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D FPAR KB K W THE S L] BILETIE TR o @R R E O JF <~ D
MY RT ST BREACERRINOREORELZ B XTI TRESND ] EWVW)
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WMroOMKEPBLETHDLEFAD, BAEDOBAKTIE, 20 25 30 DMK E
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HEATWD, EAFEE ORFIC XL 36 ML ETHET 2 &M i3 < fm e
B & D NS X2 M (PRBIE RS #8 T8 13RI oo Bl A3 52 0 0 B IR 68 L & £
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NooEERBEI EEEOALARLTRERERLEEGZO CTREEANICAWL TB Y,
MR fre BB (WHO) 13, AW EBEF®E BB L T IF &SR IR R
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M Wi fE e X R e F VX —Z PR & L TIPS 2 E7Z 10 TR, 77 4
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BEOREN A~ R RIETEEE, HGE - REISE . RIEMEKEORE,
S DAl ZE AL O R D & fEAT U T AW 81T AR P RE 25 R I B G- D R B o 58
JEFB - EZHNE LIERERIEZERSELLOOEBHIELE L THAED

5D,

F1E - BROBNLERAERENHEFIIVIRORE - FUALF—FRICRETEE
AEABMORIEOEBEBRT 5D, BUDIEHE~Y T XIC
Lipopolysaccharide (LPS) ICX 28 N RIELZFEL. HAEF~ T XADOR
T VAKX —RIBEETVORBIC KT TEEZRG Lo, 500 E D R
WCED I ETREXZELDZ T VAXF —HEBLACKREIRBOREET T L~
vAZEZMW, ZTORE L RERL X ORBERE S O E L T L,
[HE1] BERHZLULX—HRXETIL (TRC2HBELEETIL) TORS
EBHT L L X — P &% E T (allergic rhinitis, AR) T & K @)
R (T 7 VAR —HRBROET LV THY | Th2 REA THRIELST W,
BERORERENKETEEZONT, 7L AX—MEROFIE L G HKE
BRI RE & O BE I > TR L 72,
[BiE2] a5 —4S¥UFEEBEHAETL (T EBEELEETIL) TO®RE
HOCRERETHLE NEH YV U TFORBET AN TH LT —F U
PRI % (collagen induced arthritis, CIA) ¥ Thl B EE{L THRIE LS
T, BEORERENSKIETHEBICONWT, F~v U 2D CIA DJFE (B
JEIR) Z RWIMIZD > TBLZE L., el X OUHERE &L oBEIC >
THEHT L 7=,

E2H : BYVROREFEEERICLIBUERENHEFTVROMBKRELIS
RIEFTHE R3]

b b EAEPE R T T LT H D R EMEEN T T L~ U 2T NI AE VT &
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BEAFH (0~ 7 Hilm) (28 2 M ie o fE i & 47T - 72,

BIE: BHRICETIEHCHEAOROERMNAFIVAOEHCRERBORBIC
REyRE [fR4]

FBl1E,E2HICENT, FEOKREHOAER RO RIERTE T~ v
ADRIEFREEZESEDLZ AR LE, 2hEasbEx, FvUATOR
EREEZME. THT2-00REH. EERHMORELRI T2 2L %
HRIZ, REMOBCRERETHLI2HAGH Y v~FET L~ T X% A,
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Wi LI DR ERE N RE - T UL —RKEBEOREREICEEL RITST &
WM S TWw5b 10, 11],

RIFETIERBEORIERF~ T ADORE - T LALX—0OREREIZKITTE
BEHOLNCTHZLEHME LT, v~ U AT Lipopolysaccharide (LPS) # 5
XA RELZFEL MEF TV RAOHRE T LAXF—RKEBET LOREIC
FETEEICOVWT, GERBFORLL OB L,

IR OBRBENTORE - 7T LAF—RBIIRETEREB IO NT, W 2H
DFEFMHIEORE N H 5 [12-15], LPS ¥ 7 7 AR HOMmER > TH O | &£
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L vE#mEn5H[16], LPSIT XV ~/Ls8—T (Thelper: Th) #MAmd 5 H . #1Z Thi
ROMBEREISENFEIN, BEORERKIENAEL 5,

Y ERICEDI2BFORFTICENWT, v 2A~0 LPS 513, FEKOH
B~ T ADSLS—T RIS RE 2 ThI BN IS 5 2 & TERIT LV X — M8
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ENznENnIHELHH19], —FH ., BCRERBICHET LIBHOBNEREOK
BZOWTORE TV, F12, B VA~ LPSEHEIC L2 REFEIIF~U
AORRMEBERMS &, R#MEEREOEFEEEET D (1 v 2V VRO L
mE) ZEBRHEINTWVD[20, 21], ZNHDOELIE., fF~ U AITEIT D RIEK
IR E LB SELAEEN DD, TORBIRHTH S,

UbEoZens, Bv T A~D LPS HEICKDRIEFENIF~ T XD HRE -
TLAF—HKEOHREBIZKETEZEZIOVWTORFTIEIA+STH D,

BIETEThZ A TORBRLIFEETVEMO Th AT U ARDT T 4 R A
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(HE1] EBERNZ7LILXF—HERXRETIL (Th2HBHEETIL) TORE

1-1. #8

WHE, T VA —FEBORBENEML TWD, 7L F — T#E R0 ER IR
BLRAMbD > TRIET DHELEZAONLIN, BFEORWREMIT, BEEIN LY ¢
LARBEROEMPEEREHZR-L VWL LEEXZLNLIDNZOFEMITAH
Ths, REZROLLLLE L TEEEOLE, MERKAZIZILD LT HAEERKED
B2 ERHIT O 5,

TUAF—FARERICAEETIER WIS L THERE R ARERENRELD
WEETHY BURAFEM LR ESAEHEORT TH L, BRAERLEHRLER
DEMECEE LA > TRIET D [22], 7L —3KEB T~V S—T f IR Th2
BN CHRIELSLT W EEHNICEIEI T/ 9 7 b THLIRREEHR LRV D
DL T U AEENEL, ThXT 20 MEM» 51, EFIE The BE AL 72 K 78 & £
DZ L TThI B GEIREN OB E LB ~OMIEEMEZ WS ¥ w517, 23],
fa e The BIENL R REL S | RAICHIERL Y A VARSI S Z £I2 XY Thi
BoOMBEREI B X520 Th REMLRAM OV TN, 7 L X — % FIiE
L7 Ty Th2 EM AR LN TEBY BAEMO -ENERE» L HAERE
MOBRBEPNEOREHRERZICKET L LEEZDLNL TV DS [24],

InoZzERELT, B4, BEPTOMAEY L oML T L L —IRKEOREIE
URA 7 LEDOEEICOWTOMNRENITON EBEN O 7 LM E O MR S <
HOHLPSEETLAX—FKIEY A7 LOBICEENDH Y | FIZAEK 1 HFFE TODLPS
BRENT L X —RKBRIEZ TH T2 L@®E SN TWDI[25], £72. BIMERICEH
WTHRE~D LPS T ENHEFOT LA —RIEZME T2 08 HESNT
W5 [17, 19, 26, 27], ZOHF L LT, BRGERICID LPSHRRB#EI . £
CEVIERRMR ThI RO GEISRENEMIZR D Z L TTh2MEMO T L L F —Ik
ERmElEns, —H LPSEEIZREZR~DORELZ T TR, AGWRIZBIT S
RNVEVHWMBIOMBRICOEZEEL LT T, EEIC. K~ LPS & 5 13 A {7
OEEHEM, BH&ER, Wb L7 FrREOHMZG & 29 [20, 21, 28], L
Wo T REDLPSBEEICKDRERENHAEFICRETREZRHAT 2ICHED .,
AR RME O RS T | HAEFORBEEOLELLEET ILERDH DL, L



LERs TUAX—ORERBICERLRETHAERER ORISR E
TV,

AR, BB ES CIIEEREO AT L, MEST N E— % B O RIE
RP@WI ERHREINTWD[29, 30], £72, O EEE TIZREIC KLY
BREROGENALNLIB], L EDZ 05 A TIE LPS 512X 5 RED
RIEBRBE D HAEF~ T ADT LAF =R R OFHEICKITTEEIC OV T R
BRI IS E M 2 T, RHERE S MU L. M A O MM >\ THRFH L7z [32],



1-2. X EHE
1-2-1. ERBMSIUEBRIOLaL

M~U AL LTDBA/L] v~ T A (ZW7A8F—EAMW) 2Hnw, sbicZow
TADRENPOAEENTAF~v T AR RICH W, v U X XEEEE MF (U =
VEUVERK) EABKEBHREBRIE. 1 EHEOBLEFE®ZRICERICH W, K
B, B, BEZEALERE CEREZIT -2 (12 BHEBAKY A 7 v, BE 20~
26C MRE A0~T0% 2 MEF T 2R OICER L), AR ITAKRFMSHEICE D H)
MEBROBEIERFERICWITIoAA RT A ] ZRICHER SN TBRE T+ RKREDHY
EBRHE I ICH > TITWV, BAXKFREZOERBMEB XL ERRBEHR TITo 12
(HEKRBES  F I 12-8),

W~ 7 A2 LPS (from £. coli 0111:B4, Sigma-Aldrich Co. LLC., 2 pg/g body
weight) ZMEMENIC 1 EEL Lz, 2> ba — LICiEPBS O A& L Lz, LPS 72
[T PBS Ot H 5 Atk WA~ ALRR L, F~ Y ATHAECHELEZRE~ Y
AL —YTHAEL, RASEL, Fv U AN 3EKO & S ITHEFL L. LPS O
522 J T~y ARLEENTAF~ U X & BRIEH (the maternal LPS group) .
PBS # G s~y ZAnhbAEENTfF~v Y A% a3 b —/L#E (the control
group) & L7z, AFEFNTMF~TUADI L, KIFRICIFM~ T 202 LT,
RENEERFEREOWE LB 1772, 7 @6 & 8#Eliv T ovalbumin (0VA,
grade V, Sigma-Aidrich) #% ¥ L. OVA & &&K 5 L TERM T L X —MHR X%
FHEL, OB TR Lz, TLAX—HEOFMOB A, HE T CERIMLE., H
HEBEFT L C&es % Le, BREL 72 iR i D v B L iy 2 | L, 3l & & ©—
30° C THRFE L, EB 7o ha % Fig. 1-1 12/ L 7=,

1-2-2. RBN7LULX—HRAXLOFTRBREFBOFMA X
TARTCOMF~ T ANZE RO T LA =R RZFHEE L[33], 7THERIZH W T,
OVA solution (100 pg of OVA with 4 mg of aluminum potassium sulfate in 500
ul of total volume) Z ENENIZH G L 72, 8 M ilmiC 7 i & RARIZBMHGBE LT,
EMGEO 1 EB %25 6 HM#H T OVA solution (25 pg/ml solution in PBS,
20 ul/mouse) ZMEELG L TERNT LAIF B REZFEL -,
6 HAD OVA RBEREDOEFZKICV Y A% 1T S —JIC AT, 545MH



DL Lok, DonEEBEEr b Lz, 2 ANOFMEINEZENENE B &2
DREZBE L, FTHEITELELOHO~ T bS5V E 52 blinded

conditions THT =7,

1-2-3. iABHEOHEMHEO R E

i 5 H > OVA ¢ B0 TgB i fili 2 ELTSA I CTHIE L 7.

OVA solution 100pL (100 pg/ml in NallCO; buffer, pH9.5) Z[@EAH L. 3
e 1% . blocking solution 100 pl (3% BSA in PBS with 0.05% Tween 20) % 1
R = CEM &7, Mg (1:50 dilution) Z EH & 7% M HIRIZIE OptEIA™
(Mouse IgE ELISA Set, biotinylated Detection antibody and Streptavidin-HRP,
BD Biosciences) ZHW7-, Z&EEEIX 3,3 ,5,5 —tetramethylbenzeidine (MP
Biomedicals, LCC, 100ulL, in sodium—citrate buffer in the presence of 0.01%
Hy00) &2 V72, PO IR (21X 2N-HCT  (50pL) & M7=, WO EE X 30 K 450nm,
R & 570nm THIE L 72, OVA Fr B A HUAAH (X OVA & [EAR(E L 72 7 = )b D W6 B2 7
BEMEL TRV T = LOWIEZ B WTRD I,

1-2-4. BERMABROMELERSZE

iR ) B (S BB OO H D L 72 R 1T RPMT 1640 K5 HilciR L7, AT > L A X
v = (200um) A m Ay o (250um) AW TR E SBEL %, =
D57 B (1,200 rpm for 10 minutes at 4° C) L C 3 [ #E#E L. 48 L i iE (FCS)
5 % ¥ RPMI1640 541 (H K REEE) (2%l L7z, MR EIT Y kA
B BOSBE MIZIE 5 X10°M /ml, A b A CREABRE DO DOEEICIT 1
X107 f# /ml IZFHEE L 7=,

U v R FAL OGS B E X 96 K~ v F v = v L — | (Falcon) %
v MR iR 50 ul (5X10°cells/50 pl per well) & HEHF TH 5 0VA
(100 pg/ml) \ F72ix~A F ¥ = fil#E & LT concanavalin A (ConA, 5 pug/ml,
Difco). LPS (10 pg/ml, Difco Laboratories) % #sHM L T OVA #il #4013 120 B
M. =4 bY = CRIE 72 R EE &R Lz (37° €. 5 %C0,) .

