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Figure 2-1-2 : Serum GLP-2 concentration at 120 min after intra-gastric administration of various
food proteins in neonatal rats. Values are shown as the mean + SEM. Values not sharing the same
letter are significantly different (n = 5, P < 0.05, the Tukey—Kramer HSD test.).

Ctrl, Control; CN, casein; WPI, whey protein isolate; OVA, ovoalbumin; SPI, soy protein isolate
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Figure 2-1-3 : Serum GLP-2 concentration at 120 min after intra-gastric administration of milk
proteins in neonatal rats. Values are shown as the mean + SEM. Values not sharing the same letter
are significantly different (n = 5, P < 0.05, the Tukey—Kramer HSD test.).

Ctrl, control; a-CN, a-casein; B-CN, B-casein; B-LG, B-lactoglobulin; a-LA, a-lactalbumin; BSA,
bovine serum albumin
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Figure 2-1-4 : Serum GLP-2 concentration at 120 min after intra-gastric administration of a-La
hydrolysates in neonatal rats. Values are shown as the mean £ SEM. Values not sharing the same
letter are significantly different (n = 5, P < 0.05, the Tukey—Kramer HSD test.).

Ctrl, Control; a-LA, a-lactalbumin; LAHPF, a-lactaloumin hydrolysate digested by Pancreatin F;
LAHP, a-lactalbumin hydrolysate digested by Pronase; LAHPA, a-lactalbumin hydrolysate digested
by Protease A
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Table 2-1-2 : Free amino acid concentrations in a-LA and its hydrolysates

Amino acid a-LA LAHPF LAHP LAHPA
mg/g
Asp nd.! 5.4 4.5 5.6
Thr n.d. 15.3 125 135
Ser n.d. 2.7 5.0 24
Asn n.d. 2.2 4.9 13.9
Glu n.d. 11.3 11.7 8.3
GlIn n.d. 10.9 15.1 3.9
Pro n.d. 3.0 6.2 8.6
Gly n.d. 2.2 1.8 2.1
Ala n.d. 4.5 6.1 7.0
Val n.d. 17.3 14.4 175
Cys n.d. 7.1 2.9 54
Met n.d. 5.2 9.5 7.2
lle n.d. 24.1 25.6 31.4
Leu n.d. 43.7 78.2 66.7
Tyr n.d. 36.6 20.5 10.7
Phe n.d. 36.1 33.6 34.8
Trp n.d. 26.0 23.3 23.7
Lys n.d. 85.2 16.3 36.6
His n.d. 94 5.3 13.7
Arg n.d. 12.0 3.0 6.9
Total 0.0 360.2 300.4 319.9

'n.d., not detected.
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Table 2-1-3 : Molecular size distributions of a-LA and its hydrolysates

a-LA LAHPF LAHP LAHPA
Molecular wt %

<200 0.00 37.02 34.45 35.39
201-500 0.00 37.25 36.65 35.75
501-1000 0.00 19.89 14.59 14.50
1001-1200 0.00 2.01 3.39 2.75
1201-2000 0.00 2.93 7.27 6.59
2001-3500 0.00 0.89 3.16 4.36
3501-5000 0.00 0.00 0.39 0.60
5001-10000 1.72 0.00 0.10 0.07
10001-20000 80.44 0.00 0.00 0.00

>20000 17.85 0.00 0.00 0.00
Mn ! 14233 239 254 255
Mw 2 17199 396 525 545

! Mn, number-average molecular weight.
2 Mw, shows the weight-average molecular weight.
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Figure 2-1-5 : Changes in serum GLP-1 (open circles) and GLP-2 (closed circles) levels in neonatal
rats in response to gastric infusion of LAHPA. Values are shown as the mean £ SEM. = Significant
difference from time zero (n = 4 — 5, P < 0.05, Dunnett’s test.).

25



Table 2-1-4 : Final body weight, intestinal length, maltase/lactase activity ratio, serum GLP-2
concentration, and small bowel crypt epithelial cell number in rats administered milk formula

containing o-LA or LAHPA for 7.d *

a-LA LAHPA
Final body weight, g 203+14 20.0+04
Small intestinal length, cm 36.6 £ 2.7 450+ 1.7
Colon length, cm 3.9+03 43403
Maltase activity, gzmol/(g proteinemin) 210.1+43.7 381.1+64.8
Lactase activity, umol/(g proteinemin) 549+5.9 30.8 +4.2*
Maltase/lactase activity ratio 3.7+05 13.3+2.4*
Serum GLP-2, nmol/l 0.59+0.14 1.16 £ 0.09=
Epithelial cells, n/half crypt section 13.4+0.7 175+ 1.1=

! Values are expressed as the mean + SEM, n = 4-5. *Different from a-LA, P < 0.05. Student’s

t-test.

26



us]

BrdU-incorporating cells (%)

5 10 15 20 25
Cell position

Figure 2-1-6 : (A) Immunohistochemistry showing BrdU incorporation in the small intestine of
formula-fed rats. (B) Distribution of the BrdU-incorporating epithelial cells in the crypts of rats
administered formula containing a-LA (solid line) or LAHPA (dotted line) for seven days.
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Figure 2-1-7 : (A) Immunohistochemistry showing BrdU incorporation in the large intestine of
formula-fed rats. (B) Distribution of the BrdU-incorporating epithelial cells in the crypts of rats

administered formula containing a-LA (solid line) or LAHPA (dotted line) for seven days.
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Table 2-1-5 : Effects of

aGLP-2 or NRS on intestinal growth in weanling rats *

NRS aGLP-2

Body weight gain (g) 117.7£3.5 109974
Organ weight (g)

Small intestine 6.87 £ 0.23 6.37 £ 0.40

Cecum 1.00 £0.03 0.92 £0.07

Colon 1.36 + 0.06 1.14+£0.11
Organ length (cm)

Small intestine 97.1+19 91.2+1.7*
Colon 16.4+£05 155+£05

! Values are expressed as the mean = SEM (n = 6).

2 Asterisk shows a significant difference from the normal serum-treated group (P < 0.05, Student’s

t-test.).
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Figure 2-8 : BrdU incorporation by epithelial cells in the small intestine of weanling rats
administered either aGLP-2 (solid bars) or NRS (open bars) for 13 days. Values are the mean + SEM.
* Significant difference between the groups (n = 6, P < 0.05, Student’s t-test.).

30



2-2. LA IZ L DB MHIEM
2-2-1. 5

RIEMEGEE (IBD) 1%, HFIITEEMEREXK (UC) &7 r— (CD) 12 bi
Do BET NI EE W IRIIRIZE D 2 D ER o TETNAHEN, £D
FIER RN DUV TIFRTZH 53 TRWE 320 (110), BOKIZHA S & BFEEIT D20 g
DO, HBBREICBWNTHEML, BEHIT10 HAICEL TV, IBD Z3JE L7I-HBEDOK
20% R I FES - FFEMICRIEL TBY ., HHEICBIT S IBD ZE0®ROEREA 5| &
2370, MR IBD IZB W TIEERBRIENEE THL EE2 LTS (111), AL,
SREEBYET LV EFANTCRFOZ AIREBEME R Wb O TH Y | HhEhi A TR
RIELAYAN

T T V& OB S ORRETCIE, IBD BEDOGNMEENE(L L TNWD Z L 5
HEMW CIIGRERIE LR NI LR ENDG, Tant T 4 I ART VAL FT 4 7 A%
AV BAMEESGEZ B & LIEmENE< 250250 (112), JAETFHUR0R ) 7 =
J =D XD il ks (113), LF (114), LPO (115), 7'V a~x 7 a7 F | (GMP)

(116) LWV o 7eHATAESEEZ WG b FET 5, Foxld, BRI 2 < FHE
L. B FRAPTIHELEENS L, BRBEREER (13) R ¥ VANV AERIZED T
FIFIEDOIHIER (117) Mo TH Y, 2-1 TR L@ & R#ER VT GLP-2 4y
WHRIBEITER 2777 o-LA IZIBRIMEWER N H 2 D Tid/enw B X2, UCET LV THLHT X
A NZ UHiEET N Y U A (DSS) HERIGRET VA, BEFLEXZDO T v MIHWT o-LA O
RS BHIE R & it L7,

o

2-2-2. MELE ITIE
2-2-2-1. @iy

B EERIT, RBUFESREE 6 5 (1980 4 3 A 27 H/R) [EBREMW) ORI L OMRESE
2R 5 551 (ICHI» TIT 72 o 72, 20 Hilin CHIERL S 72 MEME F344/N 7 > & H A SLC (I
) b 21 A CIEA L, 4 BRTEAE 21778 o 2%, FERICH L7, MEIET 7 A
F v 7 —T %V, 23+£2°C, 12 RfEIBARS Y+ 7 L0 SPF BT CE L7z, fkh (F-2) -
AGEKILE BERE LT,

2-2-2-2. kB
a-LA (H#EE 97%) 1% Davisco Foods International 7> & A L. DSS (43 & 36,000~50,000)
IZ MP Biomedicals (SantaAna., CA. USA) /BN L7-,

2-2-2-3. itk
DSS #5- 3 HAZHT7-2 25 Hiin L 0 Bk THTH £ T, BEUK, F2IBRUKIEM L

72 o-LA % 300 mg/kg bw. & 72 % K 5124 H (16 Re~18 e D)) ~ 7 T G- L7z, 28 Hili
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2 S IR K F T2 VTR E KT 2%32 E THR R L 7= DSS /KIRIK 2 H IR S 7=, o F D BEREAL
XAREE L. 1. BEKE MEBRGEROKEGRE (Crl #E,n=8), 2. JE/KA HER-0-LA
B GHE (o-LABE, n=8). 3. 2% DSS H HEI-FE UK G/ (DSS #,n=12), 4. 2% DSS
B H-o-LA # 58 (DSS+a-LA#E, n=12) & L7z, JREAKES L ONDSS KEkIL 2 HIZ
— R AT 572, DSS LBt H A 0 HH & L, DSS #4557 H HIZH 7= 5 H i 35 |2fiF
T &2AT700 Y 7 iRV I E ST, £l ZOM. I X D RAEFHMN & £
HiT72 -7,

1T K 2 JRAE R
FIETE B (DAIX, Fitzpatrick © O (118) 2V, Table 2-2-1 (RS THIE
AT o0z, EOBMAEL, FiEm s b (R KR 20,

MIFEFH A A o BILOKRAE L BEERIE
MAES IL-6,IGF-1, L 7 F VEBE X kDY > v ¢ »F ELISA HI7E S »~ b (IL-6, IGF-I:
R&D Systems, L 7' F o @ ZRAKERME) 2 HWTHIE L7,

HAENAE T HE R AT

FAH s Z OV & » R L7z Bl ERIC 31T 2 HIEEE T MiltoB &4 7 e —H3h A b A—
A —IZ L VRN LTz, LAUT OB, 33K, #6254 H 72, FITC-CD4 (Clone: OX-35), PE-CD25
(Clone: OX-39) (3Liz BD Biosciences, CA, USA) . APC-Foxp3 (Clone: FIK-16s), Foxp3 staining
buffer set (312 e-Bioscience, CA, USA), BD FACS Canto (BD Biosciences),

7E & PCR fi##

KiG#HAE L U TRIzol (Invitrogen) % FV T RNA Z it L, RNeasy Mini Kit (QIAGEN,
Hilden, Germany) % F\W TR L 7=, #5472 RNA (%, NanoDrop (Thermo) , Experion (Bio
Rad) C2E - iLE % #E38 L. High Capacity cDNA Reverse Transcription Kit (Applied Biosystems,
LI ABD MWW TR G 21T/ > 72, 1§56 472 cDNA iz v, 4 mRNA (2392
TagMan Probe (ABI)% A\ >, 7500 Fast Real Time PCR System (ABI)IZ L » RT-PCR #1772~ 7=,
B-7 7 F URBLE TR 21T/, Ctrl BEORBIE A 1 & L, FHRHE CRIME L7z,

2-2-2-4. HREHEEAT

AT A DA, 2way-ANOVA Z W 3B 2 b S, RIS TH 5
B, MEAEEZEOREICIE, Kruskal-Wallis BiE % Fv 7z, AEKEET P < 0.05 &
L. JMP software ver. 5.1 (12 kX V772 > 7=,
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2-2-3. FER
2-2-3-1.  o-LA |2 X DGR H
DAIZ L B RIEE DI OFE R, RIEFE2 HANL 7T HHETCw-LAKREIZLY, FE
\CRIEA 27 Nl Stz (Fig. 2-2-1), $£72. DSS BEIZ Ctrl BEIC T, REHIINE DR
B BIEOZEME. RIBORED RS S0, LA FEICI Y Wb A EIctkE L
(Fig. 2-2-2), WEFFRICEIIR LN (F—ZITRL TV, S5iC, DSS B
IIRIEDFRAE & 72 D1 IL-6 23HIN L7223, a-LA #5102 X 0 30l S, SREIRiEO RS &
2B MHIGR-I, U7 F ARG RFHEIC L VB L2y, a-LA G X0 b 3 i S vz
(Fig. 2-2-3),

2-2-3-2. BRI RIE R
IBER OFEI XD LE HMmIZ LY, DSS BHIRMES, ~Er/ner ~~v 7 Uy
N3 L=3, a-LA 5 X D FREICUE LT (Fig. 2-2-4)

528 DFSTEIHFNIZHEME T Ml (Treg) OISR EZ SN TEY (119), A-AELE
L BIEROMEIHFICBI L, Treg 2N SH 25 Z LI X DBEIN R Z R"e3 5 st (115,
120) Md 57, M X OWlET Treg FlG & 70-37-, DSS B+ CDAIRIZEIT %
CD25'Foxp3*Treg OEIA A L=y, I CIXFREOFRITRD bnienotz, LnL,
FESRIERERT (Ctrl B vs. a-LA BF) O IEEIZIW T, Ll CDATMIIZF51) % CD25 Foxp3* Treg
HEOHEMMB A 67 (Fig. 2-2-5),

2-2-3-3. BRDBKIGLT RBEICKITT HE

THALE IR KR IS b TR Y | BHENICIEET DM 22 E D i CTun 223,
IBD HE TILZ OREIG ICEEN L LN D Z &R STV D, KilEE 2 k3 =87 A
CHEIZLAFUTHY, KIBTHRIL, BRICEVELPMOLA TS AF L 2,3,4 (Muc 2,
3, 4) (121) ORBEEZMR 7=, WO Muc 281 S DSS BECIE L7223, Muc 3 @
Froo-LA 512 L0 AEICED A &7z, Muc 3 1EFERIEREM O lEIZHB VT H L a-LA
Beh Iz X 0 BB EOHEMMN R 57z (Fig. 2-2-6),

2-2-4. H£%%

BEFLI Z » FEHWEIBRET MZHE W T, o-LA BAFGIZ L0 RIEEOIH], R
EOMENR BN (Fig. 2-2-1) . SHERIEM, M1 A >« LT L PREERILIE /ST A
— X —DFER G RIEDOIH 2 L LT e (Fig. 2-2-2~Fig. 2-2-4), 7272, FIERIEREM DL
B CIE o-LA 512 X D ECEMEBRIEOEEIT R SN holzZ b, LA IZL D5
RN RITH R EOMREIC L DL OTIH VW EEZ DN, T2 T, alAEEIZED
HERANENZN R A T = X O % AT/ 272,

2-1 TRLTZIEY | a-LA (213 GLP-2 73R EH 288 ¥ GLP-2 & Rk DEAFRIZ DWW T,
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GLP-2 $t5- (108) <° GLP-2 ~iGf{bEEsE CTdh D DPP-IV fHEIZ L D (122) ~ 7 A DSS K}
RPIHI SILD Z ERFMBNTND, o T, a-LAIZE D GLP-2 73 W% 41 L 7= IEZ il A
= RENE Z BT, R TR OIMAEZ VT GLP-2 IBEZJIE L7223, FERIE
FE - RIEREMAEIZ BV T a-LA 12 K D GLP-2 IREEHIINTFE O H AR Do T (F— F KFe#) o
o-LA 12 X D GLP-2 Z3WHBAEIIC DWW TIE, BER D H il - HE5% 5 ML E TORHSEIC
KV BE T D720, GLP-2 /3 WHIREAER & 0 LTZIGRMSIER b & TE /2ns, 0
M OVEE TR 21T 78 > 72,

I OMHNZIE Treg NEETH D Z ENVRRINTEY ., b MNEEIH UC B3 Ty
ANRCIEEENH UC A & Helg U i Treg 230804 LT Z & A3 ST 4 (119, 123)
o T, RIETIEL, MH D Treg Zafii L7z, £, ATLAESEDO—>THD GMP 121X
IERINHEIER DS STV 52 (116), = OIERMEF & LTI T Treg HEMIEM 2R
BENTND (1200 Z e, T Treg (2 oW T HaFli L7z, FERIERER O LLR NS |
o-LA [ I CDA MR F 2 31T % CD25 Foxp3' Treg DEIA Z NS w5 Z & 23R E1v7= (Fig.
2-2-5), FERIEREL RIEREDO LS (Ctrl B vs. DSS BE) TIELZEN A DL NARDN-T2A, RAYIL
ORIEIAIIRIERE (DSS#E) THEICHED LTWDZ Enb, RIEICK Y 250 CDAT
flZ G562 Treg 7 — A8 T 5 L& 2 BN D, RIEFNLIZISIT D Treg OFHIiIII 772> T
WRWTE DB TIEAR WA FERIERER] O FLi T Treg FlA ML TWAD Z &b, LA
25 Treg 77— /L AHINEE D Z & TRIEZINHIT 5 vlaetE R S 7z, Shin & (115) 1%
LPO IZ L B BRTBEIZEWT, LPO 23 Kii CD4 MRz R 5 Treg OEIS Z NS5
Z L LPO I L 2 IS O ERRE T O—HTh 5 Z & 25 L TH Y .Requena & (120)
X GMP % 7 v NEHIIEEE R HRIZIRINT 5 & Foxp3 HELENHIM L, GMP #5128 Y
MR CIXZAERN 720 E DO i Tlx Foxp3 EHENEINT S 2 amE L T\b, iz
MELSETHS LPO, GMP, o-LA 73 Treg & 2\ & Treg BlE sy 2N SH 5 L v 5 kil
OIERZRT Z L1E, Al AESETMON D PIRIEMEREFO—HTh 2 /MR DV |
BURVRY N, F 72, RSB BV TRER DRERCR 73 T D Muc FEELE AT~ & 2 5|
Muc 2, Muc 3, Mucd FELE I DSS FETIL F LT\ e, 2O Z L, RIEICK Y AF UL
M OMREAME T L, WAl « BFEARI LT U IliE OEANMET L2 2R 5, —
77T, Muc 2, Muc 4 TIIRIERE, FERIEFFOMHEICIBNT o-LA K HIC K 2 EITR 67 h
S7bDOD, Muc 3 IEHHE a-LA BEHEETEIINL TWe (Fig. 2-2-6), 2D Z &%, KIE
FHEANC a-LA I X W FFE Sz, AT LAF L Th D Muc 3 25, KIEIH L TIR#EmMIC
BT ATREMEZ R, o-LA IDIEERIEGGEER A O N TRY , ZDOA D=L E LTH
2B D LT UEARMPRBE I TND (13), a-LA IZITFFED AT VEAZINEE 5
ERD S 5D LIz,

L. TORAI=AKIZONTO—SHIIRET OO, (KRR b% <, BIEE
B ST AE R MEIR 2R L72RE R B B S TSR TRy, RIEFERIC a-la &8
B35, A%ERLIMIENLETHS, Eikoi@E Y | o-la ITIXERIEEEER (13)
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R0 Z T AV AEGNT XD FRFEOMEIER (117) 28mbh TV, 2-1 HTRLZ X
I, BERBARILVE L Th D GLP-2 3WiIEM (69) bbb, Zofth, 7 atFx
Fr—BHEEM (124), HLElEH (16), FIBAER (17, 18) &R Tn5, =
NHOMEBIE X, 4% o-LA OFEH, FRCHEIBNIZRT 2% - #FFIZ OV CRRGEZ i
DTV LERD D,

2-2-5. /NFE

ARETIE, EEERER 277 a-LA 23, BEFLINCTHE L2 KRIBRICKR L CH A7k
METRTNEN T 2 BT, KK (FRCUC) E7 L E LTRLEH &5 DSS
Mk 2 BEFLI 2 >~ MZFEE L, o-LA OZVRZ G L=,

ZOREFR. o-LAIZ X0 RIENIHI S 4L, RIEIC KV FE I D REFEE LIH s 2
EMTREN, FERIEREM O S, a-LA 12X Y Muc 3 3L CDA'T Mgzt s
CD25 Foxp3 il il T M 7 — 238N~ 5 Z &3, (ERSFF O —8i o 2 mlfigtkE &2 R4 2
EMRTEI, B L7280 | IBD ZFIE L 72 BFE O B S ES BN IE L, FRIZ/NAE
IBD IZBWTCIERBRIENEE L E 2 5N T AICH b 69 a4 Ao & ks
DORRFHID 720, O RITBW T, HiEW 2 A\ 724 B ORFFE T, a-LA D3GR BIHIER.
BRI B FEEOMEIZIREZ R L, &SI IGF-I RV 7 F o2 PRBEREIC O VLT HkED
Kz 726 LWz Z S, TR ILIC a-LA Z5R(LT 5 Z L OEFE ST E1T72 5 ETYH
HERERENGONZ DO EEZZ LN,
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Table 2-2-1 : DAI caluculated by totaling the score for stool consistency and occult blood/gross

bleeding and dividing two.

