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WE  ZXERT T g BB = F A5 (dimethyl fumarate, DMF)*+ AL it 7 ik, 28 fi. HaCat3 74
e JB) B Ae dm i, B o4 04 38 AR R A BAR XALIE 69 % vh . L B MTT 52 36 Fe i X 40 I K 5 7 400 2m fie,
Wi Ao tm LB A6 T, FH R R R & . Western blotd KA~ § w440 % & & 89 K-F 5 50 H.
4R R 7, DMF/£25 pmol/LB, ¥ 42 B B 347 #|HaCata fen 6 38 78, 4 /R 38 2150 umol/LAT, 4@
JUF AR RIGFEE ). AKF] EDMF(25~50 pmol/L)F] i 4L %] 2 3 4 4| HaCat 2 JLDNA S AX,, 5 %
FE 2 Aa bk, SEILmARIR Y 50%(P<0.01), %G\ 48838 £ 1120%(P<0.05); &7 & DMF(100 pmol/L)*T
FHG, 5EMH [ (P<0.01), ™ 2 A & 247 4] FINAC(N-Acetyl-L-cysteine) T &t 22 | JU-F 7 & 18 4%
X —I%. DMFR 3 H-Fmfed ILoA R 49 A 4548, R I A LC3-II(microtubule associated protein 1
light chain 3-1) %% K X4 & 2 LR A 5t HIRB AP AL E4, LC3&E G R IEALC3- VAR A %4
#8 X & @ MR Cathepsin D. LAMP1(lysosome-associated membrane glycoprotein 1) p627K-F 3% Au .,
$bl, DMF 2+ ERK (extracellular regulated protein kinases). AKT(phosphatidylinositol 3 kinase)yA %
mTOR(mammalian target of rapamycin)fz 5 48 X & & 89 BRERAL LA B % 89 %‘P% YR, X s gE R R,
DMFT 25375 A AR R aIg5h . ¥ HIDNAS AR HF @i A f %, AL ik 5 DMF47
#|AKT/mTOR. ERK1Z 5 h#eA %.
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Effects of Dimethyl Fumarate on the Proliferation and Autophagy of HaCat Cells

Li Hongxia, Zhang Fan, Yao Tingyan, Fan Xing, Wang Renjun, Liu Qingping, Qin Jianzhong*
(School of Life Science and Biotechnology, Dalian University, Key Laboratory of Carbohydrate and Lipid
Metabolism Researchof Liaoning Province, Dalian 116622, China)

Abstract The aim of this study is to investigate the effects of DMF (dimethyl fumarate) on the
proliferation, cell cycle and autophagy of HaCat cells and the underlying mechanisms. MTT assay and flow
cytometry analysis were used to monitor the status of cell proliferation and cell cycle. Immunofluorescence staining,
Western blot analysis and RT-PCR were employed to detect the level and distribution of autophagy related protein.
The results showed that DMF inhibited the proliferation of HaCat cells in a dose-dependent manner, with significant
effects at 25 umol/L and almost complete inhibition at 150 umol/L. Low doses of DMF (25-50 pwmol/L) inhibited
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the DNA synthesis of the cells as evidenced by a 50% reduction in S phase cells and a nearly 20% increase in
G, phase cells compared with the control group (P<0.01), while higher doses of DMF (100 pmol/L) resulted in
growth arrest at G, and M phases (P<0.01), an effect that can be effectively reversed by the pretreatment with ROS
scavenge NAC (N-acetylcysteine). HaCat cells treated with DMF also exhibited obvious signs of autophagy, such
as the formation of LC3 puncta, increased in LC3-II formation and up-regulation of LAMP1 (lysosome-associated
membrane glycoprotein 1), p62 and the mature form of Cathepsin D. An examination of the autophagy regulatory
signaling pathways revealed that DMF inhibited the phosphorylation of ERK (extracellular regulated protein
kinases), AKT/mTOR (phosphatidylinositol 3 kinase/mammalian target of rapamycin) pathway related protein.
Collectively, these datas indicated that DMF could significantly inhibit Hacat cell proliferation and DNA synthesis,
and induce autophagy, possibly through the down-regulation of AKT/mTOR and ERK (extracellular regulated

