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BEHRETE, BEFEOKRKACHES FEEREOHIMNE L Oy KIGH
BEOMR TN AZARY v 7 v Fr—b (NEEIE®RE) o852
AL TWDH(), ARV v 7y Fa—2aE, EICHIEIEDHEICE
JOEMERIEICERTL2EEZ X6 TV D EARMEAL D X 5 7218 M K IEMHE
RESHEOFAN LR b SEIETEMELZMHEL. TORMBIC
FAFEOEZE LK TESE2 200, EHOREBICLD TP, & E
R EOXMEKMPEERINLTWVWD(2,3), A XAV v 7 v e —hORIE
WX 2 5 Mo 8Bk 18 P K JE (systemic low-grade chronic inflammation) 23
&+ 22 enmoh T2, BlEAFTCE~r/rnr7y =07 =)
AL TDAAL v Fr 7 (M~ 7y—Y M2~z a7 y—3) N5l
TR YA M IAVREMEBRERLEOREMSAT 4 = — X
—oMmPRENMEEE S AGMEZ RS &0 F M O PR B
M+ 226N ESTWD(4,5,6), T4, MM RENMNREBOREIE
WIXTE M ALl 72 E OB T O RIEDN EEHL I TR Y | Mk
EMEOHFERS~Y 7 a7 7 — U7 EOREMED interleukinl-p (IL-1B)
X tumor necrosis factor-o (TNF-a)72 & O & F S F o RIEME A4 NI A
REEMBBELEET DL T2 ORIESCHBILA ML AEFEST LH 2
ERBHLNIZENTWVWD(T), EBIC, EVAEBICL > THFEIN-E
i~ v AORMMAEICIE T, BMREOIERAELZT TR, w710
Ty —VoRBEREOHMFWENNPBEIND (8), REOHIET, T
ML IE MO REOHERBICB W TEHEREAHERLET I EN RIS
72(9,10), 7/ TH CD8' T MM IEMI M Ic RIEM~ 7 v 7 7 =V &R
M 25 HEkAEMERN T CTH 25 monocyte chemotactic proteins (MCPs).,
BIXW~27v0 7y —UDBRELETDHRIEMEY /N7 E TH % macrophage
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inflammatory proteins (MIPS)2 E D S F X EFREER T+ E2ELET H Z &
kv, B~~~ 7y - VRBEEZFETHLEDHL MICS
ATV 5 (11,12), CDB I T oMMk Z &L LI~ Y X TiX,
Ml~v7nm77—VoRBBLEOKBMED RIEINBDT 22 LBRE
SNTWDH(9), LER- T, BHMICHES MBI O REREBILTEICITS
FIERGEMBLAEAICIERT LI LI THFHEIND I ENG,
T O RE MM R IEE OB E R AR Y TR IR OB R S E S
T B (13),

— 5., BHEFICHTHIER N L —=2 7 YA M A B XOENE
MBzEREOREMEAT f 2 —F —OMPEEELKTFTEHELZ L, AM
ROV 724 T HELSEDLZ ERWME STV S(6,14), LaL AN
b, EH#H ML —= T ICE MBI OREREOLFEL L OZ OEF
CHELTEt M IR TWZhol, LFE, EH ML —=2 7 TE
i~ ACBITD2HEBMEBESIFBOEBHERIELZ THT 52 &Mt SN
72(15), MMz T, #@# b L — =2 7B~ T 2 O RRBII
CO8*THMIM E REM~ 7077y —YoRMBEMH T2 218, 7ua—W
A FPA M) —EBIUOREMBEAEZHVWENIRICIVHALNZEN
T & 7= (16),

X BT, CD8*T Ml 2 I % T 4F Bk <0 4 Bk Bk 72 & o JERLER 3 R JE M ~
s 7y —YORMBEHRMBT L ENEERE I TV DH(17,18), &P
BRI R EEEbS T itk BERELREST S Z L
DA ST 5 (19,20,21), 72, BN~ 7 2 @ R WA I B v T AR
FEROREAEM L EMMENTTrE DAL R A NI A U BEE L,
~/m7y—VORMEFET L L TRBELRENF SR END Z L