Score Stool consistency Occult blood/gross bleeding
0 Normal Negative

1 Loose stool Negative

2 Loose stool Positive

3 Diarrhea Positive

4 Diarrhea Gross bleeding
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Figure 2-2-1 : Effects of a-LA on DAI change.
Values are shown as the mean £+ SEM. (n = 8-12). Rats were administered with water or a-LA by

gavage from postnatal day 25 to 35. Ctrl group and a-LA group were allowed free access to
sterilized water from postnatal day 28 to 35. DSS group and DSS + a-LA group were freely access to
2% DSS solution from postnatal day 28 to 35. * shows significant difference from DSS group (P <

0.05, Kruskal-Wallis test).
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Figure 2-2-2 : Effect of a-La on inflammation characteristics 7 days after DSS treatment.

(A) body weight change, (B) spleen weight, (C) colon length, (D) colon weight/length. Values are

shown as the mean £ SEM. (n = 8-12). * shows significant difference (P < 0.05, Kruskal-Wallis

test).
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Figure 2-2-3 : Effect of a-LA on plasma cytokine and hormone concentration 7 days after DSS

treatment.

(A) plasma IL-6 concentration, (B) plasma IGF-I concentration, (C) plasma leptin concentration.

Values are shown as the mean £+ SEM. (n = 8-12). * shows significant difference (P < 0.05,

Kruskal-Wallis test).
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Figure 2-2-4 : Effect of a-LA on hematological characteristics 7 days after DSS treatment.
(A) red blood cell (RBC), (B) white blood cell (WBC), (C) hemoglobin (HGB), (D) hematocrit
(HCT). Hematological characteristics were measured by KX-21NV (Sysmex). Values are shown as
the mean £ SEM. (n = 8-12). * shows significant difference (P < 0.05, Kruskal-Wallis test).
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Figure 2-2-5: Effect of a-LA on regulatory T cells in peripheral blood and spleen lymphocytes 7 days
after DSS treatment.

(A) regulatory T cells analyzed by flow cytometry, (B) CD25 Foxp3™ Treg in CD4" cells of
peripheral blood lymphocytes, (C) CD25"Foxp3” in CD4" cells of spleen lymphocytes. Values are
shown as the mean = SEM. (n = 8-12). * shows significant difference (P < 0.05, Kruskal-Wallis
test).
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Figure 2-2-6 : Effect of a-LA on the mRNA expression of mucin in colon 7 days after DSS treatment.
A) Muc 2, B) Muc 3, and C) Muc 4 mRNA levels were analyzed by RT-PCR. B-Actin was used for
normalization. Values are shown as the mean = SEM. (n = 8-12). * shows significant difference (P <
0.05, Kruskal-Wallis test).
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%3 % FLHUHTHLR Y DT
3-1. 4#L% miRNA & mRNA
3-1-1. S

52 ECIIH T2 AE < EIT GLP-2 BWHIEIER 3 5 L5 | I AXS BT 78
MEREZ R L=, 5 1 B CORLEL DI, Aicidskx fiéﬁ%ﬁﬁ.?i))aiﬂf%@\
ZOHIIIRAMON T HIFET S, Fox ikt MEEFLFIC mRNA L IEEN S /Ny F RNA
(small RNA) 23MFE3 % 2 k%%%ﬁxLﬁ:nm FEALH miIRNA O ENIIH & 2 Cld/a
WA, I CORAE B 2 A, FLHROFEEINBEENTH S, L, B 1=
T L7c#Eb, b MREFLEA4ELT i%®#ﬂ5§275>ﬁ%<5’ef£5 et I FEEL
TWRWAREERC, FELZE LTH, BENKEI SRR WEMENRS D, RETIE, 4+
FLH O miIRNA FEAHE, WIFL & AFLO 2, FUIRTHLAE 24878 L7 N LI kiitt:, T3ERY
FFA ATREME 2 Wt LTz,

3-1-2. & ik
3-1-2-1. #EH

AREBRTHEMR L72AFIT, RKILEIYFERZE B OBEIZH - 72 £ T 10 PEOREEE 2R
IWARBA FEDOT NS LTz, HEE% 3 HUNOWILE S SO 7D, HiER 8 H
LIBEDORIAILZ SO U7 O, BH NIt 7 uid, BEHLEE HI2-20°C THRAT
L. ZRAKFE - RERFIFRINCREEZIIMEH £ TB0CTRFE L, HIHH 7o
% Table 3-1-1 |Z7~9,

3-1-2-2. Fik
FLIH AR
FLIFY 7% 1,200 g, 4°CT 10 oL a1T720, IRERE. MldE, REmElREL
7o REEX 2 [T 72, 5N AL%E 21,500 g, 4°C T 30 iDL, - 7-IRE
é:iJ”m’ UEBRE LT, fVW T 21,500 g, 4C T LERfELL, S HICHEAS v &2RELT,
SONTHEHRIE (AL &, 065, 045, 022 ym O 7 4 )V H —JEiR A T7/2H Z & T,
#IHH@%%{E EhrRE LTz,

B RNA OfifiH - f5id

FRTELNEIIEY 7T 5 EED QlAzol (QIAGEN) Z##L., RAT v 7 AT
BL<HE#L, 5 oM=RTHE L (Y7 0), 8% mRNA ThiuE, BHEOE(L
DIRNE END B-T 7 F 7 ETEREZIT2 O P FARMIR D K 9 72 4%+ miRNA Tl
FIEERHEIL L TRV, 22T, MEDZDHO mRNA ZiRIN+T 252 & & LT,
Caenorhabditis elegans (C. elegans)® miRNA ®—->T& % cel-miR-39 (miRNA Mimic,
QIAGEN, 2 pul H1iZ 10 fmol =& ¢r) % ERiZtEY 7 12mlicktLC2ul @i L7z, &
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WA LA ESEEO 7 aa RV AEZRNL, BT v 7 ATR L%, 3 0M=EIRT
FiiE L. 12,0009, 4°CT 15 iz Lo, KEE s 2 EERS BRIRL, 5o KEED
1.5 fF 8D 100%™ ¥ / —/L (SrFEWER 7 L— ) 21z CTE < #i# L. miRNeasy Mini
Kit (QIAGEN) Z# MW THHRI L7z, 5 7-# RNA % RNA 6000 Pico Kit % fu> 2100
Bioanalyzer Z iV CHIE L7z (3£iZ Agilent Technologies, CA. USA),

~A 7 a7 LA T

HRNA20Nng # 37CTI0EF I TN IV T4 AT 7 X —BE2HWTHIY UERAE L,
16°C C 2 H§[#] T4 RNA U 4 —+ % H\ T cyanine 3-cytidine biphosphate T 7 ~ LAV ALER & 1T 73
72, 7L E 7 RNA % 55°C C 20 IKff#] Bovine miRNA Microarray Rel. 13.0 (miRBase Rel.
BOWCHESETTH A v Ene~vA 7 uT LA, 3BHEHD YL mRNA ZHEHTE ) 12/
ATVEAE—v a3y Lz, REIECET 53X miRNA Complete Labeling Reagent and
Hyb Kit (Agilent Technologies) %M\ 7c, ™A 7 U XA B — a VR EREIELIT20,
DNA Microarray Scanner (Agilent Technologies) % H\WCHIE %1772 ~>72, HEA A—T %
Feature Extraction Software ver. 9.5.3.1 Z IWCHENT L, 7 Uiz, /o> 7
JL1E GeneSpring GX ver. 11.5.1 (Agilent Technologies) % FV > CTH#EHT L 7=,

iE & PCR 1T X % miRNA & &

miRNA JE=D 7= cDNA & 1%Z1%, miScript Reverse Transcription Kit (QIAGEN) % H
V). 50 ng D8 RNA 7> 5 cDNA % &k L 7=, 15 5 4172 cDNA A% 1% Nuclease free water (Ambion,
TX, USA) T 10 f&A R L. & miRNA ([Zx}3 % 7' Z A ~— (miScript Primer Assay, QIAGEN)

(Table 3-1-2) & miScript SYBR Green PCR Kit (QIAGEN) % V>, & PCR 17725 Z &
THBEZRDT, VT /XA L PCR 71 k=13 7500 Fast Real-Time PCR System % >
T3 L7z, HotStarTag DNA polymerase Di% (k% 95°C T 15 pflfT7e v, 220k - 7 =—1
V7 RIS EF N EH 94°C T 15 B, 55°CC 30 FPH, 70°C T 34 FH[H] 40-50 A 7 L
ORIz, KV AT NVDERMEAT v 7 TENEBE Lz, TO%, HBONTEDH»HE—
THDHDEHERT H725.60CH 5 95°C E T0.2°C/H D EE CIEE % FH S+, Melting curve
VR LT,

50727 — & 1% 7500 Software ver. 2.0.4 (ABI) #HW Tt &2 172 >7-, LR—%—{
FAHIAEN S R—R T A HEEZ TV - ARn = 0.02 ZBEE L, BIEICELE-Y A 270
B (Ct) &Rz, cel-miR-3912 k2 /) —~ T A X&4T72 5 BRIE. AACtIEZ W,

E R PCR IZ L %5 mRNA E &

MRNA DO ERED 7= D cDNA A2 1%, High Capacity RNA-to-cDNA Kit Z f V>, 50 ng ®
# RNA 775 ¢cDNA Ak L7z, £ 5407- cDNA A1 Nuclease free water (Ambion) T 10
MR L. % mRNA (2% 577 A ~— (TagMan Probe) (Table 3-1-3) & TagMan Fast
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Advanced Master Mix (ABI) % VN, E&EPCR 17725 Z & CRELEZ RO, VT L
4 2 PCR v k @=L |L 7500 Fast Real-Time PCR System % H T %EfE L 7=,
Uracil-N-glycosylase ZLE % 50°C C 2 431772\, Polymerase O 4:{b % 95°CC 20 FL[HI1T 72
STk, B 7T =—U UV &MWMERIGE % 95°C T 3 #f#. 60°C T 30 #fH 40-50 -1 7 /v
MR L7,

3 B2 7 — 2 1% 7500 Software ver. 2.0.4 % W TN 24T 72 o 72, LR — & —BFREL
ENDHR—A T A HHEZFNZ ARN=02 ZBfEE L, CtiEzRD7,

AL

B TELIEFR) CE LN -ILIEICK L. RNase QUEE, FRMEALER, SR s EAIALEE 21770
72, RNase ZLEH|E, FLi%EIZ RNase A 10 U/ml, RNase T 400 U/ml & 722 X H51ZiRmL, 37°C
T 1SS S ¥ 70, BRMEALER TR 2 WS L, pH 2 ICFH3E S e 2 & % pH BBk R
L.37°CC 1 BEREFRE L7, SETSPEAIALER 13 1% (viv) & 72 5 & 9 12 Triton X-100 Z &0 L .
37°CTC 1 FEEE L7z, BAH T, HE O miRNA & LT cel-miR-54 % $Li 200 pl (2% L
2ul (10 fmol) (QIAGEN) ¥R L 7=, etk OFIENS EiRD ik LR L X 9 I2# RNA %
i - BRI L, ER PCRIZL Y miRNA, mRNA &% K7,

FHELEYFLN B ORI R L

RSN TW 2 EE OFREAL NI < B (BRkALER) (9 » AEHE TOAIRITHER
nd), 7Ar—7yFINg [FINn) GRKAER) 9 AEND 3 mMEE TOHE
WHEREND), ST LAXR=HIL7 IMA-mi] (FRKFLERD) (EESMAL. I
T LAF—DHSRIHER SN D) A, FEEFFLIRE (13-14%) THiFLH 1,200 9. 4C
T 10 AyfEiE O U, JREE 2 By, #EVC 21,500 g, 4°C T 30 4R oo Z 2 [A], 21,500 g,
ACT LR LEZITRV, B EBA v ERE L, 5N 7-HiE% 0.65, 045, 0.22um T~
S IVE B LT, B ONTHIE T v D BB O JFIEIZHEV R RNA Al - FERLL .
EH: PCRIZL Y miRNA, mRNA &% Kb,

3-1-2-3.  HERHENT

2 BEM] O LLEZIZ 1X Mann-Whitney U-test Z FV N, THALIT O bl CIIARMLERE A2 XTI & L
7= Dunnett test %, FHEKFLI D2 & ik Tid Tukey-Kramer HSD test % JHV 7=, A B KL
P<0.05 & L. JMP software ver. 5.1 {2 X D 772 > 7=,

3-1-3. fER
3-1-3-1. ‘3L miRNA

Fig. 3-1-1 (29 L 212, FAIIED HHEHR L 72 RNA O Bioanalyzer |2 X % B0k E Dff
B, B MREEAE LR UL, 18S, 28S rRNA ([CHET A E—7 1 3a2<Bo b, BLZ
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300 nt LA F @ small RNA FEIRIZ B — 27 23380 STz, #IFL & il GLOFLIE T RNA JEE % L
B L=E 2 A, WIRLTIRBED TN EICE»->T- (Fig. 3-1-2),

mMiIRNA ~ A 7 a7 LA 53

WIFL - FRAGELILIE 2> DAEHL L 72#8 RNA Z IV miRNA ~ oA 7 0 7 LA 12 L 7255 . miR
Base Rel. 13.0 {28k X 41TV 72 7 2 miRNA 333 FiJE O N, 102 fidE 2 Y & 7= (Fig. 3-1-3)
ZDOWN, HIFLT 100 FEEE, FRAEL T 53 FEES RN S v, FIRL & AL TIEE L TR EBIL C
WH DL 51 FE, WIFHLOIZ, AAOAHTRIHSNI-DIZE L 49 L 2 FETH
- 7= (Fig. 3-1-3)

S0 RNA 2B T 545 miRNA &0 & PCR (2 X 5 bk

WIFL - REGLALIE D SRS L 72 RNA 2483 Sfv, 4 miRNA (27 ffi) &% & PCR
XD L= E Z A, miR-15b, miR-34a, miR-106b, miR-130a, miR-155, miR-223 |34]]
AP THEIZRBLER S <, miR-27b (T MEm (P = 0.09) 235588 b7z, miR-29b 135k
B TEVME (P=0.06) WD HNT- DD, % ITFHEICEN LD - 7= (Fig. 3-1-4),

B OITEICBIT 54 mRNA BEOE & PCR (2 & 5 ik

FFE(Fig. 3-1-4) THERZE, H D WILZEN & DA FES BTz 8 fifE (miR-15b, miR-27b,
miR-29b, miR-34a, miR-106b, miR-130a. miR-155, miR-223) DHJHI L O FLILIE
mMiRNA ZH &% LG E =M 72 VIR L7z cel-miR-39 (2 L AW 21772 H 2 & T, %
BEIIE P OFERAIB L7z, £ ORES, miR-29b k< 7 FEd miRNA &%, #IRLHTH
&% 10 fi5~100 f5AEICL < FEBLL Tz, miR-29b (ZOWTiX, #IFL « pAFFLIEM T
BERZETRD N o7- (Fig. 3-1-5),

FLH miRNA O 1A i

PIFLB L ORI I m (miR-494) + f (MiR-320) « {& (miR-155) & TAF{ET %
MIRNA Zf5EEI1Z, FLH miRNA @ RNase, W2, SREiEMEANCK T D MPEZ R~ & 2 A,
AIML7= mRNA ThH 5 cel-miR-54 MEEMESEMF FLSNCTHfE LTz DD, HLHITFET D
MIRNA (3 F 30 b FETEER LS O Tl S igin> 72 (Fig. 3-1-6)

3-1-3-2.  “F."% mRNA
R PCRIZ L DA% mRNA &=AgtT

FIFL « BCAFLFLIE D DR L 72 RNA 2% &3 SV, 7z X< ERE, B KOSk
T VY —LBE MRNA &4 E & PCRICE VR LI E Z A, WTILD mRNA & FEET
D Z N ho T, FIFL - BGAFLALIE R O L TlE, B-CN 23 pEALH THEIZZ < | o-LA,
B-LG 3 RAFLH T MEA 238D Hiv7e (Fig. 3-1-7),
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.7 mRNA O 1k

FHANCAFAET D Z L R S 72 mRNA % 3 fEEER L, RNase, g, SUEEMAN %
T HMMEEZF<T2 L Z A, mRNA RIS miEPER LA O STl ofid < e~ 7= (Fig.
3-1-8),