protein kinases) pathways.
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H AT, 5¢ T DMFXS # 5t 1% B 40 i 8 5E 5 b ik & 52
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Gibco). 100 pg/mL7E % 2 F100 pg/mLAi IR 5 &
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£ [ 1(lysosome-associated membrane glycoprotein 1,
LAMPI1). Cathepsin D. P-P70S6K. #24f[X T 4E
454y 1 (phosphorylation of 4E-BP 1, P-4EBP1)#!
GAPDH¥L A LA KX HRPARIC I HT /N B LR 1L F
Ty PR [ 1348 H Santa Cruz Biotechnology /A
fil. ERK. P-ERK. AKT. P-AKT#; 7 $i 1K H
Cell Signaling Technology /A &) . S HTLC3-TIHT A A
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) H SigmaFlFisher Scientific/A &, M-MuLV % —
FECDNAH iR 77 & DL S PCR Master Mix L f&zPCR
S A LAY TR A BRA e,
1.2 MTTENE HpaiLiE R

# HaCatHl ffg 2 T-96FL 15 7= 4, 10 00041 A/
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48 h. KiFR &5 A A4 hiin AN HPBSH: B FIMTT Wi
(5 mg/mL)20 uL. R5FREE WG, A EE IR, BN
A 100 nL DMSO fift 4 i P9 Ui iE I 4L e, H 2
Ih e B AR G B FLAES 70 nmi K (KW (D),
FAe THA KR T 5 4 A 386 5 =24 ) b 3 5L
(1) -T2 DAE/ % RESFL ISP 3 DAE < 100%
1.3 ZhpaEEAR

¥ HaCatZH i 322 Fh T 641 40 g 55 9% e, & 4L
3x10°40 . kR H, Io A R FE FJDMF(0. 50,
100 pmol/L)4k 4E: 5% 7724 ho JEE A B 1L 40,
o FLAH AR, B OUTIE ARG, SN2 N T mLTiA
[K170% .5, fEVK LI EH 0.5 h, B E M. BOFF
b3E, MA250 uL#& RNase(A & DNase, 29K
10 pg/mL)JPBS, 37 °CH¥ H 15 min, FIIA250 uL
AL I BE (50 pg/mL)IPBS, UK L4k &0 H
30 min, #A 5 FH i 2CAH A ORI 40 U DNA & &, gk
A7 40 B 5 R 53 b
1.4 Western blot#& N2 B Fi7k

¥ HaCatZH i 322 Fh T 100 mm B 4% 1) 3 R} 1% 9%
M, B R R H IS AR DMF ) 55 37
T, $59724 him, HAIME TR . B0 PtiE
9, I\ I&E ENP40ZE #1117 (20 mmol/L TrisHCI pHS.
137 mmol/L NaCl. 10% glycerol. 1% nonidet P-40.
2 mmol/L EDTA. & H##7. 10 mmol/L PMSF),
JE T UK B &30 mindf A8 EG . #&E T4 °C
IR B0, U B N A E AR, B
W H Bradford i 2 « BEANFE S EL30 pngE i
47 SDS-PAGEHL K I 4% #2 ZIPVDFE . F 75 5%/l
& Wk M TBSTAE = IR A4 BB T 1 h, FH IR 55E 4
FRE(1:500851:1 000) T H0L 8L FIRE S PUIRTES °CHiF E
. KH, F2.5%9 8 (TBSTH B WL, A
HRPHRICHIARN. 31, ERWE1 ho BEEREK
T I0 b 3d & A6 2 KOG GRI(ECL), FAG S RO

