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AR R RIS L TRV |, 1975 4205 2016 FOFEFHFE TS 352N L T
W2V, AARIZBWTHIEHE OBIEITEKIAE LT, Tk 29 FERAEE - KEHRE
WL D &, BRAICBT 2 IEHE OBGIXH T 80.7%., T 21.9% Th o7z 2,
ARG 2 OB PRI . BINREE (LR B, AN Z . BYYE, 7T LAX—MIEEB, VT
VAR, flix ORI LERRESIT O TE TS 39, I, ZNHLOFREORME L L
T, OMERICHT D T MR OER - MERERIZS TN 2. FEIMIAR & Sl AR oo AR BLVEZ X

. HEFF S D RN DR MERIEMEZ 72 & S HERE D ZALORIE & V) o 7o iz

BT DHEMNPRINTETND 39, LERN-T, IEfaEREE Li-fx 0WEZ B
LML, EHICE D PHIER KOUEEIEE MG 572012, RIS 250 R E{bD
RN+ 52 EREEND,

FIER DG RENTWBERRNFO—2L LT, By a v X378 (Heat
shock protein ; HSP) % 515, HSP ZELOBE CHEEICHRATFINT=Z 30
Th B a v 7 ZEaickkc il A b UV ARHZEBWTEMZ 37 B OMEERIE )
RS ICR 595 Z L2 L0 # U XV EOEFE MR U, A mReEHERs I S 2 7 |
R 5D, HSP 7 7 2 U — 35 7RIS K-S < /3 HHIC L - T HSP110. HSP90,
HSP70, HSP60, HSP40, X5+ HSP IZHEiSh b 9, 4 HSPIZHOW\W T, # U7 g
DOIEFPEMEFFIZIN 2, MIfNS 7 U BZE~DORE G-, 17 R b —3 Z{EHSERH S S
NTETWVD 9, B X0 2 BFERIFICE W T, B OFE 2 Olifgs - LRk
% HSP BELOZAL 101200 R I3, REVLES HSP BB OFEEICL DA A U SARPE
O] 10135 EE I BEE L7z JiAE & HSP & OB EV R SN CE TV 5, iiFLEEICE
7 %558 70kD © HSP70 77 IV —id, MRESCEICEET S A L AFFEMHD
HSP70 (HSP72 & LI A) | [HEFIIIZHBLT 5 HSCT70 (heat shock cognate protein ;
HSP78 & L IFEN D) 7o En bk S5 19, HSP70 1%, IS HikE & o B
RENTETVWSLHSP D1 OTHY, SHITH I EOEFEMFHZMZ, A hB

VRBA~DEE S NF- kB (nuclear factor kappa B) JEMALDMHEIZ X 2 HTRIENEH
1) PLT R b=V ZEH 1907 EOUREN TV D, AWFZE TR, IEMICEB T DR Lo
BRPAZOWT, By a v o X o8 0E FRIZ HSPT0 OBLE N bR E1T o 72,

T, Flix ORBRLBAST DRIEHERE~DIEA 72 6 N 5IE R Z I LT2H
RBEDOBEICOWTRINTETEY 1, MEERICEEL T LG T VX =0, 7L



Z I, n3 RIEMBEZ R G5T5 2 &1T X0 REREER L OWRIEIRIE 2 diE T 5 9% 5%
BIFIEIZOWTORF S SN TE TS 1819, JEIZ v T, n-3 RIGEECHIE L
WV X BHIED IS DR ST E TV 528 20 6l RIC/EM L1 5 5385 & Il o
TRHE & DEEIC OO TOMBHIWVE 2+ Tid e < | MEMICE 1 B 5 REAC OREFF Ofif
B 72 & QNN (2 B L 72 HE D T RL LS X OSGEIEDOBFE D72 DI S b7 Dt e
ESWaR

AMFFEIT . MBI B3 DR AR D R OW T, BT T L~ 7 2 F LU 2 Bk
PRIFALE T )L~ 07 AR N THRIERB L O HSP IZEH LIRE 21T o7z, S HIT, sk
TV LS 2588 #% (LT, ERBHLET D) NRIFTTEEBI OV TR L7z, A%
IXLLF O 3% [MF5E1 — 4] TS s,

F1E MZE1] BRI D0 REED AN =KL B g v 7 ISEDR RN D
Rt

B 36T D sz i D2k & HSP & DRI DWW THETT 2729, IBMET L~
Z RO M et L ORI OB # RISV T in vitro TOEY = v 7 DM fiiidds X
OV 2 B 352 B 2 b L7z 20,

52 7 [F7E 2 B L OV3 ] ¢ BB O RRWMLIK IS K O ilailc I gk - h 1 A >,
Bl gy B Ry B b ONS SR ERIT OV TOME

B O e e R RE S OV HSPT0 12 W CHRIHIARIC &I R LIBAT L7z, S 510, S
BROHSP EBUCKMET 27 2 /B THD /NS IV BRIETHEI SV TR 21T -
foo AREE, B2 TIRET L~ 7 AT B IR £ CREiila O] 35 &0
WF7E 3 TR E 7 v~ 7 A ORIk 2 18610 2 ) 2Tk s n o,

Haw (W4 ] : 2 BBEIRIFOGIEIER L OB 3 v 7 X LT BT D RE ik
e

RIEHEERN 268 T57 I /B THLTAXT=BIOZ ) 2 OFRS, 2 BRI
BT T )~ U ADFRFERKEER L OV HSP70 F8BUC KIF T IOV T L7z 29,



E1E BECSTIRBRELOANZXA : B3 v I BEORAD 5 OR
B [H% 1]

1. #§

ARG X, RAER L OGRS L BESIT 6N TETWD D, JEmICRIT DB ROZ L
E LT, THIRED b, BB 2 K U ik C o 2 MR O ZFEfE A 32 =2 &
2425 FLARMICE WU THMIAOR, 71y Mo, BRESENIIEERMEICE(T D
T L WPIREIN TV D, MIBROINERIZAE D ZEiiE1d T — 7 TR OIS0 £ D
it 9 T AR D ZARME D3R U By IR0 3 AR DS 27278 5 20, JeAThFZEIc KD . 2
OINEEE X 2 Mg A3 NS 2 & o TN 2 Z & £ 72 2 OB i iamia i ks 0
D7 W b= ADEINE LT D 2 LRI ITND 29, 7o, ILICH T 5K TO
TR DRIEMEZEAIT, A DA VHEZN L TREMERIER X ORI IE 2B 53
% 20,

—J. A g v ZINVEII 3 v 7 # X 7E (Heat shock protein ; HSP) Difi&E %
B L T 58 EOBRTEEICRESNIE R FLARETH D 1429, Jliid L O 2 bR
JRIZIBWN T, Flx Ollifias - AT HSP BENA L TWD Z & 101229 F 7o R EULE S
HSP70 BDOFEIZ LY A AU AARFUEL IR 415 Z & 1033 @EIN TN D, B
a7 BELOHSP X, ZOMIBEBIEERICIZ CTT AR =3 R OBLOA A v
PEAE 3082 b A KT LGS Z EAVREN TV D,

AWFFE T, BICIB T 250E R OE{kE HSP & OBEIZ W TRETT 5729, IR
ETIL~ U Z WSRO MR K OMAIIZ 3T in vitro COEN = > 7 D3RRI
FAFT A BRI D 7 R b — 2B L OMHINE OV A b B A U EAD RIT T R
(ZOWTHRT LTz,



2. REBRAE
2-1. EEREMW
FBRITIZ 5 lm D C57TBL/6d [~ v X (=W 7 Ry —1E X)) MWz, v AT 12
OIS 7 v EXTHRER] « % 7 RE~ZFRl 7 ) (2B W TR 20~267C, /T 30
~T0%IZEBR L2 BREE T~ CRlE L7, filkhds K OZEREKIZH MBI E Lz, RE LU
BHERCR A 1 HE Lz, 7eds, AFRIZA AR L - REBMEREEZOEROL &
A AL RF B IR AE T o 72,

2-2. EBJobra—

mfr (AIN-93M FEYERAKL, Standard diet ; SD) T 1 EMBIMLEE 21T o 72k, B
% T 2R EE (Obese BE, n = 5) 35 X O 2758 L 72 ) JEIEEEE (Non-obese
BE. n=5) ORI T, BHEEL, T\ Ta—r A —FO—fxZ7—F
IZE XML, BRI R L ¥ —h#E % 60% & Li-mlEli & (High fat diet ; HFD) # {2t
52 LR BEHGFEMEE T L~ U A Z Y L, IR E R A B S
7. FEREVEL DAL A Tablel-1 (R, Zeds, @IENEIC XV FFE S L2 SAFE SR
WETN~D AL A R URBIEAE 2T 570 8 MEROREA L KT 2 2 &0
MRS TG 3, ZNENORET7HEHET L&, —Bfes S TRHIRE D 22
JERFER I 24T > 7o, 2 B EE T 8 I [H D il F DM 21T - 7=, B2 TR (RAEEBIRIG)
BEROWEIE CREE LAEIEY) oEREZHE Lz, FTiEOFEIZ X > Tl K O
LRI R 2 L e —Y A R A R =2 XD U R Ty MR LT
R = AT, U o SERGEALBUS ORE 72 NS Y 2 v 7 RIS LT,

2-3. MKREEERE
ZeEIREER . U 72 I Z 38 C L /NI E R Z v ah — REAA T A—F—a (T—7
LA 7727 MU—) ZRHWTHIPEZME LT, MiEzZ~ Y B 7T T A /S I
BRHLL ., 0B L0 S i A Rl £ C—30°C CHRAF L7z, A v R RES L
AL LAY CHEM ELISA > b (37 F) 2HWTHIE Lz, 4 v AU UGk
D51 & LT Homeostasis model assessment of insulin resistance (HOMA-IR) % LI F

ORICEVEH LT :

HOMA-IR = ZEfgHFA > A Y LA (1 Uiml) X ZEIERF MBS (mg/dl) 405



2-4. HREEHERORAR
it X Ol z RPMI1640 K5ttt (HKHREL) (iRl AT LA Ay 2 (200 A
v ¥a) ST A Il S W70, 23G EREIZ T2 U o TEN Yy T 0 T LT,
MRS 2 A m A vy o (200 A v =) (Zilf Uiz, HIRRTREER 2 RPMI1640 5
HiC2m, 5%FBS &4 RPMI1640 55#1C 1 [l 043 EE L (4°C. 1,200rpm., 10 43 1H) .
Ml z 5 %FBS %A RPMI1640 B M il S w72, Mz iEik o —Fi b Y R 71—
Wik (Wako) ZHSHIL. MERGHRME A H W CHila A o> kLT,

2-5. JO—YA FA MY —@
i A AR S 2 ONMAIE oD e v 0790 4 it o p BE L (4 °CL 1400rpm, 5 43 fd]) . ¥ i
(0.83% NH4Cl-Tris buffer (pH 7.2)) IZ XV ¥EM L7z, 2 %FBS &f PBS [ZFilF st
TRLOHEOCIERH AR 1 1 /108 cells ZHM L., 30 3Pk b, #OEIZ THOLARMILA & X
i &7z, Gallios 7 a2 —HA F A—%— (Beckman Coulter) (ZX Y #E L, Kaluza
Y7 k=7 (Beckman Coulter) ZH\NTVU U/ EREERNITIS 1T D MR L3R 2 it L 72,
Jio AR s X OV IR 2 Phycoerythrin (PE) fZ5%&#$T CD4 $LiA3 L Y Fluorescein
isothiocyanate (FITC) #fakft CD8 ik THeta L7z, £7=. Myila% FITC £k CD3
ik (THiIfE~—A—). 725 ONZ Peridinin chlorophyll protein (PerCP) ikt CD4
PR, FITC IE#kHT CD45RB Hifk, 3 LU PE ikl CD44 Hifk (F A —7 B L=~
= X —AEY —D~w—H—) TYf L= (BD Biosciences), Wiz 57 A
k— 3 2B OfENTIEL, Annexin V-FITC 7 AR h—3 ZfHi% > b (BioVision) % MW
C Annexin V B X U Propidium iodide (PI) CTY:fa 45 Z L2k Vit o7=,

2-6. REfEY) D \ERHECRE
MG & 96 FOE 7 L — b H 5X 104 cells/well CTHEfE L. 5 1 g/ml Concanavalin A
(ConA., Sigma) DFF(EF T 37C, 5% COz A > F = _— & —|T T 48 Wefilsa& L7-t4.
Alamar Blue {52 X0 THifld~ A 2= DRI T TO U 2 ERGAECRUS 2 HIlE L7z 39,
Alamar Blue (Bio-Rad) % 10u lUwell IiRINL. & 512 4 KEfiIE:EE L 721412 544/590nm
CTHOLIRE ZWIE L, Stimulation Index (ST ; F=0) & LCiHiiL7z :
Stimulation Index = ConA HI[{# T TOHOGIREEHERITL T T D He E iR AL



2-7. WISHERRIZH T HE 3 v Y EER
AN &2 24 FOFE 7 L — R 5X 106 cells/well THERE L, 42°CIC#&%E L7125 % CO:
AU FaX—L—Z 0.5 MBS ZLIck VB a v 7 52Nz 7z (FHS ), —H T,
KHREE LCOBY 3 v 7 2N e WEEE 3TCIZEW 2 (No HS BE), =Dk, MilED >
L— % 37C, 5%CO2A > Fa_X—X— 2Tz LT,
B th, & U = /VOMIBEIER % 1.5ml F = — 7 2B L, &Mz o—if % 2-5
WL o7 —% A A MY —BIZ LD 7 A b= AR OENT AL Uz, im0 57 B
(4°C, 3,000rpm, 10 73[#) 12X > T, # Y OMTFIER 2 M Aild 3 L OsEE RiFl
SrBE L7z, R L 7o fiidds K OWER HiGIE. it £ T2 £ h—80CHk L U—30°C T
£ L7, B3 E3sH o HSP70 #2fE % Total HSP70/HSPA1A DuoSet IC kit (R&D
Systems) Z HT ELISA JEIC KV HIE L. HlRifa)s & 55 S 4 2 Mifast HSP70 #
YR B LAV EFN U, RN L 72 AR O M id N HSPT0 # v /87 B LV 2-9
AR B L RE LT,