3-1-3-3. WA FL T mIRNA, mRNA

TR STV D FLIE R KO E R O RNA 2372 & 2 A, W oFiiis A
FLIEHIZH RNAIZFEL TE Y . mRNA BFIELTWDH Z &b 4o Te, 7272 L. mRNA
WZOWTIET LAF—H I V7 THENRD T, mRNA 2OV THT LLF—HI v
JHROEERIT, BEREBABL O 7+ —T v T 74— a5 L L, AEICD
Mo 7= (Fig. 3-1-9),

3-1-4. B

MIRNA X/ > 2—F ¢ 7 small RNA O—FETH VD | R & 72 5 MRNA O3 fiR->RR
Ofil7e E&21T70 9 2 & T, BERLMUICHEE LA EZ R L TWD, PANCHLILE R
FEALFIZZ D mRNA DFET 2D Z L ZH LN E Lizh, RETIE, 42T O miRNA 1F1E
A, VIR E AL O, LIRS 2 48E Ui N T bl eE, T3EAF A rTEer: 2 Bt
L7,

WIFLE L ORREAELY B8 RNA ZHli - #5584 L Bioanalyzer I L 2 EBRIUKEN 21T/ > 7= &
Z A, 18S, 28S IRNA [ZHKTHE—27 138, HDIWITITEA ERD Lo 7203,
300 X7 LA F RELF @ small RNA fEikIC B — 27 258 7-, ZDZ L1k, FHLTITFEET D
RNA 23, {RIETHMIMICHKT DD TRNWI E&2RERT 5, £/, HIFL & lEELD RNA
BEZELIZE A, ML TAERBICE -T2, 6 1 ECRLZEY, ARICE > TEE
72, LF 72 & ORBGLER A 1T —MRITHIFITZ YV, Hod RNA IREZPIFALT TEWI &1
FLH RNA 2Mi] 5 0% B & 7R Al e 2 R 5 5,

~A 7 a7 LA ITORER, miR Base Rel. 13.0 (2% 6k X 41TV 7= 7 & miRNA 333 FifH D
W 102 FEEEDS R S 7z, WIFLC 100 FRAA, p#AEL T 53 R R S 4u. 51 FEA IR &
AL T U CRBL L e, Fex [AIEE. Chen & (125) H2FFLHIZ miIRNA 2MFEET D
ZEHERLTVAEN EoiTmd sy —o o —%& H, 245 T O miRNA 2 LT\ %

X, Fex 3Fml OAFLE VT RNA il L7z oickf L, 4% 5103 100 ml 434 M
WCHIH L7722 & Fex 3 RNA KSR » AW TR L7-0ICk L, & 5 I1XERIKEIC
Ko TsmallRNA ZHEHRiL7-2 & 75>E5’.2.“L’Cb\é LEZBND,

FLPICIEET D mIRNA O&EIZ TS 720121%, % D miRNA OB G | i & 37
THMENRD LN, £ < D mRNA B EON->TNWDEH OO0, FEERINIZERENEE S 7z
MIRNA (ZZHUEELL e, 6> T, FLUTHIR (fF) OB RREREZEET 5 2
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EDD, wA 70T LA THREADMHEGR I NP (126-136) L 38 (127, 137-144)
(CREES 5 Z L Do TV 5 27 FiED miRNA 28R L, T8 PCR THERBEITR~ 72,
FINL72 miRNA [ T2 TER PCR THHEILNMER I 7223, Chen & (125) DfER & b7
% &, Bx T TE 72 miR-133b % Chen HIIFEMIE LTWAHZ & b MEFL THIERH
ERB L TEY (72) (A EIOFK 2 OFEF G AFFH T H By &R B L TU 7z miR-494 73,
Chen HDFERTIEHEVRELL TV & BERE 1TV D00 EZRP T bz, H
WAL O R0, RBRIGIEPEEL T LN EZ 615,

HIFL & BRI O BTl 48O RNA Z W2 154 I 72 27 FEXEO miRNA O %
IXRBEIZENDE) - 7253, miR-15b, miR-34a, miR-106b, miR-130a, miR-155, miR-223
ICOWTIIHIAL THEICEBEN L < . miR-27b IZHIFL TEUMER RO Si-, AL
FIWNEBIFEHENZL NG DTS | miR-29b DAL WMEAIAZED Hil-, Zh 548 RNA
HOENHIFL « RAFLREICENRO bz 8 FFHD miRNA I[Z25W\W T, NEERETH 5
spiked-in L 7= cel-miR-39 CTHEHE(L 247729 Z L T U BOHBEHREAELZNE L= & 2 A,
miR-15b, miR-27b, miR-34a, miR-106b, miR-130a, miR-155, miR-223
IHIEL T 10 f570 5 200 fEREEE R 8Bl L Tz, miR-29b (Z- oW\ Cid, #IL « pREAELINCH#E
SR BEETRD SN2 o7, 25 miRNA [E RO v 5% £ 72 133 EA~ O 50k
STV S mRNA Th Y | il 21X miR-155 (X T Mifd - B M3k, Th1/Th2 /3 F o Al
HIEPE T AR BB G- L TR 0 . miR-223 13 4F H BRI - TEMEAL Z B9~ 5, v S #IFLIC
IETRIEER DG STV DY (145), ERLo L 9 ICHIRIEER 27~ L 9 % miRNA 234
AP TEEIL TWD Z LIE, WIROFRIEERO—4H 5 maetta mme L, KRZEB%
B,

RNA |3 IS RELER T Thd & SHTHY, RNase (2L HSCHITHfES LD,
F7z, FLHFIZIE RNase ZE ENTWADZ ENHLN TSN (146), ZHNETRLEZED
WZAFLFIZ mIRNA 2T 5 2 EMTE 72720, MO OREERRS 5 & 2 bz,
Z 2T, AHHIET mRNA ZFELIE (F) OEETHEIE 5 20205720, FIEHIC
e ARFEEL L TV 2 miIRNA (7 : miR494, HF : miR-320, 1K : miR-155) A fRIEIZ. V4
b2 T~ T, £ OFER . FLIEIZEIN L 72 miRNA T % cel-miR-54 (X 37°C., RNase,
FRTEPERLERC K 0 Lo iR L7212kt L FLiE  miRNA IR s AL 4 fR & |
WTALOMIRK L TCHEETH ST MREF MRNAIZ~ A 7 ma XTI )L 27— A
TR b= ZNMETe ERRERE/ AN E SN THIET 5 Z E R H LTV 5, RNase 0fz1Z
X LZETH Y, FEiEHAEIC X0 R s iz 2 ik, 4ILFLET miRNA © ERT s
WCAFAET D 2 L Amed %, Admyre  (147) Ik 0 b FREALTICT 7 VY — ARFLE
T5Z L&, b PARMMEEERICE MELBKkT Y VY — LB MZ D L HEEFIC CD4T
HERRIZH5 1T % Foxp3' Treg 2AHEMNT 2 Z LR STV DA, RO FIFLH T miR-155 FHL
BNREZWZ L E2EZD L Treg HINCHEF miR-155 BAREE L TWAH AlREME L B2 BN D,

R VY —ATH DA, 2007 4F Valadi & (148) 12XV mRNA L E8TeZ EAVREN

48



7o FHAIEF MRNA B2 VY — AN FET D &35 L. mRNA & E T2 i
PR DT, A BEREEB OBk Y VY — APIFET 5 2 LB R S
TWDTEAEL E%a2— F92% mRNA ZE&E PCRICE D HIE Lz, TOREE, iz A<
BB LOHAH K=Y VY — ARl MIXSEZ 22— R925 mRNA BAFEFICEENTED .,
FRIZHLT2 AT < ERBFE mRNA OFBLEN RIS W2 L3 boro 7o, FIFL - BEELD Bl
H - BRI L7 RNA 258 WTHIERLIZE 24, S IIRBEIZEN 2> 7228, B-CN
DAL CHEIZZ <, o-LA, B-LG MEAFLF T MEHM RO H A7z, miRNA Rk
MRNA (22T & LI &2 87225, mIRNA R4, FimiE Al sk o 4448 (37°C. RNase,
fePE) TIILZETH-T=Z EMnD, AEF mMRNA b =7 VYV —AD X 5 72/ Nal A ET
L ENTRRENT, I mRNA 2E(E L, WHRFHIC X > THEEENZET 2 b 0n
HDHZEIZHONT, ZOEFRIIRIZHALL T2V, LL, ALHICORGFET D EE X
BN TN AESETHDH P A D mRNA 75, HER, BERRMINE, T M, s
EVE T MR RE L, BENIAZR SO0, G Rl D h0&kE 2 Ri-d
ATREMEDN S STV D 2 &nh (149, 150) . FLH mRNA & 5RO HifaOlifan (2B Y JA F
Nl doL, MODPOIERZRTHREENREZ DILD,

ZZFEORLEZEY . FILAET miRNA, mRNA (225> RNase 72 & RNA (2 & - Tl L
WRIHCR L TRETH DL Z ED, TENT a ARG TIC LAET 5 ket
WD, 1toT, MROARHRIGA, 7+ —T v 7 IV IVITLAX—HE
FE R V27 75 RNA Zf - R L, IREMNIE, E&PCRIZXE D miRNA, mRNA D%
AT, ZORE, AAIIE L L, &3P 720 b 00 BRIKENIZ L Y small RNA
V— 2 Zfiggd 2 2 LN TE, IIEHHFRMA., 7+ v —7 v 7 I /17 TiE miRNA, mRNA
DOREBABMRT DN TE e, LWRAMERI, 7+ —7 v 7 IV7 LKL, &E
IYRFLTIE mIRNA BITAEICD 722 <. mRNA TR S oz, —fRICI V7 T LILE
—HEESELIL, 7T T —RBILL 0 A EE S L, D TR A ADOKRE LT
T KRR ZbrET 2720, AR TRbILS, £ OBEAWGNLEILES 10 kDa LL T T
bbb, TaT T —BICL DO RNA bR LIZAREMEIX R ETE 20 DD, =7
V= ADRKEEN10-100 mEEL SN TWD I EE2EETH L. @ESMIL T mRNA
DifE Lo S e o 72 2 & L mRNA 23 S /e n o 72 Z & 1E, F miRNA, mRNA
DREBGIBET VY =D LD BRFE/NUZEENTND & W IRERE SFRFT 50 s L7
VY,

3-1-5. /R

ARETIE, FHAETIT mRNA, mRNA BFET D Z &, 2R OIBLEDYIA & L
THRRHZ L, LWRBEEEEZEELEH T TRETHHZ L, TENT B R ERTI
S OFET DI LA RT I ENTE T,

MIRNA |33 IS B R 2 K72 U, 2 ZHEROMZEIC K0 | ik (151, 152) .
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JR (152,153), WERK (152,154), F/K (152) 72 Ekkx R TPICAHIET D 2 & B3 B M
ENTW5D, LL, ZHSEET mRNA OAFZEIL, WA F~—h—& L TOMZENR
HI)TH O | EMFHRMBITIES L0 e STy, Bix eiikigof <, L& ¥FKiEAE
FTal ] R KiRisnsboThY, —EHREEE (7)) 1I2& o THE—DRFER
Th2 F) FIZmRNA, MRNA R EEND Z 2R LIEERIIRENVEER L,
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Table 3-1-1 : Information of colostrum and mature milk

] Sample Used milk
Times . .
collection (day  Collected milk volume to
Type No. of ]
. or month after volume (ml) purify RNA
delivery )
delivery) (ml)
1 6 1d 20 4
2 1 1d 20 45
Colostrum 3 1 1d 30 25
4 1 2d 20 55
5 1 3d 30 2.5
6 4 8d 12 4
7 2 3.5mo 12 6.5
Mature milk 8 3 6 mo 12 35
9 3 7 mo 12
10 8 8 mo 10 4
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Table 3-1-2 : miScript primers used for miRNA assay

miRNA Product No.
1 let-7a MS00005460
2 let-7b MS00000007
3 let-7c MS00005467
4 let-7f MS00005481
5 miR-15b MS00013097
6 miR-20a MS00000098
7 miR-24 MS00005537
8 miR-26a MS00000133
9 miR-27b MS00000154
10 miR-29b MS00005544
11 miR-29c MS00000175
12 miR-34a MS00000224
13 miR-92a MS00006594
14 miR-103 MS00005586
15 miR-106b MS00000301
16 miR-125b MS00005600
17 miR-130a MS00000343
18 miR-133a MS00007252
19 miR-133b MS00007259
20 miR-141 MS00000413
21 miR-148a MS00003556
22 miR-155 MS00003605
23 miR-181d MS00013139
24 miR-200c MS00003752
25 miR-223 MS00003871
26 miR-320 MS00013433
27 miR-494 MS00004340
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Table 3-1-3 : TagMan probes used for mMRNA assay

mMRNA Product No.
1 os1-Casein Bt03217569 m1l
2 oOsp-Casein Bt03214949 m1l
3 [B-casein Bt03217427_m1
4 K-casein Bt03213724_m1
5 a-lactalbumin Bt03213962_m1
6 B-lactoglobulin Bt03230916_m1
7 lactoferrin Bt03217384_m1
8 lactoperoxidase Bt03211919 _m1
9 milk fat globule-EGF 8 Bt03216859 _m1
10 polymeric immunoglobulin receptor Bt03212948 m1
11 xanthine oxidase Bt03212108_m1
12 CD36 Bt03212338_m1
13 CD63 Bt03217862_m1
14 major histocompatibility complex class Il Bt03286221_g1
15 fatty acid synthase Bt03210485 m1
16 enolase la Bt03230941_ml
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Figure 3-1-1 : Total RNA from bovine milk was analyzed using a Bioanalyzer.
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colostrum mature milk

Figure 3-1-2: The RNA concentrations in bovine colostrum and mature milk (n = 5). The values are

expressed as mean £ SEM. *P < 0.05 compared with mature milk.
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Figure 3-1-3 : Analysis of the miRNASs in bovine milk. (A) miRNA expression gene tree for bovine
colostrum and mature milk. (B) Venn diagram showing the numbers of mMiRNAs expressed in bovine

colostrum and mature milk.
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Figure 3-1-4 : Quantitative PCR analysis of select miRNAs in equal volumes of RNA from bovine
colostrum and mature milk. An aliquot of total RNA (0.5 ng) was used for each miRNA. The values

are the mean £ SEM (n = 5). *P < 0.05 compared with mature milk. High Ct means low expression
and low Ct means high expression.
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Figure 3-1-5: Quantitative PCR analysis of select miRNAs with normalization. To measure the levels
of expression of mMiRNAs in equal volumes of whey fraction from colostrum and mature milk, the
guantitative PCR data obtained were normalized to spiked-in synthetic cel-miR-39. The values are

the mean = SEM (n = 5). *P < 0.05 compared with mature milk.
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Figure 3-1-6 : Stability of the miRNAs in raw bovine milk. Raw milk derive whey (400 ul) was left
untreated (white column), incubated at 37°C for 1 h without treatment (black), incubated at 37°C for
1 h with RNase (10 U/ml RNase A and 400 U/ml RNase H) (oblique lines), exposed to a low pH (pH
2) (dots), or treated with detergent (1% Triton X-100) (grid). The values are the mean £ SEM (n = 3).
*P < 0.05 compared with untreated. High Ct means low expression and low Ct means high

expression.
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Figure 3-1-7 : Quantitative PCR analysis of the mRNAs in bovine colostrum and mature milk. An
aliquot of total RNA (0.5 ng) was used for each mMRNA. The values are the mean + SEM (n = 5). =P
< 0.05 compared with colostrum. High Ct means low expression and low Ct means high expression.
CN, casein; LA, lactaloumin; LG, lactoglobulin; LF, lactoferrin; LPO, lactoperoxidase; MFG-ES,
milk fat globule-EGF factor 8; plgR, polymeric immunoglobulin receptor; XDH, xanthine
dehydrogenase; MHC Il, major histocompatibility complex class Il; FAS, fatty acid synthase
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Figure 3-1-8 : Stability of the mRNAs in raw bovine milk. Raw milk derive whey (400 pl) was left
untreated (white column), incubated at 37°C for 1 h without treatment (black), incubated at 37°C for
1 h with RNase (10 U/ml RNase A and 400 U/ml RNase H) (oblique lines), exposed to a low pH (pH
2) (dots), or treated with detergent (1% Triton X-100) (grid). The values are the mean £ SEM (n = 3).
*P < 0.05 compared with untreated. High Ct means low expression and low Ct means high
expression.