SR AR IEE 5, I F Image #4F I & & A K
J&, TR A AR X K
1.5 RNAREUVAIRT-PCR

Fz FiHaCat4ll M T-64L AR 5060 mm4H iy ¥ 7
M, I AN [8] # FE (FIDMFAL P 40 324 h. A1 mL
TransZol(4b 3 &= N & AE W AR A R A 7)) 2 i 41
Jf, 4% R R0 B I 20 SR B 4H ) S RNA, 5
A0 53 6 6 FE VI e RN AR FE FAli i o AR AN i B
2 ng RNA, i FIM-MuLV £ —#EcDNA & R 7 &
4 icDNA . # HPCRJ N FH 7 i 462X PCR master
mixi#t 1T, BN S ARTR A25 ul, & A 2xmaster
mix 12.5 uL, F #5170 % 1 pL(ZH 200 nmol/L),
FHRDNA 1 pL, H,O 9.5uL, ] AB veriti thermal
cycler(Applide Biotechnology)¥ #DNA, 7% 14 i J&
FE IR E AR I A R 51 010 52« PCRY G = 21%
BEARE R B vk FIEB Y 0 J5, FH eI FL VK 1B R Gt
(Gene A )kl AW 55 BT FH #0268 BRL 14 51 9007 910 93
BN F 7~ . LAMP-1: 5-ATG TGT TAG TGG CAC
CCA GG-3'(_Lii%), 5-TGT TCA CAG CGT GTC
TCT CC-3'( Fiff); p62: 5'-GGC TCG TGC GAG TCG
G-3'(_Li#), 5'-TCC CCG TCC TCA TCC TTT CT-
3'(Fii%); h18S: 5-CAG CCA CCC GAG ATT GAG
CA-3'(_Lii%), 5-TAG TAG CGA CGG GCG GTG TG-
3'(RUE)-
1.6 RERALEE

WK S B T efL Al M BE R . A
HaCat4i g, 3x10°40fiie/4L, B F37 °C. 5% CO. M4
iR . R H, IIDMFALFEG h. KA E
HrivefLAn B Bs 7R b, FPBSYELIR, M1 mL 4%

FHEE, iR FEE 15 mine PBSPE2YK, ML mL

0.2% Triton X-100, #4740 MoiEE AT, SR )5 DA
1 mL 2%f2F I3 A 2 F(BAS), =il R #4130 min.
Yo A ENRE N, MRETK AT B N100 pL
i B 1 B bt ALC3-112 3¢ B P AR (1:300)F0 B Pt A
75 Bl A 2% B B 1P R(1:200), B T4 °C, 1 E L
o WH, B3y HPBSHE2IR, B TiaT, mf
ik T 100 pL% Anti-Rabbit-550(1:400) A1 Anti-
mouse-488(1:400) — ¥, = i & W F1 ho H
1xPBS¥E2X, A1 mL Hoechst 33342(Invitrogen’
A)), W N2 ng/mL, Eii FEEEE S min. JE A G,
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& A7 Mountant, PermaFluor(Thermo Scientific 2y
. i IE B %Ok B e (BX43, Olympus 2

1.7 BRSO

SEIGHYE K FISPSS 13.048 i 24 AT 34T 20 #r o
S 56 B DL YY) A #E R (mean=S.D )RR, P FE
ARSI H LR -SSR AR K 56, 22 FE AR S8 B L 3
KHABK KRG E 0 HP<0.05NERH it %=
o
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2.1 DMFHIHI A R Ak 4HRaIE5E

R 9 11 S 3 SRR AR 2 — R R 3R A
JBETE B4 MBS 38 B 0 A TR AN A DR T Y
e BORITAR B IALEL 2 —, KR AT & Sl
EMTTH A 52 58 W %2 A [ 551 & FIDMF X} 7k 4= 4k
N AR B4 I HaCat 38 5 1§20 . JiF 51 &
i B 7E25~150 pmol/LFJDMF 4t #HaCat4fl il
48 h(E 1), 54259 % 2H(0 pmol/L) Lk
B, DMF£E25 pmol/L K FE I Xf HaCat4H i ¥ 3 58
A BN B R A AR A, BE S DMEFR FE 1 38
HaCati Jfl (1) 38 i 2 32 #i ek /), 4 DMF [ B ik 3]
150 pmol/LK}, HaCat4H i J1°F- 58 4% 2K 2 W FE g
X — &5 537 b M AIE B, DME S HaCat4H i i 34 56 47