2-8. IRMRRICH(TEHE a3 v I ER

Al 2 24 SR L— b 5X 106 cells/well THEFE L, 42°CIZEXE L7 5% CO2 A
VHaN—F = IFHES ZEICK VB s vy 72 Nx 7. (+HS B, — T, xtf
FREEE LCOBY 3 v 7 22 WEEE 37T CIZEV- (No HS #F), D%, Wikt~ L
— F%& 37C., 5%COzA > Fa—F—|21HEZ, 52 ConA (5 pg/ml) DOfF
FE T £IITEFE TICT 24 BeHlE L7, Bk, &0 (4°C. 3,000rpm, 10 43
1) 12 Ko TN T £ O B35 ICBE L7z, IR L7 fiinds KOs B3, fighr %
TENEN—80CH L U—30C THfr L7z, Ml HSP70 &% > /37 B L~bds LU
4+ HSP70 4 > /87 B L~ULid, ConA iR L7 = L BRI U 7= I ES L O &
2B T 2-7 L [FBRIZHEM L7z, ConA fill F C ol ik Bk 26 L3 ho+1 R4
VI % DuoSet kit (R&D Systems) % MW T ELISAEIC K> THIE L, HIE L=
¥4 F A4 1% Interferon (IFN) -v . Interleukin (IL) -4, IL-17 3 X IL-10 T

>77,

2-9. #AREMA HSPT0 2 /XU B L AL
N L7=fifa %z, a7 7 —EBHEA] (complete, Roche) %I L7- T-PER buffer
(Thermo Fisher Scientific) HC~XL v Xy A/ (Kontes) ZHW\WTHREI T A XL



Too mMTHEE (4°C, 15,000 rpm. 5%0M) XV AETF A X EiGEGT,

HRE VA X EEF O HSPT0 )€ % ELISA 1512 X 5 Total HSP70/HSPA1A DuoSet
IC kit (R&D Systems). # % > /X7 E#E % BCA (Bicinchoninic Acid) #£I1Z X% BCA
protein assay kit (Thermo Fisher Scientific) Z MW THIE L7z, FEI T A X LiFH
O HSPT0 JRIE &k & o/ 7 IR ThR L7l &2 Ml N HSP70 &7 /3 7 L L ~v & LTz,

2-10. #REHARAT
it R e I HAEAERRGE & U ORd, MEmAE & FENERAE D 2 BERTLLEUI RIS D720 t fi
WL 0ATo Tz, B a v 7 FBROBROMTIL, B L 2 v 7 02 HNI LD o
Bl S B 2170, ZREEHANEE Th o 7256 121% Tukey UEIC L 5 L B E
AT o T, HATFHYALELIZ SPSS Statistics version 23 (IBM) il L. AE/K#% 5%
L L7z,



3. #ER

3-1. BEETILYIADHEE

ARWFRO BRI R X VFEE LI BMET L~ v X (IERE) (X, (KEk L ONEH & &
DFENETmAE & ol L CHEICEETH -7z (Table 1-2), fiR o> 1 38 i o> 22 fE R ifn. T
D MIRAEAC R A ORE R LRI LIEALRRE & e U Clb#iEds KOt A o 2 U R ER
AEIZEETHY . A 2 ARFUEDOIRE TH 5 HOMA-IR (&M Th > 7= (P=
0.059),

B E 7 v~ 7 2 DR RAIE O 5% % Table 1-3 (2R3, AEAE & JEARIMRE M iR
DRBUTB W THEZEIX R o 7=, BIRRIE T MU BEERAEHEZ R L TR0, £
SHMEDBRIZEBNT CD3 B L O THI L7 ¥ —d %8l CD4, CD8 72 K ORERESY 1
DFEBL, CD4 £ 721X CD8 W — Do T &R 5 TR ~D b7z S L v
ONDOENESE SN D 3, 7a—H% A4 M A~ —{EIZ K% CD4/CD8 figtr Tl 2 BEHIC
BEZET Doz, 7R b= 2T OFER ., Annexin V MR TH 57 R F— v %
a3 & Y Annexin V (21722 PIEGMHERME CTd 5 % 7 v — 2 ZHla O fifa b 32 25 IR ff C
HETdH o7z, —F T, Annexin V - PI WM T 5 A FHIE O H I ZALRRE TIRfEC

HoT,

BV E 7 v~ 7 A DML ORI % Tablel-4 (Z/r7, AL & IEARRAE O gz i
T, Ak, THijat®, CD4/CD8 fiftlr. A —7 /=7 =7 2 —XF U —figtr. Tl
fa~A by =R TICRT 5 ) NERGEACSOEDWTHOEBIZB N T O A EEL
RO T,

3-2. BEELVERY 3 v I AMRMEACT R F—YRXRETEE

AEGRER L ORI O MR AT U TR F T 3 v 7 &2 52—l L7-#%
DT R b=V AT OREN 7o —H A4 A N —T 177 A)L% Fig. 1-1A, —Jcfid
BB ORER Z Fig. 1-1B IR T, ZIthl@E ot ofEH, AFMiatt iz nT
fEG & 3 v 7 EOMICHEERRAEHZRO (Fig. 1-1B@), By a v 7 1 3AFM
fied P28 % b & 72 28 AR X IR AE & el U TV 3 v 712 K A AT =R O
TREXVEECHY . AEW+HS FEO MR LT X TOREOH The b AL MK
Mmolz, TR =AMt FIL, BB X0 g v 7 IV ARICEMEZ R L2,
e & B 3 v 7 EICH B R BERILRD 72 o 72 (Fig. 1-1BMb) ., 127 v — Al
HesiE, I R AEICEEZ R L), By a v 712K 5% 7 v — U Zfliflabb =~



HEREBII2 -7 (Fig. 1-1B(c)

3-3. MIBRHERAIZE(T5 HSPT0 & /o E LR
ffg e o fE N ks KOst o HSP70 # v X7 B L~V DfE R % Fig. 1-2 12R-7,
ig. 1- . — T E

PN HSP70 # v X7 B L~ V3B 3 v 71k BH L7 (Fig. 1-2(a)
BDigho Tz, Mils HSP70 # X7 B L~y 728 3 v 7
M & 2 = > 7 & OB O 238D b iven (P

A )

2LV EA L7z (Fig. 1-2(0))

NG D AT B 7R BB TR 7R o Tz,

=0.084) .

3-4. BEBHERAIZEH TS HSPTO 2 VOB L AL

AR DM N I KX SIS HSPT0 2 /"7 H LNV OfER % Fig. 1-3 17,
MR, MR E HICE S 3 v 7 IC X D FREICHEEZ R L

HSP70 % o /871~ L

720, WIS K2 FDREBIORAEEHICBWTHEREEITRD -T2,

5. BEEIUBRS 3 v INEMBOYA Fha VEEIZRIZTHE
R

RIS & OFEARMEE B Sk DA I W T, THE~ A Y = VAT OB 2 > 7
JIE T2 % ConA FIY T CoOMREELERE 28 B H 4 b

HEAS YA NI A VPEALS

A PR L VR L7z (Table 1-5), ARMEEIZIEMEGRECK LC IL-17 RER LW
IL-10 ENFREICEM CTh o7z, B a v 712k IFN-y RERS X OV IL-10 A
BB 278 U, Zonlid B Boniric X2 & B 3 v 7 L OF B2 HAERILRD

o T,



4 ER

AMFFE T, MR T 5RO ks HSP & OREIZ OV TG 5728, B
ET /L~ U AHKRO ML K OMSAIZ BT in vitro TO#Y 2 v 7 D RARIL
DT R = 28 LOMHIRL DA b T A L EEAICKITTRE A G LT,

ARIFFENCF O TEABI BRI & 0 758 U7 RSN T 7 L~ © A 1%, i
IZBEWTT R b= At LR 7 v — v ZAflilu L3N &5 Th - 72, Je Tar9Eic
K0 NN K D M RARAE A IR Lo T2 2 &L F7e Z ool SRR 1M iR AR L
BIFLT AR —= 2O L EET 5 2 EDRIILTN D 2429 JbBAEIZ A —7 T
LD D72 A0 | DORER T MO ZARMED AT 2 20, ARBFFEIZ IV T, fiEty
A E TIZR Wb OO, AT 5T 4 — 7 THIKL O 3R TR S FE AR L
LT TH 7,

FRRAIZ 31T DB = 7 EBROFER B | BRI IC s LT 3 v 7 BNz 74
B ATFHIRLEROBR T RRO SN, 52, TORY 3 v 712 X B AEFHIELEDK
T AR O F BRI Z B W C XV BE TH Y, ZOEFMILEROK FIXT R h— 2
MR OB AL S Z LR SN2, B 3 v 7 I3 IRAIBIC B W T T R h—32 2 %25
WP L0830, —HTHT AN b=y 2MEMEHGT 2 HSP 235555 19, #iv g v 7 Bl
AIRR D AEAFIT R U CRAT T RBDNERRE & FEIRE & TR > TW e Z En s HL7 R b
— YV AEM AT 5 HSP OB WREH CR 22 5 netEimg shiz, Eio, AR
JEATHIFZE 2429|2 I V) JR S LT BN 2 350 2 M e 7" AR b — o X oL AMFFEIC LD
R SN 31 25T AW F— 2 ZEM A AT 5 HSP RBLOE F & B4 2wy
MR EZEZ BILD,

HSP70 (X, Ji7 R b= AEAZ4A325 HSP © 1 5ThHD 9, £7=, Jirhfsic &
0 A 22 ARFUEOIEGB L OB E T L OFE 2 Ol T HSP70 LULAME R LT
DI EDPIRENTETEY 101229 REFIEIZBWTEA Y 3 v 7 BMIRAIIL O AT LT
FAZ TR BB EMRE & JEEMRE E TR STV Z DA D= 2D 1 2L LTREIHIC
X A MfRAAE HSP70 L~ L ~DREEENE 2 bV H AR B0 CTidfia e HSP70
B R B LSOV, Mifsh & B2 2 BERMNICHEHFARE BT bk o T,
7 v MR TFICE W RIS T 5 7 A b — 238 L O HSP Zfi#fr L 72 Je TiF5E
INZHFNT, MO R —81f £ T HSP70 BPEfila & 7 R b — o Al & Z2 i L~ T
fiRMT L7454, HSPT0 BUAMBGMEOMIfL & 778 b — A0 A S izl £ < FET
% —Ji T, MBTERIITIEE A ETRE LRV LD MR TRl L7254 & ik L

10



THSPTOFFEEELE TR = AFLOBEN LV LTI TND, RIFFEIZE DR
SNTMEHIZHB T 27 R b— AR O BN A HSP70 F 8L ZE (b & BEE 3~ % wlHEEIC D
W, MLV TOMRET A G T S b A RET RO b,

RANEIZ BT H M, Mt & B IR IC & 2 HSP70 # R 7 B L~ L ~OA
IREBERD IR 0Tz, A AV VRGOS L OB €T L O 2 Dl Z 0T
HSP70 LANABE T LTINS ZEDNRINTETEY, ZORAH=ALD1 2L LTA
VAV YT T NMEEN AT = RBESNDS L LV E Y g v 7B R T 1 (Heat
shock transcription factor 1 ; HSF1) O17I X OVEMED IS S 4L HSP O R BLME T
925 2 EIIRINTND 3D, AKAFFED AL €T /L~ 7 A2 1X HOMA-IR 2 EEMEIHR TH 0 |
ARV AL FTHLEZLND, BME DY BRI A ARG E RS Z
ERHEINTEY 3 AFEONIET L~ Z2IZBWTH U U 28ERITA v 2 U AR
MEDOIRTEIZH D ATREM D B D, — 5 T, HSF/HSP #2881, RGBS U7z A h LA
RIEMERA T 4 =— 2 — O, HIEE R CI2 X - TR LS5 39, IEE R L ORER
BRI HT D SEA TR 3\ C | B A TR IR & & el U CORRYS i A 35 L OF
HR Wik > HSPT0 L~V N &EETdo 5 —J7 T BEIRIF 2 0 O IR Cld, FERF Cld/e
VMBS & Hele U CHEIAALEE HSPT0 LULME T LTV D Z EAURS ., BERIE Tl
WIESE IZ 3\ Tk HSP OFFERENM R 7240 CTds 0 Il 2 B L 7= i A b L A2k LT
ML LRETHD Z RIS 90, U bEDZ &b AREFFEIZ I TR O
HSP70 L~V i3 AEmifE & FENCRTHE ORI AR FRIA B EZ RO R o 7208, Mg A kL
A2kt 5 HSPT0 FBLOFFE L & Hi2A R Y CARBUEIC L 5 HSPT0 FBLOK T A3 E
CTCWDHREMED B D,

THl 72y MIZENENFFEDY A AT v 7 40— VB XUOWELZAT 5,
CD4* T Ml BTk, ~A3—T (T helper ; Th) 1. Th2. Th17. 3 X OMHIEMET