CN, casein; LG, lactoglobulin
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Figure 3-1-9 : Analysis of infant formula-derived RNA. (A) Total RNA from raw bovine milk and
infant formulae was analyzed using a bioanalyzer. (B) The RNA concentrations in bovine raw milk
and infant formulae. (C) miRNA expression in infant formulae. An aliquot of RNA from 1.25 ml of
formula was used. (D) mRNA expression in infant formulae. An aliquot of RNA from 1.25 ml
formula was used. mMRNAs was not detected in extensively hydrolyzed formula; therefore, the
formula was assigned a Ct value of 50. The values are the mean =+ SEM (n = 3). Means without
common letter significantly differ (P < 0.05). High Ct means low expression and low Ct means high

expression.
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RNA fEI5|Z 5517 5 miRNA Ot A M3 %5 miRNA/small RNA HidifiE 3 & b e <. IRV T
#FL., AFLTH > 7=, small RNA FEIRIZ I3 piwi interacting RNA (piRNA)<°> miRNA D Hij5i
KTHD pre-miRNA 72 ENFAET D EEZBNH-0, Mg - ¥I5 - lEAFLFIZEEND
2D RNA ORERKN R D aREME b RB SN D,

8D RNA &% W= miRNA ~ A 7 1 7 LA @ scatter plot f#H7 Tix, miRNA FH/ ¥
—NZOWNWT, FIFEMIETIIRERERH D Z & VI & HAAAERIC L ZEZNH Y |
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FLILIE T 144 FEEH, d 16 BEAELILIE T 143 @*’érﬁ%ﬁﬂj 7o, MiECIE 168 FEMR H S 4,
FLIE TR S 72 161 FlEE & 141 BN @ LTI HL L T3, Bk o scatter plot, 7=,
genetree 225, FOFRBINF — U FRE L Elp o> T,

AFE3LICHRLEZED , %< O mRNA 20> TS b OO, EERAJIEEI) [H
E ST mRNA IZZHUEEL L 2, 6o T, 3-1 HFEER I9apE) & 388 (B L&
FRME SN TS MRNA IZOWT, v~Af 7 a7 LA T —2nhbilitiL, e— b~y 7%
B L7z, F£72, E— vy 7IZ@8RanzF T, HENZONWT, LS Tnd
MIRNA Z#IR L, E& PCR IC K » CTHEEOFIET - MIGTHRIEEOHRZIT2 o7, Fig.
3-2-4 b, (5% [3E] WEHDLVEE L LR IFICEHT 5 miRNA 2385 < #BH L
TWDZ EDbnotle, 7220, Tz 5] IZB5 75 mIRNA B ETHBELL TWDH b
JTIERWZ L, ZREToe b (72,156), v (73,125), 7 (157) OfERFERE. 1L
R« A - TN - PR - ds L OMiRe 72 & Da Fr R AYICHBL L TV D & S5 miRNA 1
2L HOIWKIFEAERB L T\ eholo, HEOANR - MG+ mRNA OJE & PCR 12
K2 TIE, miR-192, miR-150 23 ML{E T <, miR-223 HIFL A FR < BAAFIFE LV b
Mg T -1z, URIOE FOFEETH miR-150, miR-223 [ZFLiE L ¥ b IfLiE TH W2 &
MERENTNDZ DD, M MRNA DZHIF LY bIMETEZ W L IFFEL B C—8T 55
ReEB2oND, HLIETOREERRZLEZ T FER T, let-7c, miR-29a, miR-29c,
miR-192, miR-21, miR-146a. miR-150, miR-223, miR-320 |LHEZ IS EH S —ET
»H Y. let-7i, miR-143, miR-148b-3p, mIiR-15b, miR-17-5p, miR-24, miR-27b, miR-92a,
miR-106b, miR-125b-5p, miR-181a, miR-181c, miR-181d, miR-200c, miR-375, miR-107,
miR-141, miR-370 IIMFLH FIE CHREEN L) 57223, miR-15b, miR-27b, miR-106b (Z->
WTIEY Y ORER (73) & —ETE2H00, 7 TIXSEREOYIL - RAGLEILIER TN
2o 7c miR-29b A3, 7w FTIFHATEBIHL TEBY . UV TIHMAL TREEN LD >
72 miR-223 73, 7 v M TIZHEZROFHICEADL LT —EL VL Th LR L, U LT8R
LRERTH oI, ZOZ L1, APFITE ENDH mRNA O—EHOREBEOKEENL, FIZL->T
B ERRBIND,

WIFLFLIE I EFEIL L TV D miRNA DR, let-7i, miR-148b-3p, miR-27b, miR-125b-3p
TIPSR RS AEIZ . miR-15b, miR-24, miR-92a, miR-181la, miR-181c, miR-181d (X T
HHRR TS EE EARRRIC B 2 5.2 5 Z e b L Cnh (133,136, 158), F72. let-7i 121X TLRs
FELOML T, miR-125b 121X TNF-a FEAMIGIAHE 41 TH Y (136, 158), & K (147) &
LT v (145) WIFLICIIMKIEERR S D 2 L 2B B35 &, FF miRNA BHLRIEIER
DAN=ZALD—a o TWDHAEEENS D, Fo, [FE] OBLR TR TS, HLEH
REMIFEREAE AN R STV D miR-143, miR-148b-3p. miR-141 (159, 160). mA{L#. IEE
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TZAESEE, e T A= AT bRk Y Y Y — AR E TR Y (147), 9L
Ty YV — L] EETAZELHETHDL, UEOZ LD, FIEFICHR BT
% MRNA (%, HHk=2 VY =L I EORRERKMR L TEY , 2D Z LiX, mRNA
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=) IZOWTE, d226 d 9T T L, d16 THINL7Z, ZofRIZ, 7> b
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— T, #51X TPT1, SPP1, CEL., GNB2L1, TMSB4X 72 &% U 2 MIZEIFTWAAR, Zh
ST v PEIEFIZIERL . HDHWTIFE A ERIBLL TV e, Wickramasinghe & (165)
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LCIEZETF TRy, LEDZ Mt APIZEEND mRNA OEFEIO—HIL, FLIE - A

70
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Table 3-2-1 : Primers used for miRNA assay.

mMiRNA Product no.
1 let-7a MS00005460
2 let-7¢ MS00005467
3 let-7e MS00012922
4 let-7i MS00000028
5 miR-29a MS00000168
6 miR-29b MS00005544
7 miR-29¢ MS00000175
8 miR-143 MS00000420
9 miR-148b-3p MS00000448
10 miR-192 MS00000539
11 miR-15b MS00013097
12 miR-17-5p MS00013118
13 miR-21 MS00013216
14 miR-24 MS00005537
15 miR-27b MS00000154
16 miR-31 MS00000203
17 miR-92a MS00005579
18 miR-106b MS00000301
19 miR-125b-5p MS00005600
20 miR-146a MS00000441
21 miR-146b MS00013062
22 miR-150 MS00000455
23 miR-181a MS00013125
24 miR-181b MS00005677
25 miR-181c MS00013132
26 miR-181d MS00013139
27 miR-200c MS00000595
28 miR-223 MS00033320
29 miR-375 MS00033516
30 miR-103 MS00005586
31 miR-107 MS00033173
32 miR-141 MS00000413




Table 3-2-2 : TagMan probes used for the mRNA assay.

MRNA

Product no.

© o0 ~N oo o1 B~ wWw NP

W oW RN N RN N NRNDNDDNDNDNPRPR P P P P P P R R o
R & © 0 N oo O~ W N P O © o N o o~ W N PP O

Csn (casein)1sl
Csnls2a
Csnls2b

Csn2
Csn3
Lalba (a-lactalbumin)
Wap (whey acidc protein)
Lpo (lactoperoxidase)
Tf (transferrin)
Mfge8 (milk fat globule-EGF 8)
Xdh (xanthine oxidase)
Mucl (mucin 1)
Cd63
Cd81
Fasn (fatty acid synthase)
Lpl (lipoprotein lipase)

Mif (macrophage migration inhibitory factor)
Pigr (polymeric immunoglobulin receptor)
Sdcbp (syndecan binding protein)
Tgfbl
Tgfb2
Tgfb3
Vegfa (vascular endothelial growth factor)
Ccl5
Ccl28
Cxcll
1133
Tnfsf13
Acdc (adiponection)

Insulin 1

Tnfrsfllb

Rn01524597_m1
Rn01524579 ml
Rn00597435_m1
Rn01524626_m1
Rn00580733_m1
Rn01532920_m1
Rn01461679_m1
Rn01751775_m1
Rn01445482 _ml
Rn00563082_m1
Rn00567654_m1
Rn01462585_m1
Rn00567481_ml
Rn00565272_m1
Rn00569117 m1
Rn00561482_m1
Rn00821234_g1
Rn00562362_m1
Rn01220868 _m1
Rn00572010_m1
Rn00676060_m1
Rn00565937_m1
Rn00582935_m1
Rn00579590_m1
Rn00586715_m1
Rn00578225 m1
Rn01759837_m1
Rn01467490 g1
Rn00595250_m1
Rn02121433 g1
Rn00563499_m1
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Figure 3-2-1 : Bioanalyzer analysis of RNAs in rat whey and serum. (A, B) Day 2 whey; (C, D) Day
9 whey; (E, F) Day 16 whey; (G, H) Serum; (A, C, E, G) Analysis using the RNA 6000 Pico Kit; (B,
D, F, H) Analysis using the Small RNA Kit. Whey RNA concentrations were very high (especially in

day 2 whey), so diluted RNA results are shown in this figure. FU = fluorescence units.
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Figure 3-2-2 : RNA concentration and miRNA/small RNA ratio of RNA samples purified from rat
whey and serum. (A) RNA concentrations in rat milk whey and serum. (B) miRNA/small RNA ratio;
Values are the mean + SEM (n = 3). Means without letters in common differ (P < 0.05,
Tukey-Kramer HSD test).
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Figure 3-2-3 : miRNA microarray profiles of rat whey and serum. (A) Scatter plots of averaged whey
and serum array data. (B) Heat map of the normalized array data for miRNAs detected in whey or
serum samples. (C) Venn diagram of numbers of miRNAs detected in each type of whey. (D) Venn

diagram of numbers of miRNAs detected in whey and serum.
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Table 3-2-3 : Functions of predicted targets of whey miRNAs

Rank Category B-H P-value
1 Cellular Development 1.61E-62 - 4.57E-13
2 Cancer 1.12E-61 - 9.18E-13
3 Cell Cycle 1.28E-59 - 8.79E-13
4 Cellular Growth and Proliferation 1.26E-58 - 4.52E-13
5 Cell Death 1.34E-56 - 6.17E-13
6 Cellular Movement 1.45E-55 - 5.59E-13
7 Gene Expression 2.32E-49 - 6.23E-13
8 Tissue Development 7.7E-49 - 7.19E-13
9 Gastrointestinal Disease 3.24E-45 - 2.6E-13
10 Organismal Development 5.38E-45 - 7.19E-13

The predicted targets (from TargetScan) were examined by Ingenuity Pathway Analysis. Ranks were
determined by right-tailed Fisher’s Exact Test and were corrected by Benjamini-Hochberg Multiple

Testing Correction. B-H P-value = Benjamini-Hochberg P-value
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Figure 3-2-4 : Heat maps of selected miRNAs from microarray data (detected or not). (A) Immune-
and development-related miRNAs. (B) Immune-related miRNAs. (C) Development-related miRNAs.
(D) Tissue-specific miRNAs.
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Quantitative PCR analysis of selected miRNAs in equal volumes of whey and serum.

Figure 3-2-5 :

= 3).

An aliquot of total RNA from 0.5-pL was used for each miRNA. Values are the mean + SEM (n

Tukey-Kramer HSD test). High Ct means low

Means without letters in common differ (P < 0.05,

expression and low Ct means high expression.
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Figure 3-2-6: mRNA microarray profiles of rat whey and serum. (A) Scatter plots of averaged whey
array data and mixed serum array data. (B) Heat map of the normalized array data for mMRNAs
detected in whey or mixed serum samples. (C) Venn diagram of numbers of transcripts detected in

each type of whey. (D) Venn diagram of numbers of transcripts detected in whey and serum.
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Table 3-2-4 : Functions of transcripts detected in whey.

Rank Category B-H P-value
1 RNA Post-Transcriptional Modification 1.3E-31 - 3.49E-01
2 Protein Synthesis 8.01E-22 - 3.47E-01
3 Infectious Disease 8.01E-22 - 3.47E-01
4 Cell Death 7.85E-18 - 3.49E-01
5 Molecular Transport 4.79E-17 - 2.97E-01
6 Protein Trafficking 4.79E-17 - 2.97E-01
7 Cell Cycle 3.43E-16 - 3.49E-01
8 DNA Replication, Recombination, and Repair 2.18E-15 - 3.49E-01
9 Post- Translational Modification 4.38E-14 - 3.49E-01
10 Organismal Injury and Abnormalities 2.02E-13 - 3.14E-01

Transcripts detected by microarray analysis were examined by Ingenuity Pathway Analysis. Ranks
were determined by the right-tailed Fisher’s Exact Test and were corrected by Benjamini-Hochberg

Multiple Testing Correction. B-H P-value = Benjamini-Hochberg P-value.
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Figure 3-2-7 : Heat maps of selected mRNA transcripts from microarray data (detected). (A) Milk
protein transcripts. (B) Milk-derived exosome-related transcripts. (C) Hormone and growth factor
transcripts (D) Chemokine transcripts. (E) Cytokine transcripts. (F) IgA induction-related transcripts
(G) Pattern recognition receptor-related transcripts. (H) miRNA processing-related transcripts.
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Quantitative PCR analysis of selected mRNAs in equal volumes of whey and serum.

Figure 3-2-8 :

An aliquot of total RNA from 0.5-uL was used for each mRNA. Non-detected mRNAs were

= 3). Means without letters in common

+ SEM (n
Kramer HSD test). High Ct means low expression and low Ct means high

assigned a Ct value of 50. Values are the mean

differ (P < 0.05
expression.

Tukey-
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Figure 3-2-9 : Growth factor, hormone and chemokine concentrations in whey and serum. (A)
Transforming growth factor (TGF)-B;. (B) TGF-B,. (C) IGF-1. (D) Adiponectin. (E) Insulin. (F)
VEGF-a. (G) CCL5. (H) CXCLI1. (A-D) Measured using ELISA kits. (E-H) Measured using
Milliplex panels. Values are the mean = SEM (n = 3). Means without letters in common differ (P <
0.05, Tukey-Kramer HSD test).
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3-3. 7 4% miRNA, mRNA O FEFRE
3-3-1. =

3-2THTT » FALHIZH mIRNA, MRNA MF(ET 52 & &ZRm L7z, & MERLORER, 31
HTR LT FHOMER, SIS N E WS B - FSR2 80 IO RNA I
oD EZ R Z ENRBEND, £z, 3-1HTRLEZEBEY . HHPOMRENE RNA X
<> RNase [Zxf L CHRPIMEN & 0 | FUEISTEAILEIC K> THfRES D Z emb, =7 Y
V=D L) IRREREICAFET 2 2 EDNRBE I D, & ZAT, MO miRNA L& E
URTZAIELE (HDL) <° Argonaute 2 & D 7= XL BHEEIER L, =7 VY — LA DIE
ETOMFED LTI Y, EEE, FARMAFT O RNA REIL, RIERREEZRTHD &1
Z. FECH DI HPRE LY bRIBICD 72 P RNAICH =7 VY — LS OERET
FETDHILORHDZ ENTRBEND, TITRETIE., VVEALEAW, =7V Y —A
L7 ) — BPSMIAFAET S mIRNA, mRNA 2 50295 Z L 2 HE L, Bata1T
2ot Fio. ARG DIRET RNA IZEENE WD, BilE v ML D EIERDZER T
L7,

3-3-2. MELE Ik
3-3-2-1. #E

AREBRCTHER L4503, BRI ERRSHI I CRIEEICER S p AR 2 vz,
FRKFLE - RBEREIIEITIC B 141265 H & T-80°C CTIRAF L7z,

3-3-22. ik
FLIH AR

3-1-2-2 HITFREH DO TIEIZHE L TIT R o 72, 725, 43 Y 7% 1,200 g, 4°CT10
SRR EITZRV, IREE. MlakE, REmERE Lz, REEL 2 [Fi720., fohik
ifE$L % 21,500 g, 4°CC 30 /yfElimlo L, - fRE & B A v &2FRE LIz, VT 21,500
0. ACTLIHIEL L, EBICHEBA v EBRE L, BONEWHREE (3L %. 0.65,
045, 0.22um O 7 4 VX —Jgi %1772 9 2 & T, Mk E L RE L,

F v MZ X 5# RNA filit] - R R O RGET

ARE 3-1-2-2 IZFEEH DO FEIZIE, R THEONIFIGE Y 71 5 {5F&ED QlAzol ¥k
mi. A7y 7 ATRSEH L, 5 o= THE L7z (B 7). cel-miR-39 %
3.5l (0.267 nM, 1.6x10° copies/ul) FRZEMEY > 70 1.2 mlCHEIN L7, WRICHEA L7235
HEFEREOZ aa RV EERML, AT v 7 A TR %, 3 /o=E CT§FE L, 12,000
g. 4°CT 15 spflim 0 Lz, KB ZEEERC R L, /5367 KE&ED 1.5 f5 &0 100%
T4 ) —NEMZTRLEAL L, miRNeasy Mini Kit % 721% miRNeasy Serum/Plasma Kit

(QIAGEN) Z H W THEL L 7=, 15 HAL7=# RNA % RNA 6000 Pico Kit 3 X O Small RNA Kit
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Z FV>, 2100 Bioanalyzer % FVTHIE L7z,

T — B X OO EIE O

Lasser & (166) D HFIEICHEVY, FFLCHROLNT-HIE Y 7L % SRPT0AT n—% — (HAZ
THE, HAD AV, 100,000 g, 4°CT 90 srfElEE LE{TR>72, Ny MRIZR -7
7V V= LERASERNE D BERS BEES, XLy MR Y Y —AT PBS T
PR L, FE ERROSMoE LT 5 2 & T Uiz, PR EEEEE 2 [T, PE
o> Y — A% PBS TH® L, Micro Bradford protein assay (Bio-Rad) %\ T7zA
E<EEDOHEEIT/R > T,

T7 VY — B X OEE L% EIED D O RNA fif - R
R U7 v ML D EZ R LR 2B E 2 O miRNeasy Serum/Plasma Kit
Z T,

MIiRNA ~ A 7 1 7 LA it

3 Lot DAHAMNOIRM LIy v Y — A B L% BIEOMR RNA 25 &1 E L.
40 ng D#8 RNA % 3-1-2-2 F# D H{EIZE U, Bovine miRNA Microarray Rel. 17.0 (miRBase Rel.
170 2SS E T v Shie~v A 7aT LA, 670 FEHO 7 ¥ miRNA ZRHTX %) 12
ATVEAL—vay Lz, REIECLEZFIKIT miRNA Complete Labeling Reagent and
Hyb Kit Z W TiT72e > 72, ™A 7TV XA B —2 g U ETEEEIEE 1T 720, DNA Microarray
Scanner & fWCHIE AT/ > 7=, JIEA A — % Feature Extraction Software ver. 10.7.3.1 %
MWTHEHT L, > 7 T VEZTST,

MRNA ~ A 7 27 LA fifhr

3 Lot DAERMNOIRM L=y v Y — A L OHE L% BIE O RNA 2% &IEA L.
100 ng D& RNA % 3-1-2-2 si#i o 57412 4E U Bovine Oligo DNA Microarray ver. 2.0 (4 X 44K)

(WEEROZDOay ha—A7a—7 %R & 43713 Tu—T0REEND) AT
UEAE— 3y Uiz, REAEICLEZ 3T Low Input Quick Amp Labelling Kit z v T
Tleote, ™A T VEA = a U HBUERIEETIT72\), DNA Microarray Scanner % f T
WE %1772 - 7=, WITEA A — % Feature Extraction Software ver. 10.7.3.1 % F\WCREST L, >
7T NEZERT,

~A 7 aT LA T — SR

BohizvA 7 a7 LA v 7 FLEIE, GeneSpring GX ver. 115.1 % U CREAT %1772 -
72o MRNA 7 —X 22U\ TIL, GeneSpring T IFHL) &HIE S, 2> raw signal O
0L EDOLDE 3H) & Lz, ~A 7 a7 LA 7 —4% NCBI ® GEO (2 %8k - ABH L7z,

86



frEsnl=7—4%t v b 513 GSEE1978 Th 5,

EEPCRICE DT Y Y — AL OO EEF miRNA, mRNA E &

MIRNA, MRNA 3£{2 32 ml OAEFICH KT H 27 YV Y —Ad LU O EEN S A -
L7 RNA &2V, 3-1-2-2 [ZRL D FiEICHE > THT e o 72, mIRNA EEIZAWE-7Z
A ~—7% Table 3-3-1 |Z. MRNA E&(ZH /=77 1 ~—% Table 3-3-2 |2/~ T,

3-3-2-3.  HEEHAEMT
2 BEME] D LR IZ 1 Student’s t-test 2 VY, £ HELKE CTlE Tukey-Kramer HSD test % V7=, A
BEKUEX P<0.05 & L, JMP software ver. 5.1 ({2 X D 1772~ 7=,