DMEINTWDBH(R22), —FH. HHEKO T T 77— THiHT T AKX —



PRSEIERRBECEBOCTRERBCEZRET S 2P HESNTEY
(23), B~V 2 ICBWVWTZTITARAX —FE2RBIEDII LA R VIR
o HESL, BHMHRKICBT 2T KRS~ I7n 7y —VaEHbsEs
T, B2 EDBABORIEZLEST D2 ERHE SN TWD(L7)., L
MUERNs, BEFEEEMR~ Y 20BEHMAK IS CESR ML — =
IR EROBEEENLIEIDENMEIHLNMZER TRV, Z Z T,
AKAWEFE T NG WA Rk NS B S R WG i LAk oo HE e BE T B o [TE i A
#0OB@ 4y W (stromal vascular fraction : SVF)Z B L, HFHEk, ~7 v 7>
—Vo#BBELELEMAEERICOVWT T —H% A4 8 A MY —kEH W TR
4ol tickoT, REFEMEEW v AT 2EH ML —=v7

WEARIEREBEA D =L ZHRFTT HEZAMNEL T,



[ 5]
1. EB#EY & T &M

AKEBR TITAERK 4 Bl C57BL/I6) I~ v & (i Fn 3 B &) % bF %8 A,
Wakayama, Japan)% 20 i ic 22 FCo 16 MMM E L7, =EIR 21C
% 35% ., 9:00-21:00 %= Bl #i2 21:00-9:00 # Ml ICcEH E LM BF=ERITE
WT 1 7=Vl 4 Mo~y Az@E LI, v X3, BAEZICLEH+ @
% & (normal diet: ND)#E (n=15)., % & + @& A5 i & (high-fat diet: HFD)#
(n=15),#E® F L — =12 27 + ND # (n=15), &E®# h L — => 7 + HFD(n=15)
DA T, B, AERIFEMBRTFIVERZE SO ARR 25
TEM L77-UKk#EEFS: 2013-A019), HFD 1T EE 60%., % > X7 'H 20% .
R AKAL ¥ 20% (D12492; Research Diets, New Brunswick, NJ, USA), ND /%
EE 10% .% > /N7 E 20% .®%/KAL#® 70% (D12450B; Research Diets, New
Brunswick, NJ, USA)D #H pk @ [E & i Bt 2 H L 72 . BRK XK E K 2 H

7o BEEON, SRAKIFE2ETCOHTCHHRERELEZ, IWIZTHEAMTEL 72,

2. EE r L — = 7

YU ATERABENS/NEYHETAMHIEESKN-73 Ly FI V(R

H#® /EFT, Tokyo, Japan) # W CiEE h L —=> 7 % 16 H B AW L 7=,
HE P L —= O~ A 6045/, 5FE/MAE., ML v KIVELT
ZAM L, ETHEE L, A O 4B T 15m/4r &Y o 12 3 B X 20m/

DBICHE LT, AERAPMNLVAZBITDLZODIC, by FI vk vy va

vHIICER Y a vy 7 ERH Lo 2,



3. BRI d X OVAE M . M ERE #% o0 R R

KEDOEB ML —=V I RRETLESHBICHANEZIT T2, £V 7L
7 (7 Ry b x X2, Tokyo, Japan)W A BEBe T CTBAAE L . 8 &6 K 8 ik
B IES IS TR 2 o~ N U AU B E ZE £ (TERUMO, Tokyo, Japan)
B L 72 BRBRIE . AR LW 0.8L/47 . BIE 2.0% TR E L. #EFF
JBR B BF I3 0.8L/57 . BEE 10%ICRE L, £, HHEMHO®K., K
BRI M., MBMH&AEME Lo, BE EEBMMHEBGIBREL L,
LB o — Ik, WK ER THA Sk, -80C O M W E (T