(regulatory T ; Treg) /e E DY 71y MR BLMNIR>TETWDH, Zb THilE
P72y FBLOYA MHA DA R_T A FHE A OGEREBLEESIT N TET
WD AL RBFIEIZ BT D THI~ A R = VT TOY A b I A RHT OFERIZIB W
TR IR & Ll U CRIEME S A N A > Tdh D IL-17 JREER L OBLAIENE D
A RIA U THD IL 10 RENEE CTH -7, BT BT, THOH, +7t&> b
S, BEREMSIIEMEICZE LTV D 2 ERREN TN D 20, — 5T, FERFS DA DHEZ
A 7R WIEREIZRB VT, B O KR M CD4* T M3 HRIENED Treg Flks X O Th2
BNZRA LTV D Z L DURS TN D 9 SEATHFIEIC & 2 IEE 7 L~ » 21280 2 1t
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T, 13 EMOEEHAERE O~ 7 2B W CMIRHEEZERIZ X 5 Thl1 B o1 h A v
IFN-y 5 X Th2 B R o T4 FEADRBM L2 2 & 490 10 @M O &R & %18
Bt L7z~ A2 CiE Th17 #2380 L, Thl M, Th2 Mifla, 3 L O Treg Miln o2 kix
R0l Z 8 WREHE SN TWD AKFRED IR E T Vv~ 7 22T D RIEMEY A N1 A
VTCh D IL1T FEA EPIRIEMEY A R A 2 Th D IL-10 FEA O 7 OHINE, I~ o
BT IEREITN 2, SMIEREBICHT 2 RETH L WREERH D, 202 Lid, K
WFZED HSPT0 T OFERICIN T, B I DM A b L 22 L CARBFFE O B £
T~ U A HSPT0 OFFERE%L & HREMEFF L TV D afREtEE —E3 5, Lizndio T,
FVEEFITEI Y EMOIRRIC L > T HSPTO FEREN S HIIK T L, 5725 A
R A FEEDBEAIREDLZACIC D22 D A e & 5,
R BT 28 3 v 7 FEBRICB W T, THilg~A Y = VHMATOEY 3 v 712 &
D IFN-y FEAR K OVIL-10 FEA BT 5 Z LR &z, Bl a v 7 B IFN-y ICKIF
FTRAEICOW T, KM MEEMIIZST 2 39°C, 48 K DE T 5 v 7 5% IFN-y pEA
AR U7z & o @iE e 30 — 05 TARM MBI %95 39~41°C, 90 SrHIDE: 3 v
7 CILIFN-y FEAEDHTR LTz & ORE OO0 55, £72. invivo TORFITIX, 41~45C
DRI L D 39CHOMKREFEIZ LY THRY 7y FoZ(b L, IFN-y EEAN BT 5
ZENHEINTWD 4D, B0 3 v 71285 IL-10 PEAE~DFE % in vitro 3 X O in vivo
DFR TR LI BATHE Tt B\ 3 v 7 2% - 1 ks D T IL-10 L-~uvin
B TH DT, LPS i F COHERD IL-10 EANE Y 3 v Z7ICk Vb L2 &
MB, In vitro & In vivolCEBWTEAY 3 v 7 OENRILDHZ L 2R L TNAE 8, Lo
T B a2 v 7 BB OGBS RIE TV A NI A VFEASORBITE Y 3 v 7 DN
R in vivo DRIZEBWTTRZR D AREMERH Y | Bz v 7 F i3 ftho Jiikic X 5 HSP
D LAY A M IA CEA WEIZOWT invivo IZBITARE b E-EEN
Do
LLEORER L 0 B 3 v 7 IR O A7 RIE T BB IEmIC L > TE(E L2
ES BEIZB T D MARMA T AR b — ADBMMNRE 5 v 7 IRE LT 5 Z LR
e K7z, ARFFEICEHVTIZ HSP70 L~UL & il & OB 5 2372 B3R Lo 72
« IBEEZ R B MR O T AR R — A & HSP %8 L OBJEIZ O T X 0 Rl e et
DRDHND, B a v 7 QMM A N A o ~ORBEORGETIEL, W7 & NI
Gy VIR o THA MA VPEADSIRIZENT D2 evRranic, Bl a v 7 IRE LI
fii & O &2 RBHEIE R SN o 7o By a v ZIRE OB A b I A VEAD
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ZACIZ DR D Z LI KV INRRIC B 2 KT T T REME A R S T,
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5. B

AWFZEIE. B IC BT DR 0% bt HSP & OB#icOWTHFT 5 2 L 2 AL
LT, BT T L~ v A HRO s X ORIzt UC in vitro TO#EY 2 v 7 )
MOE TR AT LTz, AFRICBW TEIELEEIRIC LV FE L EmET L~ 7 A

(MERTAE) (3, ML 2 3538 L T2V IR & i L CHiaic s i 2 7 R b— 2
Milads KR 7 v — v A oM R A < L E T~ A Y= ST T ol
RUZ K DU A NI A VEARICBWTE L Z R LT, MR 28 a3 v 7 13/
fabbE 2R T &8, 2O T ORETNEMHFICHS N TR VEE Th o7z, MM X O
JEAR AR DRI IN 5 L OS2 HSP70 L~ 2 33 W\ CIERERERS L ORI A B 22168
DO T, B\ gy 7 RBITIEROFEIC L ST A A EAEEL ST,
PLEOFER XV | IS H T 2 il HSP70 LV D2 b7 b ONSH A R A v EE
B 3 U IRE & OB D H R BEIIRRD iR a0 T3 B AU D e R AR o A= 77
FOETPIEIC L BB 2 v 7 IREICB T L E BT 5 Z LR Iniz, £/,
Bay VIREOELR YA NI A VREA GBS RIS A KT TREME D RIE
STz,
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Table 1-1

Diet compositions.

Ingredient (g/kg diet) SD HFD
Casein 140 140
Cystine 1.8 1.8
Soybean oil 40 40
Lard 0 290
Cornstarch 465.7 175.7
o-Cornstarch 155 155
Sucrose 100 100
Cellulose 50 50
AIN-93M mineral mix 35 35
AIN-93 vitamin mix 10 10
Choline bitartrate 2.5 2.5
tert -Butyl hydroquinone 0.008 0.008
Energy (kcal/100g diet) 349 519
P:F:C (% of energy) 15:11:74 10:60:30

SD, standard diet; HFD, high-fat diet; AIN-93, American
Institute of Nutrition-93; P:F:C, protein, fat, and carbohydrate.
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Table 1-2

Animal characteristics

Non-obese Obese

Body weight (g) 320 £ 1.2 39.8 £ 1.3%*
Fat pad weight (g)

Subcutaneous fat 021 =+ 0.04 043 + 0.06*

Epididymal fat 1.07 + 0.15 239 + 0.11%*
Blood biomarker

Blood glucose (mg/dl) 65 +3 115 =+ 12%**

Plasma insulin (ng/ml) 0.154 =+ 0.047 0.994 + 0.288*

HOMA-IR 0.68 + 0.23 8.13 + 3.37

Values for non-obese mice (n = 5) and obese mice (n = 5) are expressed as
means + SE. * P <0.05 and ** P <0.01. Body weights and fat pad weights at 8
weeks of the experimental diet as well as blood biomarkers at 7 weeks of the
experimental diet were measured. HOMA-IR, homeostasis model assessment of
insulin resistance.
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Table 1-3

Thymocyte characteristics

Non-obese Obese

Total cell count (x 107) 7.87 + 043 8.53 =+ 0.65
CD4 and CD8 analysis (%)

CD4'CD8" 81.9 + 0.8 81.6 + 0.5

CD4CD8& 84 + 0.8 8.6 £ 0.5

CD4'CD§ 6.7 + 0.2 6.8 + 0.2

CD4CD8" 3.0 £0.2 3.1 £ 02
Apoptosis analysis (%)"

Live 884 =+ 0.6 82.0 =+ (0.3**

Apoptotic 11.5 + 0.6 17.8 + 0.4%*

Necrotic 0.05 =+ 0.02 0.19 £ 0.04*

Values for non-obese mice (n = 5) and obese mice (n = 5) are expressed as
means + SE. * P <0.05 and ** P <0.01.

* Live (annexin V-PI-); Apoptotic (annexin V+); Necrotic (annexin V-PI+). PI,
propidium iodide.
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Table 1-4

Splenocyte characteristics

Non-obese Obese

Total cell count (x 10%) 1.13 £ 0.05 123 + 0.08
Flow cytometric analysis

T cell (%) 382 + 2.1 351 + 2.6

CD4"/CD8" 1.67 = 0.08 1.75 + 0.08

Naive (% CD4" T cells) 78.4 + 2.0 762 + 23

Memory/effector (% CD4" T cells) 20.7 £ 1.7 232 +£22
Proliferative response (SI)” 447 £ 0.14 4.64 + 028

Values for non-obese mice (n = 5) and obese mice (n = 5) are expressed as means +
SE. * The stimulation index (SI) is expressed as fluorescence from ConA-stimulated
wells / fluorescence from non-stimulated wells.
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Non-obese, No HS Non-obese, +HS

10*
2.3% 38.3%

101_

107 10 10 10°

Obese, No HS Obese, +HS
3.4% 39.5%

Pl Fluorescence

10° e 10 107 100

Annexin V-FITC Fluorescence

Figure 1-1A. Effects of obesity and heat shock on thymocyte apoptosis.

A, Representative flow cytometric analyses of heat-shocked thymocytes (right columns) and
non-heat-shocked thymocytes (left columns) of non-obese mice (upper columns) and

obese mice (lower columns).

Thymocytes from non-obese mice (n = 5) and obese mice (rn = 5) were maintained at 37°C (No HS)
or were exposed to heat shock at 42°C (+HS) for half an hour. After an overnight culture at 37°C,
thymocytes were subjected to apoptosis analysis by staining cells with Annexin V-FITC and PI.
Live cells (lower-left quadrant), apoptotic cells (upper-right and lower-right quadrants),

and necrotic cells (upper-left quadrant).

HS, heat shock; PI, propidium iodide.
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(a) Live cells (b) Apoptotic cells

Ob: P <0.01 Ob: P <0.01
100 - HS: P < 0.01 60 - HS: P < 0.01
Ob x HS: P < 0.05 ObxHS: P =0.176
80 1 R
3 a ab S 40 - -
92 60 o - b - C 2 40 =
c [
> >
Q Q
= 40 - =
3 g -
20 |
0 0
No HS +HS No HS +HS No HS +HS No HS +HS
Non-obese Obese Non-obese Obese

(c) Necrotic cells

Ob: P < 0.01

S 1 HS: P = 0.554
Ob X HS: P = 0.441

4 -

S I

£ 3 7

3

S 2

(0]

(@]
1 _
0

No HS +HS NoHS +HS

Non-obese Obese

Figure 1-1B. Effects of obesity and heat shock on thymocyte apoptosis.

B, Quantitative analyses of (a) live cells, (b) apoptotic cells, and (c¢) necrotic cells for flow
cytometric analyses.

Thymocytes from non-obese mice (n = 5) and obese mice (rn = 5) were maintained at 37°C (No HS)
or were exposed to heat shock at 42°C (+HS) for half an hour. After an overnight culture at 37°C,
thymocytes were subjected to apoptosis analysis by staining cells with Annexin V-FITC and PI.
Values are expressed as means = SE. Two-way ANOVA results of the effects of obesity (Ob),
effect of heat shock (HS), and their interaction effect (Ob X HS) are shown in the upper right. Data
not sharing a common letter are significantly different by the Tukey post hoc test (P < 0.05).
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(a) Intracellular HSP70 (b) Extracellular HSP70

Ob: P = 0.491 Ob: P =0.356
107 HS: P < 0.01 600 - HS: P < 0.05
4 Ob X HS: P =0.732 Ob x HS: P = 0.084
8 -
o £ 400 -
g.’ 6 T o l
~ ~ ;
& 2
g o
o 4 A &
o T 200 A
0
I 2
Nzl Ns 0
NoHS +HS NoHS +HS NoHS +HS NoHS +HS
Non-obese Obese Non-obese Obese

Figure 1-2. HSP70 protein levels of heat-shocked thymocytes of obese mice. Thymocytes from
non-obese mice (n = 5) and obese mice (n = 5) were maintained at 37°C (No HS, white bars) or
were exposed to heat shock at 42°C (+HS, black bars) for half an hour. After overnight culture at
37°C the HSP70 concentrations in the homogenized supernatant of each cell ((a) intracellular
HSP70 protein level) and HSP70 concentrations in the culture supernatant ((b) extracellular HSP70
protein level) were measured. The intracellular HSP70 protein levels are expressed as the HSP70
concentration (pg/ml) / total protein concentration (ug/ml) in the homogenized supernatant of each
cell. Values are expressed as means & SE. Two-way ANOVA results of the effects of obesity (Ob),
effect of heat shock (HS), and their interaction effect (Ob X HS) are shown in the upper right.

21



(a) Intracellular HSP70 (b) Extracellular HSP70

Ob: P=0.235 Ob: P = 0.956
40 1 HS: P < 0.01 2,000~ HS: P < 0.01
= Ob x HS: P = 0.590 Ob X HS: P =0.858
T
5 30 £ 1,500 -
2 2
\g 20 E 1,000
R 2
» 10 - 500 -
T
NoHS +HS NoHS +HS NoHS +HS NoHS +HS
Non-obese Obese Non-obese Obese

Figure 1-3. HSP70 protein levels of heat-shocked splenocytes of obese mice. Splenocytes from non-
obese mice (1 = 5) and obese mice (n = 5) were maintained at 37°C (No HS, white bars) or were
exposed to heat shock at 42°C (+HS, black bars) for 1 hour. After culture at 37°C for 25 hours, the
HSP70 concentrations in the homogenized supernatant of each cell ((a) intracellular HSP70 protein
level) and HSP70 concentrations in the culture supernatant ((b) extracellular HSP70 protein level)
were measured. The intracellular HSP70 protein levels are expressed as the HSP70 concentration
(pg/ml) / total protein concentration (pug/ml) in the homogenized supernatant of each cell. Values are
expressed as means = SE. Two-way ANOVA results of the effects of obesity (Ob), effect of heat
shock (HS), and their interaction effect (Ob X HS) are shown in the upper right.
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¥28F EHROBHHESSIUREMRICEITHEH: A rhaAV, Bay
DRUNIBLELUVICRERERICOVTORE [BIR28LU 3]

JEGGIC BN T, 2 O RN AT 5 2 LTz, IRMFRRIZ 3T 18 I JIE D g
~OREARENTE TS, IRIIHARIL, FFEMIETH 2 IR b ONZ e 2
e EVEIR ) SRR S D, IBRIZ BV Tk, IRIFMIE S B 23 S 2 A FE Y E O
WEFEBET D Z LIS A, IEHERRIC AR T 2 S filia DR ds K OWERE AL L.
FEWGRARR 35 1F 2 RAEVEY A b U A OFEARINT X OHIRIEYEY A F I A v OREAR
TIZBET % 49, JR ORRIHLAL> & 53 4L D RIEMEY A b 1 A %, A7 &
IERLCTA v A AR 2 A0 S8 5 7 & B2 B L 72 9W BB O TR B -3 % 90,

WFE1 L0, REMEiZs T 28 a v 7 #2378 (Heat shock protein ; HSP) @
FBIANERGZ & > TEAL T 2 wTHEME, $72 HSP BILOE(LBY A MU A v EADEI
DRINDH T LT R VIR L KT T A REMEAVRIE S7s, IR IZ 81T 5 HSPT0
FHUTEI LT, B W THBBIRN LA K O ifiia > HSP70 L~ L DT & A
YA Y ARPUE & OB 2 oRme % e 5152 A & IR O HIZ B W TR T IR
Pk HSP70 BIELANEMA TR & O b H 0 O, B2V T, BVHRRICB T 5
YA M A DEITINZ T HSP70 RBLOZAL DR REIC B 592 FIREMED & 5,