A N IAEERBOHEOTDIZ, 24 REE~LFT U LT L — |k

(Falcon) (Z AR ik 500mL (MIAR % 5 X105 “well) & U v REREF AL X



s ERIBEORIB ZIRM L T 37° C. 5 %CO. B85 T T 48 BEfIE&Z L 7=, &L
BERIIL, YA NI A VHELEORESE T—30° C CHEMRGEL-,
3k FCS 5 % ¥R /N RPMI 1640 57

RPMI1640 95mL
FCS 5% 5 mL
L-glutamine (GIBCO) 2mmol/L 1mL
penicillin (GIBCO) 100U/mL ] 1mL
streptomycin (GIBCO) 100ug/mL

1-2-5. B it #0 R oD 1 3 I 6 D I 5

I it e 2 R g e . U o N BRI AL RS O FEHE & L T Alamar Blue assay
(X 0 B AR & & L /-, Alamar Blue solution (Serotec, Oxford, UK)
1opL/well ¥WRANL ., MEREE L7 (4 h at 37° C in 5% CO0,).

4 WEMITA . BRI E 544nm, UL £ 590nm THCEMMEAZMWE L, TR
O FE R K0 e A R T,

i 48 Gl R = ORI L 72 B8 9O — M) 3 O R ) I S 8 oD i Ol R

1-2-6. M 7T+ RAAVBE, BRERY A FHAVELEBORE
M7 7 4R A, MBMBEEY A NI A &OWEIZIE DuoSet

ELISA Development system (R&D Systems) & H 7o, MBEMARE LY A4 U A

v EOREICIE, ConA (IL-2, IL-4, IL-10, IFN-y, and IL-17) 7=i% LPS

(IL-6, TNF-o) THIW LZEE EEE2H W,

1-2-7. #EEtBRFF &

T AT HEE BRERGE COoR L7z, ®EEHEMTICIE IBM SPSS 22 (H A IBM
M) ZH W=, EHMEOKEICIE Kolmogorov-Smirnov test % M\ 7=, IF B
D 5 IEEIX Student’ s t test  FEEBLHS A OFIEIZIE Mann-Whitney U test
ERWE, fARES RW LRI FHEE L L,
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1-3. &8
1-3-1. hE¥R

(KEHB & Fig. 1-2 IR L7-, BEALFEORE IR REREN = F o — LB
XL THBEICEMB Ch-oTe, TOBR2EHEROEIRD LR o7, OVA
HER, BREMFOFEIIRPET, 3 bre—AHICH L THREICHETD
Sl, ESHICOOVAREZENL T LAX—MHRARFBEEL FRIEHOKREILIAFE
WZEfETH -7,

1-3-2. RBER
g Rpic i Lo g o 2 W E Le (Table 1 -2), MR E & (3 B RE
HPAABCRBECTCL-TZ, —H, BWETHEVIEREIRBRREENAEICHETDH

-7,

1-3-3. mMp7TFsRhaAVBRELE L/AKL (Fig.1-3)

M L7FrREIRRERTHFECHBECTCHY ., Mh L7 F > /775 ¢
AR FUMRFIRRIEHELP T Pr— VI L TAECRETH 2, 72
B.MPTF o RRx 7 FUORBEIHEMICEEE2BD RN o702,

1-3-4. BRHABOEERESEIUVSA FHhAVELEER

v A Y= R (ConA, LPS) (T k3™ 2 I ik Al B o> 88 5 SIS 13 RE 2% JiE #¥ 23
AEICIEME TH -7z, RIS, FUEAE (OVA) Xt 3 2 158 5Os ® RERIERE T
Pl Tz (Fig.3-4),

A MIAEARIZONT, BRIEMIL IFNy OEANFEICEHE TH
D.ZDORR IFNy JIL4lFERna s be— A HECH L THAEICEETH Y
EROT LLF—RRFEEICLD Th2 EAAIH STz, T2, RERIER
oy b — L REIC LT, THIICE D IL-10 EAPABEICHEMB CTH - 12,
— . INFa TAHEIZEMTH -7 (Table 1-2),
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1-3-5. OVABRM cERGFEEERMZLULY— R AOREFE

OVA KAy IgE fufkfli & 7 L v F =R ZIER (5 H0MO Lo, Ooh
SEEOEF) TET7T VAT —MERFEFEIIEFEHICH L THEICHET
bolzy, LWLNL, BRIEMHEa e —AHOMIZEZTRDLNRN-
7= (Table 1-3),
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1-4. &8
AWFFETIE LPS EIC X 2 REORIEBRTE N M ICRIETREL BT
DI AT, EBROT LAF R ROWME L GEKES L OREHERE L
O B A R AT L 72
TUDICRBEREICOWT, BRIERITERELS XONBEEDE&EXAEIC
BMETHY ., TEMPLTFURELARBICGBE CH -T2, V7 F U ITIEN M
BRI WT DT T 4R DA THY, RO XL —HEZHFEH T 2. B
TR DR U 72 i BG A RE R0 i B R ik B A L T RE M MR 0 52 BRI X0 R G A
BN S DT T 4RI A WIrE T 5 [34], M L7 F U REITIRN EE L
EMBEAL., BWICEIVENTL, BEPLCKEMBPICENTH LT F UEAITIT
HEF5036], MERLT PE—MEBEROLI I BRT VAT —EKEBOEHFIZENT
MPL7TFURETIEMETHL b, BT VALF—RIEL OR#EICE
WT, VYT URBEELRERHEREL WD EEZ LRSI,
RFEOMETIT  BRIERIEELRONBIESEESFEICEHEMBE TH O,
MHP V7 FURESEMETH oz, —JF ., BRIEREIC I W TN R % L
D IFNy EEANEM THY Th AT o ZADHE L 2% IFNy /IL-4 LR iET 2~
Fer— A L THFBEICEMBE Ch o7, TRbLRERIEMIE Th NTF v AR
ThI L TH o7, LI F I THIROSALLIEMEICHE L K IFNy EE %
3, ZofER, Thl REMLLZREST S, —FH T, AFEBREKNDL O MCP-1 it %
e+ 5, MCP-1 IZIEM M NS D X Z I RS uRE 7520 D2 D KH
ZREL, TR LA -REZRET LS. 705 Th2 MISEICLHEET 5
[11], Zofich L7 F 3RO 7 R b —3 2 ZMifil L T8 &IE DI H
FHET L0, IBMECB O CRGME&O S E@ME T MR s S E 5 L
OHELHDH[36], ZNHDOZ &G, LT UIXRIEREIC S I @ X,
RIEFREZRME T 2 A BMENH 2 [11], ABFRICH T, MBME DY A 7o
AW EDFM L Th XT3, BRRIEBHICE T Th REMLTH Y |
F 2 OVARIBRIC KX DY) v N RO EALRIS M S h T, L2 L s,
TLUAX O L 7D OVA FF Ay IgE HURM L EBRIN T L L X — Pk
DFRE (K LrH - OonEBE) OMBIAFED bNRno Tz, KRR
UV RIS Th AT VAR T LAX—D EEAAQERETHY DR

13



JEIL 7 LAF =W FERLZEBEZ NN, KIFRICB O CTRHRIEMD
IgE FLRM 7 LA X —DJREAIME S nigrocBERE LT, V7F U2 Th
NI UVAIEEBELRITT LI, TV —ORFRIELZ LET D HEH 2 R
7L mREMEDHEM S 7o,

BERORERENHAFOT LAXF —RECKETEBIIONT, KM
BEEOLEILOHR AP EIIRFNT ILERD 5,
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LPS challenge
(5days before mating)

lmating
dam (weeks). 3 2 -1 0 1 2 3
birth  weaning
offspring (weeks): 0 3 9  gsacrifice

7 8
ﬁimmunization (OVA+Alum)

A nasal challenge(OVA)

Fig.1-1 Experimental design.

The number of offspring in each group in the maternal LPS group (n=7), control

group (n=7). OVA, ovalbumin; Alum, Aluminum Hydroxide.
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Time(weeks)

Fig.1-2 Time course of changes in body weight of offspring of the control group and
the maternal LPS group.

The difference between the 2 groups of mice was significant at 3 weeks, point of
weaning, and after first immunization (7 to 9 weeks) (Values are meantSE, **;P<0.01).
The number of offspring in each group in the maternal LPS group (n=7), control group
(n=7).
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Table1-1 Organ weights

control maternal LPS
Spleen (g) 0.125 + 0.023 0.081 £ 0.034 ~*
Thymus (g) 0.047 + 0.008 0.046 = 0.007
Liver (g) 0.915 + 0.076 0.886 + 0.052
Kidney (g) 0.228 + 0.017 0.222 £ 0.014
Subperitoneal fat pad (g) 0.070 + 0.035 0.131 + 0.019 **
Inguinal fat pad(g) 0.129 * 0.044 0.158 * 0.070

Values are mean+SE, *; £<0.05, **;~<0.01

The number of offspring in each group in the maternal LPS group (n=7), control

group (n=7).
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A Adiponectin (B) Leptin
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Fig.1-3 Serum levels of adipokines
(A) adiponectin, (B) Leptin, and (C) Leptin/Adiponectin ratio (Values are meantSE, **;P<0.01).

The number of offspring in each group in the maternal LPS group (n=7), control group (n=7).
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2.5
@ maternal LPS
2 T O control
T *%
1.5 |— > *
1 —
0.5 —
0 1 1
ConA LPS OVA

Fig.1-4 Proliferative response of splenocytes.

Sl, stimulation index (Values are meanSE,*; P<0.05, **;P<0.01).
The number of offspring in each group in the maternal LPS group (n=7),
control group (n=7).
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Table 1-2 Cytokine production by splenocytes

control maternal LPS
IFN-y(ng/ml ) 3.51 + 0.234 469 + 0.324 *
IL-2(ng/ml ) 1.39 + 0.233 166 + 0.325
IL-4(pg/ml) 4912 + 3.353 47.88 + 2.534
IL-6(pg/ml) 4570 + 4.500 58.80 + 4.700
IL-10(pg/ml) 175.63 + 49.050 205.02 + 35.634 *
IL-17(ng/ml ) 0.69 + 0.070 0.64 + 0.082
TNF-a(pg/ml) 214.70 + 6.185 142.94 + 26.727 *
IFN-y/IL-4 ratio 73.00 + 9.330 102.61 + 9.792 *

Splenocytes (5><105cells/1 00 ul per well) were cultured after 48h of culture

in the presence of 5 ug/ml concanavalin A (ConA), or 10 pg/ml lipopolysaccharide (LPS)
as a non-specific response at 37°C in 5% CO2.

ELISA was used on supernatans of splenocytes stimulated with

either LPS(IL-6,TNF-a) or ConA(others). Values are meantSE,*; P<0.05

The number of offspring in each group in the maternal LPS group (n=7), control group

(n=7).
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Table 1-3 OVA- specific IgE titer and allergic rhinitis-like symptms (sneezes and scratches)

control maternal LPS allergy(-)
OVA specific IgE (OD ) 0.036 +0.010 # 0.026 + 0.008 # |0.000 + 0.000
sneezes and scratches

( times/5 min )

OVA-specific IgE antibody titre in sera was determined by enzyme-linked

immunosorbent assay(ELISA) using OVA to coat plates.

Data are shown as values obtained by subtracting optimal density (OD) of non-coated

well from OD of OVA-coated well. Allergy(-), female offspring without intranasal

challenge with OVA.

Allergic rhinitis-like symptoms were evaluated at the number of sneezes and scratches

for 5 min under blinded conditions just after the last intranasal instillation with OVA.

#: P <0.05vs allergy(-), t : £ <0.1vs allergy(-), OVA, ovalbmin; OD, optical density

The number of offspring in each group in the maternal LPS group (n=7), control group (n=7).

514 121 ¢t 60 +122 # 28 +2.96




AR 2] a5 — 47U FEEEAHHRETL (T REHLETIV) TORE

1-6. #E
FAE, e PEBSY v~FEBE TIRY U~ F M ERE PO MR A R itk
HMREBROBBERERINE W EXMEI N TWS[37, 38], BHiY 7~ F O KIEJHE

DRI ZEL . POMEMEol S E T RELD L, £ PR (N
WIS S ) IC X AR RIEAZ I LD LT 2R RE2ZEEH Y v ~F 0 RIER
I BEZRITT LEZLNRD,

VZF R MEN S W ENDT T 4RI THY, BERKS= 2L X
— R EME T D, RIS X DR O BRI R S W R A N3 5 [34], AR
FHIZBWTHME LT TFVRENEM CTH D2 DN EERIEORHBIZKEL JEWEHA
LEBEBARE RS 2 RPEIRFEZBIE LT W, S LICHOCRERBOE R EOHER

CELDHEBIIBVWTHLHBERICAS T 2 RBERAEHIL TS,

BEiRERTOL 7T URETEOCLAOHLZBETIIHFRL A O BEWEE
L TEmTchrmEsh Ty BN ToOLFF U RWMETIEAGH) v ~F o
HOLAICEABEL TWAHAREMEND H[39, 40], L2rLanb L7 T RN OE
ObLABRICEZNICEAE T 2089 NEIARHATH D,

27— UFEEEE K (CIA) THCRERBETHIE FEBY v~ F O
BET LV THLIMAI] BEHRKETHD TR a7 - (CIDEEICLVFE SN,
B2 Thl B ERE LT W, Th XT 20 B iz <, B4, &Y v
STORERBICEELZRTTAEENEH I THLIRBHEBIZER LT,

ZI T, E2 TCEHBEORENTFORERELS L ORBEHELFHEG L, &K
FE MR B OIRBIE I B 2 JIE T L RE &2 T2 7 — 5 ik 8 M B R O RAE

LIEFT B2 L, MEBGEMEKRZ 5 AMIcblzo THE L., ZO®%ME L
TRPIE OMMRERBLE, CIT Fr RAPTIRM . & MEREMEDOHEIE L LT v
EKime gt Lz, =610, RBMEMIR & fiEh RIEES A A BBV T
F PR E OB 2 RET Lz [42],
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1-1. B EH&E
1-7-1. ERBMESLIUERIO LN

