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DDC K& (0. 1% DDC) #E#EZH Al DDC 3 H+ 8 A% 3R (RAPA) IRYT 20 I IETEST R IR H R (5 my/kg K HE) BRI
SR, EST do TRARFE-PHL(HE) Masson Y0k I 7 38 2 AR AL R 5 S e ALK CK19 1 Ki67 , 4387
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B /N BRI A AE B FH IR AS 38 A= M40 0 B3 W8 0005 | RAE (116 Tnfa F1 1116) FNEF4EAL ( Timpl \ Tgfb F1 Coll ) AHIEH
F mRNA KRR, Akt . mTOR 1 NF-xBp65 & IR /K FIRREIR, 4518 & IAE 2 Al Ge@ i 74l Akv/mTOR/
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Therapeutic effect of rapamycin in DDC-induced primary
sclerosing cholangitis in mice
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ZHENG Kuiyang'?*, YAN Chao'*"
(1. Department of Pathogen Biology and Immunology, Xuzhou Medical University, Xuzhou 221004, China.
2. Jiangsu Key Laboratory of Immunology and Metabolism, Xuzhou 221004)

[ Abstract] Objective To investigate the effect of rapamycin on primary sclerosing cholangitis in C57BL/6] mice
induced by 3,5-diethoxycarbonyl-1,4-dihydrocollidine (DDC) and to explore its potential mechanism. Methods 6~ 8-
week-old female C57BL/6] mice were randomly divided into a normal diet group (healthy control group), a 0.1% DDC
diet model group (DDC group), and a DDC with rapamycin treatment group ( RAPA group). Rapamycin (5 mg/kg body
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weight) was injected intraperitoneally every day for 1 week. Hematoxylin-eosin and Masson staining were used to
semiquantitatively evaluate the degree of pathological changes and liver fibrosis in liver tissues, respectively.
Immunohistochemistry was used to detect CK-19 and Ki-67 and to quantitatively analyze the degree of biliary duct
proliferation in liver tissues. Real-time quantitative polymerase chain reaction was used to detect the expression of
inflammatory cytokines (IL-6, TNF-«, IL-18) and fibrosis-related molecules ( TIMP, TGF-f, and collagen 1) at the
mRNA level. Western blot was used to detect the expression of Akt/mTOR/NF-«kB signaling pathway proteins and their
phosphorylation levels. Results Compared with the DDC group, the RAPA group showed a marked reduction in hepatic
inflammation and biliary duct hyperplasia as well as amelioration of hepatic fibrosis. Inflammatory cytokines (IL-6, TNF-a,
IL-1B8) and fibrosis-related molecules ( TIMP, TGF-B, and collagen 1) were significantly decreased; furthermore, the
phosphorylation levels of Akt/mTOR/NF-kB signaling pathway proteins were also remarkably decreased. After rapamycin

treatment, bile duct injuries in the DDC group as indicated by expression of CK-19 and Ki-67 were also significantly

improved. Conclusions
Akt/mTOR/NF-kB signaling pathway.
[ Keywords ]
signaling pathway

& MEAE Ak P B A4S R ( primary  sclerosing
cholangitis , PSC ) f2&—Ffr 18 P Iy I B M s, H 32
BRI A NHAE T ] A R AN £ 4E A, RT3 Al IE 45 BH
FE NFREAL P A il A5 L
RGeS N Z Xl F: 30 PSC B KA {H PSC BIEUR
LI A 58 42 T 4, B A JE A RUIRIT A .
P, -4k — R &k 50897 PSC R 259, 30 7k
JEBE

DDC( 3, 5-diethoxycarbonyl L 1,4-dihydrocollidine,
DDC) Z—FhSFtE R4, /NI DDC &, nT i
R ZE, I IR T ZE R R A7,
TEIm KRR ILFN 2w AL B 5 PSC AigZ M RlZ
Ab A DDC 755 1/ RIS 6 15 2 F 52 PSC 2K
S AL AR O 24 ) F & 5 o B B g A AL
T FL 3h ¥ 5 A A K 2K 1 ( mammalian target of
Rapamycin, mTOR ) 72 — Flt 22 2 iR/ 95 IR W g , 12
YR A mTORC1 Fl mTORC2 W #F Dy REA ] 19 & &
K, 722 50RO B A A o i
i, FWA%E F (Rapamycin, RAPA ) J&—Fi A 2% H i
SEPER mTORC IR . AP R, FINE R
AIUAE ConA 1755 1Y T 20 L SR 2K | 4% 40 i 32 i S 1T
UL B, AT T ST R AR 34 DDC K
BT RIAED S BA R, R R
TERYAERIBLTR , e PRI 7 5 M Bl A 1 B 4 48 2
HIBTEZ5Y)