TR LT,

4. fEMiAE#k 2~ & SVF i i o> BBt

SVF Ml ix, KB EEIEMME#E BB L2z, BMMAKZEZ ~F I TH
D% F, ~s%U > 1 pg/mL (Sigma-Aldrich, St. Louis, MO, USA) % & f
TOAMAEEK IOMLICHRM L, BWE %~ 50 ME Lol L. IEHM
Mk o®ilE & B E L., Tyrode’s buffer % 12.5mL (137mM @ NaCl, 5.4mM
» KCI, 1.8mM ® CaCl; %, 0.5mM ® MgCl,, 0.33mM ® NaH;PO4, 5mM
® HEPES., 5mM ® glucose)., & X O 2mg/mL @ collagenase type 2
(Worthington, Lakewood, NJ, USA) . 10% 7 > ik J& 1L % % & ¢ Dulbecco’s
modified Eagle’s medium (DMEM) (Sigma-Aldrich, St. Louis, MO, USA)
% 12.5mL Mx iR &M% 371C T 20 mWR&B L7z, 2o®% YT L%
70um @ EASY strainer Z i@ L CJE# L .5 5 [ 8009 T L5 B L 7=, SVF
M A& i1y % 2mL ® RED BLOOD CELL LYSING BUFFER
(Sigma-Aldrich, St. Louis, MO, USA) HICH %% L. 40um ®» EASY
strainer # @ L CiE® L7, L CHBEELZ SVFMRZEAENY 7 7 —

(BD Pharmingen, Franklin Lakes, NJ, USA) T 2 [m % L . Scepter



Handheld Automated Cell Counter (Millipore Corporation, MA, USA)% H \»

THREEL 72,

5. A fige A e o> B R
gz~ A6l L, Uy Lz AT 70um @ EASY
strainer Z @ L CH LH L, MLELZMBBEIE A 5 I[# 800g Tix
Doy EEL . ML >y N% 2mL ® RED BLOOD CELL LYSING BUFFER
(Sigma-Aldrich, St. Louis, MO, USA) HicH&B®E L. = L T 40um O
EASY strainer i@ L Cy#® L 7=, M@l X% & > 7 v — (BD Pharmingen,
Franklin Lakes, NJ, USA) T 2 B4t L . Scepter Handheld Automated Cell

Counter (Millipore Corporation, MA, USA)% W TE#l L 7=,

6. 7u—H A b A MU —IZXDHHN

HEEL 72 SVF Ml & MlgMia (1% 7127 b 2.5x10°% @ i iz )
X Fc-blocker (eBioscience, San Diego, USA) % il 2 T 20 & & L .
anti-CD11b, anti-F4/80, anti-Ly-6G (eBioscience, San Diego, USA) L B & L
20 o E L7z, 7w —H% 4 A KU — % Guava EasyCyteTM 6HT
(Millipore Corporation, MA, USA) & InCyte software (Millipore Corporation,
MA, USA) %M L THEH L7, CD1lb*, F4/80 " &2~/ m 7 7 — |

CD11b™, Ly-6G" Z & ek & L 7=,

7. W EFALEE
FERITEYE R ZE (SEM) TR L, MIEHEHE O£z 2w Tk
TR ESE O AT, AEKEIT 5% RN E L, RAEEHHDRE

b8 4 12i%. Post hoc &7 2 k& L T Bonferroni O & #17\., H &



KEX 5% R E L, B, £ TCOHMNIZIE SPSS V.19 2 H Wi,



[ R ]
1. K&

16 M HIZB W T, HFD+Z § BE X ND+L & B & O HFD+E#) F L — =
VIR B L CABERGMEAE SR LI, £72 HFD+E® b L — = > #f 1L

ND+iE®E) h L —=> 7 L i L CHEZ &M % /& L 72 (p<0.05) (Fig. 1),

2. 5 Wi A% H &

EE E BREOMAFERHIEIRERD O, L2 LARDRZDLEBHIZKD
FEHRPEO LI, HFD #iX ND B b L TCAHAEBE R EMEE =L &
(p<0.05), F-EBHICLIEDRLIB OO, HEEH ML — =2 7T H XL

FRRE S B L TH B RIKME % R L 72 (p<0.05) (Fig. 2),

3. BN 19 7=V @ SVF Hil ia #%
HFD IC Xk » THE R &M %2~ L 72 (p<0.01), £ 7-. HFD #IlC B\ T iE
B hL = VISR B L CAHE RIKMEZ R L 72 (p<0.01) (Fig.