B~ AL LTDBA/LJ TR (ZHI7AF—EAKR) 20, 6122
NUADKREPBEENTAF YT A EERICH W, ~ 7 A LB EE MNP (F
Voo X OVEERN) L AREKEZ ARBRSE, 1 EB OB E %2 EBRICH
Wiz, B =R BEAEFALERE CEREZIT o2 (12 KRB Y 1 7 1,
i 20~26C, B 40~T0% ZMEFF T 2 L O WCEB L), KRUFIEIT H AKRZFMr
REICED THYEROBEREBICH T LT RT A ZRICERES L
TAAL FRZPEBHERBE] ICHl-> TITVW, BALTFRKZOERBMHERS
CRDKRBEBR T OKREEFED « 5 11 12-8),

W~ 7 A\ LPS (from £. coli 0111:B4, Sigma—Aldrich Co. LLC., 2 ug/g body
weight) ZJEFEWIC 1| B G5 Lz, =2 hw—/biZid PBS O A& 5 L7z, LPS
EEPBS OG5 BH, MRE~YTY AR L, ff~ 7 AR THEL
R~y ARV THEL, BALSE L, (F~ 7 A0 3 BEEmD & & ICHEA
L. LPS o HEE2ZT LB~ ANLAEENTF~ T A 2B RIEM (the
maternal LPS group), PBS &G I~y AL bAEENTfF~v T AE a v
v — L#E (the control group) & L7, EENTF~URADI L KBF%EIC
T~ ADOKZEHEMR L, RENEESFEREONE %M 1 T2, 13

Wkl 16l CcHx AT Il aTd—FremEL, a7 -7 FEMERREYH
WML, WIEBORE S L CRBEEE 2N E L. B EIRE % K T B O i I
ELTm, REFRICEEEIE LB E L, 26 Wl ICB W TR T THEM % . B HE B
FHLTLEZELE, RIRLAMET=EOHEEL CliiEZ2mEIL, #EE CT—
30° C TG L7z, £ 72 h 3L % Fig. 1-5 107/ LTz,

1-71-2. ®REHE

Fv~yvAEMmM#EL LTI RXRTOY Y RICaT—F U FEERBEGRLZFE L
[43], CII 50mL[2mg/mL in 0.024M acctic acid (AA) solution] L& D5EA 7
oAy k7 Vank (Difco) EIRAELTAA V=LY a &L, BIBEIC
100pL fZ FoafE L7z, 13 Mg CHMGEEL, 3MME %D 16 Wil kv Thm L[
BRICEMAEEZIT> CHES X ZFHFEL -,
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1-7-3. RHAGEORMELETEREOKH

2EIOCITHFIC L EEREZFE L%, RFEOICEEHEZNE L, W\
Mo EHEESIEE XA YLy y 7 2 A7 —Y (7 V-6, Peacock) % M \T 2 [A]
WEL, FHEA2REGEE Lic, AToFREAL Y EEBEIREZ KD -,
B £ L R B = S 9% 1% o0 S BB R S 9% AT o0 2 B i R

1-7-4. BERHEBROFBLEES X
Al O LR HFEIT 1 — 2 — 4 LREICIT o 7. B L. Fi e B AY #
T iE CIT solution (100pg/mL) % 7=,

1-7-5. 858 & it 0 R &
1—2—5LRKICAT> 7,

1-7-6. M7 TF4RAMY - YA b HAVRESSIUVRBHARY S FhA VU EE
BoRIE
WEFT1—2—6 LEKITIToTZ, MBMRELEY A b A &0 NTEIZE
ConA (IFNy, IL-2, IL-4, IL-10, and IL-17), % 721% LPS (TNF-« ) ¥ L 7=
ELEEx iz,

1-7-1. iRFRO G & o 8 E

96 X~ /L F U =7 L — bk (for ELISN\\fEAX—2 7 A )2 CI1(10 pg/ml,
50 pl/well in 0.1 M NaHCO; buffer, pH 9.5) Z# @& A kL L7z (4° C., over night),
7 r oy X7 E LT 3% skim milk in PBS (300 ul) & MW 1 KRS & W72,
Z D%, MiE (1:8000 dilution) 100 pL Z N2 CT=IR T 90 5w MG S 7z, B
HH K E LT EAFF o {k goat anti-mouse IgG (1:2000 dilution; Zymed) .
streptavidin—HRP (1:4000 dilution; Dako) N » o K H X
3,3 ,5,5 —tetramethylbenzeidine (MP Biomedicals, LCC, 100uL, in
sodium-citrate buffer in the presence of 0.01% H.0.) Z 7=, K& 1L I2IX

2N-HC1 (50uL) ZHwW7z, W EITFKE 450nm, Bl K 570nm THIE L7z, CII
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BRI MIT CII #BEMAL L7 2 LOREELSBEMALL TR NT = L)
WS FE & Bl v TR @ 7= [43],

1-7-8. REASOMAMENBR|RELCIAXRO7

26 i o figF REC . R AT L 10% AR AR L~ U RIS VT
E LT, /N7 7 4 el HE G AR o {ERLITALIR #8 & 3 BEAF 28 B IS KH L 72
MEi kO BEMELEICOWT, (1) RIEEMBORE, (2) WEMEO B, (3)
MmMEHFE, (4) B -HKEOWMBEELBE L, ThEZNOHB LY 4ABEBEDO R —
V(R LERRILSBEBE=0, BE=1, hWEE=2 EE=3) TifiL 7%,
B 2ARDERIZONWT, 2 AOHMEN T XTOHHE Z3Mi L., =0 FYIHE
ERHOE BRI~ AOR D)L X 52 blinded condition THT » 72,

1-7-9. $EEtME T F &

T T HE E BRYERAGE CoR L7z, BERHEMTICIE IBM SPSS 22 (H A IBM
W) =M=, EHRMEOREICIE Kolmogorov-Smirnov test & W72, EHME
D 51X Student’ s t test | FEEBLHS T OFIEIZIE Mann-Whitney U test
PRAWE, 2B OMBEBE{RIL The Spearman rank correlation THEfi L 7=,
PR 5 % A & WAt T A E & L,
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1-8. #E&
1-8-1. hKEHHB

HERL % DS E COMRERB % Fig. 1-6 18 Lz, HESLRF 1T R & E BE 2
aryber— B L THEICHE T 72, 5~ 9@, 13, 156~18 HfH i
BWTHREHLPABECEME ChH o7, 19 WL, 2HHEOETRD bR
<7e o,

fift ) BE O i #e B & & Table 1-4 IR L7z, WRERIBREH CHEEILH
fECTH o7, Mg, Mg, B X BEVAREECT 2 HERICEZTRD O

o7z,

1-8-2. HHEEROKEBE LU CIAXRO7

B £ I AR 1338 00 S % LR o0 A% e R o0 R B iR 2 BB NS E AT O 16 3 s
DRBEESREZSIWTRkD T, BIEWHET I XTo~v Ty A TUEoD» R L1
EATLL E TN ELIRAPDBEIN, CIA RFEINT LRI,
BN DL O RIERICB T (8~35 H), BRRIEM T b e — L EEIC
U CBIBEIER 2N E T o 72 (Fig. 1-7), #ic 12 HEB., 21 HHIXARICH
RIEMNBM CH o7z, LLARBL ., A RRERNTH BEESREIR®R 2
D, 2HEMOETRED NS Ro7c, SHIZ6THRICEBWT, BRRIEMN =
YhEr—LBICH L TARICRE CH - 72,

M FRIBLZ IRV, 26 Al o fiEHIRe GEM%E 75,76 HH) D% EHM
fi2 AOBHI 2 HE e GAR AR TR L, CIA A a7 2R 1z, T ORR., B RIE
Aoy b —LRELD S CIAAa T BEEICKMECCH -7 (Fig.1-8), EM
G, BIEYIICEEER S SE CTH > L\ TR - R omENET L
TWiz, MEHETOF - KEHEZa v b — LV ENEBEEN TH - 72

(P=0.009),

1-8-3. MEIBKICHTZ M IEE

CIT #r %1l TgG HUAM IR RIEREA 2> b — A BICH L THEICKM T
& o> 7= (P<0.05, Table 1-4),

RIEWET A P IA L THD 1L-6 OMPTREIRBREIERIFEICHMHETDH
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572 (P=0.038), MUK KIEHEDY A S A L ThD TNFa ldRERIERDGIMHE
fE 17 T & o 7= (P=0.080),

ML 7F o BEERRBRIERS T ba— LB ICx L CTIRMEBEB TH > 7=
(P=0.078),

1-8-4. BRYY VIARYBFEREESEUVYA FhAVEER

GEIE CTH D CIT, Fd~A b¥x »fil 41 5k 3 2 I8 A i o> 5 i
JREPE LR, 2HEMICEEIRD DN R o, MIEMMEEEY 1~ U A
B oW, IFNy, IL-2, IL-4, IL-10, IL-17 (ConA #i{%). TNFa (LPS
FI) I 2 BRI ZERODONR o  ThNT V ADIEE L 7% [FNy /1L-4
iz oW Td 2BMICZITRO bl d > 7 (Table 1-5),

1-8-5. REIE (268#%) I ITAMPIL-68LXULTFVREODHEE
fREAEECTH S 26 Bl GEBMAE 75,76 HE) I2BWT., RIEMEY A B A
VThBHIL-6nIMHPRELMF LT UVRBEICAOHBEERD 7 (r=-0.703,

P=0. 005, Fig.1-9),
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1—9. EER

AR TIE, BRIEFIZS W TRIENH O BB BRSNS A ZEICEE Th o 7,
Lol RMOBEIZIY, hrxitary e —nA# oIk role, —
75T fRFIR R (26 W) ([C3R T 0 RBEE OMMEBIERIZ KD CIA X 3T & CII
Fr S HY TG HURMIZ RERIEFEICHE VW CHEBICERM Ch 72, TNOHOFERI Y B
KORERBEIIHAF T AD CIARELZELE D  EITME T2 2 LN RS
7=

KEOKREEIZIBNT, 3~9 B X% EZND 18 HEHE TOM, &

RIEH T b=V BHCH L THREIGETHo T, BTN EITENT, B~ U
A~ LPSBEEDPF~ TV AORMERMEZEMEE A 2 SIS mf =217
axATRUVREEZERIELERHES TV S [20, 21, 28], BHHY v ~F
(rheumatoid arthritis,
RA) BETIHLELIY U~ TFHERESP LR AE T, IFERABRE XV EH)
MRIE B DOFIE R N2 & B3 S TH Y [37, 38]. RA O KJE I BB A 70 1 B s
(NIEAENG &) 2ol 2L, B IEN EHIREBRBIEICEET L2 LB 1
BiLd, TRHROLARMEICE N TS, BEORIERFE D MF~ U X DR X OUH
WHEICEEL TROBHAECEELA> TH~YVAD CIAHEBICEELZRIELL
RN D D,

BN E®R 76 HAICH 7= 2 MEI R (26 Bln) TOMRFTIE, RAICHE W THER
HEMEORE L 2 5 1ME IL-6 IBEIL, FRIEHBICEVWIAECEMBE L7z, M
HINFe RELa br—fFCd L CEEHBEM THY o, Mh L7 F o RE
TIREER CTh o7, M L7 F U REIRECKEN &L EMBET 5, Ll
255, RA B TIEBMI &3 BEE 9, CRPR IL-6 & Wo - RIEOREZ KD T
REWMBT L E0mEND D [44], KR TH 26 Hilm DO REIL L O E&IZ
Fe2HMCEIRO AT, MHP LT URETM P IL-6 REEWMHEL -, #F
REOFRATMBICEV TS, FRIEHHEAEH W RAVEBEF IO LT F UENFREIC
KT o7/ [45], £ CIAFEIC XV i L7 F o 8B ILIKME %2 o~ L7z [46],
JEMET A A R T CIEMMREZEEST 2L L 7T O nRNA BB L OZ
RUBEEAPIHI S ND L) invitro EROERN & 5 [44], B/ BT < I B Hi
R O RIEMEST A SO A VEAIFTLEL TB Y BHENTO LT F R4 il
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LTWa2b L2 40l L EDOSEATHROME LY (26 HimiZd 1 51 IL-6
BESME. V77 U BERMEIIRFRIERO CIARERS %, METIHMICH D 2
LZRLTWOLHEENRD D,

RO LPS BT HENF~ T ADH A N B A NT v A% Thl BEMICLESE
RERJERETIE CIA NWE T S W RS SN Sz, L L) 6 A% T
CTA Z&JiE A1) 1 o> R: I e o0 PO 6 JE AR BE (X8l & vz, SEATARZEIC B WV T LPS 5
Lo THIERIENEHBARORIETF~ T ALBWTZ Y FEF Y9 5
G E A PE L, FFICHERROMIE b OREFEESF AL A THD IL-1
B.MCP-1 ®EAZBSMEI L oWmENH D, £72 LPS K 52 L 2 BIE O RIE
Bfr~vAomharFaxrse s gEL2 ERFSE5 EHREI LTV D20, 21,
28], = F A X T v T RAEMEM AL O R PT~ O AR R BUE 2 Bl LR s A
ZMHIT 5 AMEICEDNTOREORIERE N F~ TV AOMPaLFaxrTnm s
REZ EASE, TofE, RIEMEMRERENIET L. BIEYH O CIA o B &R
DR SN BEND D, Lo Lo, REFJE CITMees (26 @) o T
WBWTRIE®ETA NI A THDH IL-6° INFaldtr LAREMBTH Y . JHEE T M
FUMEHE . A4 DU A VN T U AITIE TR ST, BRI OB WIEITFZE O
ROBIEFHMATE R, CINFENMMOEEEIRE N KM TH > 2RO A 7
AV NRT AL 26 HWERFR S IX R o TWERAREND D . BEEHEEE &8 T
PARITANRT UV AZONTHERFI BRI LETH D,

BEIC, AMEOERDBEONTEHRFICONWTERT L, B~ T A0 IEY O
RIENIF~ T A0 REKELS L ORBEREICRHET L Z &0 @E ST s 47,
481, M iZRIRICH W TR b BRI HET L REHSG TH L, EKAERD LPS K5
A2 RS DR O P ER M A SR (TCM) oD il B & b & & %, 9 M e 13 TOM 2 & 3
AL BAEMICBT L7 A b—v A TMEMEORECEERBERETH D, KEM
CBWTHRMBEO 7 R = 20N obNEEIND Z LT fREREO(K
ToMBRMEOBELE LS ER T EREERLVELTHDL YV ZF L AT LA
Zbw = VAR O T RN = A2 RT L TR OZE A2 5 & Z 3 [49],
ARBFRICENWT, BRIEHOR~ Y X TIE, LPS HEICXVEEYH oMy 1L-6
RENSE CH 7T, ZHICEVBAE~Y T A0 ICH A4 L, M- EEICE
bZLZL LEFR. AU RO GQEKEL ZIETRREN® 2. RBFJE O
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RBB\BONT AT = XL EZRET 272D RHE O RIE B2 HAEF OIS X
CTHROBEZEICRETHELZMFT T OILEND DL LEZD,
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LPS challenge

(5 days before mating)

[

dam: (weeks) 3 2 1 0 1 2 3
birth  weaning

offspring : (weeks) 0 3 ., 13 16 , 26
77 7/
& maternal LPS group (MLG, n=7) ﬁ ﬁ sacrifice
control group (n=7) 1st ond

immunization (Cll + CFA)

Fig. 1-5 Experimental design.
There were seven offspring included in the maternal LPS group (MLG) and control group.
CllI, type Il collagen; CFA, Freund’s complete adjuvant.
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Fig. 1-6 Time course of the changes in body weight.