TR BZ LT LF5%EHED 1 2L LT Lglutamine (LLF, 77L& V) 2%
FTohd, JAEIUE, KRNOBEET I JBOR TRV ZLIFET LTI/ BTHY
o RIS ORI O = X L F—HE L 725 Z L FURMEME Ch D 7V 2 F A4
BRUCEG T2 Z & A M UA VFEA~ORBS ERNIZRB W TRERE GTeflix O
FEREIC W CHE R 2 Rfc 9185850, I 5|2, A IUE, By a v 7RG R 1
(Heat shock transcription factor 1 ; HSF1) @ F 7 A7 7 F_X—3 3 U3EME L OV
Bla FPAIEHZLILD HSPREIAZEHDDH Z ENRIINLTNG 55D, 7L I 34k
ENTERINED ZENHAIKRT R BICHES N TWD A, 7 TR, MuiE, &
JEBMEG S OB RRIECR AP HE O LB FHPREBICB N TREEN®mE Y KHND 7L & 3
VI DK TIZ D78 % 5859, A3 KOV 2 AU IR BB E ISRV, P T X R
JEDATICE D 72 I VREMET L TWD O S & 2 6061,

ARE T, I ORIERERES L OB 2 v 7 & N7 EIZOWTRNMARIC S E LE
MrafTolz, SHIT, FREMHRERS OV HSPT0 Bl L ORENRINTND 7L I VR
N ST T R BIC DN T O R 24T o 7o, AL, HHFE2 B L3 DLUT D 2 DOHFE
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TR STV 5D,

W92 2« e T L~ 7 2B B IENHAR R L O i o st
JER 7 L~ o A DR KO Midic BT 5204 M A B L OVHSP70 X
. IR NZ T NVE I BRI EN DRI I T EE P T 21T > 12,

BF52 3« IEE T L~ 7 A RN 1< 51 5 bt

JEiEE 7 L~ 7 A DARIHARES R I W T, X S VIREDEWHY A F A B X
ONHSP70 LU RIFT A et L,
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BHETILIIRIZE T EHERES K URElan®RE [#i2]
1. #8

M3 1 D faye i3 K OMRIIRLER DA b1 A v DB, N O REIC A K&
T3, — . IR L OWERIE 2T HSP70 OB 2 Dfifatiz B8\ T L T
%2 L1012 HSPT0 8 A LR IEH 2 LICi A2 ) VEGERYGE S D 2 & 6
72 £ HSP70 8L & L & OBEIZ>W TG SN TE Y | st L ORI F
W AERIZ £ D HSP70 D2 b3 ife & BAE 92 rlREMED & 5,

TNE I F A M A U EAE ST EKRES HSPT0 BIITIEM LGS 7 2 /.
Thod, FATHRICENT, 702 I OBRNTMHMIS~ 707 7 —UI2k 560 A o
A CPEE LI ST & O 6360 KA ML MO HSP70 L~V Zmh e & O
HONDLH, £, E~ORBICAL T, vV AZBWTEEEEIRFTo 7 v 2
CEERE MO B A L L OGN H B 66,

WFE 2 Ti, MBI 2 IEAR S X Ol oY1 K A >3 L OVHSP70 L~

IZOWTHREIT A Z & bWV Z I U EBEBNZEN ORI RIETHELREFT 2
72, mlENEIC L VFHE LT 7 L~ U 2O EHRkE X OMMiho A S A
BELOHSPT0 LIV AR L. S OICEENIE~D 7 V2 I U iING X % 508 % it L
7o

2. EBRAX

2-1. EEREY

FEHRIZIE 5 D C5TBL/6J i~ 7 A (=T A —v X)) Zflnwic, w7 X% 12 K
OB 7V HITRER] « % 7 RE~ZFRT 7 i) (I2B W TR 20~267C, 2/E 30
~TO%IZE B LT BREE F R L7z, Bt KO AKIZA BB E Lo, (KER LU
FHEREZ8 1 EHE Lo, ek, AR AARLF RFEMFEREZEBSOKBOS & |
A AL A RS E) R T NT > 72,

2-2. E®IOra—

WA (AIN-93M 1Z#fEl, Standard diet ; SD) T 1 #EMBHLEE 217> 72141
HEZ T, FER, =SIENR (High fat diet ; HFD), £72137 0% I 2N LT &G
Iifs (High-fat diet supplemented with glutamine ; HFD-Gln) ®OW iz EH S+
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72 (B n=5), HFD #1%, HlBICB\WTa— A4 —F0 iz 77— Ric@EE#Hx
52 LKV B RV —kFEE 60% & L=, HFD-GIn (%, HFD 02— A ¥
—FO—EINE I NIEES A T-bO L L, EREEOMEKE Table 2-1 (2R,
12 JHE O FRE DSR2 1T > 72, FReOHIEIZ K o TET 21T o 72,

2-3. [BEREE
WlgER CRS B ERRENA. AN I J ONBMERENG) . B2 el (RRESETHERE) . MR
fige, s 2 OV K oD 85 B 2 I E U7z, IR X OB WGRELRR D —56 % bt £ CT—80°C TR
FL7z,

2-4. MBELLFRE
fiE | e OBERFER LIS F U T e 2 /N i Eds 7L a2l — R A T A =4 —a
(T—=2vA 7727 MU —) THE L, E@O0REHT X0 miEA4ERIRL., it £ T—30C
TRAF LTz, MiEA > AV VREEZ LV EAA AU CHIERH ELISA ¥ v b (37 F)
ERWCTHIE Lz, MLV 7 FURESIOT T 4 AR 7 FUREOHES DuoSet kit
(R&D Systems) % T ELISAEIC X 01T-7=,

2-5. JO—YA A Y —fEHT
i & 0 AIFE 1 &[RRI 5 % FBS &4 RPMI1640 55 M2 i@ ileik 2 g8 U, M
OB R PUA & BOG &4 72, FACScan 7 v —# A [ A —%— (BD Biosciences) T &
DHIE L., CellQuest ¥ 7 F =7 (BD Biosciences) % T U L /SEREEMIZIS 1T 5 Hl
M bb R A2 it L7z, Milaz FITC #E#%$t CD3 ik (TH#iia~—H—) b
Phycoerythrin (PE) #Ei#bt CD4 #i{f3 L ! Fluorescein isothiocyanate (FITC) 1k
L CD8 HiikTYta L 7= (BD Biosciences),

2-6. PRI ERER
iRz ~A hy = THDH 5 ug/ml Concanavalin A (ConA, Sigma) DF{EF T
37C. 5% CO2A »Fa~—F -l THELL,
Wl U > o SERON AL SOS DRIE L, 96 JOPE T L— hH 52X 104 cells/well TD 72 KffiH]
DR, Alamar Blue 7512 £ > THIE L7z 39, Alamar Blue (Bio-Rad) % 10 u l/well
WL, & B2 4 FefREEE L 721412 544/590nm CHEHMEE 2 HIE L. Stimulation Index
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(8I; T & LTaHmL7 :
ST = ConA P F TOHOLIREE /MR F TOHOGIRAEE

TN A B S 4 LR R A VIREOWED -, 24 FOEET L — b 5X 108
cells/well T 48 Bjffls2E L, w008t (4°C, 3,000rpm, 10 53[H]) (L0 EiEE457-,
[FIUR U 7= B3 1R £ C—380°C CIRAF LTz, B A b1 A VIR EDMIEIE DuoSet kit (R&D
Systems) % VT ELISA 7£(2T Interferon (IFN) -v . Interleukin (IL) -2, IL-4.
IL-10 B L OVIL-17 ZHE L7z,

2-1. RRRAtEMODIBERER
K3 EARIRIIMRRZ 24 /O L — BT 3 %FBS &4 DMEM K i %) 10mg, well
THEFE L., 37°C. 5% COzA ¥ ¥ 2X— % —NT 24 Rflilh548 Lz, BN L 72 BigILf#dT
£ T—30CTIRAF LT=e A b A ¥R DHIEIL DuoSet kit (R&D Systems) % >,
VT, TTaRR 7 F o, IL6 BLOIL-10 % ELISA EIC THIE L7z, K& LG+
YA DA PR Z FERERFCHE U7 IRk o & CHIE L7z,

2-8. HSP70 2 /R0 B LX)

FEE FIRTRIGMA . AR L Ol HSPT0 % v /R 7 B L~V & il UT-, HEIAHL
s OB ARSI 2R HY L 72 I lc W T, AIIIE HSP70 8>\ T b itz
119 72 3 v 7 Hle D £72137 Lo SMF TR L% O MG IZ 3\ CTighr L
7o

Ml 2 24 SR L— b 53X 106 cells/well THEFE L, 42°CIZEXE L7 5% COz2 A
VHFaN—Z—HICIREELS LIRS g vy 7 BN T, — T RREEE LTo
Bg w7 ZMARWERL 3T CIZE W, £D%, WEEO7 L — % 37C, 5%CO0:2A1
VX aR— AR E W, 1w LBE (4°C. 3,000rpm, 10 43fE) 12 & o TR
e [ER U7z, AU U 7o e R fg T £ CT—80°C TR {7 L 72,

MRk FE 2 iTle 2 7' e 7 7 — B EA] (complete ; Roche) ##shi L7z T-PER buffer

(Thermo Fisher Scientific) ' CHEIF A AL, mLOBEHIEL D KREDFA X L%
7=, BRI/ R X Ol Tl e ) A ¥ — (Polytron PT1300D, Kinematica) % A
VN, 4°C. 3,500rpm. 10 4¥[E# L8 15,000rpm, 5 43O FF 2 [AlE Oy L 7=, M
TIEN Ly b2y 2L (Kontes) ZHAWTHEYF A AL, 4°C, 15,000rpm. 5 4>
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TiE Lo L7z,

HRE VA X EEF O HSPT0 ) % ELISA 1512 X 5 Total HSP70/HSPA1A DuoSet
IC kit (R&D Systems). ¥4 > /37 B2 % BCA (Bicinchoninic Acid) 7412 L5 BCA
protein assay kit (Thermo Scientific) Z W THIE L7z, RET T A X LiFH O HSP70
WLz 2 ™ 7 BRI TR LT 2 HSPT70 2 > "7 L~k Lz,

2-9. Figse ~U LY FLARL

IR R 30mg % 300l A Y 7' a8 ) — L TCHREYF A XL, mLooEE (25°C,
5,100rpm, 1043f) 2LV BEZEN LTz, RETCFTA X EFEFRON) 70 Y NRE
% TG E-test Wako % v  (Wako) ZHWTHIE L=, STV FHA X LEIEFHO Y F7Y
Y RREZRE VT A XANTHE U7z IRk O B & THiLE L7z & b h Y 7Y
'Y FL~ULd L,

2-10. #REHERAT
FE R Al AR SE L O, SO t FREIC LY 2 BE i 21T o 72,
FHFERIALEEIC SPSS Statistics version 25 (IBM) #fEH L. AE/KUHEEZ 5% L L7,

I
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3. R

3-1. SEEMEIEIRT Y XDHE

HFD B£3 L 08 SD BEO K% % Table 2-2 (2559, HFD BE/3 SD BE L Hoiis L CiAER &
OENEEREMHE TH Y | W OFFE B Sz, £72. HFD BEX SD BE & Hig L T
MiEA AV AREB L OV T F URENEETH - 72, MR X OME 7 7« Nx 7
FUREEZR W T 2 BEFICA BT R0 o 7o, B E RISV T, HFD #iX SD #iC
L CTEBERLSAEICEMETHY . IFEEE CIE&EEM AR Lz (P=0.066), M
i, Mok, Te—H A 8 A MY U BRSO 2 BRI A B
X727,

3-2. BEMBERYIRADOYA FhA4 LA

HFD 75 £ O SD BEH R DNk KON T Hila~ A b ¥ = VR Ia 055 g
A A CIREE A Table 2-3 12~ d, MR ORERIZI VT, HFD #£13 SD #f &
HEL T T FURENEETHY , 7T 4 WX 7 FUREIFKETH > 72, IL-10 JE
IR I B W T IiiIc VW T HFD BECIEm CTh -7z (EnEh, P =
0.096, P=0.099), TOMDHA KB A BV TUIREEEZRDRDN- T2,

3-3. BIEHEERTIAMDHSPI0OZ VRV BELAL

HFD # Ok HSP70 # > /3 7 L~yLid SD B & il L TR Tdh» 72 (P
=0.125) (Fig. 2-1(a)), M#e HSP70 # > X7 /E LU, B\ a v 7 2Nz =8
MZ 7206 s HFD BECAH BRI CTh 72 (Fig. 2-1(h)F L T0),

3-4. TILE I VERMNSEHRERYVRICRITTEE

JNE I CERPEENEER Y U A RIETEEL T 5720, HFD ##ks LW
HFD-Gln B O R {# % bl U745 5% Table 2-4 (2R3, FEBRAHIM S OREE IS X
= L X — BRI H B EII R D - 70, IR EEEIZB VT, HFD-Gln #1X
HFD #fIZ b U CHBMIEEAR I B & AMEE ) CTd - 72(P = 0.079), EOfthdfEE ¥ &
WMEAEIE, HFD-GIn BB W TRE CTh - 7= B3 WGH A B 2T O e o 7o, ke &
#HE TlX, HFD-Gln B W TITIREEN A BICEM TH - 7o, MiEE &R L O
EEIZBWCIIHEMICHEEZET 2o 7o, MRAELFHRA S LMok, 7 e —%
A MA MY —f#Hr, U o NERGE LSS BN THEMICA BT O 2o T,
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3-5. YA I VERABEHBERIVADY A bA4A U LRNLICRIFTESR

HFD #£3 L O HFD-GIn BEHDROIEN#RkS L O T~ A b2 = R o ks
F# LGN A B h A PREE % Table 2-5 1R T, EIEEER~ 7 2DOH A M I A L
JCHKT D 75 XL AR RORGEH AN R BITRB O e 1o,

3-6. YA I UVERASEHEBERTIADHSPI0 2 VR BLRVIZRIZTHE
HFD-GIn #£1%, HFD £ & [b# U CARIfLER HSP70 4 > /X7 B L~V EISHEE T
b0, 7z I AERIC L DR HSP70 ORI btz (Fig. 2-2(a)), M
HSP70 # > R L~ ULiZBWTIE, B a v 7 22 2856 Iz 2 0iA b RERIC
AREEZRDRD T,

3-1. Bl rU T )€ FEKLUHSPIO Z UIRIELANL

JFlgR v U 70U KLk, HFD ££28 SD BEE L CHRBIZHEME TH D |
HFD-Gln #£13 HFD BEZ b L TR TH - 72 (P=0.056) (Fig. 2-3(a)) , il HSP70
& N7 B LU SD BE & i L T HFD BRI W TIREE ™ T v (P=0.110) (Fig.
2-3(b)) . HFD #f & HFD-Gln #IZBWTITAE AT RN -T2,
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4, ER