3)

4. fIE W5 ARk P oo 4 P OER O FF

SVF M ic kB ) 24 H 8k (CD11b ", Ly-6G " cells) o # %kl =R K& OV
*fH, LIZHFDIZ K>~ THER&MEZ /R L (p<0.01), E&H ML —= 7
WL > THERIKMZ R L 72 (p<0.01), T7-MktR TiE, NDEHIZEBW
THESH ML= VIR LR L CHE RS %5 L 72 (p<0.01)

(Fig. 4).
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5. Bk o~ v 77— 0FEAM
SVEfifladicBir A2~ a7 5 —< (CD11lb*t, F4/80 " cells) @ #% ik
KR ML, LI HFDIC X » THE R &M 28 L (p<0.01), #EH b

L—=Vv 7Koo THERIKMZ =~ L 72 (p<0.01) (Fig. 5),

6. I D 4F o B o FF Afh
iz B 54 ek (CD11b ', Ly-6G " cells) @ 4% % kb R K& O b £ 1% .
HFD Ik » CTHEZRMKMEZ % L (p<0.01), EEH ML —=2 712X »TH

B2 mfE A s L7, (p<0.01) (Fig. 6),

7. I oo BOER o BE A
Az 17 5B E (CD1lb™, F4/80 " cells) O ## ik kb 38 K OV#E < 25013 .

WT ORI T AEEREMITRD I o 7 (Fig. 7).

8. JHNE o 4F Bk O FF

JEL B Pl BT B A ER (CD11b ™, Ly-6G T cells) o 4 gk b =R 1%, E @) &
BFEOMAEMEREIRD O o, LALARNLEHIC LD EHRN
ROLN, EH ML=V 7V HEIEHMLEBRLCAERSELZ R LE
(p<0.05), M EICB VW TITEDOHMBMICEWTHLAHAEREZLITED LN

72 H - 7= (Fig. 8).
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Fig. 1. Body mass between the normal diet (ND) and high-fat diet (HFD)

groups in sedentary and exercise mice. Values represent means +* SEM.

Analyses were performed using 2-way ANOVA for multiple comparisons with

Bonferroni adjustments. a:HFD+control vs HFD+exercise, b:HFD+control vs

ND+control, c: HFD+exercise vs ND+exercise. a,b,c P < 0.05.
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] Sedentary
- Exercise

Epididymal fat mass (g)

O S =

ND HFD

**  Diet
** Exerise
NS Interaction

Fig. 2. The comparison of epididymal adipose tissue mass between the
normal diet (ND) and high-fat diet (HFD) groups in sedentary and exercise
mice. Values represent means =+ SEM. Analyses were performed using 2-way
ANOVA for multiple comparisons with Bonferroni adjustments. ** P < 0.01.

NS: not significant.
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] Sedentary

B Excrcise
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**  Diet
** Exerise

** Interaction

Fig. 3. The comparison of the stromal vascular fraction (SVF) cell number
between the normal diet (ND) and high-fat diet (HFD) groups in sedentary
and exercise mice. Values represent means £+ SEM. Analyses were performed
using 2-way ANOVA for multiple comparisons with Bonferroni adjustments.

** P <0.01.
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] Sedentary O Sedentary

B Excrcise 15 I Exercise
L 3 P
) %k o
o %k S oy 12
] » & 3k
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s | 5k =3
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- :
- S5 By
° > S =
e 5 8
=
8= = B 3 -
= g >
) =R
5 Z g
& 0 - 0
NS Diet * Diet
**  Exerise ** Exerise
* Interaction ** Interaction

Fig. 4. Effect of exercise training on the infiltration of neutrophils into the
visceral adipose tissue between the normal diet (ND) and high-fat diet (HFD)
groups in sedentary and exercise mice. (A) Percentage of CD11lb*, Ly-6G*
neutrophils in SVF cells. (B) Number of CD11b*, Ly-6G* neutrophils in SVF
cells per gram of epididymal adipose tissue. Values represent means + SEM.
Analyses were performed using 2-way ANOVA for multiple comparisons with

Bonferroni adjustments. ** P < 0.01. NS: not significant.
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SRR 55 2
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- — - £
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**  Diet **  Diet
** Exerise **  Exerise
** Interaction ** Interaction