The difference between the two groups of mice was significant at 3 weeks (weaning);
at 5, 6, 8, and 9 weeks; and after immunization (13 and 15 to 18 weeks).

Data are presented as the mean = S.E.; *P<0.05, **P<0.01, #P<0.1.

The number of offspring in each group in the maternal LPS group (n=7),

control group (n=7).
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Table 1-4 Parameters at 26weeks old

maternal LPS group

control group (n=7) (MLG, n=7) P value
Body weight (g) 237 + 1.0 253 + 0.3 0.175
Spleen (g) 0.090 + 0.004 0.092 + 0.006 0.812
Thymus (g) 0.021 + 0.002 0.029 + 0.005 0.176
Liver (g) 1.021 + 0.128 1.323 + 0.031 0.017 =
Kidney (g) 0.508 + 0.017 0.527 + 0.011 0.405
Subcutaneous fat pad (g) 0.157 + 0.029 0.158 + 0.016 0.970
Visceral fat pad (g) 0.157 = 0.032 0.133 + 0.011 0.534
Serum cytokines and adipokines
IL-6 (pg/mL) 281 + 34 70.0 + 20.2 0.038 *
TNF-a (pg/mL) 16.5 + 1.7 21.2 = 11 0.080
Leptin (pg/mL) 790 = 242 271 = 151 0.073
Adiponectin (ug/mL) 232 = 0.11 241 + 0.10 0.610
CllI-specific IgG (OD) 1.50 + 0.03 1.34 + 0.05 0.027 *

Body and organ weights, serum cytokines and adipokines, and anti-ClI IgG titers
at 26 weeks old (75 or 76 days after the second immnizaion).
Data are presented as the mean + S.E. *~<0.05.
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Fig. 1-7 Joint swelling.

Mice were assessed twice a week to determine the thickness of four paws.
Joint swelling was calculated as the difference between the total pow
thickness at each time point and that before second immunization at 16
weeks.

Data are presented as the mean = S.E.; *P<0.05, #P<0.1.

The number of offspring in each group in the maternal LPS group (n=7),

control group (n=7).
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(B) Hematoxylin-eosin staining of the joint
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Fig. 1-8 Evaluation of collagen-induced arthritis.

(A) Arthritis scores. The severity of (1) inflammatory cell infiltration, (2) synovial cell
proliferation, (3) vascularization, and (4) bone/cartilage destruction was scored on a four-
point scale (none or mild: 0, slight: 1, moderate: 2, and severe: 3). The total score is the sum
of the scores for the four indices. *P<0.05. Maternal LPS group (n=7), control group (n=7).
(B) Hematoxylin-eosin staining of the joint. Representative images are shown. (a) Mild
arthritis (score 0) in the maternal LPS group (MLG). (b) Slight arthritis (score 3) in the control
group. (c) Moderate arthritis (score 5) in the maternal LPS group (MLG). (d) Severe arthritis
(score 9) in the control group.
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Table 1-5 Splenocytes proliferation and cytokine production at 26weeks old

maternal LPS group

control (n=7) (MLG, n=7) P value
Splenocytes proliferation
ConA 0.64 + 0.10 0.48 + 0.11 0.304
LPS 0.70 £ 0.11 0.43 * 0.12 0.108
cll 0.13 + 0.06 0.12 £+ 0.05 0.902
Cytokine production by splenocytes
IFNy (ng/mL) 217 % 0.16 251 = 0.32 0.363
IL-2 (ng/mL) 2.08 * 0.33 229 + 0.24 0.623
IL-4 (pg/mL) 215 + 3.6 19.7 + 54 0.788
IL-10 (pg/mL) 274 + 33 215 + 18 0.144
IL-17 (pg/mL ) 449 + 58 431 + 47 0.807
TNFa (pg/mL) 197 £ 25 239 + 15 0.189
IFNy/IL-4 ratio 121 = 22 211 = 60 0.194

ELISAs were performed on supernatans of splenic lymphocytes stimulated with either
LPS(TNF-a) or ConA(others).
Data are presented as the mean + S.E.
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Fig. 1-9 Correlation between serum IL-6 and leptin at 26 weeks.
The number of offspring in each group in the maternal LPS group (n=7),

control group (n=7).
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F2F BYODADBEHFEMERBICKP2EEREN
HEFITOROMBGZRICRIZFIEZE[HE 3]

1 ETIT A O LPS I X 237 72 RIEBR B 28 A7~ 7 2 O Ji 5 #H /% 1%
RRICHEL, ®E - T LAX—REBOHRBICEELZRITITZLE2RLE, F2
B CIL, low—grade O RIELR L T d 5 £ 75K E MR (2 X 218 M R GE 23 H AT
YU RAILKRETEEERIT D,

B RIE T AEEEBHE R SoMBRAERBICLEET 2 EBRETH D,
i i B CUTRAME R E 2N U9 <L RIE D3N i B 3EE K S o0 FEE R0 B oD o R (2
BMELTWADLEEZLND M EICB O TEBERENSECSLTWRIKE LT,
IS IZ e D REROBRES 2T OMRH - W RoEl, MM o %
b EnHH ., ZALIEIMHAEIZEELH > TWVWDHEE X LD I[60],

MEICHEWRERITRE LSBT 5, FICEFREIREOR T KIEH KH
MBLXOBHBCHREREOEMA MO TEY ., ZhbOMEICIE > RE#EE D
ZAb & THEEA ] & M550, 52], %O T RIAE W KM 1300 ks
BERERBORIELHET L2EEZOND, 72, IEWMICIVBRICEELEN
W RE WAl 4k T 7 7« WA A 250 W0 AL VE MR 2 31 D R E P o g B)
e (BHERIE) PO, AZARY vy 7y Fr—AREREMMEk (21348
M) OREEZACOIREBIZRICEEG T 25, 20 X5 fER L RHROEE
W2 B L72 @& immune-metabolism EPFRIENZ2EMBATEHZHED TV 5D
(53], @& . HREREMAHBMRITMAEISESE L, EEROEEMEME ICER 2R
LTS, LLAaRns, MECFENINLD AT AOKRIE T, £723EA
FUADOEAFICERL THEHEMEDOZEABE T, IS W8 MR GERE D E
DRI R RPN D,

—H., T ROBRESCHEEDHRA~ONNY T %, BRBSCA% Y oBR
BoORBEBRSZITCTREINLS] LD DOHaD D &I DWW T, EIRFP O RH O
B X sh A B s Bk AT 20 17 To BT IE T v = — v R UG I R R
WEEDD ZEPWME SN TS [54-56], L2vL7AanoRHE ORGSR
EHIC R IETRELZRG LB E TRV, 2 2 TARIFE TIEMEIC L D RERKED

t

D IR I %
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ZElThHD THREEBN]ICER L, B~ U 20 &EFEGHEERESF~ T 20 E ik
DREROCRBERICKRETEELMBIT L, SO ICERY TOREOKRT © Bl
oo, HAEFH (0~7 Him) (2B 2 Mo T 61T - 72,
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2-2. R EAHK
2-2-1. EBRBVELUERSAN

B~ AL LT 8 #ilin?d C57BL6/J mice (CLEA Japan, Inc.)ZMwv, &5
DY T ADRENAEATFNEF~ T XA ZERICHWE, vV AR TER
ZERRSE, 1 HB OB F®ICERICH W,

F~v 2 QBERICT & A2 2 BEIC . AIN-936 ZE&EBN & £ 701X
ATIN-93G & % fE ft & & 7= (Research Diets, Inc.)., FEBRAB DML % Table2-1 1
AL, FERELA A UZWAKTABERE L, BB, SR, BEZEHL
TRETEREZIT o7 (12 ReBARE Y 1 7 v WE 20~26C. BE 40~70%

MR T DL OICEBLE), AFEIZAAZRTEE CL D THHERO@EIE A

EREZW e A KT ZlcfElRanic THARLFRFPEHERIE )
CHI > TITW, BARFRFPOEBRBMEBRICLDKRB LG TIT- 72 KR

BB I 15-6),

2-2-2. EB7obran

ORI ICHE~ v A 2R~ Y X (FEAER) LR L, BoNk(F
F~v2AZFERICANT, FvV AFHEAETTHELLZE~ Y X LRELETY —V
THBELTEALAIEL, B~ U A3 9 B2 o aikal, MK, A8 %2@E
CTHRUERREZERLL, Ff~7 X 3HEE CHEA L, BEFLICEL, B~V
ZEEMEERENSAENTF~v U R e BV ARBEBRENO A EN AT
T UAZZTRNEN 2B T mIEN R (HF) £ 723 % @R (CON) Z it &+,
RrABCH T, F~V 2A0HOAWITIR~y 2 HEBREER fr~v A @R
BHORE A CON/CON B & L 7=, LLF. CON/HF B, HF/CON #. HF/HF B¢ & L 7=,
W1EOEENE, FEREOWEZITV., NGO LELZBE LI, 678 LT
69 H s T OVA g2 L. 1 W& O 70 B THEH L7z, 70 HE i THRELIZIHF~
VAL EH~Y AL LT,

e X 5ZboWFE2RidT 25720, B~ XAZEKFICHET L THOLN
TAFw U AEHAEMFY (0B, 3H. 7 HER) M L. MM T M5
fLiz > THRFHL 72,

Fhrzrbr— L TC8HEBEDOD~ Y AZEBRICHWEZ, 9B X 11 B
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TOVASE L, 12 B CTMH L7z (young )., MEIC X 5 Z b O BFHIZITE K
~ 7 A M CON/CON #f & young BE & b L 7=,

2-2-3. OVA®R#E AR %

TRTOME~T AT OVAREZITo T2, B~ 7 A 67 Hili, Hl~w 29
3 B 12 35 T LOVA(200 pg ovalbumin, Sigma) with aluminum potassium sulfate
(Alum; 4 mg/0.5 ml in phosphate-buffered saline; Sigma) % JEMEN& G L
THRE L, El~ T X 69 @i, Film~ 7 A 118l T E & [EERIC BN %%
AT -7z, BMKE 1 HE%O 70 @im, X700 12 Him S EH Lz, Sk
T E s~ v A O OVA Fr S 89 5o J BE B 2 REAIN L 72 S AT WFZE 0 HIEIC S v TIT -
7= [57],

2-2-4. OVAER [g6, IgE ikl il 5E

Ifi. 8 H1 > OVA R FAY 1gG HU KM 1L ELISA JEIC THIE L 7=, 96-well plates
IZ OVA solution (120 pg/ml, 50 pl/well in 0.1 M NaHCOs; buffer, pH 9.5)
1 L 72% (overnight at 4° C). blocking solution 300 pl (3% BSA in PBS
with 0.05% Tween 20) T7®m v ¥ 2 L7, (1 h at room temperature), Ifi
i (diluted 1:32000) % K& & ¥ 7% (90 min at room temperature) .
biotin-labeled goat anti—-mouse IgG antibody (1:8000 dilution; Zymed) .
streptavidin—-HRP (1:4000 dilution; Dako) Z W TH H L7, The enzyme
reaction (2% o-phenylene diamine (in a sodium—citrate buffer (pH 5.0) in
the presence of 0.01% H,0, in the dark, Sigma)Z H v 7=, 2N HC1 (50 pul)
THRIG 21 Lo, WOEEIE 492 nm THEIE L7z, OVA FF 5 A 5T 13 OVA % [&
L L = VOWKENSEMBIEL TV RWY = VOWRKEZ 5 W TR L
7=

IgE Fifkfli O P EIX 1 — 2 — 3 LRERIZT >, B L, BEAALIZHWZ 0VA
solution ¥ 1% 120pg/mL, Mg O A HRIT 1:200 & L7z, FEEKIS., WEIX 16
ERBRICAT - T2,

2-2-5. [RMRRAELFELBRAR
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R OFE R FEIT L —2 —4 LREBEICIT-72, T MilL &7 X
— LDV T I NEEEN LIS VA NI EEEREENET DO,
anti—CD3 mAb (0.5 pg/mL, BD Pharmingen) % [E#d{k L. soluble anti—CD28 mAb