120+

1004

3k

80+

60+

T AR RS ) 4R
2.2 DMFiES MG pk 4R & A 40 A6 B BA ZE

RT3 — 25 R ZDMFH il HaCat 4 i 14 58 1
HLEE, FRATTHE— DA T DMFAL# J5, HaCat4i i
JE BRI 2 A2 (B2) . 43 I 5041100 wmol/L I DMF
AbHEHaCat4H ff124 h)m, o240 i J& 1A 3 SR B EH B
W o K EDMF(50 pmol/L) & 3% 41 %1 41 liDNA
A, SHAAH B AN N B4 1150%(P<0.01), TG,
211 0 117 EL A7) U] G T HE T 1R 2 20%(P<0.05) 0 711 =
DMF(100 pmol/L)# il HaCatZH fd 35 A 41 fg 5 2434,
S FGo/ M 2 i B 7 (P<0.01, 5 %t BB 41 EL), [F)
PEBE G I 20 I 1R 9 2 (P<0.0 1) FN75 5 /b B 4 g 3 1
(sub G4}, > T5%).
2.3 N-ZEtE -#F SE(N-Acetyl-cysteine,
NAC)#EIDMFFE 5B 41 B 8 55 $0 I £ 20 B [ HA
B 3E

CL A SRk AR 8, DMFRE 40 D 5 68 4% B K 40
ML A BEH KB K P, FHgEMA B & A
HBRMSAFE. 8T ESITDMFM LR ER S
FL A0 1) 4 A g E AN o5 A B R A Ok &R, AT
FH 48 B B2 01 RN - 20 B 2 2 ik & R (NAC,
1 mmol/L) AL FEA M1 h, 7 A A K FEDMF(0.
25, 50, 75. 100. 125 pmol/L)4b¥#48 h. MTT
SR, HNACAE 7E I DMF 2k % X HaCat4l i
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Percent of cell proliferation (%)

aoaTateoe
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#*P<0.01, 55X A LA
**P<0.01 compared with control group.

E1 DMFHIEI BB RS 5E
Fig.1 DMF inhibits keratinocyte proliferation
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FrdEiR. *P<0.05, **P<0.01, *P<0.01.

A: FACS profiles of cell cycle; B: quantitation of cell fraction. Each value represents an average value of three independent experiments. Each error bar
represents the standard deviation of the triplication experiments. *P<0.05, **P<0.01, “P<0.01.

E2 DMFiFS AR R A%+ A E H R

Fig.2 DMF induces cell cycle alteration in keratinocytes

f A KA VE (I3 A) . e Ak, 4 S AG ) 25
BB OR, NACTR A 2 )L F A 56 4% 100 %% = 5 &
DMF(100 pmol/L)#5 5 1 G/ M HH 20 i Jii 1 FH ¥ (B
3BAIE3C).
2.4 DMFiFESHaCat?Aff % 4 B &

ZDMFAL 2 [FJHaCat4ll Jfid, 724 hN 858 F B
S 4 B R AR, (BRI IR R 4R T
AT, HaCatZh i vT GEE I 41 A W E — e PR
P 4ERE B A7, R IR AT 48 T DMFXf HaCat4fl
A R RE e . S RO G R BR, HaCat
Y0 i £ DMFAL B Ji5, LC3-TIRH M Sz S 4 X 2 B0 o 4
R ROREIR 73 A1, I 5 I B AR ISAH 5C 1 1(LAMPI)

