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B uh 2 HE X BE B /)N BRUBS A RAE AN AR BRI = 1E A

Wi e R IR ANEOY K

BE HB WIEHELEZ2H (Mushroom ) Xt & I8R5 500
JHE/IN L) I 7 4L 2 S A AR IR A QI B9 S84 T, s IR
Mushroom X LA A R 528 8L 5 2 AE S5 N 1 18 42 AL il 42 44t
WG RRL, A3k K CSTBL/6) METE /N R4y R IE W K&
(LF) 4 @5 IR K& (HF) B @ BRI & + Mushroom (HF +

Mushroom) £l , FEZEfEME 15 J& , FR i/ SRR B 2 T An bt
UGN H S, HE Je 6 I E G N 41 2U8 25 % 72 1k, RT-
PCR & Western blot : 4l Jig 17 20 41 & i X ¥ Ko Wi e it | i
TR e A AR DGR R Rk 8 ik, B3R 5 LF dAA L,
HF 2N AR T B FIBE 52 160 i s o 15 , 1 77 400
IRRUER, B 107 4L 20 rp s R A B - (TNF-0) | 140 LAY
F-6(1L-6) HAZAN LR L -1 (MCP-1) [CD68 |75 5 1 —
ARG HE(INOS) T R Wl (PK) BRSO FH AR ( PFK)
BT R F-1a(HIF-1a) 235K F LA 5 [8] B P 29
PRHEERE FEBE-1 A (CPT-1A) i ALY BRSBTS 32 1k
o PPARa) Ml (5% P4S0 4al0 i (CYP4al0) Fl 4 i 5k
il A LA (MCAD) BYRIEKF T (P <0.05) . 5 HF
ZHAH L, Mushroom 7T B4R = BEIE /N BRBY A 5T & IR i 14
14 B 2 R T AR B /N, T R i 7 2H 2 P IR 48 TR A
i S R G PR A AR KT DI 90 i Uy 2 4 A 3 i AH O
HFRIZRIEKFE (P <0.05), £5i8  Mushroom ] #1156l &5 i
TRE/NRIARIT L RAE , T BCE R T ERR AL
KEEIR AL e as 200 ; DRI AL s W X5
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P2 XKAE"? Toee! ik AR s

o JEEE T 7% 2R TR B S A 1) R KR 2 AR
HH Fi i = BRAR AT IR

B JME ( B-glucan ) S — B nJ 57 i 19 i £ £F
%, WEoED R KB BRI A LT - A
FMECS A 1,3-B-glucan) M0 = AR R/ BUAY A 344
S RIS BUPAR o ALV — e I o, s
FRUA AW 52 . A 4% 20 ( Mushroom ) & —F R IR
T B-(1—3,1-6) -glucan™* . FIIAFFES %
W, Mushroom I M35 /& BR K £ /N BRI TA 0 D) B
15, AEHT /N BUR 1D 2H 2000 52 i i A i, 325 5
I FH = BB R B RO AR /N R, #R55) Mushroom X AR
JHE/IN BB D7 2E 2R 4 A oA TR A8 1) 52 0 | Sy S S0 A0F
¥ Mushroom XJ HILAAE B 35 25 6L S AR AE S 1) 3]
FERLH 2L He

1 HREHE

1.1 FERAFNEMSRE Fu W mixlLEY
FHEABRZ W] ) 5 TRIzol 325057 & L300 % S a5 & Fnoé
6w (R B ME R AR YR A BRZA D) Bio-Rad
HLUK RGP0 E B PCR AL (SEEMA SR A A =4 A
F) s TRANE - PHAL (HE) B 18050 & (LT =
AR IR T 5 519 (R a4 B AR WU B0 A
BE/A\Hj) ; P DRAE AR B 5 A Tl -1 A (carnitine palmitoyl
transferase-1A, CPT-1A) .PK . B-actin $iL{4 ( ZE[H Cell
Signaling 23] ) s #HM BT \ECL 5251 1 BCA 125
&( PR REYHEARLAT)

