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Protective Effect of Polysaccharide from Antrodia Camphorata on NAFLD Mice via CD4"CD25 Foxp3" Treg

YANG Yi, ZHANG Xiaoling, GUAN Qiaobin, GUO Li, HAN Chenyang*(The Second Hospital of Jiaxing, Jiaxing
314001, China)

ABSTRACT: OBJECTIVE To study the protective effect of polysaccharide from antrodia camphorata on nonalcoholic fatty
liver disease (NAFLD) in mice by regulatory T-cell (Treg) controled. METHODS The model of NAFLD mice was established
by high fat diet, and setted up the control group, model group, low dose group and high dose group. The proportion of Treg cells
in peripheral blood were detected by flow cytometry and detect the expression of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), transforming growth factor beta (TGF-B) and interleukin-6 (IL-6) expression in 1-4 weeks. After 4
weeks, the mice were killed and the liver was stained with oil red staining. The expression of TGF-f, Foxp3 and Smad3 proteins
in liver tissue were detected by Western blot. RT-qPCR was used to detect the mRNA expression of IL-6, TGF-B, Foxp3 and
Smad3. RESULTS NAFLD mice model was successfully constructed after 4 weeks fed with high fat diet, and the proportion
of Treg in model group was significantly lower than that in control group(P<0.05). Compared with the model group, the
proportion of Treg increased significantly(P<0.05). The liver function of mice was significantly improved. The expression of
TGF-p increased and IL-6 decreased in peripheral blood. The levels of TGF-f, Foxp3, Smad3 mRNA were up-regulated in liver
tissues, whereas the expression of IL-6 mRNA was down. CONCLUSION The polysaccharide from antrodia camphorata can
protect NAFLD via Treg and TGF-B-Smad3 signal pathway. The mechanism of action is related to immune improvement.

KEY WORDS: antrodia camphorate; regulatory T-cell (Treg); non-alcoholic fatty liver disease(NAFLD)
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G TTAER BT CAYE SRR AL B D AR 2
ZWEiE Treg MR KI6IT NAFLD, MK Z B
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1 ¥

1.1 #¥)

R Z R RN AR Z R B IR A w], it
20160214) 23t 50 Hif. 20 =@ Ok &7 (E
AR E IR A F, 2iE>99%); XWFE K (5256
EHEM) . K (88% 1 AR £ +10% 45 i +
2% PIRE R, JERE AR R M E ARG IR A ).
1.2 SEREY)

TEEGNR 40 K, Q3% M E(2042.0)g,
) 5 WL R B 2GRS s S g oty SR E
RIS . SCXK(H)2013-0184, /N 5E1A7E, 4
% 5 R BisRi=mE RN 2025 C, BEH
(T0£5)%, AKHE [ 52 A HE 6 U5 2 20 4 1 Ji ) el i
F%, KRIESIEHBE. HEHH.

1.3 il

BNHEABALT) A& BEE A (AST)
Rl & HAEKRET BTGF-p)iAl&E. ANER
-6(1L-6) R 77 6 (5 A A ) TRERIE 0BT, L5 43
8 C009205. C010211. H034112. H007101);
PCR 5| ¥4 ffi(Takara 2 #); Trizol i 7fl)(Invitrogen
nE], b5 147240); FITC-CD4. APC-CD25.
PE-Foxp3(£ [H eBioscience &, fit'5 705 A
115202, 121451, 147122); k40 2 38 (R
WA R AR, fit5: 10771201); TGF-p
Foxp3. smad3 HH—3if HRP #rid —Pi(Abcam
N, fib5: 31031, 20034, 40854); RT-qPCR
W& (EE Bio-Rad A7, #t5: 110131).