AW T, SR EREBUC L VS LT 7 L~ U 2 ORI L ORI
BIFLYA M4 BILOHSPT0 LUV AL 72,

JEWIZ I W T THIIIEE, 7ty odn, BEREDRIEMEICZE L L, RS PERIESIEN
FREIIEICB G595 2 L AVUR SN TE TV D 26670 [T O AFIIHHLAR 2 35U TUIRIELE D~
JLs3—T1 (T helper 1 ; Thl) fifae M1~ 17 7 — 5N 004 5 D5k L, FEIET
ORI B W TEPIRIEEY A DI A > ThH D IL-10 FEE2EAT HHEMET

(Regulatory T ; Treg) flifid, Th2 flifd, M2 ~27 a7 7 —YSNMEZRTH Y . 1B
(2B D RIER L OBERE R B2 il 2 5069, ABFEIZB W TRl &z #H L7z HFD
e & AR YEARBL 2 B H L 7 SD BEO Ll ool . WMk KOV T fifa~ o b & = il
M KDY A M A VEEAIZI VT HFD BT IL-10 EEAE DK FEA 2580 H iz,

AR, B A AU DY HSP70 BELOZ L L B4 2 Z LAVRENTE T
% 1019 KRFZEIZ BT B H L IRIRIGHLEL D HSPT0 % > /R 7 B L~ L Okt ¢k, HFD
BEDS SD BEICH L IR T - 72 2 ORERIT, IEM# O NI 1Lk HSP70 L~
VOIKT & A v 2 U ARS U & ORI %2 R 2 JeA THFSE 5152 L [AERDFE R CTH o 72, R
IR 31T 2 M HSPT0 & /8 7 B L~V OFENTIC B W T b, By 3 v 7 OF B2
5T HFD BE2S SD BES R L TIRIETH 0 . I IC W CREMARIZIH N TS
HSP70 L-ULAME R 5 2 ER ST, T OFERIE, ABmMH & B A EE O KR
Efilan~A 7 a7 LA fITIZB VDT, ERME ISR W THRIAMET LT DB -& LT
HSP70 i#{x 1 Cdh % HSPALA 23[FAE SR LR OFE R CTH o7 69, —FH T, fth
DHFATHFFEN I3 U TR 0O KA i MR F8 W € HSP70 LV N CTdh o 72 2
EMEE SNTVD 0, A IEE 2, BCFIBERIC 51T D FHI IV T BRI A 1F
I B L, HERIR TR W B & el L C HSP70 & v 7 B L~LNMEE T 5 =
LAHRL TS 49, HSF/HSP R ITIIL A b LA RIEVEA T 4 =—Z —FEA DN
& B B L7 REIC X 0 IR L S D Z & 2D 39 BEIRIR Tl W B E I BV T
HSP70 #HE R WEIZHMERF SN TR Y | JRMREMIE A L AZH LS RETH 722
EDIRIE I N D, ARim X OWE 1 IZB W Tk, e HSP70 % o /3 7 B L~V IR A
&IENENHE & THEEZRD o Tc, AOFFE2 TIX, AF%E 1 L L TRlB&IC XL 2
G OMMN LY EMTHY | HLRIEMY A F A Th 5 IL-10 EEAIZBWT, 581
TN CEE Td - 7228, AWF%E 2 Tk HFD BT L AREMEE Thh - 72, L7z
> T, IEHAEMICK S, HSPT0 BB L VKT L, IEEOWRBICHEEZ KX 3w
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REMEDSRIZ S Tz,

S BT, AR TIE I NVE I BB A A B L ONHSPT0 v % 5 e B
FAEF B OWTHNT L7z, @R 48 H0d %5 HFD #B X0 v < %23
L7cmilENi B2 B It3 % HFD-Gln #E 0 2 BERI S 217 - 7265 55 . HFD-Gln #£72° HFD ##
(2 U CHENIFEAR HSPT70 &% > R L~V N EE T - 7o, M 23510 2 A DHHAE D 2
FEIXA A ARFUEE OIRRBIZB G2 Z E DO MITR > TETWD O, £, 5N
ARSI T DX NI BEOIRT 4 —NVT 4 TENLEL DX X7 BEEMEORKT
T4 A P L BET 5 Z AR STV S 5D, — ¢, HSP70 i3 NF-« B
PALDRLESIC L 2 MRIEMEH 2 A9 5 19, £/, HSPTOIXI A7+ — LT 4 7 &L
LA U RIEEEET D7 Y 2R BIEEEOMRRCF T 5 15T, LoT, R
WG, 7% I BRI LY RN HSP70 L~ULssgin L, s s 2 BN
WDORIERA A Y AARFUEZ IR LTS D PR RIE STz, L LAy & BRI
Hrdg BIEHRY A DA VIREOMHT CIX A I VBRI L DA M A O EIRE
BIFRRD biiginole, J A2 IV PMUIEZFE LT~ U ADY A MU A VHEAICKIZ
B L Wt L2 S ATARGEIC BV L IR o 5528 Bty A N A IR CifHT L7235
IR ERRENRED LNT D, — 5 THIEO mRNA f#HTIC L > T/ I BRI
KDV A MIA LV DOEALZRDIZEOWMENRH D P, KR NTIL, NEVER OV A
KA v LUV E R RS T Rk L7228, HEFD #f & HFD-GIn & & THRNTOfE
Wikfk\Z 3BT 2 78 I VIREZ GO TREN R 50 geEnH 0 7 v 2 I EBIRDE
Witk HSP70 Lm0l Z LISk DA M A U ~DFEIZ DN T, K ARNT

OARREA S L 7= & B2 DR RdD b5,

INEIAZEY HSPTO VANV R EFALIEAD=ALELT, JVFI LD
HSF1 D s 7 AT 7 F_—2 g AAEMB L OEEFIBLO ER BT 55 5657, 72,
7 eV O HSF1 (ZEEIC/EM L7z afeEMRICINZ T, Z7vZ 2 ORI~
DRI I o T L OA AU ARFUEO T S vz 2 &2 L 0 IRk O
HSP70 L~V ERF S 7o BRI 8 5, AWFSEIZ 35T, HFD-Gln #£13 HFD #f & L
i L CRE B K ORI EES M FRICAE TIZRW S ODRETH v | 8w £ 7213 21
FE PRI OSEBIF X OB T T ATB N T OILH 2 U Alifa SR &2 B U7 2 & 2R3
ATWFE & R DOFER Z R LTz 667475 7L & I SR 31T D REHZ I T3 EED A
ZALNE LTI, INVE I BTN T8 TF R 1 (Glucagon-like peptide 1; GLP-1)
DI A FR T 5 Z 1T K D FTHEPEZEANRIE ST 5 7419,
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A 31T 2 HSP70 L~V B IO THIld~ A F 2= VIR ToY A Ml A b
MMIHFD-GIn#E L HFD BE L O THEZZR DR o T, 7V 5 X 3l A & Lo fil %
ORI X W RIF S n—J7C, WPk X OWE AR & 2 o i PR LSS O ik 12 X
D MRFEER I S AL, L Lo 7 v 2 S IREERHERF S LD 19, REFZEICR VTS
NZ X HSPTO LA/ BAF 2 280 B A & i & CTRZp > Tz 2 &, MM
WETOINY I VRESCRBOENC L D WRIENR S D, Fo, ZVF I 3 mEii
LD EZLBEBRIND 2O, RIEFNLTO T VL I AEEOBINI T V2 I VREEOKT
(2D D T D ™ Il TIENENER OBERIEIC XY 72 I ARERZE L, 7
NE I BIDRELZTROTWAREER D D,

BV 35 F 2 BRI 2T 38 K OB AR OB BE R 2213, RIEMEY A4 b A o8,
MRIEMEH A BT 277 4 KA 7 F o DIKT, N~ DERERR B O A Z £ T, g T
DA AV PR X OIET v o — VPR I % B (Nonalcoholic fatty
liver disease ; NAFLD) (Z-072723% ™8, JEAFEOEATHFRIZ K 0 . B 2BV TN
ik HSP70 L~ L DX F & NAFLD OHEFTE &R & 5 2 & 3R iz 52, REFFEIC
BOTHIBIZ W T b YT 247 - 725 5%, HFD-GIn #£1X HFD Bf & bl U CHFlg - U
7'V %Y R~V MEfEfE 278 L, 70 % 2 208 NAFLD (2 U CIREICER 3 2 1]
REPEASRIR S 3Tz, ARBFIE & [RIERIC 7V & R 12 K % NAFLD (2xb 9 2 AR50 5 & 3
HSHE R INTETEY, 7 I U EHEE NAFLD L OEB L7 Ly I (T
L 2IRBOWEIEEIZONT S HROIMANLEEND, AMFRICEBNTIT I L H I I
(2 LD HSP70 &% > <7 L)L ~DOZ B TERO LI o Toh, TR D74
Y OBREN RN T A 2 K BIEWFAEE HSP70 L-uL o BN & B4 2 alEErE b & 0 |
JEN#A% HSP70 L ~/b & NAFLD & DOBEIZOWT S 52 02Kk Hild,
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5. B

AW CIE, SR AIERUC XV 78 L 72 BT 7 LV~ » 2 ORI L O
BIFLHA MA U BLOHSPT0 LL, RN VZ I U EBRBZEN LRI &IE
TR L DI LTz, C57BL/6J i~ v A& Ei@f (SD). mlEli& (HFD)., iz
X7 Va2 ERINLZ ARV & (HFD-GIn) %5 % 2REC0T, 12 B O FEBREOH
(ZHEMT U7 HED ¥ 13 SD #¥ & Lhie U CTHRMIIR O HSPT0 &% > /3 7 B L~V S IR S
JEWI#LA% HSPT70 & > /R 7 B L~ UiC B W CREMHIA Th o 72, E 7o, IENHiE L O
M IL-10 L1y HFD BRI B W TIRIEMIM Th o 72, 702 I Oz iat L
fEH. HFD-GIn #£1% HFD #f12 0 U THEWAMLHE HSP70 L~V &EETH Y | S b Y
7Y KUV BEEE Cdh o 72, LA EORERN G | IR I B\ CIRIRR RS L O
FEMIIIC 331 5 HSPT0 LULpME R 95 2 & 23 B e & B4 2 aletE 2 Rie Sz,
Fio. TVH 2 ALY E#EE HSP70 L~ULnZefb U, B I BIES 2 5feIc 8 %
FAEF AIREME A RIE S L7z,

35



Table 2-1

Diet compositions.

Ingredient (g/kg diet) SD HFD HFD-GIn
Casein 140 140 140
Cystine 1.8 1.8 1.8
Glutamine 0 0 40
Soybean oil 40 40 40
Lard 0 290 290
Cornstarch 465.7 175.7 135.7
a-Cornstarch 155 155 155
Sucrose 100 100 100
Cellulose 50 50 50
AIN-93M mineral mix 35 35 35
AIN-93 vitamin mix 10 10 10
Choline bitartrate 2.5 2.5 2.5
tert -Butyl hydroquinone 0.008 0.008 0.008
Energy (kcal/100g diet) 349 519 520
P:F:C (% of energy) 15:11:74 10:60:30 13:60:27

SD, standard diet; HFD, high-fat diet; HFD-GIn, high-fat diet supplemented
with glutamine; AIN-93, American Institute of Nutrition-93; P:F:C, protein,
fat, and carbohydrate.
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Table 2-2

Characteristics of the HFD-fed mice.

HFD
Body weight (g) 303 £ 0.7 382 =+ 1.6%**
Fat pad weight (g)
Epididymal fat 0.557 0.103 1.874 0.247**
Perirenal fat 0.223 0.051 0.822 0.121**
Mesenteric fat 0.338 0.038 0.757 0.091**
Subcutaneous fat 0.131 0.020 0.441 0.078**
Organ weight (g)
Spleen 0.118 0.018 0.081 0.007
Liver 1.254 0.040 1.374 0.040
Kidney 0.308 0.007 0.334 0.007*
Blood biomarker”
Blood glucose (mg/dl) 268 30 299 35
Serum insulin (ng/ml) 0.88 0.15 3.17 0.95%
Serum leptin (ng/ml) 2.45 1.21 15.0 3.9%
Serum adiponectin (pg/ml) 6.23 0.61 6.98 0.43
Splenocyte
Total cell count (x 10%) 1.41 0.12 1.23 0.07
T cell (%) 26.9 3.7 32.7 1.0
CD4'/CD8" 2.09 + 027 1.86 + 0.12
Proliferative response (SI)° 7.23 0.68 7.10 1.21

Values are expressed as means £ SE. *P < (.05 and **P < 0.01. Animals per

group: n = 5. * Blood samples were obtained in the non-fasting state. ® The
stimulation index (SI) is expressed as fluorescence from concanavalin A-stimulated
wells / fluorescence from non-stimulated wells. SD, standard diet; HFD, high-fat

diet.
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Table 2-3

Cytokine levels of adipose tissues and splenocytes of the HFD-fed mice.

SD HFD

Cytokine levels of adipose tissues”

Leptin (pg/ml/mg AT) 28.7 + 7.1 142 £ 22%*

Adiponectin (ng/ml/mg AT) 2.12 + 0.16 1.33 + 0.13**

IL-6 (pg/ml/mg AT) 206 + 3.6 183 £ 22

IL-10 (pg/ml/mg AT) 1.95 + 0.72 0.55 + 0.17
Cytokine levels of ConA-stimulated splenocytesb

IFN-y (ng/ml) 13.1 + 14 173 =+ 3.1

IL-2 (ng/ml) 2.58 =+ 0.64 332 +£ 044

IL-4 (pg/ml) 429 + 2.6 424 47

IL-10 (pg/ml) 337 + 17 280 =+ 26

IL-17 (pg/ml) 474 + 149 81.6 + 12.9

Values are expressed as means £ SE. **P < (0.01. Animals per group: n =5.

* Cytokine concentrations in the culture supernatant of adipose tissue were measured with

ELISA and normalized to accurate wet weight of cultured adipose tissue. b Cytokine

concentrations in the culture supernatant of ConA-stimulated splenocytes were measured with
ELISA. SD, standard diet; HFD, high-fat diet; AT, adipose tissue; ConA, concanavalin A.