1.2 Fik

1.2.1 S¥shbEam 30 H9 kS C57BL/6) K
PE/NERIE A A3 BE R R 27 S 30 sy b [ A2 77 VF ]
HEZ 5 : SCXK (Su)2015 - 0009 ], ¥ 7E SPF L5654+
PF A 35 CIRLEE 22 °C,12 h/12 h B RE/ SR A ) |
/NERBEDLE 10453 3 41 B R IRE A (LF 4) , =gk
BH(HF 4) , SR E + Mushroom T 41 (HF +
Mushroom 2H) , LF ZH/NEMEFRIEH HAR (& 5% g
105) s HF 20/NERMEESR R lg H O (7% 30% JE ) s HF +
Mushroom 21 /N BR7E =1 A H HHE 0 500 me/kg 1Y
Mushroom, 3 ZH/NR A IIFRFEEIESE 15

1.2.2 H&RE REEFTVNEARE, 109% K5 R
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JRBEALZE/INE o ST i I FIRRS 52 11 € i 15 9
PREE, PR ZUN 4% 2 5 WP BEIE , RIRFEA S
T -80 CHAr# .

1.2.3 SarE ¥ %K PCR 447 H TRIzol i3 &
SR T FIREE S R 12U S RNA e B s
ARG RNA 356 cDNA, 81T B S 1
ZH A B-actin FIGIWIFH) (2 1), AL55 MR IR FE R
“F-o(tumor necrosis factor-o, TNF-at) | A4l i/ 2% -6
(interleukin-6 ,1L-6) R 40HL &L H 1 (monocyte
chemoattractant protein-1,MCP-1) K55 FH F-1a
(hypoxia inducible factor 1-a, HIF-1a) | i3 %8 4k ) il
PRIEFE W) 38005 52 K o ( peroxisome proliferator activa-
ted receptor o, PPARa) . CPT-1A | 4l g {1 2 P450
4A10 il ( cytochrome P450 4a10,CYP4al0) | o B P
FLAEEE A S ( medium-chain acyl-coenzyme a de-
hydrogenase, MCAD) %%, SYBR Green Real-time PCR
Master Mix 77 S K FE K A mRNA ik

*£1 PCR3I#E7I

EILZERS JFHI(5'—3")
TNF-a F:CTTGTTGCCTCCTCTTTTGCTTA
R:CTTTATTTCTCTCAATGACCCGTAG
1L-6 F:TCACAGAAGGAGTGGCTAAGGACC
R:ACGCACTAGGTTTGCCGAGTAGAT
MCP-1 F:TTAAAAACCTGGATCGGAACCAA
R:GCATTAGCTTCAGATTTACGGGT
iNOS F:CCTGAGCTCTTCGAAATCCCACCTGAC
R:AAACTATGGAGCACAGCAATG
PK F:CAGCCATGGCTGACACCTTC
R:GGATCAGATGCAAAGCTTTCTG
PFK F:GCCACTAAGATGGGTGCTAAGG
R:CGTACTTGGCTAGGATTTTGAGG
HIF-1a F:GTCGGACAGCCTCACCAAACAG
R:TAGGTAGTGAGCCACCAGTGTCC
PPARa F:CTGTCGGGATGTCACACAATGC
R:TCTTTCAGGTCGTGTTCACAGGTAA
CPT-1A F:CAACACTACACGCATCCC

R:GAAAGATTTGTCAAACCACC
MCAD F:TAACATACTCGTCACCCTTC
R:ATGCCTGTGATTCTTGCT

CYP4al0 F:GCAAACCATACCCAATCC
R:TCCCAAGTGCCTTTCCTA
B-actin F:GTCGTACCACAGGCATTGTGATGG

R: GCAATGCCTGGGTACATGGTGG

1.2.4 Western blot 24 $2EUNERNE T H B &
H, H BCA 7 &l 2 Ho A e B, 7F 10% SDS-
PAGE ™ HL UK 43 25 2 1 T, R 5 {1 Bio-Rad HL
TKRGUR 7 B W R 1 L% 2 PVDF I I ,5% BSA
HH 1 h, 44 CWEF LR, TBST Ve 3 ¥k, —¥T