1.4 X

2 HMENSITAHARH LA R BT
KPR - 2SR A IR A R]); DP11 WAlEE
(H A B E A 7]); PCR X (3 [E Bio-Rad A ));
A (& E BD A ).

2 HE
2.1 FZZHENIRE

100 g A2 Z M A 500 mL XX7&7K, 80 “Clal
THRIL 2 K, B:IK 2 he & IR G WK 4E %2 150 mL,
TN 3 SRR CERA G T 4 CHETHE
12 he FHJESRMFUTIE . JUEH T 100 mL #0K, K
R EBAR R 2452 2018 4 3 HEE 35 555 3 11

H Sevag JiiEi A 5 WK, AT LR E N 90%,
4 CHE 12 h, RBMEZ ZHZ R FIRKIREE
PUTESREL 2 IR, KR IR- LI 2 2 2 0%,
BCA VZIE M EA S E.
2.2 YA A

S /N BRI R R A R E N R SR 1 F,
BERLA AL, BRI, el =,
TH 10 (R %F), HABR A fEH, K
FIEHS TR B RTE, [FR X RS 75w
WEWSE, RSB EBHEERROK, EH
o FH T i I 43 T DAE Jo Bsf i) o 384 o) BRU A4 ol
B, AT DL PR R NG B R IRl B AR A, D
BRTEZE 4 ISR

EEHE NG, mAlEAs TRZ 25
100mg-kg ' -d' #HATHZ, 1 d2 K, HX
50 mg-kg™, TMKFIEHLS T 50 mgkg'd”', 1d
2R, R 25 mg-kg e X R A R TR 4H 45 T 45 )
BNAEMBEK, GH TR REBLZ, T
6] 4 J& -4 20 /)N BRTE FH 24 390 R0 350 P 2 3 e s ) 5%
oK. . WEEI A
2.3 IR AR

(WEEZ ZRETT0 1~4 J& &3 7 2R R AS:
DAL I Treg 40 A1 ELBY - B/ SRR P9 L7 ik A
B 1.0 mL, BT EDTA ik, 1h AHREHAA
1% 4H i (peripheral blood monouclear cells, PBMC).
&AM T KA E M3 4T 1500 r-min™' B
15 min, 72 BEMF, K i gn e o AE 8 £k
K 15 mL, H5JWFTEMA 10 mL itk 40 5
Bi. 3000 rrmin”' B0 30 min, /NCoWRE ] )
EAZGAMRZE, BEET PN LEE T,
1500 rrmin”" 2.0 10 min, F % FEWRSH PBS
e 2 WK, WG REI4MIIN PBS 51 RFT il %
B R B, AT . 4> A FITC-CD4 .
APC-CD25. PE-Foxp3 Fricith4nffd, AL .

(2)ALT. AST (s, &b i o 4 A A= K B
T B(TGE-B)FI A/~ -6 (IL-6) [ IE KM, Ho42 18
Wi B PR

G)VENRZHET T 4 J Gk A7 W R A H
NERFIE R . U) JE AT A Gt W 52 R
WEERARAL . $REUNRFAE SR, BCA &5,
Western blot JAEKGIIH2HZ% TGF-B 1 Foxp3-.
Smad3 HEHPIEIZE, IS mRNA 5, RT-qPCR
¥ TL-6. TGF-B Foxp3. Smad3 ) mRNA ik,
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SR ITR R 1,
=1 51975

Tab.1 Primer sequence

FERAFR SIAATR FPHI(5 -3") bp
GAPDH F primer GGTTGTCTCCTGCGACTTCA 220
R primer TGGTCCAGGTTTCTTACTCC
TGF-B F primer GACCGCAACAAGCAATCTATG 300
R primer TATTCCGTCTCCTTGGTTCAGC
Foxp3 F primer CACTGGGCTTCTGGGTATGT 278
R primer AGACAGGCCAGGGGATAGTT
Smad3 F primer AGGGCTTTGAGGCTGTCTACC 364
R primer GTCCAC GCTGGCATCTTCTG
IL-6 F primer TGGGAAATCGTGGAAATGAG 254
R primer CTCTGAAGGACTCTGGCTTTG

2.4 HIRGLEAG T

SEIGHAELILL X +5 IR, F SPSS 17.0 #E4T
Giit b, AR B P<0.05 MM 3 Gt
3 ZR
3.0 ME R KPS E e SR

i R - R V2 N 5 A 22 W, BCA VI e B

FT2 MRMEF ALT KA T @H=10, X+s)

Tab. 2 The expression of ALT in mice serum(n=10, x+s)

TE, GRESHZZHESEN 85%, HASE
M 18.7mgg .