3-3-3. FER
3-3-3-1. ¥ v M X D# RNA filiH - BRI O R

Fig. 3-3-1 {Z RNA it - #5%4% o Bioanalyzer &5 KEIRE %4 . Fig. 3-3-2 (2 RNA 28,
miRNA/small RNA Lk F 4774, Exosome % ifilth, fht - KEHI4 2 2 & C RNA BRI
b L, miRNA/small RNA Ft b Lz, & v M X D Cik, i v M E LT RNA
ZAERL - [N 5 2 & AT 725, miRNeasy Serum/Plasma Kit % Fu 7= 5 73[R &1 3
DIZREo 7z, WINL 7= cel-miR-39 [FI R OfE R (Fig. 3-3-3) . #4587 miRNA (Fig. 3-3-4) |
mRNA (Fig. 3-3-5) OfERLFRETH -7,

3-3-3-2. =7V YV—LArBIOEEL EET mRNA
RNA
BEOMIEVFHM Ly v Y — A BIOEEL EFE» S - BR L7 RNA ©
Bioanalyzer FE KBNS A Fig. 3-3-6 (Znd, =7 YV YV — A &0 RGO RNA JREE I,
T VY —=LATHEILEL, 3LtDAEADERNS, =7 VY — LA EZ NS DOTRETHE
£ % RNA T8 L% 7:3 TH - 7=, miRNA/small RNA tid#E O EE CHEEICE N> T2,
(Fig. 3-3-7)

mMiRNA ~ o 7 0 7 LA it &

MiIRNA ~ 1 7 0 7 L A fiffr OFE R % Table 3-3-8 |2/, ©7 VY — A% 79 FtE, &
0 BIEITIE 91 FEFHO mIRNA 238 S 41, Wi 24l LT S 472 miRNA 1 39 Fifi
ThoTed 7T NVMETERR - Tz, =7 Y Y — 4 G BIFICH S 7z miRNA
DA, HBEDZ N Top50 & ENHD ) —~ T A Atk V) /VE% Table 3-3-3 1277,

miRNA JE & PCR %5
Table 3-3-3 [Z/R L7z Top 50 D U A /6 20 FAID miRNA 23R L, & PCRIZ LV %
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BOIETICIEET S miRNA &2 75272 (Fig. 3-3-9), miR-133b, miR-1281 % [ < 1F1F 4
TO MRNAIZHOWT, BELEELYV b7 VY —AICHEICS S FE LT,

3-3-3-3. =7 YV YV—AEILOEEEL EET mRNA
MRNA <A 7 a7 L A R

MRNA ~ A 7 0 7 L A i OFER% Fig. 3-3-10 |28 7, =7 Y YV — AZ1T 19,320 FEH,
L EIEI2IE 2,634 FEEEO mRNA 23R H S 4, il (23658 L TR & 472 mRNA 13 2,538
FFEToH o723, mRNA ARk 7 T A REIT R > Tnve, =27 Y Y — A @iED BFIC
B & 372 mRNA O RBBED S Top 50 & Z DD ) —~ T A Rk 7)) % Table
3-3-4 & Table 3-3-5 127”7,

mMRNA 7E & PCR i i

Table 3-3-4 & Table 3-3-5 |{Z/K L7z Top 50 ® U A k5 23 FlHFED mMRNA Z 3R L, E&
PCRIZ L W % BOILIEHFIT/AAET D mRNA BAFH~7- (Fig. 3-3-11), F& PCR T~ 7=4
TO mMRNA X, BEbLEELIV b= VY —MIHEEICEFELT,

3-3-4. EE

RIEHIZAFAET 5 miRNA 72 STXRE NN -0, [BIROSGIEE LT~ 7 v h 3%
KOG EIN TS, £, A 3-1, 3-2 TIEFAIIE. 7 v FILIHFHIZ miRNA <° mRNA
WIFAET 5 2 L& LA, i miRNA 72 Efifast RNA X7 Y Y — AR~ A 7 1y
I NS DIERETOFEL M BTN S (166-170), T D=, KFETIX, 7 AERLE W,
FBRx > MCXDEROBEEZRFTT o L & bic, =7 VY —Abxy VY —APINIAF
1£9 %5 mRNA, mMRNA ZB 60T 52 &2 HRE L, MEtE1T o7,

X v hOk#E, 3-1, 3-2 THU 7= miRNeasy Mini Kit &, miRNeasy Serum/Plasma Kit %
g U7z, ZOfER, Wi > MUHIBAFREIEZ R LT 0O miRNeasy Serum/Plasma Kit
DFNEINREDOETHOTINCREVWEESZ LN, OB Tl miRNeasy
Serum/Plasma Kit Z i 5 Z & & L7z, F72, v MEKRORE, oIV L=y
V) —AD RNA Zii~7- L 2 A, ¥ RNA BITILIEN S EREE - BT 20 L i LT
B L. miRNA/small RNA L2 L 72, RNA BEOHED T 7 VY — AFHROBER D 10 2|2
E2bDLEEBEZ BN, AIEFRIHFET D RNAZIET Y VY — WU DOTERE CTFET 5
HDONRHDH T ENRE ST,

ZITUVAAIE AW, BEOMCKVFER L2 Yy —a s BEOE REND
RNA Zfifitth - R L, Wik A1T70 o7, ZORER, RNAREIZ=2 VY — LA THEIZHEV
HOD, HELED FIETIZS RNAIZFEEL, ZORRITBLZ 73 ThoT,

MIRNA ~ A 7 a7 LA fRITOFER, =7 ¥ Y — A2 79 FE O miRNA 728, Bk -
THIT1T 91 FFHO miRNA 25 S4u, 39 FAH S M (Tl L CHBLL Tz, =7 Y Y —
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LDOIRH SN T= 0% 40 FE, B g BiFIcosm ESNn0E 52 fETHY ., b
— h~ o TORERNL G, =7 VY — A EHIELE EEO mIRNA BB Y — 1381725 2
LRI NTE,

Table 3-3-3 (27 vV V— A FoiTE 0% RIS S Top 50 2 Lo, —#%IC
FERFFEAY mIRNA (T B3 L <, SEICPRAE S 7z miRNA & Bl U TRV IS BL L~
MZBENTWDEH, K%42D Top 50 ONT 7 VY —AHICHH S 7z 14 FEEO miRNA

(MiR-2478, miR-2412, miR-2305, miR-2881, miR-2328*, miR-2888, miR-2304, miR-2391,
miR2892, miR-2887, miR-2316, miR-2374, miR-2291, miR-2284l), iz L% EiEH Ik
&7z 28 Fi¥E D miRNA (miR-2305, miR-2412, miR-2888, miR-2316, miR-2328*, miR-2478,
miR-2893, miR-2881, miR-2374, miR-2391, miR-2348., miR-2892. miR-2885. miR-2428,
miR-2882, miR-2486. miR-2455, miR-2898, miR-2407, miR-2436-5p. miR-2389. miR-2309.
miR-2340, miR-2902, miR-2454, miR-2373*, miR-2899, miR-2300a-5p) I 7 T HEHH) 72
mMiRNA T -7, 245 mRNA OEENIRIZAH TH 503,01 < 270 miRNA (miR-2478,
miR-2412, miR-2305, miR-2881, miR-2328*, miR-2888, miR-2391, miR-2374, miR-2882,
miR-2455, miR-2898) (DWW TIIHE F 7213 ERHM 2 HIEH T 2 & FHI S Tnd (171),
Zhou & (156) & Gu & (157) 1ZEnEht b, X A7 YV —AiZEL< &G END Top 10
@D mMiRNA Z#H 5L T\ b, RIE TR LAY VY — A0 miRNATop 50 D, 14 FiFE
M URERTHDIZHED LT, v LT 2 Y Y — A Top 10 ® miRNA O, 7 FiH
@ miRNA (miR-148a, miR-30b-5p. let-7f, miR-29a, let-7a, miR-141, miR-200), 7 ¥ #.—
7 Y — 25 Top 10 ® miRNA O 5 fE¥HD miRNA (miR-148a, miR-30a-5p, miR-30d,
miR-200c. let-7a) N4FH =7 V¥V —A Top50 DV A MIEGFEN TV, ZHHDI EAVUR
FTOE, LPhTr Y Y —AIZEENS mRNA O&ENL, —HREMcHmL TR0, —#ix
PR RN LR E WS 2 TH D,

Top 50 DV A > BAEFS R R < [FIE STV 5 20 fEFHO miRNA 28R L, H&
DIFEN OB L=y VY — 2 0% EEPORBLEZ E& PCRICEVAE LT,
ZOFER, miR-133b & miR-1281 Z < & TO MRNA N7 Y V) — AR CHEICHEIEH L
T/, miR-133b & miR-1281 %, im0k RIED Top 50 IZFEN TR, =7 YV Y — A
HD Top50 U A MIITEFEEN TRV, v 7 17 LA 3% GO RNA ZfEH L TOHK T
H o7, EmEPCR O)rﬁ‘&?‘!‘% I~A 7T LA DOFEREITFE LR,

EF Zhou H & Gu HO#HENG, B ML ETFHAT Y VY —NTHBLT D Top 10
mMiRNA O, WfE 4@ LTV 7201k miR-148a & let-7a D 2 flECTH 5, Zn b 2 FkED
MiIRNA [343L= 7 v vV — A2 b @3B L T2, miR-148a I3 H ARG & BRI OBz
TRREAAICHEI T 2 & (131) . THEE MRS LIV ERE T 5 2 & (159) . DNA
methyltransferase 3b #2925 2 & (172) BHE SN TEY | let-7a |L IL-6 43 W% )4
% Z & Th7 ka4 5 2 & (173), kBRIl kic VW EsET 5 2 & (160)
MHEINTND, FEEOBOILERKT Y VY — AZEHEBT 5 miRNA 23, S REHE
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MRNA ~ A 7 a7 LA T OFER Bk, HiE D EIEPIC 2,634 FifEO mRNA 23 &
NiZboo, BiE EFETFICoORBE S -0bd ) 96 FikEThH v, 2,538 FtHITT 7
VY —AiZbBHENT, —FTTZ 7 Y Y —A21F 19,320 FEEE & U 9 FERIZZE < O mRNA
M ENTZ b, JETIZEEND MRNA DL LT 7 Y ) —WFET S EE 2
biviz,

MRNA [ZOW T VYV — A iz 0% RIFICEFEE L TW5D Top 50 U A k% Table
3-3-4 & Table 3-3-5 IZENFIR LIz, 7 VY —AIZEREB L TWD mRNA O£ <X 9L
TN E ) TUVRY =Lz AMELE ] B#ED mRNA Th o7, AfERIE, 32 TRLEZT
v FHIETORER L —H L TW5D, AH mRNA (2B 2 HEITIFE A L7223, Maningat
5 (164) & Lemay & (174) 23t MILIENIERT mRNA IZBIT 2 E AT > T\ 5%, M
BN TR AESE ) & TUR Y — AT A< E ) (BT 5 mRNA MBI I &%
BHLTWHZ EZWMELTWDH—FT, chkramasinghe 5 (165) (FAFLMASHIAE I s
LTWzTop 7D mRNA OHIZ TH7ZAE<E ] BE mRNA IZEEn izt oo, T
RNV —AT2 VX< E ) BSE mRNA &iﬂ%ﬂéﬁsof:ki&%bﬂ\éo D OFERIE, LHPICE
F45 MRNA O&EEIO—I%, FLIF « Jlk= 2 v v —2 - ILURIER - Frpfiacitm L
TWAHAHEME L | OIS L D EMFAET B ATREME 2 /R L TR 0 | AR 3-2-4 TOEL
IR D,

AT T 19,320 FifH & 9 FERICE < O mMRNA BNt v Y — AR &Nz, Zoh
D 32 HERE TRl AE<E ) Tesk= s v Y — 24 B mRNA &, fiOWEFERE O
Ll 21772 5 7=, TSLARNIE ) BRI mRNA 23R L, SROLFENOHM Lz s v Y —
AL O FIEICEEN D BEEREPCRICEVAIE L, IR L7-42TO mRNA [I=7
VY= APTHEBEICERIL T, ZoZ i, AWETICEENRD mRNA 0% F=2
V= KFETDHEVD ERERE XI55,

/a2 LT, AR TITEE OLEZ BIEICEBT D RNA O EIZREIZ DWCEEIZT < T W
LTRSS, =7 Y Y= 2OREZIO[MHTONVTHERITWVDH DI TIERY, AE

T VY — AR L ESEASN TV HIETHLIBELEH W R, =7 VY
—ADRESIIIERH 5D, MU, KE ISP, BENNS TS VY — KR
FEHRIZIBAL TOWEREMEIEE E TE RV, £/, =27 VYV —LADORE SREEIZLY
GENATVD MRNA OFEEN R D Z L b HEIXTE Wz, iz 0% REICD R0
@ MRNA 2R SN BRBITZ DO d Lt

3-3-5. /|EE

AETIE, VAL EZHAW, BELMCEIYV Y Y —A L im O % EEAFRRL ., K4
DB EFEND RNA ZENT S5 2 & T, B AIE RIS T D EHEME RNA O, mRNA
IZOWTIRIZEAER = V= HZEENH T L, MIRNA IZHOWTEm 7 VY — A &%
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NUANDTERETHET Db DONR DD Z L2 2 ENTE T2, AIEF RNA BT &I
D7 R mRNA IZBT 2 8E 13D 7, MR i FUEHZ BT S 5 4 5LcH 0T
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CITERERNDDEEZD,
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Table 3-3-1 :

Pimers used for miRNA assay

miRNA Product No.
1 let-7a MS00005460
2 let-7b MS00000007
3 let-7c MS00005467
4 let-7d MS00012915
5 let-7f MS00005481
6 let-7g MS00008337
7 miR-20a MS00000098
8 miR-26a MS00000133
9 miR-29¢c MS00000175
10 miR-30b-5p MS00000182
11 miR-103 MS00005586
12 miR-125b MS00005600
13 miR-133b MS00007259
14 miR-141 MS00000413
15 miR-148a MS00003556
16 miR-200c MS00003752
17 miR-320 MS00013433
18 miR-365-3p MS00000973
19 miR-671 MS00044933
20 miR-1281 MS00014455
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Table 3-3-2 : Primers used for mMRNA assay

MRNA

Product No.

© o0 ~N oo o1 B~ wWw NP

N N NN PR R R R R R R R
W N P O © O ~N o O b W N P O

oOgp-casein
Ogp-Casein
[B-casein
K-casein
a-lactalbumin
B-lactoglobulin
eukaryotic translation elongation factor 1 alpha
glycosylation-dependent cell adhesion molecule
tumor protein, translationally-controlled 1
lactoferrin
lactoperoxidase
milk fat globule-EGF 8
xanthine oxidase
fatty acid synthase
mucin 1
polymeric immunoglobulin receptor
CD36
CD63
ApoE
CD74
secreted phosphoprotein 1
B-actin

ferritin, heavy polypeptide 1

Bt03217569_m1
Bt03214940_m1
Bt03217427_ml
Bt03213724_m1
Bt03213962_m1
Bt03230916_m1
Bt03223795_g1
Bt03216430_m1
Bt03218290_g1
Bt03217384_m1
Bt03211919_m1l
Bt03216859_m1
Bt03212108_m1
Bt03210485_m1
Bt03223132_m1
Bt03212948_m1
Bt03212338_m1
Bt03217862_m1
Bt03212245_m1
Bt03221578_m1
Bt03213107_m1
Bt03279174 g1
Bt03244349 g1
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Figure 3-3-1 : Bioanalyzer analysis of RNAs in bovine raw milk. (A, C, E) Analysis using the
RNA6000 Pico Kit. (B, D, F) Analysis using the Small RNA Kit. (A, B) Total RNA purified from the
raw milk whey fraction using the miRNeasy Mini Kit. (C, D) Total RNA purified from the raw milk
whey fraction using the miRNeasy Serum/Plasma Kit. (E, F) Total RNA purified from raw milk

whey-derived exosome using the miRNeasy Mini Kit.
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Figure 3-3-2 : RNA concentrations and miRNA/small RNA ratios of RNA samples purified from
bovine raw milk. (A) RNA concentrations. (B) miRNA/small RNA ratios.