1 #efnrE

1.1 Lz
TE TG C57BL/6 MiEME/NER 15 H,6~8 J& 1A

Rapamycin can alleviate DDC-induced primary sclerosing cholangitis in mice by inhibiting the

Rapamycin; 3, 5-diethoxycarbonyl-1, 4-dihydrocollidine; bile duct injury; Akt/mTOR/NF-kB

18~25 g, WA F W7 V1.2 308 F| 42 S 560 sh W B AR A R
A [ SCXK (#7)2019-0001 ], 1 3% T & & sh ¥ e
R AR B FROK B 1 S SR AR A A M B R 2
SEE S U B BE Bl 4 92 50 B 1 B] [ SYXK (75
2016-0028 | #E47, S50 sh ) fd H  BRAEVF AT B AR N
PR ALK 2 5256 3h ) 10 B 23 B 2 Ik ol ik (TACUC
(201801w003) ) , B4 I BRI A BT 5% A4 FIF A5 5 96 440
A [ 5% S 06 2 Bl oD AR N BE B R 24 50 5 B
Yoo ide 5 B T SC I sh W 4 A Y 3R TR U
T NIERIR,
1.2 FEKFISNE

DDC(STBJ2468 , 2l i 99% , 35 [F Sigma /A F]) ;
W& £ (LW #E = KA FE); TRIzol (3 [
Invitrogen N HED) s 51 Y H L@%ﬁ%//_\\ﬁl%m,
FastKing — 7L BRI I 41 cDNA 25— 88 & Bk &
(AU RARA R A BR A R ) 5 LB 9O R A
fitge% J W ( qPCR) ¢ ' Mix ( 4L 5% TransGen Biotech
NHE]) s P/l CK19, Ki67 Hidk (25 E Abcam 23
Al); % Bt /b Bl mTOR, P-mTOR, AKT, P-AKT
(Serd73) Hi 5T BEHLIA (BUM AR L E Y HARF R A
") BBt/ p65, P-p65 B TE HEHT A (35, Cell
Signaling Technology 23 ) ; 53t/ . GAPDH . 5%
BEHUIAR EST R AL AEST/ N B BT (I ABclonal
YNEIDIN
1.3 XWHE
1.3. 1 SEEshysral S A gy

8 JEIW I MEME CSTBL/6) /N B2 1A T 20
g ZiA7 , BENLSY A Bt DDC PR 4H . DDC 3 A5+
FE(RAPA)JRITAL, B4 5 H/NEL, Bl
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O J 3 B — UK TR A R R (AR B A 1 DMSO %
25 A BER KR RR 2 | mg/mL, FES N 5 mg/
kg /NEUAREL) | PRZ 13 22 10 0t — S, s 30 a] 4 5K XoF
PEZH MG s 1 5 0. 19% —H IEFAN ( DMSO) , i )5 — Ik
4T RAPA J5 24 h fE47 BUR JAH ¢ By A I, L
Kl 1a,
1.3.2 HE 5

INEUFAH T 4% R EEZ 48 h J5 4
K Al LA R AT AR &
Z1.(HE) Jz Masson 3, T2 B Gl BE T WA 12
&L, 4T HE Y@ 2s B - AT 5 B2 143 Masson
Yefa b LK Image | P17 25007,
1.3.3 fyEdifb

TR AL B (0.01 mmol/L #7852 12 38 2% vh W,
pH6. 0) AL H (4 wm) |, 5% BSA = iR B AIREAR
202 30 min, ff F 5 50 B /N BT CK19Ki67 i 4
(# % 1:1005 Abcam) , X FRZLIH N 1% BSA, B T
S AR, T 2 REGHEBE R, i e i
BB R b, B 3 7 & TR &P, BT 37°C R
FHRE 30 min, FCH] DAB RO, N T 4141
LB PR Gk, T A LR R YL
FIE w5 1S S IFE 5~ 10 s, WK b1, ik
B R, TOLF BB N WS B AR g 5, I
Image J xE =T,
1.3.4  qPCR #:M 116, Tnfa . 111b ., Timpl ., Tgfb A
Coll ) mRNA Fik/K¥