3.2 /MERIhEEFEbR ALT. AST HA84L

15540 ZH AH bEoxT BB ZH IfL 7 H ALT A AST BRIk
. E I (P<0.05), AR Z 205 1S Ak FRAIK,
iR L B B3 M 22 7 (P<0.05). S5 R &R
2~3,

3.3 /NEANE LA TGE-p Al IL-6 IR IA

PRI TGF-B 31K B K T3 2 (P<0.05)
M IL-6 W T X4, B2 215, TGF-B
2RIk T, T IL-6 RiIKFFK, SHMAL
A B EZF(P<0.05). 4R NE 4~5,

3.4 /NEANEIMLF CD4"'CD25 Foxp3™ Treg MILL
A1k,

FHELXTHEZH, BRI p Treg M LL 5] 55 25 PR A
(P<0.05), TMitEZZHETHE Treg MLLAIAS 2T
EN4E e, AHECERY A B B35 25 7 (P<0.05). 45
RN 6.

W 3 ALT/U-L™
- 7] A/ A/ A/
1A %2 )4 H3 Ha4R
Xof B4 52.2643.12 50.24+3.83 55.2143.45 54.1242.58
i) 165.20+10.41" 158.21£13.52" 155.71%£13.55" 148.23+12.87"
(02 21 2 (ilE ¢ 140.33+15.64D% 128.21+17.40Y? 110.31+13.529% 94.32+10.32"2
22 22 Wl e 7 4 120.21+10.45"2 108.52+85.211% 85.21+11.54D% 80.32+13.47Y%

TE: SARAE, UP<0.05; SHIEIALLE, PP<0.05,
Note: compared with the control group, ’P<0.05; compared with the model group, 2P<0.05.

F=3 MR AMLIE AST kL L (=10, x+s)

Tab.3 The expression of AST in mice serum(n=10, X+s)

a5 AST/U-L™
ZH A
1 2 %3 54
Xof B 4 112.50£11.20 110.31£10.00 113.51£11.23 115.40£13.50
AL 265.21+21.117 270.20+24.50" 258.60+13.85" 243.21+£20.35"
[ 4 = 4 IR 225.31+13.25"2 203.74+14.54M2 187.21+15.249 166.85+20.14D%
2 2w 214.21+15.85"% 180.23+17.52"2 162.31+15.77"? 145.28+19.521

TE: SXRAE, UP<0.05; SHIBALLE, PP<0.05,
Note: Compared with the control group, "P<0.05; compared with the model group, 2P<0.05.

&4 NRSME M TGF-B 8y KA R (=10, X+5)
Tab. 4 The expression of TGF-f in peripheral blood of mice(n=10, X +s)

a5 TGF-p/pg-mL™"

- R ERYE 3 W4

it HE 21 215.31+12.33 212.23+18.57 213.54+20.41 223.51+18.77

AL 52.12+13.21" 50.41+15.85" 53.20+20.13" 48.52+18.77"
2 2 HC A 63.21+18.22" 88.33+17.31Y? 103.63+13.5492 123.54+15.339%
2 2T A 85.32+11.259% 110.20+17.80Y? 135.65+22.10"2 167.33+18.73Y%

TE: SXRAE, UP<0.05; SHEALLE, PP<0.05,

Note: Compared with the control group, "P<0.05; compared with the model group, 2P<0.05.
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x5 NESNE A IL-6 B KA T (N=10, X+s5)
Tab. 5 The expression of IL-6 in peripheral blood of mice(n=10, X +s)

IL-6/pg-mL™"
2H 5
514 52 4 #5034 554 4
Xof B4 32.5247.31 35.21+11.20 34.71+8.21 30.2549.21
i) 98.52+14.21" 102.21+12.58" 100.36+10.58" 108.52+13.62"
22 2 B R4 82.36+14.50Y? 73.36+13.21"% 64.21+14.33" 56.3113.77"
W22 2 Wl v 7 A 77.31+8.31"2 66.25+10.52"2 51.32+13.21"2 45.31+11.33Y?

E: SR RALE, DP<0.05; SHMAILLE, PP<0.05.

Note: Compared with the control group, "P<0.05; compared with the model group, ?P<0.05.