95



30 ~ []mRNeasy

95 [ miRNeasy Serun Plasma
IS i Il Exosome
o 20 F—T1
?
X 15t
g
o 10 r
O
5 -
0
Raw milk 1 Raw milk 2
B
10
9 R2=0.9996
(7]
o 8
g 7
2 6
Fé 5
£ 4
o 3
© 2
1
0
0 5 10 15 20 25
Ct
C
160  [] mRNeasy
140 | [ mRNeasy Serunv Plasma
X 120 M Exosome
s _
& 100
> 80
S 60
$ 40
T 20

Raw milk 1 Raw milk 2

Figure 3-3-3 : Quantitative PCR analysis of the spiked-in control cel-miR-39. (A) cel-miR-39 Ct.
(B) Standard curve for cel-miR-39. (C) Recovery rates calculated from the standard curve. High Ct

means low expression and low Ct means high expression.
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Figure 3-3-4 : Quantitative PCR analysis of miRNAs. (a) miR-92. (b) miR-155. (¢) miR-200c. (d)
miR-320. High Ct means low expression and low Ct means high expression.
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Figure 3-3-5: Quantitative PCR analysis of mMRNAs. (A) as;-casein. (B) p-casein. (C) a-lactalbumin.
(D) B-lactoglobulin. High Ct means low expression and low Ct means high expression.
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Figure 3-3-6 : Analysis of RNAs purified from bovine raw milk whey-derived exosome and
ultracentrifuged supernatant using Bioanalyzer. (A, B) Bovine raw milk whey-derived exosome. (C,
D) Ultracentrifuged supernatant from bovine raw milk whey. (A, C) Analysis using an RNA 6000
Pico Kit. (B, D) Analysis using a Small RNA Kit. FU = fluorescence unit.
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Figure 3-3-7 : RNA concentrations, RNA concentrate ratio, and microRNA (miRNA)/small RNA
ratio in bovine raw milk whey. (A) RNA concentrations in bovine raw milk whey-derived exosome
and ultracentrifuged supernatant. (B) Ratios of the RNA concentrations in exosome to those in
supernatant from three raw milk whey samples. (C) miRNA/small RNA ratio. The values are the

mean + SEM (n = 3). *P < 0.05 compared with supernatant. **P < 0.01 compared with exosome.
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Figure 3-3-8 : miRNA microarray results of bovine raw milk whey-derived exosome and
ultracentrifuged supernatant. (A) Venn diagram showing the numbers of miRNA expressed in

exosome and supernatant. (B) A heat map of the normalized array data for miRNAs detected in

€xosome or supernatant.
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Table 3-3-3 : Top 50 most highly expressed miRNAs in bovine whey exosome or supernatant

Exosome Supernatant
Rank Name Signél Rank Name Signél
Intensity Intensity
1 miR-2478 19.16 1 miR-1777a 20.02
2 miR-1777b 14.11 2 miR-1777b 19.74
3 miR-1777a 13.44 3 miR-2305 18.93
4 let-7b 12.78 4 miR-1343 17.76
5 miR-1224 12.60 5 miR-2412 17.48
6 miR-2412 12.54 6 miR-2888 17.42
7 miR-2305 11.70 7 miR-2316 16.97
8 let-7a 11.67 8 miR-2328* 16.86
9 miR-200c 1151 9 miR-1224 16.04
10 miR-141 11.32 10 miR-2478 16.02
11  miR-2881 11.29 11 miR-2893 15.92
12 miR-2328* 9.92 12 miR-2881 15.89
13 let-7c 9.89 13 miR-2374 14.91
14 miR-148a 9.87 14 miR-1584 14.84
15 miR-320 9.81 15 miR-1249 14.47
16 miR-2888 9.74 16 miR-671 14.45
17 let-7f 9.73 17 miR-2391 14.22
18 miR-200b 9.55 18 miR-2348 13.75
19 miR-1584 9.51 19 miR-2892 13.64
20 miR-26a 9.30 20 miR-2885 12.76
21 miR-20a 9.18 21 miR-2428 12.41
22 miR-103 9.15 22 miR-2882 12.39
23 miR-29c¢ 8.83 23 miR-2486 11.57
24 miR-30d 8.80 24 miR-2455 11.36
25 miR-92 8.63 25 miR-2898 11.31
26 miR-2304 8.41 26 miR-1225-3p 11.13
27 miR-375 8.41 27 miR-2407 11.12
28 miR-2391 8.40 28 miR-2436-5p 10.89
29 let-7g 8.39 29 miR-2389 10.85
30 miR-30a-5p 8.24 30 miR-320 10.82
31 miR-1343 8.19 31 miR-141 10.58
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

miR-125b
miR-30b-5p
miR-26b
miR-2892
miR-24-3p
miR-1249
miR-423-5p
miR-664
miR-2887
miR-2284d
miR-2316
miR-2374
miR-29a
let-7d
miR-200a
miR-151*
miR-30f
miR-2291
miR-2284l

8.17
8.16
7.99
7.96
7.94
7.88
7.85
7.75
7.75
7.68
7.63
7.61
7.61
7.53
7.51
7.46
7.38
7.32
7.24

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

miR-2476
miR-489
miR-345-3p
miR-2392
miR-30d
miR-365-3p
miR-2309
miR-2340
miR-2902
miR-2454
miR-2373*
miR-1835
miR-2899
miR-30a-5p
miR-425-3p
miR-2300a-5p
miR-133a
miR-1281
miR-133b

10.38
10.24
10.16
10.11
10.01
9.99
9.95
9.91
9.74
9.64
9.61
9.56
9.45
9.42
9.40
9.39
9.39
9.38
9.31
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Figure 3-3-9: Quantitative PCR analysis (cycle threshold, Ct, values) of select microRNA (miRNA)
in exosome and supernatant isolated from equal volumes of bovine raw milk whey. Total RNA from
exosome and supernatant isolated from 3.2-mL raw milk whey was used. The values are the mean *
SEM (n = 3); *P < 0.05 compared with supernatant. **P < 0.01 compared with supernatant. High Ct
means low expression and low Ct means high expression.
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Figure 3-3-10 : mRNA microarray results of bovine raw milk whey-derived exosome and
ultracentrifuged supernatant. (A) Venn diagram showing the numbers of mRNA probes expressed in

exosome and the supernatant. (B) A heat map of the normalized array data for mMRNAs detected in

€xosome or supernatant.
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Table 3-3-4 : Top 50 most highly expressed mRNA probes in bovine whey exosome

Rank Probe Name Gene Gene Name Signal
Symbol Intensity
1 A _73 P100256 ITPR1 inositol 1,4,5-triphosphate receptor, type 1 18.27
2 A 73113728 LALBA lactalbumin, alpha- 18.26
3 A 73 P459006 PAEP progestagen-associated endometrial protein
(also known as beta-lactoglobulin) 18.14
4 A 73 P311621 CSN2 casein beta 18.04
5 A_73_116854 CSN2 casein beta 18.03
6 A 73 P393463  CSNI1S1 casein alpha sl 17.95
7 A_73_P084401 RPS28 ribosomal protein S28 17.95
8 A_73 P100346 ITPR1 inositol 1,4,5-triphosphate receptor, type 1 17.94
9 A _73 P504783 ITPR1 inositol 1,4,5-triphosphate receptor, type 1 17.92
10 A _ 73111101 CSN3 casein kappa 17.91
11 A 73 P287836  CSN1S2 casein alpha-s2 17.90
12 A_73_P050936  CSN1S1 casein alpha sl 17.88
13 A_73_P468825  CSN1S1 casein alpha s1 17.88
14 A 73 115729 PAEP progestagen-associated endometrial protein
T (also known as beta-lactoglobulin) 17.84
15 A 73 P232452 CSN2 casein beta 17.79
16 A 73 111985 RPS3 ribosomal protein S3 17.77
17 A_73_112949 RPLPO ribosomal protein, large, PO 17.77
18 A 73 PA11496 PAEP progestagen-associated endometrial protein
T (also known as beta-lactoglobulin) 17.76
19 A 73 P038871 LALBA lactalbumin, alpha- 17.76
20 A_73_P107731 CSN3 casein kappa 17.76
21 A_73_P097536 RPL23 ribosomal protein L23 17.74
22 A_73.120857 RPL21 ribosomal protein L21 17.73
23 A 73 107578 H1FX H1 histone family, member X 17.70
24 A_73 P045606 CSN2 casein beta 17.68
25 A_73_114056 RPS2 ribosomal protein S2 17.63
26 A_73 P093916 RPS16 ribosomal protein S16 17.63
27 A_73_115443 RPL18 ribosomal protein L18 17.63
28 A 73 106136 RPS8 ribosomal protein S8 17.62
29 A_T73_P462036 RPLP1 ribosomal protein, large, P1 17.59
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30

31
32
33
34
35
36

37

38
39

40

41
42
43
44
45
46

47

48
49
50

A 73 111582

A_73 109246
A_73_120860
A_73_P073166
A_73_P103236
A_73 100438
A_73_P291436

A_73 P041941

A_73_P068826
A_73_P056536

A_73_P040046

A_73 P057311
A_73_P044606
A_73_P035681
A_73_P046936
A 73 115118

A_73 P097551

A_73 114339

A 73 P041201
A 73 P097526
A _73_P266861

fatty acid binding protein 3, muscle and heart

FABP3
(mammary-derived growth inhibitor)

RPS10 ribosomal protein S10

RPL31 ribosomal protein L31
RPL23A ribosomal protein L23a

RPS28 ribosomal protein S28
CSN1Ss1 casein alpha sl
RPS18 ribosomal protein S18
EEFIAL eukaryotic translation elongation factor 1 alpha
1

RPS3A ribosomal protein S3A

RPLP2 ribosomal protein, large, P2
UBAS? ubiquitin A-52 residue ribosomal protein

fusion product 1

RPL31 ribosomal protein L31

PLIN2 perilipin 2
RPS27A ribosomal protein S27a

RPS16 ribosomal protein S16

RPL10 ribosomal protein L10

RPS8 ribosomal protein S8

GLYCAML glycosylation-dependent cell adhesion
molecule 1

TPT1 tumor protein, translationally-controlled 1
RPL10 ribosomal protein L10
CSN1S2 casein alpha-s2

17.58
17.58
17.58
17.56
17.55
17.54
17.54

17.53
17.52
17.51

17.50
17.49
17.49
17.48
17.46
17.44
17.43

17.43
17.43
17.42
17.41
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Table 3-3-5 : Top 50 most highly expressed mRNA probes in bovine whey supernatant

Signal
Rank Probe Name Gene Symbol Gene Name )
Intensity
inositol 1,4,5-triphosphate receptor, type
1 A_73_P504783 ITPR1
1 17.40
polymerase (RNA) Il (DNA directed)
2 A _73_P153516 POLR2K ]
polypeptide K, 7.0kDa 17.36
3 A_73 P455626 TSPYL4 TSPY-like 4 16.52
4 A 73 _P361931 FBXO16 F-box protein 16 16.06
5 A_73_P491198 TMEM173 transmembrane protein 173 15.65
6 A_73 P215177 TLR2 toll-like receptor 2 15.46
7 A_T73_P093286 C3H1orf87 uncharacterized protein C1lorf87-like 15.36
8 A _ 73117796 ILIRL1 interleukin 1 receptor-like 1 15.30
9 A 73 P420956 PFDN5 prefoldin subunit 5 15.29
10 A 73 P190192 AGTR1 angiotensin Il receptor, type 1 15.28
11 A 73 P213062 ANKRD39 ankyrin repeat domain 39 14.90
12 A_73_P180692 ACOT11 acyl-CoA thioesterase 11 14.83
13 A _73 P486468 TNS4 tensin 4 14.80
14 A_73_P224702 ANKRD39 ankyrin repeat domain 39 14.70
15 A 73121245 LOC511936 cytochrome P450, family 2, subfamily J 14.70
similar to Myeloid-associated
16 A_73_P051356 MGC152278 ] o
- differentiation marker 14.66
17 A_73_P048836 ZNF674 zinc finger protein 674 14.64
18 A_73_P405601 AGTR1 angiotensin Il receptor, type 1 14.61
19 A _73_P240340 HRASLS HRAS-like suppressor 14.59
progestagen-associated endometrial
20 A _73_P459006 PAEP protein (also known as
beta-lactoglobulin) 14.58
21 A_T73_P191827 AGTR1 angiotensin Il receptor, type 1 14.54
general transcription factor 11H,
22 A 73103111 GTF2H5 _
polypeptide 5 14.48
23 A_73_107578 H1FX H1 histone family, member X 14.46
cholinergic receptor, nicotinic, alpha 1
24 A 73 P192282 CHRNA1
(muscle) 14.46
25 A_73_P476773 SLC5A12 solute carrier family 5 (sodium/glucose 14.41
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26
27

28

29
30
31
32
33

34

35
36

37

38
39

40

41

42

43

44
45
46

47

48

49

50

A_73_P033441
A_73_P242615

A_73_P461676

A_73_P246691
A_73 P374271
A_73_P195057
A 73 P134616
A_73 P132081

A_73 P100256

A 73 P187832
A_73_P200172

A_73_P218867

A 73 P171747
A_73_P149206

A_73_P288576

A_73_P211172
A_73_P504858
A_73_P211497

A_73_P465708
A_73_P134026
A_73_P465498

A 73 113343
A_73_P187927
A_73_P465423

A 73100232

H2B
CHMP1B

HERC1

C3H1orf109
SECTM1
NIPSNAP1
ACPP
ACPP

ITPR1

ACPP
POLH

IFT80

LOC100139208

FGF2

CWC25

MBL2

NEPN

C12H130rf18

ACPP
ACOT11
ACPP

LOC517043

ACOT11

PIGM

LOC508118

cotransporter), member 12
histone H2B
chromatin modifying protein 1B
hect (homologous to the E6-AP (UBE3A)
carboxyl terminus) domain and RCC1
(CHC1)-like domain (RLD) 1
hypothetical LOC508021
secreted and transmembrane 1
nipsnap homolog 1 (C. elegans)
acid phosphatase, prostate
acid phosphatase, prostate
inositol 1,4,5-triphosphate receptor, type
1
acid phosphatase, prostate
polymerase (DNA directed), eta
intraflagellar transport 80 homolog
(Chlamydomonas)
hypothetical protein LOC100139208
fibroblast growth factor 2 (basic)
CWC25 spliceosome-associated protein
homolog (S. cerevisiae)
mannose-binding lectin (protein C) 2,
soluble
nephrocan
Uncharacterized protein C130rf18
homolog
acid phosphatase, prostate
acyl-CoA thioesterase 11
acid phosphatase, prostate
leucine-rich repeat-containing G
protein-coupled receptor 6-like
acyl-CoA thioesterase 11
phosphatidylinositol glycan anchor
biosynthesis, class M

zinc finger and BTB domain containing 3

14.40
14.40

14.38
14.34
14.31
14.28
14.26
14.18

14.06
14.05
14.04

14.02
14.02
13.96

13.91

13.85
13.83

13.83
13.75
13.74
13.72

13.71
13.69

13.63
13.63

109



60 r
50

O exosome
W supernatant

a-LA
B-LG

i
'—
ol
'—

as1-CN
as>-CN
B-CN
K-CN
EEFl1a1
GLYCAM1

60 [
O exosome
B supernatant

(o0}
w o) T ) = 14 © @ w
J  a IE'DJ Q g S » B 1§ g
e L 5 2 O 0O <
=
C
60 1
O exosome
07T n tant
- supernatan
4 1
e **
O 30 L ** *%*
20 [
10 |
O — o)
< -
N~ [a b T
@) o =
O n < L

Figure 3-3-11 : Quantitative PCR analysis (cycle threshold, Ct, values) of select mMRNAs in exosome
and supernatant isolated from equal volumes of bovine raw milk whey. Total RNA from exosome
and supernatant from 3.2-mL raw milk whey was used. (A) Selected transcripts from the 50 species
expressed at the highest level in exosome. (B) Milk-derived exosome-related transcripts. (C)
Selected transcripts identified in previous studies of milk somatic cells and the milk fat layer. The
values are the mean £ SEM (n = 3). * P < 0.05 compared with supernatant. **P < 0.01 compared
with supernatant. High Ct means low expression and low Ct means high expression.
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Actb = B-actin; EEFlal = eukaryotic translation elongation factor 1 alpha 1; FAS = fatty acid
synthase; FTH1 = ferritin, heavy polypeptide 1; GLYCAML1 = glycosylation-dependent cell adhesion
molecule 1; LF = lactoferrin; LPO = lactoperoxidase; MFG-E8 = milk fat globule-EGF factor 8;
MUC1 = mucin 1; plgR = poly Ig receptor; SPP1 = secreted phosphoprotein 1; TPT1 = tumor
protein, translationally-controlled 1; XDH = xanthine dehydrogenase.
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LDOFBELTRD DIZRBERFMEEZZ N2, FEMETr Y Y — 2 HEREES
PRI A s — 10 pg LA T TNF-a BEAEINHIVE R 235588 B, % o> 10 pg BSA
WINTIEERD b enr- 72 (Fig. 3-4-5),

3-4-4, B

AIETIE, & MK~ 077 — UM TH S0k THP-1 28, B CTH 543K
DTy YV —=LEWD AR D E D et L, MO A A VEAICG DR
BIZOWTHRETET2 o7,

WHPEMBIE 7o —H A N A—F —ZHAWERTNG, ~ /a7y —Ukkicafb Lzt
MR TH D THP-1 1%, UUAEFICHKRT 227 Y V=LA Z RV IAR D D2 EPRS
7z, Lasser © (166) (Ft MREFLICH R T 5=/ Y Y —L% kb h~7 177 —U Sun
5 (176) 1XFIICHKT I s Y Y =BT ot~ u T 7y —URRVIAR I DI L E
WEL TS, Sun H5OFERIE, Fol~r/u 7y —UREETHLFHARKZ VY —
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LERVIALZ L 2R L TWHR, FxOfRITE b~rn 77— BETH S 43
K7V ) —=LEWVIAHRD HZ L aR LTS,

bt b~ v 77—k THP-1 M3 ik = 7 YV — L &H IV IAALTEZ Linbh . R
IZEZ DB OWTORE 21T o 7o, ZORER. btk THP-1 Mifa 2 &M k4 % LPS
PREED 1,000 ng/ml &\ O SR E DS TIEZEN 2> 72 b O, 100 ng/ml 5244 Tl TNF-a
PEAEZEI L7z, Sun BIE, FHL., IR Ek= 7 Y Y —LAR3 T o~/ v 77— D
RIEVEY A DA VEAZRET LI EHRELTWDNR, Zhid~7/ue 77y —YOHEKT5
FRLFADERAEEZ TR L TNDDM0NS LV, 72720, #5H LPS IREEA @R E DRF
WX k=2 YV — A O BN ES 25 Z 2 WE L TEBY . ABEMEETTIERL
VB EVIHIRERIT T D, £, =7 VY — AR ORRIRG T, =27 VY — AR
N 24 K212 LPS TYEME(L A B L Th o WSIN 6 IRFfE11 ORF[RIAR, TNF-o 2EAE HNiE m) A3
RHOONT, &bic, Filkms v Y — A2 XD TNF-a FEEAMGIL, =7 Y Y — LB
I CTH -7,

ZZHUEEOFEIC XL Y . AIHE KT D mIRNA 28BLD SAE AL, invivo THERER 7L D
D AR RIE STV D, Zhang B (177) 13oKRICHIKRT 5 osa-MIR-168a 23 & M LU~
U ADOMIEHF IR S, [F miRNA O X —% > & FHIE 5 low density lipoprotein
receptor adapter protein 1 ®fiffiliH mRNA Z /b & g7z L@ L Tnsd, £/, Ju b (178)
37 FUICHRT 57 VY —L/Nans, EEORMREZFEL, Mo V7Y o~
7 HET 5 Z LT DSS FHEMG RN DIHLE ML RET S 2R EL TS, &6
(2. Lukasik & Zielenkiewicz (179) %, @i —/4 o —%4EH L THHT SNVABR ST
LT =B, N FA T H~T 4 7 ZA%FHL, e FRBIXOTFDOHFT T Y Y — L
{2 Arabidopsis thaliana, Picea abies, Populus trichocarpa, Brachypodium distachyon, Zea mays
IZHKT 2 mRNA R EENRTWZ &2 8E L TV, 7272 L., Zhang & Ok HK miRNA
\Z%f L CiX, Dickinson & (180) & EML#ERAE R L THBY . Snow & (181) &, Az
< & BHEHRD MIRNA IZOW TR PR ICEAT L2 E W O G2 LT\ 5,

FLH K mIRNA (22U T, 2014 4 Baier & (182) 73250 mI~1L &9 BIERY R &4
AAER L2 b R AT I ORFFE (73, 125) THELFIIF/EAN R STV 5 miR-29b
DHABKGAICENT 2 L, FOFERIITrnya ) —RA 7T 7 MEIRUTIIEZ 57220
Sl Z b kT Y Y —LAREMHAE~ U A 4 BEGEESE D &, FEBRERTRE & Hoig
L. M miR-29b 295 Z L& Rz, S6IC, FHHEK~A 7 a T 7 LOfk K
HBicky, ZROMEHREZFE L~V ADIERPHE LW RELH D (183), —
J577C, FLEK miRNA « =7 YV — L@ invivo TOHLY AR DWW T b ER S D FAE
L. Laubier 5 (184) | miR-30b Z@WEIFI I E/Z F T AV == /v U ZADOFH LB S
BIHAF~ T AD, B EERLS SEdRE L OMAH T miR-30b OMNEA LR o72 & L,
Title » (185) (X miR-375 / v 7 7 7 k., miR-200c/141 / v 7 77 b~ A% Hv, B4R
NURADHE ) v 7T T MU ADHAAFICERSE L2 L L THRE L, HEE - o
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miR-375, MiR-200c L ~V3 ) w7 7 7 b= U AABRHEEE B Lol Z L2 WE LT
Wb, T LEDIE, HAF~ U A DTHLENEW 2 TRTAER. AR mIRNA &g L, #