FIIFE 1 h J5, TBST Ve 3 WK, ECL B, fiiH
Quantity ONE Z/FX} 25407 #EAT H# F 40 Hr

1.2.5 A -4 (HE) & ¥/ NEU T FIFT
BHRNTHLAAE 4% Z R PR 2 24 h K Ak
IRV H, 2 B HE e @857 & 19 05 5 E 4T HE
ety Saf B T USRI T 41 8L IE A 24544 ,
Image J FAF53HT IR T AN

1.3 %it=4IE KA GraphPad Prism 8.0 4tit
RAEEAT B 0 B T SE B BE DA =5 RN,
KA R BRI R T 2253041, P <0.05 4
ERAE G

2 #R
2.1 KREEIFEAREREARFEINE HF 4
JNERA T & T LF 4, HF + Mushroom 2H /) B

BT HF 4, 25 AR IH#E L (F =36.63,P <
0.01,K 1A), HF /N BT H @RI & & T
LF 41, 1fif HF + Mushroom 41§ i AX T HF 41, 2%
SAEGIHFE L (F=65.02,P<0.01,/K 1B), HF
ZH/INER B S el T AU B i s T LF 41, 17 HF +
Mushroom 2 I BT &K F LF 41, 2R A &I # 5
X (F=32.76,P <0.01, 1C) ., HE ¥ %/~ HF
ZH/NERRE T g I A 2L B B I A B K LF 4,
1Ml HF + Mushroom Z1AENF 4L /NT HEF 4, 2 R A5
Y (F=160.7, P<0.01,K 1D), HF 241/}
SR S2 L R T ZH 2R BR 7 4 MUK T LF 4 1 HE
+ Mushroom £l (i 5 4f /N F HF 41, 2 R A 51
FHEN(F=101.6,P<0.01,K 1E),
2.2 REXEFH mRNA RiEER SLAHERDOL
PCR 3tk Al /I B2 S 1 05 D7 20 244, HF 21 {2
H AT TNF-a () mRNA /KF & F LF 4, i HF +
Mushroom 21 TNF-a FJFIAAET HF 4, 256 51T
N (F=23.09,P<0.01,& 2A) ; HF 1% A
T IL-6 ) mRNA £ik# LF 47}, i HF + Mush-
room 4 1L-6 FIXMET HF 4, 2R A G228 L (F
=20.29,P <0.01,E2A) ; 55 LF 4142 & K+ MCP-1
f) mRNA 7KEAH He, HE 20 MCP-1 23k i, 1 HF
+ Mushroom 21 MCP-1 A KT HF 41, 2 %A 511
RN (F=31.17,P <0.01,E 2A) . K/ 5L
L @ IR T 44, HF 40 TNF -« [ mRNA 7K F 5 T
LF 41,1 HF + Mushroom 241 TNF-o F3A KT HF 41,
LSRG L (F =5.935,P <0.01, 8 2B) ;HF
20 1L-6 ) mRNA 7K & F LF 4, i HE + Mushroom
HIL6 KRAXMTHFA , ZERASEITFE X
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E1 Mushroom X SR E/NRERE EHALRREREHMEBA/NIZMm
ANBRIART R B /UL FIRI TR C /N BTS2 D B i s D2 2 N A AR HE Yo x25;E. fHS2 A @lg il HE B0 x25;
1:LF 412 .HF ;2 ;3 . HF + Mushroom £ ; 5 LF 2 L% . " P <0. 001 ;55 HF ZHL% . * P <0.05,* * P <0.01, * * * P <0. 001

A 4o LF4
HF41 "

%L_ 30 HF-+Mushroom41
=
X #
;H{_( 20 #HitH
z
= Hith
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Z 10
Qé Ak Rk

TNF-a 1IL-6 MCP-1

B s LF4
o HF#41
’% 4 # HF+Mushroom#1
:&
"
=
£ #
<ZC 2 * EEES
% *kk

0
TNF-a IL-6 MCP-1

2 Mushroom X1 & BE R &/ R AE A 42 L2 18 % 48 Bl Fl F mRNA Rk 7k F 895500
A T EOHRIHZ] mRNA AHXF 235K ;B B2 A8 11540 20 mRNA AEXS 357K -3 5 LF 4H 3. P <0. 05, " P <0. 001 ; 55 HF 4 [t