F6 NEANEMLE Treg B b6 & (=10, x+5)

Tab. 6 The proportion of Treg in peripheral blood of mice(n=10, X +s) %
41 5 1A H2H $3H %4
X REAH 10.20+0.82 9.86+0.63 9.35+0.50 9.67+0.67
TR 3.21£0.52" 3.05+0.48" 2.98+0.63" 3.10+0.49"
W2 2 BRI R 4L 3.95+0.50"2 4.83+0.61"% 5.13+0.719? 6.43+0.64"
W2 2 W L 4.53+0.34"2 5.36+0.70"2 6.32+0.53" 7.80+0.83"2

e SRR, VP<0.05: SHR4HE, 2P<0.05.

Note: Compared with the control group, "P<0.05; compared with the model group, ?P<0.05.

3.5 /NRAFAEZUM A R SE R

Xof W ZH /D BRI AL e o B I, TR Y 2 N B
SORFAYE, U¥] NAFLD /) RSB E Tl /iR
AUk A Mg W VR A, 1 et 77 s 2 AT B 2L
A LG R EoR g5 I B R AL, PUMZERH
PETIARAM A Tmage J BRAFHEAT € B b, 45 A0S
s B AH /) B AR B2 T IR AR
ZHET T . SR 0E 1.

2501 D
. I
£ 2007 i
< % B
K 1501
R
I
% 1001
B

504

T T
Xt HEZH PRI ZH L5 il = = 2

B 1 DMERIFAR R E R

G RALELEL, DP<0.05; SRUALALELEL, PP<0.05.

Fig. 1 Liver tissue oil red staining results

Compared with the control group, "P<0.05; compared with the model
group 2P<0.05.

hE AR 2527 2018 4F 3 H 58 35 55 3

3.6 Western blot £ illl /) B 44 21 ' TGF-B Foxp3
1 Smad3 )R 1A

R TGF-p. Foxp3 Al Smad3 [k &
F KT B AH.(P<0.05), T 771 2 2H R 751 5 28
TGF-BFoxp3 fl Smad3 )3 1A & 3 1 51(P<0.05).
UL AR 2 2 HE I 5R T TGF-B-Smad3 15 5 HIRIE.
iR WK 2.

FHRZE BORAL R g
TGF-p

Smad3
GAPDH

XTI B AR R

Foxp3

GAPDH

B= X
B AR
= Rl
O i

TGF-B Smad3 Foxp3

B2 /MRS $ TGF-B. Foxp3 #1 Smad3 # 5% ik (n=3)
Sxteat, VP<0.05: S, PP<0.05.

Fig.2 The expression of TGF-B. Foxp3 and Smad3 in liver
tissue of mice(n=3)

Compared with the control group, "P<0.05; compared with the model
group, 2P<0.05.
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3.7 RT-qPCR faill/ 424 TGF-B. Foxp3.
Smad3 F IL-6 ] mRNA 1A

WIS TR 1, SxF A, BAAH
H TGF-B+ Foxp3. Smad3 [] mRNA ik i, 1

IL-6 ] mRNA FRiA_Fif(P<0.05), #5222 5T T
J&, TGF-B+ Foxp3. Smad3 [ mRNA ik _Fiff,
1M IL-6 mRNA KI5 T, XA A2 B 2
F5(P<0.05), Z5RWNFE 7.

&7 /NEFFHLE TGF-p. Foxp3. Smad3 #1 IL-6 B mRNA Kk (n=10, X+s)
Tab.7 The mRNA expression of TGF-B, Foxp3, Smad3 and IL-6 in liver tissue of mice(n=10, X +s)

5 TGF-B Smad3 Foxp3 IL-6

X HEAH 0.76+0.04 0.80+0.05 0.63+0.04 0.96+0.10

gl 0.38+0.03" 0.26+0.07" 0.14£0.01" 1.48+0.13"
22 22 Wl v 7 4 0.60+£0.08" 0.67+0.06"? 0.35+£0.01" 1.13+0.147»
2 2 B S 4l 0.46+0.07"? 0.52+0.03"? 0.22+0.02"2 1.27+0.1172

e SRR, VP<0.05; SHR4HE, 2P<0.05.

Note: compared with the control group, VP<0.05; compared with the model group, 2P<0.05.

4 it
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