FH TRIzol 4% U WA 5 20 B4 U 45 21 T 41 2110
S RNA B RNA 3505 56 5% cDNA J5 47 PCR 974
KW, LA Gapdh fERNZ, HAYHER mRNA FRik &
FI 275 51 F s L 1,
1.3.5 Western blot

PEEAS A0 B (A, FH BCA TR BE |, AL
B 60 pg £ AR &0 A #EAT SDS-PAGE HLTK, H
BioRad F #f 5% 15 26 & A7 90 2N I 5% [ A 4 15
FIREA 2 h, 250 A mTOR , P-mTOR | AKT , P-

AKT(Serd73) \p65 5 P-p65 —41t 4°C KA R AT 5
TR YRR, —HUMFE 1.5 h, i ECL 55 Mt
5% Image Lab %PF 53 BT 45 52 6 F I 8 11 6
B/ 36837 P9 5 B 14006 D3 (01 LA AR S 2 40 7, 52
WA 4 K,
L4 FITFETE

SRR 2 SPSS 19. 0 BV R4 T ab T, 2
IS AT BOR I X B 22 (2 25 ) R
I PRAEL )RR P ST RE A ¢ B, 22 A%
9 ELR R B IR 2R T 22 90 A, T LR L LSD -t
K, LA P< 0.05 HESAHGITFEX,

2 #R

2.1 RAPA A[¥Z DDC R EFH S8 /MNRIFRAE
B T T

il HE 322 f1 Masson Y8 m] L 1E 5 417N,
FFR W B S8 (& 1b 1c) ., DDC £H /)N BUIH A4S &
L AL B B S % 1 0 PR Vi, R R 4 4k U, IR
ESRE A A5 R ZEEL; T RAPA R YT 41/ UGS
J Bl A e 3 00 G I T A R R 4 W e
MRS TG i, @t e it — 2 hoR, 5
DDC ZHAH EL , RAPA 3557 4 /DN B E s BEVE 43 B (2
FAk (B 1d, P< 0.05) , ZF4E DU D (I e, P<
0.01),EZRAGHI¥E X,
2.2 RAPA AT#[4%] DDC FSH/NRFHEE L
2l apigeS

T E—ESE RAPA ] DDC 7% S i R4S
B AR A, FRATTE I G A AUk A G
W7 JRAE G AR A G AR B CK19  Ki67 By ZRis, N
B2 Fin, 5155 /N e, DDC IR & 41/ BUIF
CK19( &l 2a #12b;P< 0.01) \Ki67 (¥l 2¢ F12d; P<
0.0001 ) HY PR A XS B35 22, T RAPA Ab 3
Jii, CK19 PHME X3 ( P<0. 01) Al Ki67 BHM: X ( P<
0.001) B B F&A%, K ik, RAPA 1] i & # ] DDC %
S ARAE R

&1 519755

Table 1 Sequences of primers used in the study

2 A

Gene name

FUEEIIFS(5'-3")

Primer sense( F)

TUWEBIYFE(5-3")

Primer antise(R)

Gapdh ACTCCACTCACGGCAAATTC
Tnfa CTTGTTGCCTCCTCTTTTGCTTA
116 TCACAGAAGGAGTGGCTAAGGACC
1116 TGTGTTTTCCTCCTTGCCTCTGAT
Tgfb CCACCTGCAAGACCATCGAC

Timp1 GCAACTCGGACCTGGTCATAA

Coll CAGGGTATTGCTGGACAACGTG

TCTCCATGGTGGTGAAGACA
CTTTATTTCTCTCAATGACCCGTAG
ACGCACTAGGTTTGCCGAGTAGAT

TGCTGCCTAATGTCCCCTTGA AT
CTGGCGAGCCTTAGTTTGGAC
CGGCCCGTGATGAGAAACT
GGACCTTGTTTGCCAGGTTCA
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DDC K fx
R BN (5 mg/(kg-d)

a @
DDC diet #15

*
6~8)5C57BL/6J/M i, Rapamycin IP (5 mg/(kg-d)) Sacrificed

6~8 weeks old
cmomee  LJ L ITTT]
0 7 8 (d
xR DDC Y DDCR AT+ I RE
b Control ____DDpC DDC+RAPA d