Fig. 5. Effect of exercise training on the infiltration of macrophages into the
visceral adipose tissue between the normal diet (ND) and high-fat diet (HFD)
groups in sedentary and exercise mice. (A) Percentage of CD11b*, F4/80*
macrophages in SVF cells. (B) The number of CD11b*, F4/80* macrophages
in SVF cells per gram of epididymal adipose tissue. Values represent means +
SEM. Analyses were performed using 2-way ANOVA for multiple

comparisons with Bonferroni adjustments. ** P < 0.01
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@ ] Sedentary ] Sedentary
e . ‘
_‘; - Exercise = - Exercise
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§ 50 - %% -_: 40 - * % -
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= 22
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(=] s ~ 10 4
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8 0 Z 0
}
3 ND HFD ND HFD
**  Diet ' **  Diet
NS Exerl.se NS Exerise
** Interaction ** Interaction

Fig. 6. Effect of exercise training on the neutrophils in blood between the
normal diet (ND) and high-fat diet (HFD) groups in sedentary and exercise
mice. (A) Percentage of CD11lb*, Ly-6G* neutrophils in blood. (B) The
number of CD11b*, Ly-6G* neutrophils in blood. Values represent means *
SEM. Analyses were performed using 2-way ANOVA for multiple

comparisons with Bonferroni adjustments. ** P < 0.01. NS: not significant.
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Fig. 7. Effect of exercise training on the percentage of CD11lb*, F4/80*
monocytes in blood between the normal diet (ND) and high-fat dies (HFD)
groups in sedentary and exercise mice. (A) Percentage of CD11b*, F4/80*
macrophages in blood. (B) The number of CD11b*, F4/80* macrophages in
blood. Values represent means £ SEM. Analyses were performed using 2-way
ANOVA for multiple comparisons with Bonferroni adjustments NS: not

significant.
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] Sedentary ] Sedentary

. Exercise - Exercise

16 0.6

0.5
12
0.4
0.3

0.2 -

0.1 4

Number of neutrophils in spleen
(% 10*cells/whole spleen )

Percentage of neutrophils in spleen (%)

ND HFD ND HFD
NS Diet NS Diet
*  Exerise NS Exerise
NS Interaction NS Interaction

Fig. 8. Effect of exercise training on the percentage of neutrophils into the
spleen between the normal diet (ND) and high-fat dies (HFD) groups in
sedentary and exercise mice. (A) Percentage of CD11b*, Ly-6G™* neutrophils
in splenocytes. (B) Number of CD11b*, Ly-6G* neutrophils in splenocytes.
Values represent means = SEM. Analyses were performed using 2-way
ANOVA for multiple comparisons with Bonferroni adjustments. * P < 0.05.

NS: not significant
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[ & %]

JEW I Lo TRl &I INDIEMMBOEMEREIZ, 2 BHERPKE. @
Ik 88 A6 JE F6 & O3 7 v = — L PEE G PEIT & (NASH) 72 & @ 18 P & JE % %
BOFRLELLZZEDRIOATWVWD, BAxTnETiz, EH L —=
VI RMEFEEREM v AOR KO REREELIME T DL &2
HLTE7(8,15), SHIC. BHEFHEMEDO NASHFE~ 7 X & Wiz F x
OFRICEY ., EEH ML — =2 VIO RIERE. IFEEDS L OIS
MR EOWBEHT LB ETIREEBHRED THHRZ AT L2 #H
HELTEX2R24), ZOA D=L F, EEH ML —=2 277 CD8'TMlaoD
12 Z ##Hl L monocyte chemotactic protein-1(MCP-1)72e &F D~ 27 1 7 7
—VOEMMMERFOEEEIE T L2 & THEMM#ERE~D~ 27 m 7 7
—voRMEAEMGBI T2 EPEET L b HME LT E I (16),