B.*P<0.05,***P<0.001

(F=15.37,P <0.01, & 2B) ; HF 4 MCP-1 #J mR-
NA /K% LF 07V 5, i HF + Mushroom 20 MCP-1
TR T HF 4, EZF AR E X (F=9.660,P
<0.01,K2B),

2.3 EMMAREFELER  SHEERE PCR 4
Brigk il /N BT F g4, &l 3 fraR, HE
41 CD68 1Y) mRNA Fik7KF-=F LF 41, HF + Mush-
room Z CD68 1) mRNA FKiAKFLT HF 4, 2 5%
HG i X (F =12.75,P <0.01) ;HF 21 iNOS
mRNA £k & F LF 4, HF + Mushroom 21 iNOS

f) mRNA Fik/KFEET HF 41, 2R ESITFE X
(F=7.110,P <0.01) ; HF 4 Argl Fik/KFEMET
LF 2, HF + Mushroom 2 Argl 1 mRNA Fik/K¥ 5
THF A, ZRARITFEX(F =17.25,P <
0.01),

2.4 FEEEFRIEERHY mRNA RikfER ot E R
Jt PCR A el /N B2 T H Gl T 412, HF 21
PK A9 mRNA F£i5/KE5 T LF 4, HF + Mushroom
20 PK ) mRNA FRiAKFLT HF 4, 2 74 511
HE S (F=9.517,P <0.01, 8 4A) ; HF 41 PFK iy
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mRNA kK5 T LF 41, HF + Mushroom 20 PFK
) mRNA kKK T HF 41, 2R A S iE X
(F=14.44,P <0.01,/% 4A); 5 LF AL, HF 4
HIF-1a ) mRNA 7K3F- 3, HF + Mushroom 4 HIF-
la ) mRNA 7KK T HF 4, Z 5 A GTH22 5 L (F
=13.65,P <0.01, & 4A) . KI/NBUFFS2 (A s 1y
HAZE R R HF 40 PK 1Y mRNA kK& F
LF 41 ,HF + Mushroom 21 PK A mRNA & ik 7KK
FTHF A, ZRES5I2#E X (F=8.708,P <0.01,
[ 4B) ; HF #H PFK ) mRNA #ik/K 5T LF 4, HF
+ Mushroom 41 PFK 1) mRNA k7K SFKT HF 41,
ERASHFE X (F=15.32,P <0.01,[K 4B) .

25 LF4H
# HF41

2.0
B HF+Mushroom#
%
s
®
®
£ 1.0
S L
Z sk sk
=4 sk
Eos

0.0

CD68 iNOS Argl

E 3 Mushroom X EERE/NAKE THBERARER
YRRE L AE X B F mRNA FikkEHI#ME
KR AAARN 42 mRNA M FEKFE; 5 LF A . *P <
0.05;5 HF 4l L% * *P<0.01, " * * P <0.001

2.5 EEMEASILIEREA) mRNA RiX(ER SLHHE
T2 PCR 4Tl /N RO R iR T 4148, an
& 5 fitzn  HF 41 PPARa A mRNA /KEET LF 41,
HF + Mushroom 21 PPARa Y mRNA 7K F = F HF
M, ERAGH#7E X(F=8.844,P<0.01) ;HF 4
CPT-1A 1) mRNA 7KK F LF 41, HF + Mushroom
2 CPT-1A ) mRNA K-V T HF 4, 2 A 58112
HY(F=87.90,P<0.01);5 LF 44 kb, HF 4
MCAD 9 mRNA 7K[EAK, HF + Mushroom 41 MCAD
() mRNA 7K V-3¢ HF 745, ZR AR EX(F
=10.74,P <0.01) ; HF 41 CYP4al0 Y mRNA 7K
T LF 2H , HF + Mushroom #H CYP4al0 i) mRNA 7K
FET HF 4, 2R A5 F 2 X (F=12.26,P <
0.01) .