(1 pg/mL, BD Pharmingen) Z iR/ L7=&HEToORELITH- -,

2-2-6. P&k o) 18 E R S D B B
RN A DI RS O P E T 1 — 2 — 5 L FARIZAT o T2,

2-2-1. MHPPF4RALAY - YA A VRE,. BRERBRY S FHhAVEE
B ol E
mH 77w A L, A MTARE, MIBHREAY A NI A &D
WET1—2—6 LRI,

2-2-8. MafRMAKE DR E
MR OFHEIT1 — 2 — 4. OMBHKEE BEICIT- -,

2-2-9. ERHMREERAREBENEERFORNAE

i R B S o ON PR A R VR lE R (1 X 107 cells/ml) 1% lysis buffer #{Ef &
YT L7~ (7 min on ice), PBS containing 2% FCS (10mL) %0z CiELr#%
TBEL T LREAEWEIRRE L (1400 rpm, 5min), MA@ pellets % PBS containing
2% FCS 1mL IZFH{ZIE L7, MARZER 50l 27 v —¥ A N XA =2 Fa—7IC
A XU, monoclonal antibodies & s &7~ ( 30minutes on ice to avoid placing
the tubes in direct light), Flowcytometer i Gallios instrument (Beckman
Coulter Co., Ltd.)ZH v, WEF — Z 1% Kaluza 1.2 software (Beckman Coulter
Co )X VN L7, /M L7 monoclonal antibodies ZLL FlZx L7, Mg :
CD4 (GK1.5; Sony); CD8a (53-6.7; BD Bioscience) . #figi : CD3e (145-2C11; Sony)
CD4 (GK1.5; Sony); CD8a (53-6.7; BD Bioscience); CD25 (PC61; iCyt); CD45RB
(C363-16A; SONY); CD44 (IM7; BioLegend); CD62 L (MEL-14; eBioscience); PD-1
(RMP1-30; BiolLegend):; NK1.1 (PK136; iCyt) and FOXP3 (150D; BioLegend). %

N iiz B K F FOXP3 @ Y4 121X, FOXP3 Fix/Perm Buffer Set (BioLegend) % i\
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7"—;
—o

2-2-10. Fig O B EMBREFFTILa—LEEBHFEBOFM

Nl oA B E DD, 10% P HEEHRL~ Y VIZREL CTHEE L,
XT 7 4 »/a ¥ hematoxylin—-eosin (HE) staining and Masson trichrome (MT)
staining I FLIR# A 5 BLHF 72 77 (Sapporo, Japan)iZ Z#E L 72, NAFLD @ JFHEIC
W T . (1) steatosis (macrovesicular lipid accumulation), (2) lobular
inflammation (lymphomonocytic infiltration) according to HE staining, and the
severity of (3) fibrosis according to MT staining & L7, T ZThOH
HZ 4 BB E 21T 5 BM o X7 — 1 (none =0, mild =1, moderate=2, severe=3 and
very severe =4) Talfli L7z, 2 A OFFE#E AT~ TOHHE 27 M L., €O FEHE
EHWE, BRI~ AOENDN LR\ E 92 blinded condition THT » 72,

ff~ 7 ADOMRAMEMIZ SV T, NAFLD severity Zaffli L7z, & k NALFD o3
WS I TS steatosis, activity and fibrosis (SAF) score % —¥{&1E
LCHEH LA ({16}, AR#FFE TIL steatosis severity (5N FE % BH i 85 81 52
(&0 4 BBy CREM L. R ETEENME ORI IE lobular inflammation ff I L 4 Bt
TRPfl L 7o, MifEAR & b HE e AR A TREAMl L 72, Fibrosis & MT Qa2 A T 5 B
s CREAME L 72,

2-2-11. #EMBITF&

T 2Rl BEYERRZE Tor Lz, #aEHMEHTICIE IBM SPSS 22 (H A IBM
) = mHwviz,

M X 2B e RETT 2720, Miis~ v A D CON/CON # & young group % 2
ML L2 FAEFH ORI~ RO EREOEVEZ BT 2 720 &5
B BHANLY 2 BEMILR L7, EBMEORKREICIE Kolmogorov-Smirnov test
RV, FHMENRD SN -HEE Student’ s t-test, FIE B i @ T
Mann-Whitney U test Z W72, B~V XDERELIF~ T ADERRED 2 HK D
EHRE - CEESEITNICE VM L. RAERARAEE CTH o LHEHAIZ DWW T,
Wil 2R OMEZIT 7o, 2 LB OMBBRIT The Spearman rank correlation
TRl L7z, faBRES %RME R FHEEL L,
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2-3. R
2-3-1. KEH#E

8MH B0 IZIEWNWT, BTV ADEREOEEICONT, &

SRV YT AORERABICHEMBE CH o, LALARL, T, o
ZlHICH Y 32 54~66 Hig CIIREEMEEROEBCLIV L LAAEI
B ChHol, F~¥T AOERBICOVCHIEHREBEROKE~OFETER
HiMEZBEL TCHEBEICEM CTCH -7 (Fig.2-2), T4bb, B~vv2EENaR
F~U ADKBIZRIETEBITIA TAT VORI EBRLETHRRZS TV,
s~ 7 A TE T NTOTBREWHE T ICEmICES B X265 KERD D
BELER, KERDVICELD2AMO{F~Y Y AOKESEEICEL -#EEIX, &R
MEOREBIZLYAZIZREE > (Fig.2-3),

B, EREERENLREH LAV F—EREIXF~U 2@mENEE
MoOEEICIVEMHETH >,

2-3-2. WBEEELMBET7T T+ RAAVEE

FTMEICLHEEICONT, NBENER (BXOKELHZ Y OFMMKE
H) (X E W CON/CON Bt & young HEORMICE TR O N>z, K TIEHER
CEREEEEBERENERE (BXOKEHLY OMMBESRE) (X CON/CON BETH
BILEE CThH o7z, BRIBMIKEORIEL Lzt 7 7 ff & &1L CON/CON B’ F &
CEETH TR KEH D O EEIX CON/CONBELX A EITIERMETH - 72,

Ko, i~y ABRMORBRICONWT, BEEHREROEEBIZLY ., N
WERE R . K THENG, BalEliERE (BLXOKREL- Y OMKERE) TAEICK
EThote, b7 7HEBRINBEGHRMEEZEROEZEITIRDO RN -T2,

—H IFRELAEEROEEICLY  BEHEMRER (WK, KT, 86,
BIOKELZVOMBER) L7 /7 BFEEIAEZCEB O, AEDH
Zhoe 7 7HmEERIFERIEEZERICEY AEICEETH 72,

M7 T A RIAVREFILITF L ETTAoR R F U E2HELZ, Mk
DEBZEY, V7T, TT 4RI 7 F &bl CON/CON B 28 young Bf
WXL TAHBICETH - 7,

Eh~ 7 AICBWT, ML 7Ty, 7T 4837 FURETIR~ Y AE
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B BEORBIZIVABRICIKTLEZ, —FH., F~vAEBEHEOREB Iz L
TFUREIAEICEM TH o= (Table 2-2),

2-3-3. MBET7TARRIFUVREEHKRERLDOBE (Fig. 2-4)
BEM~ TV ADT = MW RITICEBNT, MIET 7 4 XX 7 FUiRgE
ERERAR (X~ T ZAOMHREHRE,/ U — 7 KEX100) TAOHEZ R L

(r=-0.377, P=0.021),

2-3-4. BEFHIEE (Table 2-3)
o TR R 8 i

Js O 52 #2250 TL ConA FIJ IS & 97 2 M8 AT it 39 5 52 13 & fis CON/CON
FEICHB W T young BEIC K L THEICIKME ToH -~ 72, HL CD3/CD28 Hill P T 13 4K il 16
M TdH o7,

Eh~ U AR TOMRFIZEH WV T, ConA, LPS, HT CD3/CD28 #PLIZ > T,
F~Uv 2A@EENEEROZECIVAZCETLE, B~y 25EHEERO
MBI INOLORMIC X 2WMMKIS IR bNehoTl, iz, GEHIKT
&% OVA FINIC L D ARSI S RFFEDO KM T CTIHEENE D Lo i,
< MMM A N A AR

Jn s D 5282 D T, LPS fil#%C L % TNF o pE 41X % i CON/CON #£ 2% young
I LTABICRBE T, B~V AHMTOBRBICENWT, v U X
BLOHF~TVAOERBOENVICEIIEBEIRD N - T,

- OVA F5 5L A 1gG HT {& M

Tty DR BN ST, 16 P 1% & |5 CON/CON B i young BRI X L TH
BICIKME ., IgEHiERMiTAEICHE CTH - 72,

Eihn~ U ABEM TOMBIZH W T, Tg6, TgE HITfF~ 7 2 EENAERIC
FOVETLE, B~V AEENEEROZEIIRO LN oT,

7 —Y% A AN —ICXD THMBEY &y ~OM@EH

Iiis o F A X v, I CON/CON # 1% natve/memory ratio, NK cells M

N young HIC XK L THEIWKEKNLZ, —F T, regulatory T cells,

PD-1°CD44"¢'CD62 L' (memory phenotype, MP)CD4'T cells and NKT cells @ #l
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fidl b 32 1% CON/CON BRI B W CTHEICHEM L 7=,

E~ U ATORFIZENT, BV 2ABLOF~vry 2AREH RO REIC
£ D PD-1" MP CD4'T cells LR ITAEIZH M, NKT cells XA BEICK T L
7=,

B A O BEHIC W T (Fig. 2-5) CD47CD8™Hb 3 % Rk & g M & e 28 15 i
BRI L THBEICKM %28 L7 (PC.001, Fig.2-5a), CD4'CD8' =R (% £k
JEMF BN A EICEM CTH o7 (P<.01, Fig.2-5b), CDA'CD8 W I L O
CDACD8' WL TR EmEM RN A EICIKM Th 72 (P<0.01L, Fig.2-5¢), Mg
WTHRSIED 7t 2% Fig.2-5d {2 L 7=,

2-3-5. HBOMBFEHERLEETILO—ILIERBHIFEZE O T

BB 2MBOMBEFAOBENPO/LNTIT R 2B L 7,

young BEDO MBI WO ZEBR IR T, EFRFDERBRELRRD S
7z (Fig.2-6a),

Nl o 7B XV . CON/CON BE O JF#H &k (3 Mig U5 i O 38 S0 T /N 3~ D R IE
PEM AR X O b b O BEORHE OB IARD b iz (Fig. 2-6b),

CON/HF B TiX, HEORMM O ZEMMNBE S iz (Fig. 2-6¢),

HF/CON #E CiX, IEMI M ERIIRB O Vb 0D R E O JF /N HE ~ O KIE M
B o2 (Fig2-6d) & MME(L A FR D & 4v7z, HF/HF B8 B oo 5 5 & B % 38
DS BT @ E DT NEE A~ O RIE MR &ML E > Tz (Fig. 2-6¢, ),

2-3-6. NAFLD @ ¥ ffi (Table 2-4)

FET N a— AVERRNAT R B DG X SAF 2 2 7 2 & L= HFiETIT- 7=,

ff~v 2 %@ AR (CON/CON BE, HF/CON £f) IXMREMIFIZAE LT TWihnoiz, L
73 L HE/CON BE T O F I IS /NEE ~ D S0 & Ml i 1= 2 A & . W5 B o # (b 23 i
> TWiz,

F~ v A&EN & #E (HF/CON # . HF/HF #£) (23T, HF/HF BEIEX CON/HF
HEXVELRFRIEE ChH T, — T, IF/NE~ORIEM M & 80X
HF/HF BE 2% CON/HF BRIt L T Bl S vz,
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2—-4. BEE

AWFZETIX, EIRAT 2 O RAY ETCHBENREEZERSE L~y 2AnbE TR
TP~ U A ZmM E CEHE L THBE L., Ml X258z MLz, £oRR,
B~y Z2&mEEEROZEBICIY, F~ UV A0KEZHBY CIIE~Y 2&5lE

EEBROEE LY, ABICEMEZ S LE, 2L TEEY CITMICR~
VABBEHEEROEEBICIVEMEEZRLE, £, T _XTOREICBLTCE—7
REICZELLEE, NN ELRICHENL CTHF~ Y AOKREIXHD L, ©— 27 KEIC

ELERBERE~ Y AEBRLREORBIIVABCRN THo, UL Z Lh
5., B~ U ARBHEEROEEBICLY ., MEICHES RERS N RE D LD
R U7z WTREE SR S 7z,

70 A fH R O AL O AT RE RIS W T, NIBIE OfBEE LTHlE L TEAE
ARG . R THEMI OFREE & L2 T WEE TR . 70 & QNS TR W8 4 FE 48 6 15 1
ODEMBERIT., FEEVEEROEBCIVAECERMBE T, —HEKD
BORBELLELE 7 7 HEECEINGEHENEEROZEIRD LT, &
STHREREERICEVF~ T ATBEINTMEIC X5 EKE®RD L. W&
DETTERLS, EHEOETICE2EELZ2ZT WL ARERENRNEZ LN, M

AR IR R o BERE 23K R 3 S, Bl BIRAR U5 AR 2y & Al BT WG M ek T D
mENEEIN, oM R. BB IEN 2% 2 288 0 2K T LS Mg o 4
A XN/ 5 [50],