38



200 ~

150 4

100 A

(ng/mg TP)

50 A

HSP70 protein level

SD HFD

3 1 8 -
© ©
5, 5
£ 1 I
ol o - %
°2 o 4 1
Q o
° 8 *x o8
~& 1 4 ~ &
o o 2
%) %)
T I

o A 0 A

SD HFD SD HFD

Figure 2-1. HSP70 levels in HFD-induced obese mice. HSP70 protein levels are
expressed as HSP70 concentration (ng/ml) / total protein concentration (mg/ml)
values in the homogenized supernatant of epididymal adipose tissues (a), splenocytes
without heat shock (b), and splenocytes with heat shock at 42°C (c). Values are
expressed as means = SE. *P < 0.05, **P < 0.01. Animals per group: n =>5.

SD, standard diet; HFD, high-fat diet; TP, total protein.
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Table 2-4

Comparison of mouse characteristics of the HFD-fed mice and HFD-GIn-fed mice.

HFD HFD-GIn

Food intake (g/day)" 2.8 =+ 0.1 3.0 £02
Energy intake (kcal/day)’ 145 + 0.8 157 + 0.8
Body weight (g) 382 + 1.6 349 =+ 2.1
Fat pad weight (g)

Epididymal fat 1.874 + 0.247 1.385 + 0.321

Perirenal fat 0.822 + 0.121 0.659 =+ 0.133

Mesenteric fat 0.757 + 0.091 0.514 =+ 0.078

Subcutaneous fat 0.441 £ 0.078 0.333 + 0.089
Organ weight (g)

Spleen 0.081 =+ 0.007 0.078 =+ 0.006

Liver 1.374 + 0.040 1.227 £ 0.044*

Kidney 0.334 £ 0.007 0.336 + 0.014
Blood biomarker”

Blood glucose (mg/dl) 299 + 35 291 + 55

Serum insulin (ng/ml) 3.17 £+ 095 1.81 =+ 0.60

Serum leptin (ng/ml) 150 + 3.9 7.73 £ 2.67

Serum adiponectin (pg/ml) 6.98 =+ 043 6.25 =+ 0.12
Splenocyte

Total cell count (x 10°) 123 = 0.07 127 +0.14

T cell (%) 327 £ 1.0 308 £ 0.8

CD4'/CD8" 1.86 + 0.12 2.02 + 0.08

Proliferative response (SI)° 7.10 + 1.21 6.15 + 0.55

Values are expressed as means + SE. *P < 0.05. Animals per group: n = 5.  The daily
intake per cage was recorded once per week and divided by the number of mice.

Averages of daily intakes for experimental periods are shown. ® Blood samples were

obtained in the non-fasting state. © The stimulation index (SI) is expressed as

fluorescence from concanavalin A-stimulated wells / fluorescence from non-stimulated
wells. HFD, high-fat diet; HFD-GIn, high-fat diet supplemented with glutamine.
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Table 2-5

Comparison of cytokine levels of adipose tissues and splenocytes of the HF-fed mice and

HFD-GIn-fed mice.

HFD HFD-GIn

Cytokine levels of adipose tissues”

Leptin (pg/ml/mg AT) 142 22 111 37

Adiponectin (ng/ml/mg AT) 1.33 0.13 1.58 0.24

IL-6 (pg/ml/mg AT) 18.3 2.2 27.8 5.7

IL-10 (pg/ml/mg AT) 0.55 0.17 0.54 0.19
Cytokine levels of ConA-stimulated splenocytesb

IFN-y (ng/ml) 17.3 3.1 14.7 0.7

IL-2 (ng/ml) 3.32 0.44 3.60 0.62

IL-4 (pg/ml) 42.4 4.7 36.4 3.9

IL-10 (pg/ml) 280 26 274 24

IL-17 (pg/ml) 81.6 12.9 88.4 30.1

Values are expressed as means + SE. Animals per group: n = 5. * Cytokine concentrations in the
culture supernatant of adipose tissue were measured with ELISA and normalized to the accurate

wet weights of cultured adipose tissue. ” Cytokine concentrations in the culture supernatant of
ConA-stimulated splenocytes were measured with ELISA. HFD, high-fat diet; HFD-Gln, high-
fat diet supplemented with glutamine; AT, adipose tissue; ConA, concanavalin A.
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Figure 2-2. Effects of glutamine supplementation on HSP70 protein levels in
HFD-fed mice. HSP70 protein levels are expressed as HSP70 concentration
(ng/ml) / total protein concentration (mg/ml) values in the homogenized
supernatant of epididymal adipose tissues (a), splenocytes without heat shock
(b), and splenocytes with heat shock at 42°C (c). Values are expressed as
means = SE. **P <0.01. Animals per group: n = 5. HFD, high-fat diet; HFD-
Gln, high-fat diet supplemented with glutamine; TP, total protein.
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Figure 2-3. Triglyceride levels and HSP70 protein levels of liver tissues. (a) Liver
triglyceride levels were determined by normalizing triglyceride levels in the
homogenized supernatant to the accurate wet weight of homogenized liver tissue.
(b) HSP70 protein levels are expressed as HSP70 concentration (ng/ml) / total
protein concentration (mg/ml) values in the homogenized supernatant of the liver.
Values are expressed as means = SE. **P < 0.01 vs. SD. Animals per group: n = 5.
SD, standard diet; HFD, high-fat diet; HFD-GIn, high-fat diet supplemented with
glutamine; TG, triglyceride; TP, total protein.
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BHEETILI I ADOIEHERIERICE T HHRE (AR 3]

1. M5

AREERFFE 212 K0 | B o ML F K OURIRLRIZ 315 5 HSP70 L~L O F [ 23
RENT, o, ZFE I UEBISIERERO HSPT0 LV @) 5 2 E RS, B
ORI BT HSPT0 5LV 2 N5 & Bl 2 Al fEtE 2 RIB Sz,
TNE I THSPTO DN —Th D Z EITMA, A M A VEADOTHEIER 72
CRIFMI A N T T, T AF I VREOREIZOWT, BEREAM FIZBT 2T
X, & b YU L oSERD HSP70 #5388 7L & 2 L RIE 0.5mM OHAIC 2 mM O 4 & ik
LTHEIEWZ &8 Flev A MU= Rl Lo e PRI EZMIRIC LD A oA
VEEAEN TNV I REDEWIZ IV BT D T ERHE STV D 828, Lin LR b,
TINE 2 IERER DA kB A L EEA R L OVHSPT0 12 RIET B OV T ORI
WETE+4 TRV,

WF%E 3 TIE M O MR ICH 1 5 HSPTO B L L& 2 2OV THRETT 5729
MRS I N T OV Z 2 R OE VIR DY A b H A >3 L O HSP70 L
AN BAET R A Bt LTz,

2. ERAX
2-1. EREMBLIUVUERTO -

5 HED C5TBL/6I i~ A (=7 A —ER) ZHW=, ~ 7 A% 12 K4 DI
W 7 v GEXTIRER © P8 7 Re~AFal 7 1) IZR W TR 20~26°C. 1R 30~70%1C
BRLLUTZBREE T ClIE Lz, Bk KOZRRAKIZA mEILE L, RER X O EHERE
A1 EE Lz, A (AIN-93M FE¥EfEL, Standard diet ; SD) THIMLEIE Z1T
STt Bl E & Eam i & 5 2 5 AR RE (Non-obese #f ; n=10) B L OEE & (High
fat diet ; HFD) % 5 2 2 JILHi#E (Obese #f ; n=10) @ 2B 7o, FEREDELOAELAL
% Table 3-11Z/7~"7, QWM OEREDOKIZ 18 Fefila R & L, BFHIRE VD =GR i %
To72, 10 WM OEREDRITHEN 21T > 72, BN (BEEBIEN) F L OPIlEhEN;

CHEE LMRIEN) oE &2 NE L, R LRIEN 2 TRt o 715 K0 TR & 525
e U7z, Zeds. AWIRIT A AL FRPEMFEREEZOKROS & WAL RFEEYE
BRHFEICHE VT 2 72,
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2-2. MBELFRE
ZERERFER AL U 72 il 2 3B C L NUIBE N ERR 7 Vv 2 i — REA T A =S —a (T —7
LA 7727 M=) ZHWTHIHEEZRE LTz, MiEE~ Y RBE T 7 AEBME |
FRELL . O 0B K0 4572 & ffdT &£ C—30°C CHRAF L7z, A > AU U REE L
EAA LAY CPEM ELISA ¥ v b (3% X)) HWNTHIE L, A R Y ARGk
DF5fE & LT Homeostasis model assessment of insulin resistance (HOMA-IR) % LI F
ORIV REH LT
HOMA-IR = ZE[gHFA > A Y LA (1 Uiml) X Z2IERFBE1E (mg/dl) 405

FR AR L REIRFER 1. U 72 1 i 2> © 2 O A0 BIELS 0 i 2 8RB L f#HT £ C—30°C CERIF L
T MGV 7 F UREL XY 7 4 AR 7 F U REORIE %Z DuoSet kit (R&D Systems)
ZHWT ELISAEIC L D T T2,

2-3. RREAtERMOBEEER

TNE I UPREZ 05 mM £70013 2 mM & L7 3%FBS 54 DMEM £5H#1, Widfs
i Cd %R B IRAEGALRL & 5 20mg,well Tl & #72, 24 YOFRE T L — RMZT,37°C,
5% COzA v FaX—%—NT 24 K] (Interleukin (IL) -6, IL-10, L 7F B LW
TT 4 R FrORFEM) £721% 72 K (Tumor necrosis factor (TNF) - a OH#IEH])
B L7 85 A B L 35E IET YA N A REE% DuoSet kit (R&D Systems)
ZMNT ELISAEIC L VAT o7z, B9 BIEH YA NI REZ | BEEBARRHCIIE L
RN O BRI CTHIIE L7,

2-4. HSPT0 2 >\ EL X)L

24 Wl ER % ORI L, 7'v 7 7 — B %Al (complete ; Roche) Z RN
L7z T-PER buffer (Thermo Fisher Scientific) ' C~XL v FXv X/ (Kontes) % ]
WCRE DT A R LT, BLSEE (4°C. 15,000 rpm. 57%5M) 12k 0 &EDF 1 2L
R Y

HRE VA X EFEF O HSPT0 % % ELISA {512 L % Total HSP70/HSPA1A DuoSet
IC kit (R&D Systems) ., #4737 EHJE % BCA (Bicinchoninic Acid) 7412 & %5 BCA
protein assay kit (Thermo Scientific) % W CHIE L7=, ST A X EiEH @ HSP70
WIE e s X7 BRI TR L2 B Z BERARLER HSPT0 & /s 7 B L~L & LT,
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2-5. RETERAT
T — X OfEHENTIZIZ IBM SPSS Statistics 22 (IBM) i L7z, #&F % FEMHE+
RHERRE & LR T, 2HER O EZARE SIS DR t BUE 2 V7, IENHRkR &
EWERYA M A CREIZOWT, BB LTV F I REE 2 K L 45 oohliE S
WO 2 T~ T2, AEKMEZ SR E LT,

46



3. R

-1. RE. BHESEHS S UMRELFERE

ARG X0 B A 558 U 7 IR S K OSBRI O R, fERH & L ik S 1
A~ —7 —% Table 3-2 |Z/~"7,

IR, R THENG (RESERHIENS) 35 K OWNIRARR CREHE BORARNG) 1. MESERE S JE AL A
L CHEICEME TH o 7o, RO MBS KO 2 S E R AR
IZHEETH Y . HOMA- IR IZBW T HIEMHERA A EICEE Th o7, b Z Lt I
WRHZ RN TA v R U RPN 2 0F 5 I O 8 A RS S iz,

7o MR & b L i L T U RE R A BICEETH Y . —JF Tl
TT 4 RR I FUREIIABIKE TH o T,

3-2. BERHFAMEE LB DY A bhAVRE

TNE I U DE O NGRS X B A N A VEAICRIET B R R 5720
0.5 mM F 7213 2 mM O¥E#it 7L & I REIZ W TR S K OFEIRREH R ONEN
HRE DWWt B9 A A v ERERBF L (Fig. 3-1),

B & 0 RIEMEY A R h A TS TNF-a ., IL-6 B L L 7 F I3 = I Al
Tholz, —FHT, TTARFI FUREFIEBICE W ABEICHD Lz, IL-10 BEICE
WTFIEmIC L5 A BRI ZBORehole, TV FIVREOZERLE LT, 721
PEPE AL T o 51F EPRAEMEY A R A > TL-10 BEREWE WO 2R (P =
0.065), WT LD YA A ANZBNTHIEIIL L L7 I U RE DR FIINCAE R
ZHAEIZE D 72D > T,

3-3. HERA#AME HSPT0 2 /RO B LR
0.5 mM Kl 7 v 2 3 RISV TR L IRk O HSPT0 % /37 B L~L
% Fig. 3-2 12”7, 0.5 mM s 71 & X PR EEIZ B CIIAERE DS IR AR I b LA
BIRETH > 72, 2 mM i 70 2 X U REEICR WD T 2 BERNICA B A Z 8D -
7= (Non-obese ¥, 32.8 pg/u g protein ; Obese £, 32.0 pg/ 1 g protein)
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4, ER

ARG, 7 V5 I 2 DB O IR R T B A Ritd 2 72, IRk
BWTIT NV I REOEWDIEAGRIC X 5% A A B LU HSP70 # /37
B LW R TR AR L,

NEZ 3T, BRI DNERACIT B, BTRIEIEH] « A o R U RS MER I %
ATDT7T 4RI FUoOERTE, TTARIA REBEOENNEL D, 61T, EHD
NEWHLAE CITIIE A RES 5 M1 v 27 v 7 »—37, Thl flifid, CD8 T Miflu 2 4EFE L,
AEMGAING & AR EAER L7 0 & IR SIE 2 K3 % 89, REFZE O @RI LV FFE L
7o BB E T v~ U7 A DRRIEMEIC BN TS . RIEVEY A S A4 TdHD TNF-a B LW
IL-6 O¥NERD, RIEMT T A RIA L THODH VT F oL ERMEL 7T REIC
—H LTI RV LT, — T, BIRIEVET T4 A v THLTTARAR T F
XMIET 7 4 AR 7 FUREIC—F U TIERMIC L VB Lic, SLRIENED A M A v Th
% IL-10 IZBF L T, REFHEMEIER ~ 7 2 DNENIMEIC BT 5 IL-10 EEADIER T A RS
TV 8, — T, BEMEIRE 7 v MBI 2B Cidte L ARG IL-10 7BLX
ML TR Y JIEITKT D PG E T D ATREMED R ST 5 86, RIFIEIC U T
IL-10 I RNEGRE & HEIRmRE & THEZZRB ORI ->T28, TR E L TIEmIZ K -
THU A IL-10 FEAK FIZI 2 CTHNGE & LT IL-10 EA-BEUMAERTH 5 alaetk
D5,