2.6 MEEBMERBRICEERNEARIEBER
Western blot A /N T ARG 42 7R, HF
20 PK BB RIAKE T LF 4 ,HF + Mushroom 2

A 40 LF4
HF41 i
2 30 HF-+Mushroom4l
z
X
X 20
= Hit .
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#i#t *
% 10
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0
PK PFK HIF-1a
B LF41
HFZH
. 4 ##
% #it HF+MushroomZ{
e
2 3
=
=
< 2
Z
o
E k.
1
seskse
0
PK PFK
B4 Mushroom 3475 BE R & /I 5 A i 48 40 B B2 R 18 B
3 EF mRNA FiAKkFEHIEm

A BT EEAEITZZ mRNA FHXF 2B K B Bt 52 A @ fig i 41
21 mRNA FIXF B K 5 LF %" P <0.01," P <0.001; 5

HF 4% * P<0.05,* P <0.01, * ** P <0.001
201 LF
HF4]
ek
B 1.5F HF+Mushroom41
%
w|
= 1o}
= *
z
Z o5t ’ **
' i i
0.0
PPARa CPT-1A MCAD CYP4al0

B 5 Mushroom 158X &/NRE T B ®ASA AR HASAER
S EEF mRNA Fik KT B 20
A FAGHRITAZ] mRNA AR IR 5 LF A Hege . ™ p
<0.001;5 HF # % * P <0.05, " * P <0.01

6. 642,P <0. 05) 5 gﬁm HS,HF gﬂﬁg CPT-
1A 3R R IB K FEAIK 1 HE + Mushroom 4 CPT-
1A IR AKCTES HF HTF S | 2 R et 18 X (F
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=100.7,P<0.01) . W& 6,

A 1 2 3 ku

PK | G D s | S

60

——
CPT-1A - “

B2s LF4
#
HF%
2.0 i
HF+Mushroom#H
5
%15 "
f)
®
% 1.0
{a
s
0.0
PK CPT-1A

Bl 6 Mushroom Xt SRR B/NRE T B &S AL
FNAg AT ER E LB B A E A RIXK RN
AT BRI ALEUE AR A KOF B T L EE 4121
EAMEX #R35KF; 1. LF 4132 . HF 4,3 . HF + Mushroom 4 ; 5 LF
HHE#P <0.05, P <0.001;5 HF ZH 8. * P <0.05," " P<
0.01

3 it

AR I R KB TN R AR R
T 1t Z2 W NN BB 195 98 i O i A i s
ERI IR A 20T LRGN B 0 5 0 s o
B, 0800 N A0 M TR X S R OCRE T — 2
b, a2 0T B R i I 20 200 S L) BB g
FEETL, XUEZE AR Frah 20 A LT 1
Wi,

JEJE T 75 5 B 5 41 2153 W TNF-o F IL-6 45 4i2
KT I A P GE S, A AR P AT 25 2 2 %
e 55 22 A AR, 1 T O 0 A PR A S AR 2 5 AF a0
JRUO AR R BE AR /N R B R B SR R
T TNF-o IL-6 Fil MCP-1 23k & T4, 0 7 4%
ZHEN] TR TR Rk, LRI S R R
T Z WE AT /N BUIE 7 418U B NE R

5 I 2 Y ( macrophages , Mg ) #2& B 22 (1) [ 45 fo 0%
YH, AR YR ELTRE , 20 R LA TNF-o 1L-18 S5 R
MR 70 B ML B Mg FTRL R TL-10 2551 4
AR T g M2 B Mgl L CD68 L iNOS J& M1
R Mg HOZERBR G, T Argl J2 M2 B Mg () 63555
B, EF ISR R, I N BUIS I 414U M
R Mg Sk 5, T A7 25 228+ B0 rT 40 ] M1 A Mg B
b, XN 4l 2 05 0T s My A 5 i AR R
i, T B 038 IR o S AR DG AR I 25 B AE