PR B P S SRR B £, 3K $E 7 40 L P W T
TE G IN(EI4A). T E & A LC3-TBH M SO BORE 1)
Y1 B % B, DMFAE50 pmol/LA1100 wmol/L71 & i 3
51175 525%A135% (K HaCat 1 i 1 B0 [ WEAFAE, 5 %)
HEZH E R A (<10%) LB R B2 gt 523 L
(P<0.01)(¥4B). g i ALLC3(LC3-11) 1) fil A2 2
E W 1) B E 2 — o AT Western blot /7 755
FIDMF RE 1 LA & A8 ) 77 703 BLC3-TIK -3
(K4D). A T #ff B LC3-II/K °F 34 i 2 i T LC3-17
LC3-T1% A4, 19 i Bl 775 i A B2 fige i 2L, A TAaE I 1 A2
VS AR ) 7 SO A E I 26 FLC3-IIKF . &5
R anE4CHTZR, TEDMFAIE R A AL HE 1 41 I LC3-
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= 100 pretreatmen 0 umol/L DMF| _ 0] |100 pmol/L DM
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S G;/M

A MTTEA I ZEN- 23— I 2R Tk B2 55 A Tk BRAE AL A B %8 . **P<0.01, NACTIAL 20 15 FEDMF 7 AR FM{E R ZENACTIAL i ZH
U o B: U A ARG 28 N- 2 I i Fht 2 2 A 380 24 5 AR oA 380 AL 200 Jo) S 1) 235 € 8N- B i1 e U R T A B 2 5 A T4k 242 21 4T i
JEI oA e e B AR — AN BUEARTR AL S8 (1P I, B — M B RORRE LR 3R SR (R AR %

A: MTT assayanalyzed the rate of cell proliferation with and without NAC pretreatment groups. **P<0.01 compared with groups of same DMF dose
without NAC pretreatment. B: FACS profiles of cell cycle with and without NAC pretreatment groups. C: quantitation of cell fraction with and without

NAC pretreatment groups. Each value represents an average value of three independent experiments. Each error bar represents the standard deviation of
the triplication experiments.

E3 N-ZEE-FtRERNAC)FEIRDMFIE S AR HE5E 105 F0 40 i B #A e 38

Fig.3 N-acetyl-l-cysteine antagonizes DMF induced inhibition of cell proliferation and cell cycle alteration in keratinocytes

14 B W B 2 T 5 FIDMF 5 AL FE 4H, IF B LC3-
LA N . DMFXS 4 A 5 05 1 s i ik R A H
pO2 1) 7K T, 38 5 I T 4 S AH O 2 1 L(LAMP 1) R R
A2 2R H DR R IA(KI4D). p62 FILAMP1
FI7E E W R B B AR, e AT R T RE AR SR A
PRI REIR I B A I . R T BB X — 1, AT
JE I RT-PCR 5 VAR W 1 3 79 47 Jo 228 R RN 2 11 1)
KT, 4551 R, DMFRERS i p62 FILAMP1 [
B SR, X BN A B IR 3 P b AE % B 1 8
1) 32 i A

2.5 DMFilHEIARFHMAMERK, AKT/mTOR
BESRGZHIEKR

5 - 4 i N ERKFAK TS 4 4357 A0 2 33 241 fif 43
FERIAETE I K15 5 R4, mTORMS 5@ M H S
5 A0 A AR, R A A R R A
HAE 5 T AT Western blot 77 v 45l T DMF
A B HaCatZl i X 1X 245 5 RA MM . 45 R a0
SAFT 7R, DMFAEAK 71 5 (25~50 pmol/L)A = 7] & 7K
S B S 2 3R ERKGE AL, 2 I A R (L ERKUK
FFEAR. 5 AL, DMEW B S 30 61 % R AL AKT
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A: DMFALFEHaCat4l 124 h)5, G o e J R AnM [ W B: 47 LC3-TIFH P S S ORI A0 M 1) s o 1 rp g — N UE AR TR 3 ML S8 1) 7
B, B BRI A3 IR SIS AR E R . **P<0.01. C. D: G ERZEVER I AR 1 BUKFe 2540 T I U7 AR K . E: RT-PCR
FERImRNAZK .