TG RRIRRE YA N A CPEARICRIE TR L LT, S F I VREDNEWVE
EIL-10 PEAED AT 2 m 2380 7o, NERAE AL €l IL-10 FFEOHIRIEMEY A B U A
v EEAT D CD4THIEEME T Mlae M2 ~ 7 1 7 7 — D2 TxE U S5 M i e 23 2
2722 50, F 7z, REGEHENHERERH OHIEPE T ML CIX TL-10 BEME T T 5 2 & At
INTWD 87, TL-10 XA O WA I B W CfIEAE S 1D INF-« Z[HE LGS 2
LI ARMTEIZ XY v I B NEERRIC I 1T D TL-10 pEAE A B L RIERUG 2 40
il U155 ATREPEDS R S T, RAFSETRRO T 7 v Z 2 2 K 5 IL-10 EA O EFEHIC
DNTIE, b MRS X D504 S A L PEAIC KT REICET 5HED in
vitro WF5EIlZ B W T NV I VN IL-10 DY A A VPEEZE DT & O#WiE 2L —3K
T5, ABEICEBNT, v/ v 77 —VE&2 T %5 LPS il FTo TNF- o FEAIL Y
NEIVREICE DL LR hoTo s SN TWD, AfFgEicknWTs, IENHARIC L5
TNF-a FEEIZ I NVE I VREOEVNCEIAEEZEZRDO RN olz, LML,
Yaqoob & DML TIEIARMIL LR L 2mM AN TORFTTHoT-DITxt LT,
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Wischmeyer HIZ X0 7% I BN AmM LLEE W) KB EIE IC VW T e MR
Y AN &5 TNF- o FEAEDMIH S5 2 ERHE STy 89 K FRE I
X o TIN5\ TH TNF- « PEA 280 L1525 THEMEN S 5,

ARAFFENZE T 2 NN HSPT70 & > X7 B L~ UUIZBT 2t CTid, 7 v I e
2 mM TIINEm AR & FERLRHE L O CTHBZX R oDkt LT, 7 I ViRE 0.5
M IZER W TIIIER RO B HSP70 % > R 7 B L~V EICIRETH D | RGO
NEW#HARIZF51F 2 HSPT0 FEBUL 7 W Z I VRIEDRBEAZZ T H 2 LRSI, f 7
VB UPREEITHR 0.6mM TH DA, MG, BEBEIC XL VK 0.3~0.6mM (KT D 89,
AR 2 B 2R RIS B W R 7L 2 S CRIEME T LTV D L o#E L b Y 606D
ZOMEMIZE T DI NE I DT XA Z YT ¢ O T AHEN#Hk D HSPT0 BHOK T
(ZOMR D ARV R STz, E7o—K T, MBI & D HSPT0 FBUK F D 2 7 = X 4
D1I2OELT, ARV VT FIBRED A — ROK T2 HSP BEOEK TFIZ272R’ %
ZENRBIN TV 3, R OAEHMEIZ BV TIEA v 2 U ARG X W HSP70 %8
HPME T4 % 2 L2k v, HSPT0 FEEN T X 2 OPSE O R85 5% 1T R4 W il REMEA
H 5,

HSP70 &4 A b A v & DB DT, 3T3-L1 AR x LT a2 » 7 # %
7eHatr. HSPT0 BN EH L, VLT FUBLOT T4 AR T URENEN LTIz L O
HRd % 0, £z, HSPT0 IZ NF- « BIEMEALOREIC K D HIIENEM R EF A b A
PEANCS B IET 19, L2 - T, AFRRICBWOURS R 2V Z 2 v b ARmAR R
2R 5 HSPT0 HLOET L OEICE Y | JEWICRK T L 72 I 00T XA T80T
4 DR TIZ LD HSP70 FBLOK T 23, & SIS 594 A 22k &
B4 2 nlREMHED & D,

PLEDORER G BRI 5 TL-10 FEAIS L OVHSPT0 RBLE 7 v 2 X v & DR
HVRER STz, 2O Eb | BMOIENHERICB T 27V I DT XA 8T T 4
DAL TL-10 3 L VHSP70 LV DRI D72 H3 0 | FRBIC R & KT AT REME D3 /s
Me ST, £z, 7V F I VREZ TR 5 2 & 13RIk IL-10 3 X OV HSP70
LAV & D 5 2 IR VOB A S LGS WM H Y | 5% & B D EK
oD,
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5. EF

AR, 7B X RS SMEER ~ U A DOJENHMMIC R T 5 A R A U BXD
HSP70 (& fIFF 52 SOV TR = IS BV THET L7z, CBTBL/6J B~ 7 212 10

WS R % 5 2 T BEZ BT (Obese ) | Wil R 4 5 2 72 #E 2 FENEGEHE (Non-obese
BE) & Uizo MEGmREFS K OFERERRED NIEARIGHEAR ORI EIRIRIGMLER) 2. 7 vz v
B 0.5 mM £721X2mM & L7-RHiP TR Lo, T OREE, 0% I RIEREWIE
E Rk RS 3R B IL-10 IR EMEME M CTh o772, 0.5 mM Z ¥ I VR TRAR L
=454 REWifER HSPT0 & > "7 L~V BSEMEHC B W TIRIE Th - 72, LL DR
PO EEIZBIT D 7 VE I DT _A T8 T 0 OEIC XY RO TL-10 L~v
BLOHSPT0 L~ Z b L, JRRBICR R A KT T AlRE MV RIE S Tz,
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Table 3-1

Diet compositions

Ingredient (g/kg diet) SD HFD
Cornstarch 465.7 175.7
a-Cornstarch 155 155
Sucrose 100 100
Cellulose 50 50
Casein 140 140
Cystine 1.8 1.8
Soybean oil 40 40
Lard 0 290
AIN-93M mineral mix 35 35
AIN-93 vitamin mix 10 10
Choline bitartrate 2.5 2.5
tert -Butylhydroquinone 0.008 0.008
Energy (kcal/100g) 349 519
P:F:C (% of energy) 15:11:74 10:60:30

SD, standard diet; HFD, high-fat diet; AIN-93, American
Institute of Nutrition-93; P:F:C, protein, fat, and carbohydrate.
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Table 3-2
Body weight, fat pad weight, and blood biomarker

Non-obese Obese

Body weight (g) 352 £ 038 422 £ 1.1%*
Fat pad weight (g)

Subcutaneous fat 0.26 + 0.02 0.48 + 0.04**

Epididymal fat 1.36 + 0.08 2.09 £ 0.04%*
Blood biomarker

Blood glucose (mg/dl)* 78 + 4 103+ 7%*

Plasma insulin (uW[U/ml)" 11.1 =24 31.8 £ 4.9%*

HOMA-IR? 227 £ 0.62 8.76 <+ 2.02%

Serum leptin (ng/ml) 18.7 + 0.9 229 + 0.6%*

Serum adiponectin (pg/ml) 7.19 £ 0.25 6.09 £ 0.25%*

Values for the non-obese mice (r = 10) and obese mice (n = 10) are expressed as

means = SE. * P <0.05 and ** P <0.01. * The blood biomarkers in the fasting
mice were measured after 9 weeks of the experimental diets.
HOMA-IR, homeostasis model assessment of insulin resistance.
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Ob: P=0.030 Ob: P =0.002
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<
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Glutamine (mM) Glutamine (mM)

Figure 3-1 Effects of glutamine concentrations on cytokine secretion by adipose tissue
from the obese mice and non-obese mice. The adipose tissues were cultured at a glutamine
concentration of 0.5 mM or 2 mM. The amount of cytokine secreted by the adipose tissues
are expressed as the concentration of the cytokine in the culture supernatant / the weight of
the cultured adipose tissue. Values for non-obese mice (n = 10, white bars) and obese mice
(n =10, black bars) are expressed as means = SE. Two-way ANOVA results of the effects
of obesity (ODb), effect of glutamine(Gln), and their interaction effect (Ob X Gln) are
shown in the upper right.
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Figure 3-2 HSP70 protein levels in the adipose tissue cultured under
the condition of 0.5 mM glutamine. The HSP70 protein levels are
expressed as HSP70 concentration (pg/ml) / total protein concentration
(pg/ml) in the homogenized supernatant of the adipose tissue. Values
for non-obese mice (n = 10, white bars) and obese mice (n = 10, black
bars) are expressed as means = SE. * P <0.05.
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EIE 2ERFOAEBESIVUR aVvIFAVNRIBIZBIT2RERER
DEE [HAE4]

2HPEIRIG X, A > AU VWM TRoA R ) ARG E X T2 T EH O BBIK I
FORBENRTFPSMO0 A A AMEAARRZ AU THIET D8O S ML EE T 5
REEBTH 2 9, 2 BIFEFRIF B RIA IR 2212 M5 DFHIE C & 2 MEIE ., BE, ik
RN % EENRE B & OBIREELHIRB D Y 2 7 &7 5 92, BHIRIELIC IS\ T ok
HUMITINE DIRMESS T X 0 IRAETERICE G- LT 2 99, JESC & 2 AR U5HLRR O 18 M JeiE ik
AT BT DA A ARGWEICE 53 % 50, BBV TR, RIEEO M1~ 27 17 7
—UPERLUKERZAEL D Z LT X YR M REIR T B 5T 2 2 & 2% 2 MR IR
EFTNS T ACBNVTORINTWD 9, 7 @ MARIR I XSS RE DX T IT S |
PFERFBBE BT 2y e — VAR BIEERBO Y R0 7 7 7 X —L 2% %),

— T, flix ORFBRLBMST OFRIEERRA~DOIEM . 725 NTHIERE N LR L
DEEIZOWVWTHL NI SN TE TWVD 17D, S RBEFIEICB W TRICRRI N RS T
TWLTNF=0 TAZIIMA, flix DT I BN GRERICIEN LSS 2 E00RS
WTETWD 9, Fio, MFFRRRE R 2 BUFERIF ORI IVCTlLh 7 2 BRIR A2
T5HZ LRI TN D 6,

Heat shock protein 70 (HSP70) %, A b L ZAMKHCARNBZICHE I, Mia
PO e 2635 2 L 26, HSPT0 F5EIC K 2 s bE E oM 22 SISO W TR 72 S
TN 5 90, 2 BIREIRSS & ORIELIC I Tl 2 BUREIR IS B O A #LE% ¢ HSP70 %
BLOMK T LT\ 5 Z & 29 2 BUEIR I I L2 330 C HSP70 LA g 35\ TR B S ]
PEBIZ B W TITEETH D 2 & WERRE SN TNDH, HSPT0 %Blx LR SELHZ L1
IO AR ARFMERSEES NS Z EbMEIN TS 6, £7-, HSPT0 (Z¥1 74
A VHEAZ ZTRERRER LORECOEET 52 &2 6 HSPT0 BELOE(L3 557 %
G DI HER O A OFFIRIZE ST 5 WREME D B 5,

ARIFFETIE, 2 BPERFET L~ 7 RAZBW T, RERIMER LSBT /B Th D
TAX=EBEBIOZ Y v OB RERERER LUV HSP70 HBUZ KT T B L M L,
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2. REBRAE
2-1. EEREMW
FEHRIZIE 3D C5TBL/6J I~ 7 A (=7 A —t X)) Zflwic, w7 X% 12 K
RO 7 v GHATRERE] P82 7 Rg~ZFRT 7 1) (B W TRE 20~26°C, L 30
~T0%IZEBR L2 BREE T~ CRlE L7, filkhds K OZEREKIZH MBI E Lz, RE LU
BHERCR A 1 HE Lz, 7eds, AFRIZA AR L - REBMEREEZOEROL &
A A2z A K7 B AR ITIENMT > 72,

2-2. EBJobra—

WiE R (AIN-93G #E#EfI K}, Standard diet ; SD) C 1 #MBIMLEFETE 217> 72, Luo
B DI7ik SN HE U T 2 AL RIS T 7 /v~ U ZADFFH 2AT o 7=, 2 BPERIE O HE 2 755
TOHE (n=30) (ZXLTE, 3WMOmIEN& (High fat diet ; HFD) Z#lis¥, £
DI 7 T U RAEER IR MR L= A b V7 F Y kv (Streptozotocin ; STZ) (Sigma
Aldrich) % 100mg {K& kg OH & THEIEN®E G- Lz, HERFEZFHE L WEEHcx LT

FE R AT 7 U REEE O A 25 L7z (Non-DM #f ; n=10),

2 MBERIR DR Z A B LT E % STZ #4500 4 & (CEERIZ ST T, LLTO
KEREZBKB L . HFD £, 2% 7 /¥ =2 (Arginine ; Arg) ZRML7-&EVE
(HFD-Arg £8). £721%3.4% 2V 2> (Glycine ; Gly) # I L 7= &M (HFD-Gly
=), TNZENOiE%Z DM . DM+Arg £, DM+Gly #£ & L7z (%8 n=10), FEBrfikl

DO % Table 4-1 1237, TAX =T A= UEBEOFRECHM LT, 7T1r¥=
YEBIOTY o RIETREZRST D700, FEEEHGRIC DM B, DM+Arg Btk
L O DM+Gly # 0D 3 FEMICIRB W TIRE, MmfEEds JOMmEE A o X U AREICAEAED R
WZ LR LT, 2 B OEBRE ORI 21T 272, TREDOTIEIC Lo THMEHr 21T

>7,

2-3. E#HREE
B RREWG (REEHBREIG) « PliEiENT CREEE LORNENG) . IR, Bale, DR, Frldcs L OV
oo A JE L7z, M. s & OV gz fi#t £ T—80°C TIRfFE L7,

2-4. MEFELFRE
2 RUPE PRI O RE &2 75 5 L 7R 2 R O 3BT/ 1 DBRIC, 4 RFR] DGR ORI #
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IR & 0 B U 7= fif o0 Bl 36 & ONMASE A > X U i 2 0 U 7=, U 2 /)N i A
BT N AN —REAT A—=H—aq (T—27 VA 7727 ~U—) THRIEL, IfiLHKE~X
U SUERFE TN T A BAENERI L | 0B K0 B gD A XY REE L E X
A AV CHGEM ELISA ¥ v b (3% F) 2 HWTHIE LT,