ME7 7T A RR 7 FUoEEIR~Y 2AEEEREROEEBICIVETFTL, fFv v
2AEEEBEROEBECTCHLRHFICE T L, £, £~V 2A0E— 7 (KE» L F
IR E CORBERADFELMET 7T 4 AR 7 F UV REZTAOHMBEZ R L, BH.
M7 7 4 AR 7 FUREITEBICIVIET L, KRERADIC I DR DR
I XV IMT 5 [68], £/, TT 4 A X7 F U MRS O ML b &
FERATICB W T, RIESUSHEICELEISN D Z L BRI TS [59-61], HHA
TRMLFT7TTARR 7 FURENGHETCHDL EHRENDH DL —FH T, 6 5K ET
BECEHRLEEELRHD LOWMER DL, Sl E BT 2P T T  Rx 7 F Uk
EORHEHEOEIZIMF DT T 4R R 7 F OB T 72T miic kv sm
TORHDORIEICKIGLIZHERTHL EE XN S [62], EBITHEICE W T, B
IR EERORECL VI~ Y ADORMEKZ TCORE,E~ /7 7 -V RED
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WML RIEERMEY A MO A B OTUHE63], F 72 MIEMILIZ X 25 RIEMET A
FOACELAOEMBFE SN TR [64], B~V AEBEVHEER TIEIF~ T A
WEWTEERENEEL TS Z RN ND, A% TIXENE R I
MNTDTTAREX I TFUVRED LABIOREEOT T 4 KX 7 F U EBMMBR
SonT. BEEHEEBIIC XD . B OIS S AE U T e v\ RE M 28 R e
Shi,

o EERE 1T (T X0 K& B T 5. PulsFr 509 50 % i & o 22 50 1308 B Ht
Rzt T 2 BEMEDOER T, V27 F a0l THE IOH CREREDOHMICE
WhH, FREREZRFOHRKIIMBEEREOHEBIZEESTLILEZOND, Z
o DOREROMEZENZ THEEL] SIS, M X5 MR oBHEIC KD
MR CcOHm LW T IO S b R ~OBBENIKTT 25, +2bbBHMEEIC
R L IEEE S DT A — 7B (CD44'°"CD62 L") T M o AR BN IK T3 5,
— T, T TCIRHIRICEME I iz A U —H (CD44""CD62 L') T Ml i 1% Hi
WA EDOEFE I LY ~FEOERPMEFINLG O, MEIC XY T HED
HHIZTA—TRNHAEFY —RIC 7 b+ 5, 20 T MKaERZEA N &
BB TH LW RERHZRET EEZLNTWD AW TR %EE)
AT o720 PR A R GEISE . T M K m bR o 2 k&2 FEfl L 72, OVA
FEROY 1gG, IgE FEAICB W TIL, Wi ZbiIBOonT=boD, FEE
iR BEEUC X 2 BIIRO Ao, OVA HIKICH 35 U > SR FAL S I
BNWTH AMETCHBEEVEBERICEIAERBEIRD N oo, —F T,
Za—Y% A FA RN —ECIDD TMROKREIIRMEHTFOER, 4 —7 /X E
U—HREIABICKT, E2MEBEETMBEE L TmEICX28ma#RE S
TW2 PD-1"MP CDA'T Ml b A MEIC L W ABICEMZ R Lo, & 51T, PD-1
TMP CDATT MR I EENEEROREICLD AEICEM L, PD-1TMP
CDA'T MM IMNERIC K VML, TCR AIEICK T MMM IE 2 R I RN 2 &
MR RIEVET A NI AV THDIAAT AR F U2 RBECHWMT D END,
ERGEREOR T L ORIERRNOMKRKE VI GEEBLLOBEZLEHFEL, &
EEACEELRER 2R - TR CHL Z ERREBENLTWD, Hx T, PD-1
TMP CDATT AT Nt D A 72 B9 R ERREE MR ~ v A O N R A
B3 %, PD-1"MP CDA'T MO ICEE L ET IR FEIRES AT RY
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25, BETH U 7= PN B S RS Rk O BR BEAY PD-1"MP CD4T T Ml 2 M N S & 5 Z & 3 HfE
Wi Twnwsles], AMETIE, B~y AEEMEEROEEIZ LY PD-17MP
CDA'T ML RAEM LI &b, B~ 2@EEHERIUIITF~ Y AOEN
oM ZEfaglEf& o L, TR El] Z2RELCFRENHERN S,

JIT ik o> HEL #ik 7 WO 8L 2212 F5 W T, HF/HF B CITZ B AAE I IF X © NAFLD 23 i A 72
KETHLIBITFRPBE ST, ThlZxt LT, CON/HF BEIXEHE O NENIITF %
RBOTELOO, RIESLCHMELITEL T WAoo, Thbb, FEMET TR
CHEAZOEBENREZEWR T A2 LICXVBEFARNEELEZ, ZHhETIZH
HEENEEROEBI IV~ ZORBELETREEST L Z L3 @E S
NTWs, AH=ALL LTI ary R RITOEBIKRTICLEDZENREOIKT
BAIREM AR ER FREBOEBEI P HRE SN TWDHENR, b T Tk
HF/HF T RIERH ML OB ITHT I S22 v, TR TIE B R A% R P EE
PEMERF, MR OFEICEHZ R L TS, NKT MRk~ 2% E2H
LRSS C CREN O KEDO T A R AV ZEAL CTREIGEZRET 5,
B 7 AT N C 0 NKT A0 A (3 AT WO (S A7 A L. AT oo 18 W PEHE R o el &2 R e
3 [66], B N NAFLD IZ&B T, HEWA AT TIL NKT Mifa o B3 w3 %5 2 & . NASH
OERMBE TIIBVFORENE T & NKTHEENK T T2 &M@ E ST
W5 671 [68], 72kt b NAFLD ICH T, KA & AFFEE o NKT #i K H B8 (2
FRE S H D 2 ERHE STV D, AHFZE TIE NKT M 25003 5 & g 15 & 8 e
BIXOMrEmBEHAEEROEBICIVARICEKTLTWE, Sl Z &b,
EMIEFEEIRUXAERGERICEABOEE HEREELLZSLsE, 202 &
DHFIEIC 31T 2 RIESCHEMIL L BT HKE R EHEML TV D,

Flo, ZEmMICB T MK T MY 72y hOBLOEFEBRITT H700
B~V ADOR~ U A LRLETSRETCHELEE Y AL EENTF~Y
AWZDNWT, HiAEMFHcs oMo EL RS L, HAEH (dayd), 3 Hn
(day3). 7 Bt (day7) TN LIZE A, MIROREEM CTdb 5 CD4CDS”
(double negative ,DN) =>CD4*CD8" (double positive, DP) =CD4°CD8 F 7= i%
CD4°CD8" (single positive, SP) Db EBEICE W TREHEMNEEROF~ Y
AL FEBEEROMF~ Y AOHMICHABERENRED b (B&EIEN & E IR
FEOF~vU A28 T DP MG SR 2B 0. CD4°CD8 4 X U CD4™CD8" il fid kb =R
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8 F. Fig.2-5), 2 DM EEOFATHRIZCE N T, B~v 2EEN &E#F I
IVF~ T 20MWREEENMETFT L L2 8E L TWD, IR g3 R EN
RS ERMO B EEZBR L TWS, T Maosyi - 8k kg sEo
PEE T LRl ChAE 0 . AW R EIREICBE I 5 [69], LLEoZ L
SREEIEN BERIIH AT~ T AOMROFEEREICEBEL., WRNICBITT
LM EHEMS TSR, MIC oF 4@l B 2@ L TLE O &
EOERWICHEE LW A2 X, CDA'CD8 3 X Y CDACD8 Ml fid ~ @ 45 1k
EH L ERHR S, £, 10 #EOMITICE W T, REIE R E IR
T 2K YV RETH D MIKIZI VT CD4'CD8 R L U8 CD4"CD8 il fl Lk 5 o X T
AR L TR (REXRT— %), BEBEHEICK D TMES LD EITRE %
EFTHIEMBINTWT, KR OIEG~ 7 2 DN IZIB VT, Treg il fd o0 i
BRI T M, NKT Mifg o b B EAPRO S iz, EITHERTHMEIZ X 5%
EHEOLIIZ T MIROBEZNICKRL L ZANKEVWERBIAL TS, &
~ U AEBHAEERIZ., RV UCAEHThIMBROBEL LI T, WIRANT
DT A OSAIC B L NRNT AT F 10 2 N s 2284k &2 (2 U 72 7T R
Wb, SHICFHEMREFORFARLETH S,

AKWFFEN S B~ v ZAEENEEBRIIF~ 7 21280 5 M5 M o 0 s
ZAMRE L., MEEE TMZEMIE, S OICIFBICH T 2ET Va3 — LR
WIFEBZEESEL LR ani, ThboR#FR L REROE(ITHA
WCBET S 2 ERHMERI S D, A%BITIF~ T A& KRR % B - TRl 15
~ U AEBHEBRS(F~U 2AOREHHRKLS X O REHEO MR ZiC ZFET
WEEMN T OVLERD D,
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Control diet High fat diet
(CON) (HF)
gram% kcal% gram% kcal%

Protein 20 20 26 20
Carbohydrate 64 64 30 23
Fat 7 16 32 56
Total 100 100
kcal/gram 4 5.2

Ingredient gram keal gram keal
Casein 200 800 200 800
L-Cystine 3 12 3 12
Corn Starch 397.486 1590 0 0
Maltodextrin 10 132 528 124.5 498
sucrose 100 400 100 400
cellulose 50 0 50 0
Soybean oil 70 630 70 630
Lard 0 0 180 1620
t-Butylhydroquinone 0.014 0 0.014 0
AIN-93G Mineral mix 35 0 35 0
AIN-93 Vitamin mix 10 40 10 40
Choline Bitartrate 2.5 0 2.5 0
Total 1000 4000 775.014 4000

Table 2-1 Composition of experimental diet
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< _Maternal diet period />< Offspring diet period >
~N v =

dam : 4 -3 2 101 2 3
mating  birth weaning vOVA immunization (i.p)
. N4
offspring : 3 -2 101 2 3 ,, 67 6970 (weeks)
H 77

i offspring CON group :CON/CON
maternal CON diet : <

offspring HF gro :CON/HF
pring group CON/ARF > aged
mice
: offspring CON group :HF/CON
maternal HF diet <

offspring HF group :HF/HF Y,

7 8 1112 (weeks) young group |

Fig. 2-1 Experimental design

Mice were fed either a control (CON) or high-fat (HF) diet. The number of mice in each
group was as follows; CON/CON (n=8), CON/HF (n=9), HF/CON (n=9), and HF/HF (n=11).
OVA, ovalbumin.
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# :P<0.05 offspring diet
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Fig.2-2 Time course of body weight changes
The body weights were significantly higher in the maternal HF groups (HF/CON, HF/HF) than the maternal CON
groups (CON/CON, CON/HF) when the mice were of 8 to 30 weeks of age. However, from 54 to 66 weeks, the body

weights of the maternal HF groups were significantly lower than those of the maternal CON groups. The body weights

were significantly higher in the offspring HF groups than in the offspring CON groups at these points. The data are
presented as the mean * S.E. CON, control; HF, high-fat. The number of mice in each group was as follows;
CON/CON (n=8), CON/HF (n=9), HF/CON (n=9), and HF/HF (n=11).
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70
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O offspring CON @ offspring HF

40
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20
10

maternal CON maternal HF
maternal diet P =.040

offspring diet P =.000
MD*0OD P =.101

Fig.2-3 Week when maximum body weight was reached

The week of when the maximum body weight was achieved for each mouse was
earlier in the maternal HF groups than the maternal CON groups. CON, control;
HF, high-fat. The number of mice in each group was as follows; CON/CON (n=8),
CON/HF (n=9), HF/CON (n=9), and HF/HF (n=11).
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old(70weeks) Statistic
young maternal CON maternal HF
(12weeks) offspring CON offspring HF  offspring CON offspring HF | young vs old | maternal offspring MD*0OD
CON/CON  CON/HF HF/CON  HF/HF (CON/CON) |~ diet diet
body weight(g) | 19.4=0.32 | 27.2+0.66° 58.2+2.65° 23.8+0.44° 40.0+3.97° 0.001 | <0.001 <0.001 0.010
VIscer(iqutpad 45+6 290+44° 2163+111°  122+15° 854+168° 0.105 | <0.001 <0.001 0.001
V'S‘;Er\j‘v'(:tg)pad 23%028 | 7.9%212° 351+155° 51+0.64° 19.2+2.46° 0.105 | <0.001 <0.001 0.008
S“bcp“;j”(fn"g“ffat 7245 260426° 1280+131°  133+411° 563+186° | <0.001 | 0.002 <0.001 0.032
subcutaneous fat | 57,007 | 99rpg4 215+187  56+043 12.0+2.25 <0.001 | <0.001 <0.001 0.130
pad/BW(mg)
brown adipose 5446 12147 433452 7646 258472 <0.001 | 0.037 <0.001 0.204
tissue (mg)
brown adipose | g o7 | 444021 74075 324021 57+0.86 <0.001 | 0.032 <0.001 0.783
tissue/BW(mg)
Gas”(on‘igfm'“s 117+3 13344  149+10 130+3 15247 <0.001 | 0996 0.006 0.607
Gajg\‘;i(”nfg'“s 6.0£0.16 | 4.9+0.13" 26+0.13° 54+0.09° 4.0+0.30° | <0.001 |[<0.001 <0.001 0.027
Serunzjgd/'ﬂ;“t'” 64+1.13 | 147+174 165+227 12.2+1.12 11.8+1.40 0.001 0.039  0.673  0.493
Se('r‘:g“/r':i’)“” 0.58+0.05 | 5.00+0.72% 30.40+3.43° 1.51+0.30° 10.57+4.38° | <0.001 | 0.001 <0.001 0.014

Table 2-2 Body weight, organ weight, body composition, and serum adipokines

CON, control diet; HF,high fat diet; MD,maternal diet; OD, offspring diet.

Values with different superscript are significantly different.

The number of mice in each group was as follows; CON/CON (n=8), CON/HF (n=9), HF/CON (n=9), and HF/HF (n=11).
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Fig.2-4 Correlation between serum adiponectin levels and body weight
reductions.