R &
<=
EE

C X DDCk Tt
Control DDC

Ilm

S0 win ® .. 50

Ha EHRUREE b 4 4H/NRIF HE e 0 45240/ BRUF Masson 42 (85 d; HE Y (2055 BE22 1T 43 5 e - Masson 4 {6 [€] {5
T (n=4) ; SHMARIL, * P< 0.05, * P< 0.01, ** P< 0.0001,
1 /PRIFAZYREHE2=AR L

X DDCYfr DDCIKfY
+EMAER
Control DDC ~ DDC+RAPA

50

DDCHK T+ 8 % ¢
DDC+RAPA

JiZ I TR
Density of collagen

o =

X DDCKfr DDCKY
+iH AR
Control DDC ~ DDC+RAPA

50 jun

Note. a, Modeling schematic diagram. b, HE staining. ¢, Masson staining of mice liver of each group. d, HE staining

pathological score. e, Quantitative analysis of Masson staining (n = 4 ). Compared to the corresponding group,

*P<0.05, ™ P< 0.01, ™ P< 0.0001.

Figure 1 Pathological changes in liver tissue in mice

2.3 RAPA AF4{K DDC R BiFS/MNRIFREM
FHENHEXEFHIKE

AT — 2R H qRT-PCR #0077 R JE (116,
Tnfa 1 111b) FIEFHEAL ( Timpl  Tgfb F1 Coll ) AHI A
TSR AR, SIE® /NEAH L, DDC A /U
i 116 (K 3a, P< 0.0001)  Tnfa (I 3b, P<
0.01) 1116 (K 3¢, P< 0.001) X Timpl (¥ 3d, P<
0.0001 ) .Tgfb( ¥l 3e,P< 0.0001) F1 Coll (&l 3f,P<
0.0001) mRNA A X} % 1k 7K F 4 B & 7 /&1, 14d B
DDC R AT 5 /N U 98 5 FEF 44, 5300 5 45
1 HE et rp R 41932 1 A1 Masson Y& 4 £F 470
TR IREE A — 3, M7E RAPA T 15, X448
JE LT AEAL A O T 9 mRNA 2235 7K 2 01 8 [%
(1l 3a~3d,P<0.01) ,UitH] RAPA figli4 DDC 5]

B/ RS FNAT AL
2.4 RAPA FI#iE iTiH#E Akt/mTOR/ NF-kB 15
SiEEHIH DDC ESHEEHR G

T HE— T RAPA #ll#] DDC 7% S 10 1B A4S
Wi 4 FALE, T RAPA #E 5 mTOR 4 # 1
H,HIE®E/NEAL, 445 RAPA ZJ5 &% mTOR
AR MR ALR) mTOR (P-mTOR ) ik
K, X —B G E A SCHkRIE ", i HL 44 5 RAPA
FEARLEHTE p65 M P-p65" " | I R ATHE— 4 3 1t
Western blot #:ill] DDC £ Al DDC +RAPA 4 /)s BT
mTOR , P-mTOR , AKT , P-AKT ( Ser473) , p65 Fl P-
p65 AL B, 45 WoR, 5 DDC 41/ A
RAPA T+ il 5, P-AKT ( Ser473) . P-mTOR £ P-p65
(B 4a) TEALACE I B AL, 2R B A S FE X



o H A PR R 275 2021 4E 6 A5 31 #4556 4] Chin J Comp Med, June 2021, Vol. 31,No. 6 13

X i DDCIR T
Control DDC

: ]

o

X DDCIX 1T
b ) Control DDC

DDCRET+E A H

X &
Y o
[ =:.
= &
o Q2
T ¢
00Oy
X DDCYfr DDCH T
AR
o Control DDC  DDC+RAPA
DDCH AT+ I %
DDC+RAPA - d

15

f

H
E

Ki67 BH 4 i B(%)

Ki67 positive area

0.0

DDCfF DDCHKfr
+H R
Control DDC  DDC+RAPA

Ha-b 41/ BUIF 1 CK19 B BH 43 i 5 e-d: CK19, Ki67 238 B & AT (n=4) 5 5 R 450 t, ™ P< 0.0001, ™ P< 0.001,

" P<0.01,"P<0.05,

B2 DDCREFESA/NFFH CK19 Ki67 By A4

Note. a-b, Positive distribution of CK19 and Ki67 in the livers of each group of mice. c-d, Quantitative analysis of CK19 and Ki67 expression (n=4).