(23T 2 mIRNA X0 RN H o722 E bR L TWnD, 2ok oz, ks vy
— 2« miRNA - mRNA 28 invivo TIEF L 5 2 ) IERIEHME T Tuhienizd, 5%
DWFFENRMETHY | Fx DARHETRLIEHERS, BT o8RELFFO O~/ 77
—VTORRTHL, LinL, VVARLIIHRT 227 VY —L3, BETHLE FO,
HOLOMBUZEVIAEND Z &, BRI ELZ 5252 LIIRETEY, A< b
1>k miIRNA [XTH L OFFE ORIBIZHERE L 5 5 AlREME 2RI L T 5,

3-4-5. /R

ARETIE, VVAADPGEEOMCEIVRRE Loy Y Y —20, & kw7 7 —
UHSHRIICED IAER S A Z L WVAENTAIH B KT 7 VY — NI I AL
FIFFT L 2R T 2 ENTE I, FkxeMOREHIER SN 43ichkT sy vy
— AN, BETHLIE POMBICHEL S D AEMEEZ R T ENTEL I L EFERDH D
EEZ D,
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Figure 3-4-1 : Uptake of bovine raw milk whey-derived exosomes by macrophages. (A-C)
Fluorescence microscopy images; 7-AAD was used to label the nuclei of THP-1 cells (red), and
PKH67 was used to label the exosomes (green). (A) PBS-PKH67 was added to differentiated THP-1
cells, followed by incubation at 37°C. (B) PKH67-labeled exosomes were added to differentiated
THP-1 cells, followed by incubation at 4°C. (C) PKH67-labeled exosomes were added to
differentiated THP-1 cells, followed by incubation at 37°C.
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Figure 3-4-2 : Uptake of bovine raw milk whey-derived exosomes by macrophages. The uptake of
fluorescence-labeled exosomes into THP-1 cells at various conditions was evaluated using a flow
cytometer. PBS 37°C: PBS-PKH67 was added to differentiated THP-1 cells and cells were incubated
at 37°C. UD Exo 37°C: PKH67-labeled exosomes were added to undifferentiated THP-1 cells,
followed by incubation at 37°C. Exo 37°C: PKH67-labeled exosomes were added to differentiated
THP-1 cells, followed by incubation at 37°C. Exo 4°C: PKH67-labeled exosomes were added to
differentiated THP-1 cells, followed by incubation at 4°C. The values are the mean + SEM (n = 3).
Means without common letter differ significantly (P < 0.05). Exo = exosome; MFI = mean

fluorescence intensity; UD = undifferentiated.
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Figure 3-4-3 : TNF-o production by macrophages differentiated from THP-1 cells pretreated 6 hr
with bovine milk whey-derived exosomes. Differenciated THP-1 cells (1 X 10°) were pretreated with
10 pg exosome or same volume of PBS for 6 hr. Exosome pretreated cells were activated with LPS
for 16 hr. The values are the mean = SEM (n = 3). **P < 0.01 compared with PBS.
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Figure 3-4-4 : TNF-a production by macrophages differentiated from THP-1 cells pretreated 24 hr
with bovine milk whey-derived exosomes. Differenciated THP-1 cells (1 X 10°) were pretreated with
10 pg exosome or same volume of PBS for 24 hr. Exosome pretreated cells were activated with LPS
for 16 hr. The values are the mean = SEM (n = 3).
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Figure 3-4-5 : Dose-dependent effect of bovine whey derived exosome on TNF-o production by
macrophages differentiated from THP-1 cells. THP-1 cells were pretreated 6 hr with bovine milk
whey-derived exosomes. Differenciated THP-1 cells (1< 10°) were pretreated with 3-30 pug exosome,
BSA (10 pg) or same volume of PBS for 6 hr. Exosome pretreated cells were activated with LPS for
16 hr. The values are the mean + SEM (n = 3). *P < 0.05 compared with PBS.
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%5 4 7 Bifidobacterium breve M-16V 23 84 ETEALE J6 L OeiEREIC 5- 2 H1EH
4-1. HEE

95 2 B CIXFL R O E R RIEEIER & TIEMER . 25 3 B CIIL il A sg
PERF DR & FRIEEM 72 &, N LI THE S 2 IR OTHE I8 =0 B 2 (2 e
T5EEZ LN DR EITRoT2, THBINFICEY, ATHEZ X0 LI
DT DZENARRIZARD EEZDNDN, FETRLIEL I, BAERERE NTRE
PR RERELIAMI NI I b 221 5 Z N BTV 5, IENE T D
TERZBICEE THLLEEZALNTEY, ABELE Y 4 AAER EOHIREL D72
EETUVAX -V R H@mDHLI LR ENMLNTND (186), 1E-> T, FIROMmAEIRE
WX T 070N AT 4 7 ZADOREBIZE L, £< ORBRBITRbh T\ (187), —fXIZ
HME LT 4 XAEN T a L F T 4 7 AL LTHEASND A, b FELEMEE TIER
ALY b7 4 RO T NERIBNCEZSTHY (60), 7m A AT 4 7 AZL->TA
THEROBNMEEZ2BLEREROZNCESIT AICE, BE7 4 AABEPNE LTINS L
BEZbhb, LZAT, a7 4 7 ZAOPHBA~OFIHIZONTTHDHN, HRT
X, ALEHREILE T0CTHRALT A Z LN RN TH D720, TangFT 47 AfE
TR L L CORAICIE 740 —T v 7I VI NE-BIRE L TEZOND, 742 —T
v IV IFBEANCE R S s A, FRNITEESBINICE LT AR THL H Y. ~ A
sa7T LA ZRAWZLRIOR 2 O (188) b, T o 4T ¢ 7 ARG 354 R &
0 LEEA O S PEIR T RIUCE 2 2R BIEIRENEEZ N, LEOHBNS, A&
Tk, —RICHLIR I £V & &5 Bifidobacterium breve (B. breve) (60) @ 1 £k T& % B. breve
M-16V (M16V) %MV, BERLIIOGRIEREICH 2 5B AT~ 2 LT, MI6V &Ry,
WCRIHT 5 2 L OREERGET Lz, £7-, 5 2 % 2-2 CTHEFLIAO KGR DS i RER I 2
ERIFL D ZEIIREE D0, 2 HEORERRIZE L CREICIRR S Z & T e
S22 DD KIBRPBEAM G RREIC KT TREL | M16V DS RIERIC LT RIET
WBE TR LT,

4-2. MERETTIE
4-2-1. @

B FEGIT, A ERASHEMIEREZBEKRO T, B OE#EROEHRIZET S
A (EfEES 105 5 1973 4F 10 J1 1 H AT, JAMES 68 5 2005 4F 6 J] 22 H —#BdiE) I
F O TEBRENY) O g K OMRAE I ONS R ORI B9~ 2 ) (BREEE 5/~ 5 88 7 2006
4 A 28 BHtfT) ([CHI> TIT722 o 7=, #THE 13~16 H E D F344/N 7 » b (ZZHCHF 12 JH )
ZHARSLC oA LTz, HENOHER 20 HE (WAERAZO0BEBE L, 20 Hif) T
REEREAFT > MEF—7— YN THEE L, 21 HERHCEFIEEIL 2177220, DIREIFT > Mg
fEfd & L, FEBRICHE LT, MBEIIET 7 AT v 7 r—T% v, 23+22°C, 12 KR 1
7 V@ SPF 8885 FCEE L7z, ikl (MRSTOCK) - /KiE/KIZH BHERE Lz,
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4-2-2. HrEH

B. breve M-16V (M16V) 32K FLEMRKN SR Z LM L 7=, [FFE#IL Belgian Co-Ordinated
Collection of Micro-organisms |Z 776 L Tk 0 | Tt 513 LMG23729 TH % (189), DSS (4
& 36,000~50,000) % MP Biomedicals 75 A L 7=,

4-2-3. J7ik

BERERIZ 4 BE L LB LRE L 55 2 BEICIT 28 Al 5 35 AR E TIE /K2 H HER S &,
F3WELBE ABEICIL 28 AR D 35 F i CIRE KT 293 B CIafiR L 7= DSS Kk A B i
BHE S, H2REEARCIT 2L Al ORI TRIA (34 B T, A¥—F 12
B XH7- M16V %, 2.5%10° colony forming unit & 72 % & 5 PBS IC8# L T H Y v 7 T
HLU, BLBELH 3RHTILPBS TIRE LICHEBEORY —F 2% G Lo, BB, 1. JEK
HHER-A X —F 858 (Crl B, n=10), 2. WEFE/KHBER-M16V £ 58 (M16V £, n
=10). 3. 2% DSS H HBH- R ¥ —F 54 (DSS #,n=12), 4. 2% DSS H H{EH-M16V
FG-HE (DSS + M16V #f, n=12) & L7, JEEKIS KO DSS KK 2 AIC—FEEARH AT
7polz, DSS#GBMAZO0ORHE L, DSSHE5 7T HBEICHT- L HIR3BICERTI LT U %
NI B854 | iR 21T 72 o T,

DSS #5-B4A H 7 BEH A £ T HEIC X D RIEFHM 21T 72 - 72,

Mgy 7k, FREIRE Y EDTA 22— MLEE L7232V v P2 HWTERR L, HImEk
B RIMEREL « ~F 7 a v R 2 MERGHES (KX-2INV, Sysmex. f#)7) % HTEHA
L. AMEGRR OO~ 2 E%, 789 % 1,200X g, 25°C T 10 ZyMiE a2 7720, I
15T, ISR AR L, K L 7= #EE @ Hanks’ balanced salt solution (Invitrogen)
HIZROBIEE TIRAE L T2, KIBY 73, MBS S 2VWE Y EE L TREZAIE
L. HECBHWCTANES Z BRI L7z, fii " OKm L7- 85 PBS CHe L, ALF92 % 25¢em |
Hmo2emuzY A NIA L, TEAA Y, w7 T 7 —V—A—EDTH, HWLNITH
FERAE LTz NEF92 5 2 om ZAHRRETAM £ 7213 mRNA BT D 7= OIS ERE L 7=, AHRkEEm A 3
VAT 10% ARV~ U R AR ER CREEIL L RNA 2081 3> 711X RNAlater 12325 L
77

I X 2 RIEFFHAM
52 3 2-2-2-3 L[AKEIC, DAIE, Fitzpatrick & O (118) (ZHEVy, 45 2 2 Table 2-2-1
WZEEDWTHIEZIT IR o T2,

K NGHERE A SE 7 A

FRE DO IERHM I, Fitzpatrick © O#E (118) (ZHEV, Table 4-1 12 W CHIE 24772
Sfc, MBI O 6 A FHMIL, KV T NDOFHA T 2RIz, FRHEXY > 7
DFHFIRZ I D SN TWRWEHIE (Z X0 . B FIZERT R TITebiviz,
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RIGHARE A€ 2% — b
PA NIAL, TEIA Y, v/ 77—V —A—EDTDITRIL, HFHRFL
7= Bk ofFEY 7V % it . k% L= PBS H1C polytron homogenizer (PT 10-35 GT,
Kinematica, Switzerland) % H\ T 30 #f#, 2 A€ F A XL, 10,000 g, 4°CT 10 45
wmhLl, REE/R, AEUR— b EEF 7L, 98 E T-80CIT TRIE L T2,

£ ifn BR AR A

M5 O [ MERFAEL L, 1fiklZ Pharm Lyse (BD Biosciences) Z¥RAIL. R/LT v 7 A
% 5 HEET 2 Z & THRIMERZ FRE, AR L7,

BREL L 7= s> & 1%, g% Hanks® balanced salt solution H1CHEZN< B L. 70 um A
v = @ cell strainer (BD Biosciences) % i# 7 Z & T single cell suspension & L. IfifE[F4% Pharm
Lyse /LER A U CHRIMER 2B =, L7,

Ta—HA AU —fEHT

RAE M3 K OVHfig & 0 FHEE U 7c piEkic s i) 2 & MaEla 2 7 e —% A4 M A —F—IT &
Y fi#HT L7-, Fc receptor |2 & 2 FERFEAFER ZH <78, Fc block (Clone: D34-485) (BD
Biosciences) Z#sANL . 4°CT 10 A& Lo, MlaRm~ — 7 —OYAIZIT L Fobil %
H, 4CT30 IS5 Z & TIT7e>7-, APC-CD3 (Clone: 1F4) . FITC-CD4 (Clone:
OX-35), PerCP-CD8 (Clone: OX-8), PE-CD161 (Clone: 10/78). PE-CD25 (Clone: 0X-39) (4=
C BD Biosciences) , %t 2% FBS % e Cell Wash C 2 [a3:¢4+ L . CellFIX (BD Biosciences)
WP 5 2 & CRElEl Lz,

RN YA 121X, Foxp3 staining buffer set (e-Bioscience) % V> CEE b/ iF i ALEEF |
APC-Foxp3 (Clone: FIK-16s) (e-Bioscience) & A THefa L7,

Yutt, - B EALR A Bk > 7 L1E, BD FACS Canto % FHVWTo3#T L. 7 — Z fig#ir i3 FlowdJo
software & H\W\\T1T7e o7, MR OFREICITEEO®RE (190, 191) MU, Ml
M FEEOFEMX % Fig. 4-1 & Fig. 4-2 1277,

R RETE S

ek 9 I ER 2 96-well YK~ L— k&2 V>, triplicate Ths#E L7z, 1 well 24720 200 pl T
B U, MFAJE R 13 1} 10° cells/ml & L7=, KFHBIZIZ 10% FBS, 2 mM L-glutamine, 100 U/ml
penicillin, 0.1 mg/ml streptomycin % & %» RPMI 1640 (47T Invitrogen) % f\ 72723, TGF-B
HIEZ%E L, Nakao HDME (192) IZHt- - MEMmiER# (2 mM L-glutamine, 100 U/ml
penicillin, 0.1 mg/ml streptomycin % & %e AIM-V (47 Invitrogen)) &M L7z, mikiHhz
F L7-55#813 37°C. 5% CO, &t FCf772\ >, 5 pg/ml Concanavalin A (Sigma-Aldrich) Ti&
AL Z1T72 572, RPMI 1640 TOR:HET 48 BFfEl. AIM-V TOEEEIT 72 BEREAT720, 558
ISR, S HT £ T-80°CIT THRAFE L 72,
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ELISA. Milliplex 35 & OV= A < & &EHIE

MmAEF D7 V7 2 B FE 1L Rat Aloumin ELISA kit (AKRAL-120, +/3v =, #8E) % H
WTHIE U7z, RIBHRRAR T 23— M L OV 3% FIE O TGF-B Z# Bk 1 b A v -
7 A HIEIE Milliplex Rat Cytokine/Chemokine Panel % i/l L. Bio-Plex Protein Array
System Z W CRIEZ1T72 > 7=, 155 47-7 — % 1% Bio-Plex Manager 6.0 software % T
FENT 24T 72 o 1oy KIGHLME AT U2 — b L OMHIIEES 28 BIG D TGF-By, » 1% ELISA kit

(TGF-B;: MB100, TGF-B,: DB250) # MWCHIE L=, KAG##EASE Y % — ko CD1lb

(integrin aM & & FFEA %) 13 ELISAKit (SEB685Ra, Cloud-Cline, Houston, TX, USA)
ZHWTHE Lz, KRIBHERSE Y 32— FO7= A < B &I, Quick Start Protein Assay (Bio
Rad) % FWCHlE L7z,

RGN H & D DNA

RIGNEDH> 5 D DNA il X Odamaki © O#E (193) 1ZiE-> TiThe o7, T7ebb,
20 mg O KGN % 1 ml PBS T 3 [FI¥EF L, 13,000 rpm T 5 spffliE O Lz, XLy MRO
KGN D 7 V% 450 ul Ol buffer (100 mM Tris-HCI, 40 mM EDTA, pH9.0) & 50
W D 10% KT ufiilg) MU o AICHEERE L7, 5 0.1 mm DA77 A B — X300 mg & 500
wl OFIFN 7 = / — V& NN % | FastPrep FP 100A (7= B0 % FVT 30 B L7z,
13,000 rpm T5 /g, 7=/ —/-Z7 aak/L A XY BiE 400 ul Z8EEL, 250 pl
ERHWTA Y7 a ") =W L0 ik S E 70, F8UZIE High Pure PCR Template Preparation
Kit (Roche, Basel, Switzerland) % V>, k58 X172 DNA 1% 200 ul @ Tris-EDTA buffer (pH
8.0) (TR LT,

TE B PCR (T & 2 WP 14 2 i

KHEE - BRENEDT DD T T4 ~—%, wEOHRLEIZHE-T- (Bifidobacteria: Ref 194,
Bifidobacterium breve: Ref 195, Lactobacillus: Ref 196, Enterobacteriaceae: Ref 197), 77 A
—BlFIZE 2B B fE & Table 4-2 |Z5E# L7z, & PCR (X SYBR Premix Ex Taq (¥ % 7.
) % V>, 7500 Fast Real-Time PCR System (Applied Biosystems) % FC 3k L 7=,
Bifidobacteria, B. breve, Enterobacteriaceae: | 12 1% 95°C C 20 B D4, 95°C T 3 FV[H., 55°C
F 7213 60°C T 30 #fH., 72°C T 30 ¥ 40 1 7 /L 0 ik L7z, Lactobacillus fliE(Z1% 95°C
T 30 Bk, 95CT 3], 60°C T 30 FH] 40 ¥+ 7 /L D IR L7, PCR S, 155
NWIZEMNE—TH 50 %R T 5720, 60CH 5 95°CE T 0.2°C/HOMEE ClREZ L5
&, Melting curve % {ERL L 72,
B - FEOMEEZ RO D720, LUTF OB S DNA Zfli U, AR 2 ER L 72,
Bifidobacteria: Japan Collection of Microorganisms (JCM) 1217 (B. longum type strain)
B. breve: JCM 1192 (B. breve type strain)
Lactobacillus: JCM 1131 (Lactobacillus gasseri type strain)
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Enterobacteriaceae: JCM 1649 (Escherichia coli type strain)
55477 — # 1% 7500 Software ver. 2.0.4 (Applied Biosystems) % FVWCHEAT &2 1T72 > 72,