WA, BWICEI v 27 m 7y —VoOMMRMICE LTI T MR
HAFPR RGBS COBREKICL o THIE IS Z &ENMBH I, 4F
mEBRkO T T 7 —ETHL2Z I AL —PBIEISEIEREHRITEBNT
RIER IS AR ST 2 2 &0 @E S Twv 5 (23), Bt > 5N M#& o
BrHEREICOHFFERPEEREEHEZR TR MOALTEY ., B~
DAILBWTCH PRI A —PERBESEDLI LA VR VEZHOK
B, PR v s vy —VoORBEERD SED LT, RN MR
LOamDORELZHREFET LD EAHRESINTWVD (A7), LN L2RE B,
BE P S KD AOEMAMAMRIC BT D RIEME A =
AL, FHhEAIEDOLSICHEET I EIH LIS TWRY, £ 2
TAMZETIZ., BEFREELEH~ Yy 22T, E# ML —=2 77210
. MK OCRIRICB T 240Kk, ~7 v 77y -V OBEENLLEH
HERCERESTZBIZOWTHE L,
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ME i R (S IZIE AL ISl W TRk, ~ 7 v 77y =V oORBIBIES
N5 (8,22), BN 2 EOoMMRITICKMAET HDHFTRS~ 7 07 7 —
VIR EDOGRBEMBIT IL-IBR° TNF-a £ W o m S I ERRIEEY A A
A REEMBBLEAEAT H LT, RIERL X2 MO8 M RIE R
fEA N VRAZFET L ERHLNITINTWD(7), RO CTIE ik
T T2 TREK, v/ v 77— VOMRLER O E
Tur—H A FRA M) —ERCIOVOH L, ZOBEELLEEHREIC K-
THEMGAR R R O ER O Ml b B R OV P B3 sy L, #EE) b L — = >
JIiCkovEAbTLr RN RrENTE, Lo T, EEIML —=20 27T X
DIEMI MR~ RO BB ZME 32 2 & TIREVMEM D RIE 2 6 <
XHAEMENRENRTE, Fh~7u 77y =BV TbLEBEBHAEICL-
THRM AT O E RO ZITEML, E&H L —=22712kD
WA enman, TOBRIREFREELB~ v A ICEE L
—= Vv EAWMLERITHRERKETCHY EHNL—=0 7LV B
WM ~o~r7nm 7y —rvoRMBENG 25 2 & BRI iz (16), AT HF
FHICBWT, PRI 2 — B2z RBEI T~V RICEBEIRZ2EE
LTCHLIEMMEBOE RS~ 707 7y — RIS T MHH&RIED DR
WZEnb, BREVEHEERG L~ ZAOBMEEBENG RN 7 ED
AR A M IA v EBRBLTO~x 7y —VoRBEMREL., BER
JEZ Bl E R T ABEEIRE I N T WD (16), Ko TARMEICE T,
RN ICB W T~ 270 77— NEMLEOE., i ERORE DR
KNThramgErrm@asnkz, b2, BEH N —=2 72X >THEW
MiEENO~7 877y —UREA L0, EFH ML —=v7I12L > T
Wik fEAN ~O G ERFZEIME SN EDNERTH D ATREMED RIE X
o,
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FLMBEBHROHFER, HEROBERILER N E 72 —H A4 F X b
U—iETHLce A, BIMA&REIZEZY HFD IZ X » TEIME 3,
HEE) ML= I T A Lo, ZTHITERIC X D RIEIC X
D, M ohFPER, HERAEVMEBERECRBBELEND LEZLNLD,

FLMBAAHKICB T D TEROBBRERLTCEEZHE 70— 4 F
ARV =XV LE, ZOREK., @B ELACESH ML —=0 7
WCE2ZMERDN o, KR LRFEKIC, REFEEIER~ U
AWCBTLEBH N —=v 7 2 fToMRICB YT, MIBHEMKICE TS
CD8'T MMl EME~ /7y —VOMBHERITEMLLRN I &ENRS
nTWwWs (16), bk &b, EBH ML —= 70X 0KkD~ 7

By = VHFEOMBITIEN AR TH D ATREEN IR S LT,
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[ & F

AR TIT, BEFEEEM~ Y 2OEHMA#KICRE Y TRHHE O &K
iBICEVEFER, v/r 7y —URBEML, E#H L —=v 712XV
WAL enmahi, o T, RFEMELEM~ 7 X 05K
BT ODRIECIFTGPR, v 2777y —YREELTEY, EH L —=
7R TN OO REMBEMZIME T 25 LKV EHMAKORIE Z K

FLTWLAERNEZLDN D,
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[ 3 & ]

AEOMERICHLZY, MBEL2BEBEELLCICHBZLY £ Lz AK
A, FEBREE, EBRFHE. RXERICELS S TR TEICHEER
LTHZELLZ)NEHEASA, MEBESA, REX—-SAZEF LD LT

5FWEFMREORES ., MEREO K~ 1CE BB L LT £,
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