M1 71 Mg 200 A0 4 e i ol R pib e o, L
FELE = FRIEAG IR SN 1) v W R AL ALl e 16 ) D i i
P, BB MRS BR R A7 A Fl TNF-a | IL-6 45
2 9 20 L PR 1~ B 430l , Fe 245 | R MR T AL AR E , )
ARG B R ERE " PK A PRK 2 e s
PP B PR SR . T HIF-10 580 A AE 1)
RIERZEYI L 58 3 W R /N SRR i 4147
o PK PFK H1 HIF-1o B IR K BT T4 4 22 H
AT LUF PR R i $E R A o 22 0 T a0 )
fiff 300 %, A RAE T L

RE Wi 15 B I ik i~ A [l 2 i 1 B AR
i, PPARs LIRSS HIHE S5t N F 2 IR KR,
AT S 5RE B R AR R AE @ AR 1Y 3L R s
PPARa 1192 SRR B-SA L HBE R ik, 155
PPAR« 3#8) Al LA 3F A5 D7 2 Ak 40 i . CPT-1A Al
MCAD 435 A BE Wi R B 41k 1Y FRE B, CYP4alO
AR R A TR D R R 81 BR 2R 1 - PR 31k, 5 3
Bk IRGE CYP4al0 R RG] /N BUAR PR AE R, %
WFFE 5w A /N BRURE W5 41 21 PPARa, CPT-1A |
MCAD F1 CYP4al0 ik &3 F [, Ifi Frai 2 0] I
JHELF IR v REA B 02 2E A5 7 40 B v B G R S AL
Ok DR N R AR, el IR B
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Improvement of inflammation and glucolipid metabolism in

adipose tissues of obese mice by Mushroom
Chen Yi'? | Zhu Binbin'* , Zheng Mingxuan' ,Sun Fenfen', Zhang Yue'?,
Liu Yongjia'?, Yu Yinghua', Pan Wei', Yang Xiaoying'
(' Jiangsu Key Laboratory of Immunity and Metabolism, Dept of Pathogen Biology and Immunology
Xuzhou Medical University, Xuzhou 221004 ;° First Clinical School of Medicine
Xuzhou Medical University, Xuzhou 221004 )

Abstract Objective To investigate the ameliorative effects of Mushroom on adipose tissue inflammation and glu-
colipid metabolism in mice fed a high-fat diet, and to provide a theoretical basis for the mechanisms of Mushroom
regulating glucolipid metabolism and inflammatory responses. Methods C57BL/6] mice were fed with normal diet
(LF) group, high-fat diet ( HF) group and high-fat diet + Mushroom ( HF + Mushroom) group for 15 weeks.
Then, body weight subcutaneous and epididymal white adipose tissue weight were measured. The morphological
changes of adipose tissues were compared by HE staining, and the expression of genes related to inflamation, gly-
colysis and fatty acid oxidation pathways were detected by RT-PCR and Western blot. Results Compared with the
LF group, the HF group had increased body weight, increased subcutaneous and epididymal white fat weight and
adipocyte size, and upregulated expression of tumor necrosis factor-a ( TNF-a) , interleukin-6 (IL-6), monocyte
chemoattractant protein-1 (MCP-1), CD68, inducible nitric oxide synthase (iNOS) , pyruvate kinase (PK) , phos-
phofructokinase ( PFK) , hypoxia inducible factor-1oe ( HIF-1a) and peroxisome proliferator activated receptor alpha
(PPARa) in adipose tissues, while the expression of carnitine palmitoyl transferase-lA ( CPT-1A) , cytochrome
P450 4al0 (CYP4al0) and medium-chain acyl-coenzyme a dehydrogenase ( MCAD) were downregulated ( P <
0.05). Compared with the HF group, Mushroom supplementation reduced body weight, adipose tissue weight and
adipocyte size, and downregulated the expression of pro-inflammatory factors and glycolytic pathway-related factors
in adipose tissues, while the expression of fatty acid oxidation pathway-related factors were upregulated (P <0.05).
Conclusion Mushroom can ameliorate inflammation and disorders of glycolipid metabolism in adipose tissues of
obese mice.

Key words obesity ; Mushroom ; adipose inflammation ; glycolipid metabolism