PRI O BERFER M 35T BE 2/ N R E R 7 L 2 — REA T A — 4 —

(T—=2 v A77 27 bU—) THE LT, EOHBHC LY miEA2HR L., fi#hr £ T—30C
TIRAE LTz, MEA VAU VREA L EZAA A HER ELISA % v & (337 F)
ZRAWTHE L7z, Mg o—ig{bzEFR (Nitric oxide ; NO) DR Z i+ D NO2™#5
FOVNOs™ D & LCHIE L7z (IE NOx 2, HIEIZIE Griess KIGIZ L 25 Total
Nitric Oxide Assay Kit (Stressgen) % V> 7=,

2-5. PR ERIREERER

Pl & 0 . BFZE 1 &[RRI 5 % FBS & 47 RPMI1640 15l i e itk 2 didd L 7z,

AR % 5 1 g/ml Concanavalin A (ConA. Sigma) & 7213 10 1 g/ml Lipopolysaccharide
(LPS, Sigma) OfFEFT37C, 5% COzA v Fa—X—TTHELL,

JEER U > SERGIAFHE SIS O RTE L, 96 FOPIE T L— [ 52X 105 cells/well TD 72 i
D¥EFEM% . Alamar Blue ¥IZ - THIE L7z 39, Alamar Blue (Biosource) % 10 u Vwell
WML, & 51T 3FHIEEEE L 721412 544/590nm THOEHRE 2 JIE L, Stimulation Index

(SI; T & L TaMliL7= :
SI= (ConA H T TG — BERE T CTOHOEIMEL) /HERIE T CodOe

MR HAZ Bk RT3 RIS A M A IREOWEED T2, 24 SRS L— T 5X 106
cells/well C 48 FElREZ L, w008 (4°C, 3,000rpm, 10 7)) 2k v EiE&2H&7-,
B L 7o B3R £ C—30°C CTIRAFE L7z, B A b A VIREEOHIE X DuoSet kit (R&D
Systems) % VT ELISA 742 T1T o 7=, ConA HI¥ F TOEs#E _EiF 28\ T Interferon

(IFN) -v . Interleukin (IL) -2, IL-4, B X IL-10, LPS fl# FOR#E BFIZB W
C Tumor necrosis factor (TNF) - o ZH|E L7z,

2-6. HSP70 2 >/ E LR
Fafr, Arlgds L OV g E2 ., 77 7 —EFHEHS] (complete; Roche) ZiRIML7z/3N> 7
7 — (10mM Tris-HCl, 10mM NaCl. 0.1mM EDTA. 1% TritonX-100) H CTHE T+
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A #— (Polytron PT1300D, Kinematica) #HW\THETF A AL, 4°C, 3500rpm,
20 3B L4 C, 15000rpm, 20 43T 2 EE LSS S Z LIk AEY A X E
G257,

RE VA X Lo HSPT0 % ELISA JEIZ KV LT K5 Il L7z, 0.06M
IRWE/N > 7 7 — TR L 7= Mouse Anti-HSP70 Monoclonal Antibody (Stressgen) % 4 °C
T—WeE(E L=k, PEHIZ 0.05%Tween 20 %5 PBS (T-PBS) %V, 0.1%BSA &
A TPBS T7myxo 7L, W7 Bl L L TOD Recombinant Mouse
HSP70-A2 Protein (Stressgen) % /12T 37°C T 2 Kfil§fiE L7-. Hsp70 Polyclonal
Antibody (Stressgen). #i\ T Goat F(ab’ )2 Anti Rabbit IgG -Horseradish Peroxidase

(Leinco Technologies) & i &H7=, FE & L C ABTS Peroxidase Substrate System
(Kirkegard & Perry Laboratories) % I\, 405nm THEEE 2 HIE L7,
REVIA X EEFRORE X7 EREZ BCA 15125 % BCA Protein Assay Kit
(Pierce) ZHWTHIEL., REVFA X LiGEH O HSPT0 JRE A # & /X7 B Tk
L7-fE% HSP70 % > /7 L~ & Lz,

2-1. #REHERAT

fE R A S R E IR & U CORd, R MEFD DM #., DM+Arg
#Eds J O DM+Gly BEO i & — ol 5y B adric X Y 47> 72, Non-DM #t & DM #E oLt
WU, IERMEDH 525G 12T t BUE, IERMED RV EE 21X Mann-Whitney U BiE Z2
7=, DM #f, DM+Arg #£35 X O DM+Gly B Feifkid, DM B4 5T BEEE & L C Dunnett
BMEIC L VITo 7=, #EEHFIILEEIC SPSS 16.0 Base System (SPSS, Inc.) Zf L. A
EAKHEAZ 5% L L7z, DM+Gly BED 5 5, EERAERHLAFTO STZ $5-6 H 1% O HIE Tt
TR REWD B KO E DK T 258D 7 1 LI 2 SRV CTHRIEZ T - 72,
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3. fER

-1. 2BBERFHETILIIRANDFE

2 BUBEPRIR OFRRE A 755 L 728 (DM #E, DM+Arg BE35 L OV DM+Gly ) 72 5 ONZH

BLTWRWEE (Non-DM #¥) O FEBREBHAGE: O A Table 4-2 |2 d, Jef TAFZEIZ
S @RV X0 STZ #4512 X 2 2 WP RFAFEOFERIZ LY | BEEmIC LS
A A ARG, RS NTDBERA R LT Y YU TORE B IR OEEIC L HEIED A
VAU VBUMETREL, A AU O R R AR E T ARENFEIND %),
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Table 4-1

Diet compositions.

Ingredient (g/kg diet) SD HFD HFD-Arg HFD-Gly
Casein 200 200 200 200
Cystine 3 3 3 3
Arginine hydrochloride 0 0 24.2 0
Glycine 0 0 0 34
Cornstarch 397 137 112.8 103
a-Cornstarch 132 132 132 132
Sucrose 100 100 100 100
Cellulose 50 50 50 50
Soybean oil 70 70 70 70
Lard 0 260 260 260
AIN-93G Vitamin Mix 10 10 10 10
AIN-93G Mineral Mix 35 35 35 35
Choline bitartrate 2.5 2.5 2.5 2.5
tert -Butylhydroquinone 0.014 0.014 0.014 0.014
Energy (kcal/100g) 367 520 519 521

SD, standard diet; HFD, high-fat diet; Arg, arginine; Gly, glycine; AIN-93,
American Institute of Nutrition-93.
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Table 4-2

Animal charcteristics at the beginning of each experimetal diet.

Non-DM DM DM + Arg DM + Gly
Body weight (g) 25.1+0.4 26.0£0.5 25.1+0.4 24.9+0.7
Blood glucose (mg/dl) " 134+ 8 224+ 14° 225+26 240 £ 32

Plasma insulin (ng/ml) "’ 0.401 +0.078 0.557+0.093  0.633+0.207  0.572+0.183

Values are expressed as means = SE. * P <0.01 vs. Non-DM. Animals per group: n = 10.

Y Blood samples were obtained after 4 hours of fasting. DM, diabetes mellitus; Arg, arginine; Gly,
glycine.
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Table 4-3

Food and nitrogen intake for the period of experimetal diet.

DM DM + Arg DM + Gly
Food intake (g/day) 6.2 5.8 5.7
Energy intake (kcal/day) 322 29.8 29.5
Nitrogen intake (g/day) " — 0.037 0.036

Values are expressed as average intake per cage. " The amount of nitrogen in ingested
supplemental amino acid are shown. DM, diabetes mellitus; Arg, arginine; Gly, glycine.
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Table 4-4
Body weight and organ weight.

Non-DM DM DM + Arg DM + Gly
Body weight (g) 26.6+0.3 285+05° 273+0.6 27.9+0.9
Organ weight (mg/g body weight)
Subcutaneous fat 5.05+0.33 6.82+054* 6.48+0.31 6.82+0.56
Epididymal fat 21.5+1.9 328+1.6° 284+19 322+24
Pancreas 4.89+0.15 4.84+0.20 4.80+0.18 4.68 +0.21
Thymus 1.44 £0.04 1.37+£0.03 1.39+£0.06 1.38+£0.07
Spleen 2.43 +£0.08 2.51£0.11 2.45+0.12 2.53+£0.16
Liver 40.2+0.8 43.0+£09* 422+1.0 433+£0.8
Kidney 10.7+0.2 9.7+0.1° 103+02° 9.9+0.2

Values are expressed as means + SE. * P < 0.05, ® P <0.01 vs. Non-DM; ¢ P < 0.05 vs. DM.

Animals per group: n = 9-10. DM, diabetes mellitus; Arg, arginine; Gly, glycine.
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Table 4-5

Blood biomarker.

Non-DM DM DM + Arg DM + Gly
Blood glucose (mg/dl) 220+ 15 305+14° 327+23 348 £ 40
Serum insulin (ng/ml) 1.333 +£0.286 2.127 £ 0.420 1.512+0.334 1.253 +£0.318
Serum NOx (uM) 334+£3.0 53.9+6.7° 44.7+2.1 39.2+2.7

Values are expressed as means = SE. * P < 0.01 vs. Non-DM. Animals per group: n = 9-10. Blood
samples were obtained in the non-fasting state. DM, diabetes mellitus; Arg, arginine; Gly, glycine.
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Figure 4-1. Proliferative response of ConA-stimulated splenocytes.
The stimulation index is expressed as (fluorescence from ConA-
stimulated wells - fluorescence from non-stimulated wells) /
fluorescence from non-stimulated wells. Values are expressed as
means & SE. Animals per group: n = 9-10. DM, diabetes mellitus;
Arg, arginine; Gly, glycine; ConA, concanavalin A.
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Figure 4-2. Cytokine concentrations in the culture supernatant of mitogen-
stimulated splenocytes. Values are expressed as means = SE. 2 P <0.05,

b P <0.01 vs. Non-DM ;¢ P < 0.01 vs. DM. Animals per group: n = 9-10.
DM, diabetes mellitus; Arg, arginine; Gly, glycine.
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Figure 4-3. HSP70 protein levels. HSP70 protein levels are expressed as
HSP70 concentration (ng/ml) / total protein concentration (mg/ml) values
in the homogenized supernatant of thymus, liver, and kidney. Values are
expressed as means * SE. ? P <0.05 vs. Non-DM. Animals per group:
n=9-10. DM, diabetes mellitus; Arg, arginine; Gly, glycine.
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Summary

Analysis of immune function and heat shock protein in obesity

Eka Fujimoto

Obesity has been associated with impaired immune function and chronic
low-grade inflammation, leading to various health problems such as type 2 diabetes
mellitus, cancer, infections, and allergic diseases. Heat shock proteins (HSPs), which
are highly conserved proteins and are essential for surviving against a wide range of
stresses, play various roles in immune system including regulation of cytokine
production. Previous studies have shown that HSP expression is altered in some
organs and tissues in obesity and type 2 diabetes mellitus. On the other hand,
modulation of immune functions by various nutrients, such as amino acids and n-3
polyunsaturated fatty acids, and mechanisms of the modulation have increasingly
been studied.

In the present studies, we investigated immune functions and HSPs in mouse
models of obesity or type 2 diabetes mellitus to explore mechanisms of obesity-related

changes in immune system and effects of immune-modulating nutrients on them.

Chapter 1: [Study 1]
Mechanism analysis of alterations in immune system in obesity: from the viewpoint of

heat shock response.

This study investigated the effects of in vitro heat shock (HS) on immune cells
from the viewpoint of thymocyte apoptosis and T cell mitogen-stimulated splenocyte
cytokine production as well as heat shock protein 70 (HSP70) levels in high fat
diet-induced obese mice. The in vitro HS at 42 °C decreased the rate of live cells in
thymocytes, and the degree of the decrease was larger in obese mice compared with
non-obese mice. The results suggest an association between the wviability of

thymocytes and an altered HS response in obesity. The in vitro HS prior to T cell
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mitogen stimulation affected cytokine production by mitogen-stimulated splenocytes
with or without obesity. The effects of obesity on HSP70 protein levels in thymocytes
and splenocytes were not obvious; however, these results suggest that the increase in
thymocyte apoptosis in obesity could be, in part, due to the alteration of the HS
response. In addition, this study suggests that alteration in HSP expression may alter

cytokine production.

Chapter 2: [Study 2 and 3]
Analysis of adipose tissue and immune cells in obesity: cytokine, heat shock protein,

and immune-modulating nutrients.

We investigated cytokine and HSP70 levels of adipose tissue and immune cells in
obesity as well as the effects of glutamine on them in Study 2 and 3. In Study 2, we
analyzed HSP70 protein and cytokine levels in mice fed a standard diet (SD), high-fat
diet (HFD), or high-fat diet supplemented with glutamine (HFD-GIn). HFD-induced
obese mice presented lower HSP70 levels in splenocytes and a tendency towards lower
HSP70 levels in epididymal adipose tissues than non-obese mice. Interleukin (IL)-10
levels of adipose tissues and splenocytes tended to be lower in obese mice than in
non-obese mice. HFD-Gln group presented higher HSP70 levels in adipose tissues
than HFD group. In Study 3, we examined cytokine and HSP70 levels of epididymal
adipose tissues from obese mice and non-obese mice which were cultured in medium
with 0.5 mM or 2 mM glutamine. The higher concentration of glutamine tended to
increase IL-10 levels of adipose tissues. HSP70 levels of adipose tissues cultured in
medium with the lower glutamine were lower in obese mice than non-obese mice.
These studies revealed lowered HSP70 levels of adipose tissue and immune cells in
obesity and suggest that glutamine affects obesity-related conditions through changes

in cytokine and HSP70 levels.

Chapter 3: [Study 4]
Effects of immune-modulating nutrients on immune function and heat shock protein

in type 2 diabetes mellitus.
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We investigated effects of arginine or glycine on immune function and HSP70
levels in mouse model of type 2 diabetes mellitus (DM) induced by high-fat diet and
streptozotocin. The DM model mice presented higher interferon-y and lower IL-4
levels of T cell mitogen-stimulated splenocytes as well as lower HSP70 levels in liver
compared with non-DM mice. Glycine supplementation increased IL.-4 levels in the
DM model mice, while arginine supplementation did not present significant effects.
These results suggest that amino acids which can affect immune function modulate
the pathology of type 2 diabetes mellitus through effects on immune function and

inflammation.

The present studies showed that (1) heat shock response in immune cells is
affected by obesity, leading to alteration in immune systems, (2) cytokine and HSP70
levels in adipose tissue and immune cells are altered in obesity, (3) glutamine
influences cytokine and HSP70 levels in adipose tissues, (4) immune-modulating

amino acids regulate cytokine production in type 2 diabetes mellitus.
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