4-2-4. FREHEMT

DAl & RIGHLRRIIERm LS OREFTHIA B 2O EIZIX, Student’s t-test % v 7=, DA
& RIGHRERE IS RE A O FEFHHIA B 22 DR 121 Wilcoxon/Kruskal-Wallis test & iV /=, A&
KHEIZ P <0.05 & L. JMPsoftware ver. 5.1 (2 & V(T2 »7-, AKETOMIIOE—O HEIL.
BEFLINCRIGRICE VB EZZT DRI A= =% A2 F 52 LI2h ., F_0OHBD,
RIGRIC KL O EBEZ T 1237 A= —1Zxt L, IERIE - RIESRMF FT MLV BN 52 5%
BEFARDLZ LD, o THEMEEZEE L, Ctrl BEL DSS BHIHFAEENH -7
S DF, Ctrl BEL M16V #E, DSS ff & DSS+M16V BED ik #1772 - 72,

4-3. HER
4-3-1. RIBRICE V(L LZHE & M16V BRIEH I 2 i
RIGRRIEE & FeARRAE

DAl (2 L D RIEFE OFMORER., KIEFHE 3 HE D 7 HE £ T DSS # DAl A 271X
Ctrl B & iz U, AEICHE L, [AHHE, 5 HHZR< A2 TOHTMIL6V #5121V DAl 2=
TIXAEICIH SN (Fig. 4-3), KREBRICE D IRESMAED L, KIBE OB LA 2
STz, M6V [ZIREBIED 2 8#H4 25 Z L IZ TE 2o, KIFEOFEM bz -
(Fig. 4-4), KIBRIZS HIZMF 7 NT I AEZIRT S H228, MI6V 52 E D T 7 R
AMEER TR Bz (Fig. 4-5) . KREGHEMGEHIORE R, M16V IZRIEE ., RIEFHZ A&
ZEH L, 7 U7 MK 22 A= 2 Ml d HfHm 4R~ Lz (Table 4-3), &fEDO A=Y
FIMEIT T RE A AR 52 % Fig. 4-6 1R T,

Mg/ Z7 A — & — & g A ek

RIFRIC X0 MEHARMERE, ~E 7 v B ARENEA LIy, AMERBIIE DL 57220
-7z (Fig. 4-7), M16V (L ik H R i Bk B> & il 3~ A (P=0.058) Z7~L, ~ES
2 EVRERD A G RICHEI Ls, —J5, KIBRIC XV ik A sk BLEk - R e ek
TERIEROE S 23N L, MR A ER T U o REREIS 38D L7223, M16V (XK A 1 Bk o L
BRI &2 A2 Lz (Fig. 4-8),

KGR IEMEIR

KIGRIZ LD KBRS TRIEMEY A 14 > (IL-1a, IL-1B, TNF-0), 7EH A &~
(7 Z 7 ZniA v, HEREEET ALX < E-1[monocyte chemoattractant protein 1, MCP-1]) . H.
i~sva 7y —Y~—J—Th b CDLIb, FIKIEMY A b1 > (IL-10, TGF-B,) iHE
SNtz (Fig. 4-9), KIBRICEVFEINTZZNOGRTOI B, IL-1B, 7T 7 Z N1 |
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CD11b % M16V |2 &L v FEIZHH & 7223, £ oo K+ (IL-1a. IL-10, TNF-o, MCP-1)
I SR o T,

i « g o SERR e 2 L—2a U BIOT MY 72 v b

KIGRICE VMR Y SR OFF 2 F 0% 7 —Hifln (NKHIE) B145 - gy > SBkep
O T HREIS A L, Pl Y o <Ekh o> NK #8E « NKT a4 23984 L 7= (Fig. 4-10),
F o, KIBRITMNE T M~ L 3—T #ifld (Th; CD3'CD4") HIGZ#M X, M
PET Ml (Tc; CD3'CD8Y) HG A b &8, fif L LT ThiTe bz A RICE LS W7z (Ctrl:
1.44 +0.02. M16V: 1.40 + 0.02, DSS: 1.74 +0.05" . DSS: 1.66 + 0.10; ™ P < 0.0001 vs. Ctrl) (Fig.
4-11),

KIGRIZ L0 (L LT g - i ) > SERAR B = L—3 3 2kt L, M16V T2 % &I
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L7= (Fig.4-10),

E VR

AR RS2 OFE R, RIBRICE D T MRS ELET 594 A D% < (IFN-y, IL-2,
IL-4, 1L-10, IL-17A, TNF-0) Y EIZHED L, —# (L-6) 2ME T3 AfHm (P = 0.058)
NRO BT (Fig. 4-12), TCF-By DEAEITITREN 2D o 72, TGF-B, X BHE THEADNFED
LR Toled, FERIT RS R oTe, RIBRICE O EEDNRD LA N A okt
L. M16V % IFN-y FEAEAR T 2 A B U, IL-2 FEAEK T 2403 2M8m (P=0.071) %
RUTEM, ZOfDY A M HA > (IL-4, IL-10, IL-17A, TNF-o) PEARK FICITEE KIE
Eipnotz, IERIERMOLEE (Ctrlvs. M16V) TiX, M16V i IL-10 & IL-17A OFEAZ )
L=, TV A b4 > (IFN-y, IL-2, IL-4, TNF-0) PEAEICITEE L 0o 7z,

KNG PN ZS 4048 1

KHE#IZ & v Bifidobacteria & Enterobacteriaceae 7343 & (21 L, B. breve & Lactobacillus
MNAEBIZHA L= (Fig. 4-13), M16V (X B. breve MJ#i”) & Enterobacteriaceae DN % A &
(AN U7z, FERIERER] O Ll T, M16V I3 B. breve 24 EIZHN S E 7208, ZOMOHE
ICIXEEE RIES ot

4-4, B2
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LTW5, EE, ARG CbiF7r L7 I EIIHETFLTEBY, 512, Lee & Woodward
L KT AT EEE AN EEFLI ~ T A D IZ 31T D CD4ATICD8 L (- V) ThiTe tb) 830
SHHZ L, FHLRIERBRELZRRLTNDZ EE2RELTWD (204) 23, KFERRIC
B TH T ThiTe lidEm L Tz, BLEDZ E0vh | KIBRICE W FE SRz A
< EREIREEDS, WAMEREAR 22 SR 2 L, R L LOME T M2 2 s 87
EEZHND,

M16V D KIGR~DRE, Flo, RIBRICEVENT 537 A =2 =22\ T, FERIER
REWFIC G- 2 5 BOMMN 1T 572, M16V [ZFERIESIITH VT, BESLI T » Mo
IL-10 FEA 2 il L 72, IL-10 1 EHRIEMEY A R A L D—D>Toh S5, IL-10 [FERICRAENE
YA MIA L D—DTHD IL-ITA EABIH LTz, ZNHDZ EDVRTOIE, M16V 73
LI DOEEPE T MlfEie 2 2 SE 5 LW o 2 & Th D, KRR L TiE, DAl N,
KGEOFM, Mh7 L7 Iy « ~E7 o BV RERKTRE, KBRICL > TELT S
NI A—=B—D—EFREICYEE L, MU & 72 KIS C b 2E 2 8 L
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>« CD11b & A CHIH| L 7=, Tomosada & (205) % M16V 3 TLR2 LFHAEMEH L, =%
FUALIRERFEFZRO—DThH D A20 DIBLEZINE W5 Z & T, fit< TLR4 OIEMEAL % i fH
T LIHLE LRI A O REHZ X 0 LTV D3, KETORKRE S FEROBT T
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RAGHRNZ L0 g T M A b A S BEADRD L7223, M16V 12 X D IFN-y pEAEJR
AENZHH S A, IL-2 EEAAD (3 S h DM 2R L7z (Fig. 4-12), BURZRLNZ &12,
M16V [FZFERAEIRRE T IL-10 * IL-17A OPEAZINH L7212 6B 6 KIBRIZL S Tl
YA MIA VEARD ZBASED Z LT oz, 2O LI M16V A EERLIIGERE
FAEEL0, RIBRRERPFIORIELZFELI TN 2R LTEY, EHEF I3RS
RLEOD, AMNBIHENT 2L 2EBET L, EERMRTHLEEZIDND,

KEZIZ & 0 | Bifidobacteria « Enterobacteriaceae 231 L. B. breve + Lactobacillus 73/
T2 E. RIBNEMOMEE S Z LT, —RICHBNHERIIRGRICEET S L&
HAUTH Y . Enterobacteriaceae MHIMN & Lactobacillus Db 23 k IBD BE I L ORGSR
FYET L THREINTEY (206, 207), AETOMP L —ET 2, A, AIEREED
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A B 72, M16V 1L IERAEIRAE TIL B. breve I D FEIZ B E LIE S /2o T3,
ZOZ LT T v M M16V Z kb Ll Eows (188) L —ET 5,

ITFEDOFRIZE D, W OO T a4 T 4 7 ARRIELXLET D Z ERHEINT
B0 (206, 209), TOMEAMT L LT Treg OFFER@ESL TS (209), it~ T, A&
T Ik Fs L OVEE Treg, Treg (ICBE L7cY A M A ThH D TGF-B IZ OV TG 21772
ST, RIBRIZKEGTO TCF-B, EEAZ M E T2 b DD, MK - g Y > ~EkH D Treg
A KW - Wik TGF-By PEAEIC I % R IF S 727y~ 7=, Zakostelska © (209) 1%, Lactobacillus
casei DN-114 001 $¢5-1 & 0 Jifigk « /<A = /U T IZ e VWb o0 IEFEY > EiT Treg
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Table 4-1 : Severity scale to estimate histological damage

Feature scored

Score

Description

Inflammation severity

Inflammation extent

Crypt damage

Percent involvement

A W N P O B WODN P O WODN P O WDN P+—, O

None

Mild

Moderate

Severe

None

Mucosa

Mucosa and submucosa
Transmural

None

One third of crypt damaged

Two thirds of crypt damaged
Crypts lost, surface epithelium present
Crypts and surface epithelium lost
0

1-25

26-50

51-75

76-100
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Figure 4-1 : Flowchart of leukocyte and lymphocyte subsets among blood and spleen leukocytes
using flow cytometry.
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Figure 4-2 : Flow cytometric analysis of CD4"CD25 Foxp3* regulatory T cells.
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Table 4-2 : PCR primers for the detection of Bifidobacterium, Bifidobacterium breve, Lactobacillus and Enterobacteriaceae.

. ] Strain for
. Product size  Annealing
Target bacteria Probe Sequence (5’to 3°) standard References
(bp) temp (°C)
curve
. ] g-Bifid-F  CTCCTGGAAACGGGTGG )
Bifidobacterium . 552 55 JCM 1217  Matsuki et al.(194)
g-Bifid-R  GGTGTTCTTCCCGATATCTACA
BiBRE-1 CCGGATGCTCCATCACAC ]
B. breve ) 288 55 JCM 1192 Matsuki et al.(195)
BiBRE-2 ACAAAGTGCCTTGCTCCCT
) F-Lacto GAGGCAGCAGTAGGGAATCTTC Delroisse
Lactobacillus 126 60 JCM 1131
R-Lacto GGCCAGTTACTACCTCTATCCTTCTTC et al.(196)
En-Isu3F  TGCCGTAACTTCGGGAGAAGGCA Matsud
atsuda
Enterobacteriaceae 428 60 JCM 1649
En-Isu3BR  TCAAGGCTCAATGTTCAGTGTC et al.(197)
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Figure 4-3 : The effects of colitis and B. breve M-16V administration on the disease activity index
(DAI) (Ctrl, open circle; M16V, filled circle; open triangle, DSS; filled triangle, DSS+M16V) in
weanling F344 rats. Data are presented as the mean = SEM; n = 10, Ctrl group and M16V group; n =
12, DSS group and DSS+M16V group; P < 0.01, ~P < 0.0001 vs. Ctrl group. 'P < 0.05, *P < 0.01
vs. DSS group.
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Figure 4-4 : The effects of colitis and B. breve M-16V administration on (A) body weight change,
(B) colon length in weanling F344 rats. Data are presented as the mean + SEM; n = 10, Ctrl group
and M16V group; n = 12, DSS group and DSS+M16V group; P < 0.01, P < 0.0001 vs. Ctrl group.
P < 0.05 vs. DSS group.
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Figure 4-5 : The effects of colitis and B. breve M-16V administration on the plasma albumin in
weanling F344 rats. Data are presented as the mean = SEM; n = 10, Ctrl group and M16V group; n =
12, DSS group and DSS+M16V group; P < 0.0001 vs. Ctrl group. *P < 0.01 vs. DSS group.
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Table 4-3 : Histological scores of colon tissues in weanling rats.

Inflammation  Inflammation  Crypt damage  Total Score

Group i
severity (0-12)  extent (0-12) (0-16) (0-40)
Ctrl 0 0 0 0
M16V 0 0 0 0
DSS 11.92+£0.087 11.92+0.08" 14.50+0.47° 38.33+0.59"

DSS + M16V 1017 +1.15" 1058+0.75" 11.75+1.60 32.50 + 3.46

Data are expressed as mean + SEM (Ctrl, M16V, n =4; DSS, DSS + M16V, n=6). P <
0.05, “P < 0.01 vs. Ctrl, 'P < 0.05 vs. DSS group.
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Figure 4-6 : Representative (shows the near average scores of each group) histological photographs
of the distal colon of weanling rats (magnification x4). (A) Ctrl group (total score = 0), (B) M16V
group (total score = 0), (C) DSS group (inflammation severity score = 12.0, inflammation extent
score = 12.0, crypt damage score = 14.7, total score = 38.7), (D) DSS+M16V group (inflammation

severity score = 10.5, inflammation extent score = 10.5, crypt damage score = 11.5, total score =

32.5).
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Figure 4-7 : The effects of colitis and B. breve M-16V administration on blood parameters. (A)
White blood cells (WBC), (B) Red blood cells (RBC), (C) Blood Hb. Data are presented as the mean
+ SEM; n = 10, Ctrl group and M16V group; n = 12, DSS group and DSS+M16V group; ~ P < 0.001
vs. Ctrl group. TP < 0.05 vs. DSS group.
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The effects of colitis and B. breve M-16V administration on leukocyte proportions in
blood and spleen of weanling F344 rats. (A) Granulocytes in blood WBC, (B) Monocytes in blood
WBC, (C) Lymphocytes in blood WBC, (D) Granulocytes in spleen WBC, (E) Monocytes in spleen
WBC and (F) Lymphocytes in spleen WBC. Data are presented as the mean £ SEM; n = 10, Ctrl
group and M16V group; n = 12, DSS group and DSS+M16V group; P < 0.05 vs. Ctrl group. 'P <
0.05 vs. DSS group.

140



A B C
%120 _’qg?GO - %100 *
5100 8 50 2 gg "
S onl S anl S
=80 240 2 gg
Ee60 Ezof £ 50
Q L 2 a 40
2 20 310 ~mm R
Sql
£ 0 DSS = 0 DSS - 5
ctrl M16V DSSM . Ctrl M16V DSS " Cirl M16v DSS D3>
M16V M16V
D E F
=120 407 . 5
® 235 °
5100 o 24
S go 30 >
o 325’ g3
E60] 520 S |
0! £157 =2
© 5ot S10 St
=420 45] =
- = -
0 0 =0
DSS DSS DSS
Ctrl M16V DSS + ctrl M16V DSS + Ctrl M16V DSS =
M16V M16V M16V
G H |
€12 ok 180 <25
o L160] £ .
o 10 S1400 220
> 8 ol20 o |
E & £100 EI5
2 880 E1o0f
s’ 50| < |
g 2 oot w °
o [=0) F o
DSS DSS DSS
Ctrl M16V DSS + Ctrl M16V DSS =+ Ctrl M16V DSS  +
3 M16V K M16V . M16V
=
‘© 180 i =100 * c167
8160 % 90 [ % 14+ **
ot40 t &85 812t
g£120 o 210 ¥
3100 g 60 g
250 £ 50 S0.8
£ 30( =aal
= 40 oy r S04
g 20 & 10 =0.2
g0 pss =0 pss © 0 DSS
w ctrl M16V DSS + Ctrl M16V DSS + ctrl M16V DSS  +

M16V M16V M16V

Figure 4-9 : The effects of colitis and B. breve M-16V administration on colon cytokines,
chemokines, and monocyte/macrophage marker in weanling F344 rats. (A) IFN-y, (B) IL-1a, (C)
IL-1B, (D) IL-6, (E) IL-10, (F) IL-17A, (G) TNF-0, (H) TGF-By, (1) TGF-B,, (J) Fractalkine, (K)
Monocyte chemoattractant protein (MCP) -1, (L) CD11b (also known as integrin aM). Data are
presented as the mean £ SEM; n = 10, Ctrl group and M16V group; n = 12, DSS group and
DSS+M16V group; P < 0.05, P < 0.01 vs. Ctrl group. P < 0.05, *P < 0.01 vs. DSS group.
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Figure 4-10 : The effects of colitis and B. breve M-16V administration on subset proportions among
blood and spleen lymphocytes of weanling F344 rats. (A-C) blood, (D-F) spleen, (A, D) natural
killer (NK; CD3'CD161™") cells, (B, E) NKT (CD3"CD161") cells, (C, F) T cells (CD3*CD161).
Data are presented as the mean + SEM; n = 10, Ctrl group and M16V group; n = 12, DSS group and
DSS+M16V group; P < 0.05, P < 0.01 vs. Ctrl group.
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Figure 4-11 : The effects of colitis and B. breve M-16V administration on T cell subsets among
blood and spleen T cells of weanling F344 rats. (A-C) blood, (D-F) spleen, (A, D) helper T (Th;
CD3'CD4") cells, (B, E) cytotoxic T (Tc; CD3'CD8") cells, (C, F) regulatory T (Treg;
CD4*CD25'Foxp3") cells. Data are presented as the mean + SEM; n = 10, Ctrl group and M16V
group; n = 12, DSS group and DSS+M16V group; "P < 0.0001 vs. Ctrl group.
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The effects of colitis and B. breve M-16V administration on spleen T cell cytokines in

weanling F344 rats. (A) IFN-y, (B) IL-2, (C) IL-4, (D) IL-6, (E) IL-10, (F) IL-17A, (G) TNF-a, (H)
TGF-B,. Data are presented as the mean + SEM; n = 10, Ctrl group and M16V group; n = 12, DSS
group and DSS+M16V group; P < 0.05, P < 0.01 vs. Ctrl group. 'P < 0.05 vs. DSS group.
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Figure 4-13 : The effects of colitis and B. breve M-16V administration on microbiota in the colon
content of weanling F344 rats. (A) Bifidobacterium, (B) Bifidobacterium breve, (C) Lactobacillus,
(D) Enterobacteriaceae. Data are presented as the mean = SEM; n = 10, Ctrl group and M16V
group; n = 12, DSS group and DSS+M16V group; P < 0.05, P < 0.01 vs. Ctrl group. 'P < 0.05, *P
< 0.01 vs. DSS group.
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