The body weight reductions, which were calculated by subtracting the
weight at sacrifice from the maximum weight of each mouse. According to
the regression analysis using data from all aged mice, serum adiponectin
levels were negatively correlated with the body weight reductions. CON,
control; HF, high-fat. The number of mice in each group was as follows;
CON/CON (n=8), CON/HF (n=9), HF/CON (n=9), and HF/HF (n=11).

56



old(70weeks) Statistic
young maternal CON maternal HF
12weeks |offspring CON offspring HF offspring CON offspring HF [young vs old| maternal offspring MID*OD
CON/CON CON/HF HF/CON HF/HF (CON/CON) diet diet
Splenocytes proliferation
ConA 0.990+0.120 | 0.582+0.106 0.360+0.065 0.743+0.093 0.278+0.055 0.023 0.618 <0.001 0.134
LPS 1.055+0.154 [ 0.719+0.143 0.555+0.097 0.835+0.119 0.450+0.074 0.132 0.960 0.015 0.310
anti-CD3/CD28 1.026+0.127 | 0.680+0.121 0.360+0.061 0.694+0.091 0.195+0.046 0.069 0.352 <0.001 0.270
OVA 0.367+0.140 ] 0.199+0.079 0.331+0.052 0.223+0.052 0.226+0.083 0.291 0.567 0.338 0.360
Cytokine secretion by splenobytes (by LPS stimulation)
TNF-a (pg/mL) | 56.2+12.1 109.0+12.8 113.7+15.7 127.7+11.3 130.8+22.2 0.010 0.458 0.645 0.860
OVA- specific antibody titer
1gG 1.038+0.058 | 0.781+0.062 0.402+0.109 0.882+0.114 0.350+0.064 0.009 0.788  <0.001  0.399
IgE 0.009+0.002 | 0.076+0.024 0.028+0.010 0.049+0.014 0.026+0.009 0.015 0.325 0.018 0.369
Flowcytometory analysis of splenic lymphocytes
T cell (%) 22.6+1.05 12.8+0.79 12.7+1.03 12.3+0.69 14.0+1.58 <0.001 0.710 0.485 0.860
CD4/CD8 1.11+0.02 1.34+0.18 1.05+0.14 1.11+0.10 1.26+0.16 0.377 0.929 0.663 0.191
Naive/Memory 1.35+0.11 0.17+0.05 0.08+0.02 0.21+0.03 0.07+0.02 <0.001 0.730  <0.001  0.389
regulatory T cell 10.07+0.59 | 13.87+1.44 15.66+1.95 14.40+0.90 18.15+2.76 0.029 0.481 0.201 0.647
PD-1" MP CD4'T cell 32.3+3.40 66.7+£3.23 74.2+3.91 77.0£1.96 82.6+2.87 <0.001 0.041 0.005 0.749
NK cell (%) 1.74+0.11 1.32+0.14 2.14+0.25 1.24+0.09 2.11+0.20 0.032 0.764  <0.001  0.888
NKT cell (%) 0.84+0.04 1.47+0.15 0.90+0.14 0.91+0.08 0.88+0.14 0.003 0.042 0.033 0.050

Table 2-3 Immunological parameters
CON, control diet; HF,high fat diet; MD,maternal diet; OD, offspring diet; Sl, stimulation index; OD, optical density; MP, memory phenotype
The number of mice in each group was as follows; CON/CON (n=8), CON/HF (n=9), HF/CON (n=9), and HF/HF (n=11).
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Fig.2-5 Flowcytometory analysis of thymocytes of newborn *:P<0.05
**:P<0.01
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Fig. 2-6 Histological analysis (a-f) of offspring livers.

a. Young group, hematoxylin-eosin (HE) staining  b. CON/CON group, HE staining
c. CON/HF group showing severe steatosis, HE staining

d. HF/CON group showing little steatosis but lobular inflammation, HE staining

e. HF/HF group showing severe lobular inflammation, HE staining

f. HF/HF group showing severe fibrosis, Masson trichrome staining
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Steatosis Lobular. Fibrosis
(0-3) Inflammation (0-4)
(0-3)

CON/CON (old) 0 0 1
CON/HF 3 1 2
HF/CON 0 1 2

HF/HF 2 3 3
young 0 0 0

Table 2-4 Accesment of liver morphology
Modified SAF score was used. For each group(n=4),
the mean score for each characteristic is given.

60



FE3E .  BRKOEHOCHEDOEOERNFIIORD
BCRAEEEDHEEIZRIZTEZE [E 4]

3-1. #5

Bfi YV 7 ~F (rheumatoid arthritis, RA) XN R O L HIEBE % %2 =
METHEATHEPORIEEOFEB TH L HEBEEICHED EEND D LEZ LI,
BIEOWEI O RFIZEHOKE - BARINL, FHOBBELERICEDL Z LR
W, RADEYIORIETBEEEBEZ T LICHEDLEEZLRT VD, PIHO RA DR
AL LT, WEOHEM, THRZ FERE L) o kKRB E L bIT, mE N
o> PR 2 PN B i B R B o0 H B 78 &MU SR DR E AN B D L SER & AuTs RA T,
BB £ L CDA'CDASRO' T Mifld 2 4k & L, S 51T CD8'T i, BMifia 7 & % & e
U N BRI 2 R A R W BL AL TH 5 [T0],

RA OREICITECERICMA TREEZERPELS T2, BEWERIPELS T2
B E LT RADERERDVFMAET HZ L0, — IR AERIZE T 5 RAFBIE D — K
N TIIEMAER I L TCEW I EREDNETFOEND, L LR — IR A
WIZHEWTH RAFBIED —BOEIT 12~32%RETHY , BEERZT T, BE
ERNPBIEICHRS EET L2 ERHERENDI BREZERKLE LT OhDOMED N
B ETFoR TN, BIEDE ZABEERLDOIERV, MNLEAA ML XX
R ZRBEICRADBPEIET LI b H D,

— . RA ST L2WEBIERY v FERLEMTFINHAP A NE ., RIECH
HEMZAHTE T TR FEOEITEZ R WVIED TSI O EE 2 IHEN B I v,
BEOAEEOE (QL) EE HIETHEIHED Koo TE[71], LaL
AL BEEY U TFORAKBERIZKRMEH TH O RIGHRIBFRENRIL L TWR
W, F2. ZALDOFHLWHEEEOMBEMR L LT, BEFASEREOH KR H 5,

FVAHMRBREEL LTERBSNIORRAOGEERFLECTH S [72], &0
REERE T BRABR LR, 206 MEm» O MV IAALTZEHIRICH L Tht
R R REISERIH SN LB R THLI AEKIZCE S TEYTHLIEWITI LT
W RIS E AR SRV ATHLEEZLNTWVD FFICEDT L
NE—DRFIZB WD TEHBEEREL LT VAT —ERPAH A2 VREOLED
PRORNERAZHEVET LT 2o Tr2RERFZ2FETHZ %A
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Bz, MOGEERO LS ABNEKBRICEHA IS TWD 73], &Y v~ F i3
BEOHE, TMinAZ EEE LY UANKRBENOHBELIRETH Y . B L OB HERK
SICKH L THCREISENEL | RIESVEIEREZSND, £ 2 THHE KD O —
DTHIIAT I 2T —FraROBRTLHILICEY, REAUEZHFEL. B
iRk 2 M T D2BBEPRLE LN TWD [74],

RA T EBEERNPEIEICHEEG T 52 L0n, ik - HEICE L, BF X MR
RA ZRIETHZ LICH L TALEZR DI ERND RV, 22T, REMSER
B oORERHSHICE 2 PHIEZERT 2200 FEBHRALE LT ALK TH S
A TN 2T —=rraf~vy Aok EEL, ok, HEF~TV XAICHFEL L

27— 5 BEEME ORI RIETREE R L.

62



3-2. MREAK
3-2-1. RBBPSLUERIO L

B~7 AL LT4#EDODBA/I] T A (ZHI AP —EAH) Z2HV», &
IO~ T ADEENAEENTF~ T 22 FERIZH W, ~ v 2T EER
BEMF (F@Ef, AV = 2 oBERW) CABKZzARERE. 1 HHBE O
fil BZICEBRICH W,

B~ A6 ~8HMICBWT, ¥4 7 11 25 —7% > (CII,Elastin Product
CO.) Wi, £ IXHEEBRIR (acetic acid; AA) 2RO E L7, 8@l TH
R~ AR L, (FY TV ALHAECHE LR~ R LR — Y THE
LTRASHELE, A~V A3 TR L., MEH £ TUF L AR KEZBHREBERRS
B, F~v~ U2 6oL &2, B~ AN CILRAOERG 22T NG AE
EFNTfFr~vU AL M RARLEDLPDAENTAFY T A ZZNEN 2 IS
CIT E72F MM Z2RAKREGE L, 8BIV 1l B TCITHREL, =27 —7 Ui
MR (CIA) 28 Lz, WEOHBELZBE L, 13 Bl TMH L, B
ST EER T F 3Lk Fig. 3-112mR LT,

3-2-2. BROKEEEFEOESR

HEfJRe LTH A 7 11 25 —%4 2 (CIT, 100uL (600ug/mL) in 0. 024M acetic
acid solution) R~ AL 6 @E LD 14 B, fF~ 7 AT RAWMEKL T %
C6MEE NS 10 AMEE CROZE L, ROEEICE~~ Y AHERD Y T (K
HEHARMER) #HWiz,

3-2-3. REAE (AS— 7T U FHERAHLOFEH)

FvUAFXTRTOMICa T =7 o FEHEHH &K (CIA) Z#FE L7, CII50mL
(2mg/mL in AA solution) CHEDERT A 7 Y aNr kb (Difco) &R
HLTAA NV AT a b L, BREIC 100ul K FRE L, ERE 3 #EHE#%
CHIEL & FARIC BN 217> CREREZFE LT,

3-2-4. MHERED AT
2E O CITHREICIVEGRAZFHE L%, RENICEEAGEA2NE L, W
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MoBEEGEL XA Y LY vy 7 2 AF— (FF -6, Peacock) ZH W T 2 [H
MEL, FHE2EEEGELE Lz, UTFTofdERNIVEGEIEE Z kD7,
BE B IR B = e % oo B E 5 Al oo 2 B R

3-2-5. UMt EDER

RFEANICHEMERDO 7 &2 3 ~6 MR L. FFEEFEADOTFT =2 —TIZ AL,
I PR 2SR S 7=, &AM E L., Protease inhibitor A Y PBS (Complete
protease inhibitor cocktail, Roche Diagnostics Corp.) ZE®M X, ¥ L
KANT v 7 ZZTRMUE, 4° €, 6000rpm T 15 4y 0 L., ki % [IY
LT7 oahitthii e Lal75], MIEET—30° C THRIFL T,

3-2-6. BRABRSIUVBE /T LRABRORARE LERF X

fREIRF ICEEE IR B LM X OAA = v o fiazniiL. Fh
Ry (FCS) 10% WA RPMI1640 K5 #t (H AKBLEEER) (CVRlE L 7=, e ik B 1T
1 X107 /ml ([CFH#E L=, 24 ROFIE~ AV F 7 =7 L — bk (Falcon) (Z#llfa
iR 500mL (MR % 5 X 10°M8 “well) & CII ¥ ¥& 500mL (100pg/mL) % R&
LT 37° C, 5%CO0.BREE T T 48 Bpfil 5 & L 7o, W& LiF2mM L, ¥4 bb
A VHEAEABONEE T—30" C THFRMSFL I,

3-2-7. ¥4 bHAVELEBRDAE

RN ds & OV =ov Bl i O By Bt oY A b A U EEA B A& ELISA
(Enzyme-linked immunosorbent assay) {£IC KV MT L7, IL-2 OHMTITIT
Mini-Kit (ENDOGEN). IL-10 ® | 7 21X DuoSet ELISA Development System (R&D
Systems) &M L7z,

3-2-8. MRABRERMLE@EOAE

96 X~/ F U7 L— |k (for BLISA, EKX—2 T4 ) I CIT (10
pg/ml, 50 pl/well in 0.1 M NaHCO; buffer, pH 9.5) Z[EF{L L7 (4° C,
over night), 72 v ¥ > 7k & LT 3% skim milk in PBS (300 pl) %M\ 1

B S % . miE (1:50dilution) 771X 7 »Hilik (1:16 dilution) 100 uL
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ZMATERT 90 KIS &S E 2, LA L L TEFF 2 {b goat
anti-mouse IgG (1:2000 dilution; Zymed). F 721X B4 F 1k goat anti-IgA
(1:2000 dilution; Sigma)., streptavidin—-HRP (1:4000 dilution; Dako). %
3 E & L T o-phenylene diamine solution (Sigma, 50ul/well, in a
sodium-citrate buffer (pH 5.0), 0.01% H.0,) Z M 2. #E F TRIS & ¥z,
BOGAE 1213 2N HCL (50 pl) 2 7o WOEEE L 492 nm THIE L2, CIT &f
BEOPAEMIE CIIZEMELEY 2 VOREELSLBEMEL TV R WD =D
We S BE &2 Bl TTR O T2,

3-2-9. MEMBITFE
T XX E: R E TR L, MM IC X IBM SPSS 22 (H K IBM
M) ZHW, BFCHIUROBS EEHAZ CHURARLED 2 BP0 EHE L2 — Oolid &

GBI VML, REEFAPEE THoLHBIZOW T, Bl EO RO KR
ExEAT- 72, JEBRE S %Rz Mt FHAE L L,
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3-3. BR
3-3-1. EHEREDKD

MG ES, HERFEOREL L CHEMEELZIE L, BEEHEIEEZ
Rofo, BMGEEZO RHEESIEOREHES % Fig. 3-2 12" Lz, BMBRERIC
R OEENBESL, CIAOFERRR N,