Compared to the corresponding group, “** P< 0. 0001, "™ P< 0.001, " P<0.01 , " P< 0.05.

Figure 2 The DDC diet resulted in changes in expression of CK19 and Ki67 in the livers of each group of mice

(El 4b~4d,P< 0.05) ., kg 4R . RAPA 7] fE
WL Akt mTOR/ NF-kB {55 f& 2 DDC 75
S0 5 R ERE AR A R

3 it

Ji e Bl A A8 2 2 — o 7 L A 18 R BT
TRV , AR 2 T 9 BSOS MR A B 2 i 7
A JHEA IS 28 AR AE 2 44k, REAS R Y
RAEFNET A 28k 2 % J R NETT A B 0E BF 6
DA AT FF D BERR AT DDC AR B S 1/
U4 58 8 i — b 2 B %) R A7 A L 98 BRI
PR ST 0 AN R S B /D BB I AR
003 , 7 S AL A R R 3 28 Al B S T
KVEREALPE IR & A BFsEHRGE, DDC IR —
e /s B, HG B A B B A E A RN ( ductal
reaction, DR) , I M A4S I J BEBE A4E HE4E A RAE
BRI B DDC RHFZEAE T, JTF b B 2 R
i 20 L 92 I R ST A B A0 A TS A 3B IR I 2
FEARAE B4

ARBFFE R T DDC 7 S A I AR B A
PO EPIRIY IR AR 7 7R WA R 2R AT IR AR

NRAE B I AE F 2 o FAE FIPLE] . ARFRFIHE T
HE 44 (]2 Masson Y2 {030 AL T 45 2H /N BRI
PRASA L, 25 5 0 7 A5 R0 21 /)N RO B JE A 4k 1k
21 32 R TR A 386 A O 1 B A T DR 2T 4k I TR,
X5 Jansen 257G ZE AL — 2L, W RAPA 3674
JIRLAEE T 5 AP 4 e P 9 i B S ik 20 | e L 4 Ak D R
S RIS, IESZ RAPA A] LI 4% DDC i S i/
SUH28 I T, IHAE 36 A T 2F 44k, A0 f 2R
(CK19) ANFETE T B JHF 40 B H s 3 2247 76 T AR
MM AR b R 0 ( BECs) ", St ) vz (i FH R IR
M AN AT AR AN B AR ) R A R R A
P10 Ki67 Fik TG B 2B A0 A% 0 R 4 i
WASE A RR G FR AT 4 R R, RAPA BT
AL ZE N DDC IR SR A CK19 Fl Ki67 15
Fik R RAPA n] LA IRAE b B2 20 M i 14 4
O A M HGE RS R (K 1b~ 1¢) ¥ 7R DDC
TR TS T I A8 DX ) FB] 4 A 40 i 1) 322 Vi R G i
DURL e AT o, Al 132 1 qRT-PCR #4714
— I UE R AR T8, 43 BT T A O R M A M L 16
Tnfa F1 116 I35, RAPA 4b3 5 a] DL B RRAIG X
SEAE R AN R F 7K, BFEFGEAR AR SE 8 BR Timpl |
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wE — HES
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=8 Z5

=% <%

ze* 25

% g2 E 21

s2 Se 3

~ ﬁ 0 = E 0
2 X% DDCikfr DDCHKfr S XM DDCWfr DDCIKfr

R LTS LTS
Control DDC DDC+RAPA Control DDC DDC+RAPA
<
d cZ: Timpl mRNA ¢ :Z: Tgfb mRNA

I E 3 povey 15 £ 4 i o

23 P 28] T

25 £5e
5 Be

EE ZE:
£ =7

= % 5]

52 ol Bt
£ %8 DDCfr DDCHKfr S X DDCkfr DDCHfr
o~

Control DDC DDC+RAPA

w

Col1 mRNAMIAS Feikt
Relative expression of Co// mRNA
~

Xt DDCYKfr DDCIkKfX
Ry LIRS S
Control DDC  DDC+RAPA

+HE A BER

a0 40500 qRT-PCR KLl 4520 /N AT LH 2 rp 106, Tnfa 1116 Timpl  Tgfb F1 Coll ) mRNA At KK AL (n=4) ; 5H B4 5 1,

“ P< 0.0001, ™™ P< 0.001, ™ P< 0.01, " P< 0.05,

3 DDCHKEES/NEAFT 16 . Tnfa 1i1b Timpl . Tgfb Fl Coll 4 mRNA 5754k
Note. a-f, Relative expression of 116, Tnfa, Il1b, Timpl, Tgfb and Coll in liver tissues of mice in each group was detected by qRT-PCR,

respectively(n=4). Compared to the corresponding group, “** P< 0. 0001, ** P< 0. 001, " P<0.01 , " P< 0.05.