EEE 14 B%OEHEESEREIIRCIIRABEOEEBIZCLDY  AEICIK
ETdH-7z (P=0.012), AR CIIROFEGOEEBIZL > THHRKICHEIZIK
T L7 (P=0.042), FICRBLOHAEROMW GICHE K G L CIT-CIT BiX 4
FEO 2/ CRIE AR 2 e b KM ToH - 72 (Fig. 3-3),

3-3-2. BRRMBOYA L HSVEER

R AR o> CTT it 32 TL-2 FEABIZ . R CII R OB L ORBIZLY
AEICEHMBETH>7= (P=0.009), HAEH CIITRAKLGORBEICL Y KMEZ R L
=N, MEFEHNAEBEZIRBO LN 2D o> 7= (Fig.3-4),

[1-4, IL-10 EAREICIEEBIOHAZ D CII #ROKRGOEBIIE D B

R Tz,

Ff

3-3-3. RERERE

XA VIR O CTT #IPIC %t 35 TL-10 pE A & 1X CIT-CIT BEA il o> 3 B
xt L CHEICEM CTHh o7z (P<0.001, Fig.3-5),

NG BE Y Sk D D Tgh PWDFRIE L Lic 7 i CIT 4 B
Tgh HURMhIZE: CIT N HICK Y AREICEMZ R L7z (P=0.026), —F5. i
ABCITROBHICLIVEBZRLAED, KN AEEZIRD LR - 12

(Fig.3-6),
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3—4. %

AETIETRADHEET L TH D CIAILB VT B~ v AICx+ 2B KR CII
WEkoaRnoELn, MAEF~T AO CIARBIZKRETEEZRTFT L. CIA OFikE
PR R EEEIRORE CHM L, TOoMR. A~V A0 RHEERIRIIE~D X
~O CIT & A&KEOEEIC HABCBETH T, HAEROF~ T AIZH CII
BRAKET 22 CREEERIISOICRB SN, £, BE A = VIR O
CITHIPIC L 5 IL-10 EA BTN~V ABIOIF~ Y ZAOWGICCIIZRAKES L
72 CII-CII ICB W THEICEME CTH » 7=, IL-10 ZMHMEYS A P A THY |

W HIEPE T M (Treg) 220 EA I L, BULREISEICH T 2 RE LA ICHER
EEREZTEZZONLTNDL, LEDORER I B~ X ~ORAOEGIIHF~Y
2B LREAREGICIOIBRARERLROFELMREST D AIEENRR I,

T A S 5 A O RSB TS I3ODOREENRD L ERESIN TV D [72],
DEOHIF OB R X 5 EME T M (Treg) & X 2 REEBRYIH . K& D HLUR
BRICEDZ~A AT MRBOKIEELS 72— DOWHETHS, B b RA TIEHEE
ERDLBACHRENFESN TV RWDE | RIEIXETREEGHBEICS L Tl Z 5, Treg
W R oREE A T, RIERPT T Treg IR L. RIEMEY A PV A T
b5 IL-10 ° T6F-B8 2 FEAT 5 [76], ZOHA ., Treg DT 2 I LT LB
REBORK E 2> TWDHIE TIX< T, BEEHEKEEL T Treg ZEH T HIX X
JERMB SN D, Io T, HEHREKRBICH T 2R AGEERRKIEIZE WD TIERE
ORI T HEISBEAARL 7 2= DHER LD b Treg (T K 2 REE A I Hl D 35 3E 7
HETHL, KT TEHEREEY Sl O A = VBRI T, BE~D A
CHEORNKELGICEIY CITRBICH T2 IL-10 DELERFREICEHME TH Y (6
B RAFEINT I ERRB IR,

ARWFIETIEIBEREY kO Tgh HWEOIERE S LT s HilEF CII
Fr ) TgA HUMAl 2 M E L7z, £ ORR . CIT FF 2y TgA frik i/ CIT & A& 5
CEYVABIBRME Ch oo, MEOHIRICH T 2RO GELELNFEIND L. X
DOHFIFICK T 2 BH O REISELIG S v, —F THRBERE®E Y > Sk IC B T
FZ ORI ZHERT 2720 ORFEFF R [gA FLEO WA ITLHES 5 [77], L L2
WD OARMFIETITWICH CITROZELEICK Y CIT FFRA TgA FURM A T L7, CIA
FEOTZOIWZCIL ZR THEET D& GERE Y SIS 3 W TR AL SR A3 TT
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LR BMEAEMT s EWmESL TS, RFETEM CILROELG DR
HIZED CIT It T 2P RS BN MBI S, 2 OREE, CIT FRFM 1gA
ABET L, EBHEENIS Sz fiEERS 5,

KB, B~ v AT oRARENF~ T A0 CIA o B iR 2 #mdl L
EHFICONWTERET L By AT L2HCHBEORAEZLE IOV THRF L
HMEZRONRVWAR EMT LAX—DOT LA LR RFEMEALRT v M IC
BROBRIEL2 LT HECFELLEERMED T LA —BHH Sz &wn ) HR
LR LH[18], BROEBBMI N AN HEIZELEAERHELSADN, 10 3D 1
BREFRELOE TRINEINDIEEZEZOLNLTWVWD , ZORKE L TS = )VIREHE
OMMBIZED 8T AV A b= AR H D, ZHITHEAE R & B HUR O R R
FIZRIDIAZBEBETHY MMRETOBERERICIVBHR SN TROLETE
NDEREISND, N4 UMM TgA ZHEENEB L TR, Tgh & HFEK S
O EBE AR (Immunocomplex: IC) TgA-IC 2R L <MWV AT Z &, IC & L TH
DIAENT-HURIT M MR TOBRMBSY AN RICRREND ZE TRERRD
FENTLET D ENMEIN WD [T9], ABFZE TR OMITIZIT > T
NDUHIEOT7T LAF R BEMLEAORT v ~ORAKETIE, BATICE
FHEAOMRDT E Tgh O Igh-IC WS, FTORNFBERAFEICHFLE L
EHEINTWD,

BABMSCERRHOREAZZ T C T IA4 Iy 7S mEREETIREELZD
MEFFINDZENRRMBENTWND, Rif, ERICEWHUR IZHR S L5 R 28 VX
ELEoEMBRIRICHTLIEMT LAF BRI NI ERI|E iz [80, 81],
AR TIEHEFT TV A~ORNEGICMZ T vy RICEROKEE LIEHETRD B
AR AR Ch o 7o AR R ORE A U 7o PR 2 508 R B ICH I
BTN H D, RAORIED V' — 7 X &M T 35525 55 mk. J M T 40 %2
560K THY [T ERREYICRIETD2EMT LA X — LT RIERYINER DN,
AW~ AN 8B LV 11 Ml ICHREL CCIAEZFEL TEBY . BALEN
LCERLERERR IO AREMET 52 L NN S,

LEDORRID, ACHREKREBETHD RADHEETT L THDH CIA ITB W T,
B~ 2~OHCREOEAKREGENF~ T XD CIA 2 BT 5 W REME S R
ST, FZOKF L LT, BEREROISE O BRI O fREIREOMm
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AR, TRROBESREDOHR~ONND LT X3, BEBISCAZ R oR
BoOEBELBZIT CRESN D) E WD DOHaD(Developmental Origins of Health
and Disease) DM ENMB SN, BE OEE - EFBRTEOR RS IL ZF &
NLEI2Cho TS, BUEDEIRER LM 2 HY & BRED 40~50 4 5% O F ok

KR EICREBLERITT EEZI NS,

— 05 A B o e IS 2 TN T A D o R RSO N i A R AR MR A
WMoY A7 RFE 2200, BEIRE. BRI, & & I2 1300 46 & & o 6l 5 &
ELTCHEIC R T d i axX=7 72 8o EKREIZRE VT EO @O L
ELTEBMERIEOFEN D N TERL EERHOA L FRER LED
ZOTEMERNICAHE L TRy, REEER (WHO) 1. A7EE KO/ 2 R T
LT MIEMY R B (non—communicable disease: NCD) | & EF L., #H/- 2 HEM
BENE ST TVWD, Z<ONCD Ml & &b ICHBEN LEHT 5720, B E it
KXThHLI>OPEICENTIE, BEZFOAEEOE (Quality of life: QOL) [ b f
fEHFm DM, ERERBFENAE S MV ENRLIRNSEBEORBETH 5,

AT INOOREICIRY M7 O KENIEE L THNES T HND,
mFE 1, 2], H2EMEIITEWREBET LT RZH T, BEORIERE
DHEAFICKRETEEBIZONT RIECIHBIZELS 5T 5 REkaE & REEED
HAMEMICER L T 2T B3 E[ME4 ] CRRIEEEBTHLHH Y U
~TFTOHREETAYTAEHO  THTOTHIELZBRERT 2200 FEBRNALLE L

THREMSCAZ R OREREFHE N HEBICKETREELZRH L,

BB L, 2] T, BIKORD AR RIERE N IEF~ T ADRE - T L
LR —HEBEF OB RIETEELMIT L, 7 LAY — & H O RERBIER
BRI RS T 5 - & TRABEEEL SRR THSD 2 LICME T, FHE, 20
RAERHE L BRI E O RS EEE LA DERIECE BT 5 L p W &
TV D KB CIRBR OB 2 RIERE I~ 7 A DREREDEILD R RS
FRE RN L L o O BN 7 & o (R AE D 25 ML & S LT O A R
Bl S¥ 52 L RREShi,
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AR KO RERRE oM Z b 2R ET 2 2 LR RS, 72206 Ok
ZAL DA BEACAE R U I IBOREL (2 35 W T /N 3E ~ o0 RGE P A R IR B S0 T R 28 T i
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mEERTZ, e, TRy 7'y boZid T CITHAEMFHICAECTEY, 20
O OEALNEEMWIZ T 2 M2 b 22 L2 RERD D,

FI3EMFALAITIE, H1E, F2EICBNT, BEOKRAEHSOAER BRI O %
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ATOREREBEZME ., THTH-00RAM, AR MORE LM T 52 &
ZHMIC, REMEODHCRERETHLIMHE I V~FET A~ X EZH W, B~
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DR, B~ 2A~OHACHFEROBEGICE D [F~ 7 2 TIIHURE RIS E N
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UEDENOLRDAMIBIZELY | B~V RAOREREITHAEF~ T RO RIER
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Summary

The effects of maternal inflammation on offspring:

Analysis from the view point of immune-metabolism

Atsuko Imai

Maternal health and nutritional status influence on offspring health and
diseases. Inflammation plays an important role in the pathological process of
various diseases, including not only immune disorders but also obesity and
related abnormalities. Aberrant immune reaction in obesity, such as the
accumulation of proinflammatory immune cells within visceral adipose tissue,
plays a major role in the development of systemic chronic, low-grade
inflammation and limits the function of adipocytes. From the such background,
the field of immune-metabolism has been drawn attention.

In addition, it is speculated that aging may lead to decrease the function of
the immune-metabolism system or a change in the balance, resulting in a
disturbance in homeostasis and a chronic inflammatory condition. However, the
effect of aging on immune metabolism has not been sufficiently elucidated. The
aim of studies is to investigate the effect of maternal inflammation on offspring.

We investigated the influence of maternal environment on offspring using
experimental animal model from the viewpoint of immune-metabolism,

inflammatory pathology, and aging.

Chapter 1 [study 1, 2] :
The effects of maternal inflammation induced by LPS on postnatal allergic and
immunologic pathologies in offspring
[study 1] Analysis of experimental allergic rhinitis
Maternal inflammation induced by LPS promoted leptin production and

altered Th balance in offspring, however did not improve allergic symptoms in a
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mouse model of allergic rhinitis. It might suggest that inflammation during
pregnancy influenced on the adipose tissue function, which diversely effected on

allergic inflammation in offspring.

[study 2] Analysis of collagen-induced arthritis (CIA)

We evaluated the effect of maternal inflammation on offspring joint swelling
for 75days after induction of CIA. Maternal inflammation did not merely suppress
inflammation; it could delay CIA process in offspring. Nevertheless, the analysis
of inflammatory cytokines and leptin concentrations at 26 weeks suggested that the
pathophysiology of arthritis might be worsening thereafter. This study suggests
that maternal inflammation modulates postnatal inflammatory response in

offspring.

Chapter 2 [study 3] :
The effects of maternal chronic inflammation induced by diet-induced obesity
on aging process in offspring

We demonstrated that a maternal high-fat diet might accelerate the aging
process in adipose tissue, increase senescence-associated T cells in splenic
lymphocytes, and induce histological non-alcoholic fatty liver disease changes in
the livers of aged offspring. These alterations may be related to each other. In
addition, the changes of the T cell subsets had already occurred in the neonate
period, which might promote an aging alteration in aged offspring. It would be
necessary to investigate the time course changes in offspring, in order to analyze
the effects of maternal high-fat diet on aging from the view point of adipose tissue

function and immunological changes in offspring.

Chapter 3 [study 4] :
The effects of maternal oral administration of self-antigen on postnatal
autoimmune disease

The aim of this study is to explore whether fetal environmental immune-
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modulation could control pathology of inflammation in offspring. Maternal oral
administration of self- antigen suppressed the joint swelling in offspring collagen-
induced arthritis. Antigen specific immune response could be suppressed through
intestinal immunity. It was suggested that oral administration of self-antigen in

fetal period enhanced the efficacy of oral tolerance induction in offspring.

In conclusion, maternal inflammation influenced on inflammatory
pathophysiology in offspring. It was suggested that the changes of interaction
between immune response and the metabolic function through the alterations of
adipokine secretion from adipose tissue played an important role in the
inflammatory process. These findings are significant as fundamental researches

to develop the nutritional therapy from a viewpoint of immune- metabolism.
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