Figure 3 The DDC diet induced changes in mRNA expressionin the mice livers of 116, Tnfa, 1116, Timpl, Tgfb and Coll

a b
DDCHkfr DDCHkfr
MLLEESS
DDC DDC+RAPA

P-mTOR/GAPDH

P-mTOR .
— DDCHfr DDCHfr
K
DDC DDC+RAPA
w— — MTOR '
¢
N S— DAkt
Gos
g
Akt DDCHfr DDCHf
IR
DDC DDC+RAPA
— S P-p65
d .
— e D05 S

RLLiETS
DDC  DDC+RAPA
. a: Western blot #5  4% 2H /)y BHF 40 21 AKT . P-AKT
(Serd473) .mTOR ,P-mTOR , p65 Fll P-p65 & [ F K451k ; b-d;
X HRIEE R (n=4); SMBE AN L, ™ P<
0.01, " P< 0.05,
B4 /NEUF4ZUH mTOR P-mTOR (AKT ,P-AKT
(Serd73) p65 il P-p65 2 11 &k B fk
Note. a, Expression of AKT, P-AKT ( Ser473), mTOR, P-
mTOR, p65 and P-p65 in liver of mice in each group was detected
by Western blot. b-d, Quantitative analysis of protein expression
(n=4). Compared to the corresponding group, ™ P< 0.01," P
< 0.05.
Figure 4 Changes in protein expression in mTOR, P-mTOR,
AKT, P-AKT(Ser473), p65 and P-p65 in mice liver

Tgfb M Coll J&/NFHAT IR £F e T (3L, vl 7E
—EFEE L LTI & Y fE RAPA ZbBE)S
WHANH . EA SCRRITFFT R B, I RAE I RE A 2
RFEF4Efb i) & A % Bt AR WF 98 & BLAE DDC I
B/NEUG , HIFh NF-kB p65 B R bk F K H T i
RAEN 70 B TH e, HAF4efb AL FE 3 01 8 i =R, i
22 RAPA JRJT )5 , NF-kB p65 M i Ak 7K - FE AL H %
$iE Rl 2RR K7 B S B ARG, I B 2 4R AL 7R B A
P I s | X Be 2 R R RAPA W] g i 1< 410 i
JEREAE RAE SR 2035 DDC 75 T 14 RE 7 H I AL I &7 4
b AR BB ST T ZEtE— 20 R0

NF-xB A A2 MR (2 R A5 556 iR 42, p65
YER NF-kB 55 WA W36 20 nE X, 9l R AL A5 1
Je Bk i B A A P A R AR R TR A ek, A 45 4l
MR, #afe R 7RG B2 7 G R AR Y p6s
AR FERE N 2 F (AR AE N ) 7= A, P ECR AE MR
SRR R I, NF-kB p65 {5 5 f% 2 28 %
R K ) S Y WEAE R W RER (EA) Xt
LPS i3 1) RAW264. 7 40 B A BT R A, FH BT
PL3d 3t 3 4] PI3K/ Akt/mTOR/NF-kB {5 53 % 1411
il LPS 5 5 R Ve B =AY B B 5T R W
TIPE2 #3875 Akt/mTOR /NF-«B {5 5 Bl i A
il B A S A, A7 R B ANGERE S X e 5T
HFRAUESZ T Akt/mTOR/NF-kB {5 53 J% 1F 4 5iF F1 4
A A R e AR R 25 DGR VE T, € 1 mTOR i
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NF-xB #02& Akt B R RN ¥, i Akt FE47HIM5
ST AE £ mTOR 8% NF-xB 7E ¥4~ 5.+ Al
M7 7 ) R, mTOR AT 38 i Fz Bk HL i 8
Akt, BT LLE i mTOR FHOCHE F 2RI Akt R FS
B mTOR 445 NF-kB'*'  ABFFEEE R s R4S
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