A: immunofluorescence staining detected autophagy. B: quantitation of cells with LC3 puncta. Each value represents an average value of three
independent experiments. Each error bar represents the standard deviation of the triplication experiments. **P<0.01. C,D: Western blot analyzed
proteins expression. The numbers below the bands mean grey values. E: RT-PCR analyzed mRNA expression.

El4 DMFiFESHaCatZBff % £ Bk
Fig.4 DMF induces keratinocyte autophagy
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A. B: DMFALHEHaCatZH /124 b, S EREVERIN & 1 SR ks I 8 R AR .
A, B: HaCat cells were incubated with DMF for 24 h, Western blot analyzed proteins expression. The numbers below the bands mean grey values.

E5 DMFHIHf R BRMAEERK, AKT/mTORIES &%
Fig.5 DMF inhibits ERK and AKT/mTOR signaling pathways in keratinocytes
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HE H K. EI5BFE B, DMFAmTORIE 14 (1] tH
A HHIE L, B (100 wmol/L) I DMFRE & 2 411
] B 1% 10 A% Bl R P70S 633 i (P-P70S6K) Al . 4% i 1%
P-4EBP1 1) £ [ )it /K, T AR # FE DMFAX B {2 4101 1
P-P70S6K.

3 g

DMFH T8 7 88 O A 240 7 i,
25 NATT 3 ZE ) DMF T 54144 G 28 Th 8 14 1 P W 9
DMFA T 4R JE i ML EE . ASHIF 50 1 32 ZE 4 5 DMF
XF NS5 TR AN PR B 2R L, IE WA DM 1) £
JR B R B B, FHIDNAS R AT 40 3, S
G AR E W, HIX 64 F T B -5 DMFHI I AK T/
mTORFMERKAE 5 IIREA K.

AT TR T AS[F) 77 EEDME X 7k A4k N A 5 %
A A (HaCat4H )34 58 15200, K SILDMEFH 1|4
B B A, 1 HLAE R &(25~50 pmol/L)H B
AHEEM. IRIRERRY, BEENEDMF/EAN
PRI A R LA R, RUNTE RN K 280 E 5
iz — R AR D AR v & IR . H i (monomethyl
fumarate, MMF). 245 Il JE HMMF [ 94 B2 4E i, 2
ZDMFIRTT I H 5 0 2 I 2 930~50 pmol/L
AN ARAEAHE S R, X — IR B 2 REX A
J5E T R = A B S PRI PR S5O o R R IR AIE 2
— A O M R, BRATTIA g 0 o) 4 3 5 T
BEAEDMFYR YT HR S 1) BN —.

AW 78 WL %2 B, DMF XS 41 A J) 399 16 52 g A =
5 25 W75 55, 50 pmol/LIKDMF = % A& [ 1k
HaCat4H il & F(DNA, 45 5 5 5G40 ja 1) L 451 38
T 1100 pmol/LIXDMEF = B [ 11 40 i 45 22 /3 %4
T 7 Folr A 7 8 R LA L 44 ) o R, DRI bt —
A IE B T DMEXTHaCat 4 i 384 56 (4 il /6 FH - SCHR
18, DMFRE R 40 3 2 e H IKOKF, 7552 E
B A0 AR TR R IR, R E E R P T Al B
Y11l e 5 U DMF 75 5 (1 41 i 384 5 481 F G, S5 M 48
JiLFE BARHT o IX — B R SCRFDMFRES TP 4H i 4 %
IR JR B 25 P4 (R TR 4R E

0 A — Pk Ab R < 1R 4T i A B s B, B R R
M b T AR AEKIRET, d i SRR R g
B 1 45 A4 15 43 0 200 JHD 88 0 AR 0 K 0y - T A B

I EH R, DLYE R D 4k 2k A K B A7 0 1 3 A
FEREFRED, A TaifEK. o
TENGHR A B 5, {HDMEF & 75 1 5 k2% 52 4 i
1) E W5 Th g 1 JE SCRRRGE - A 5TIIE B, DMFAL 2R
(%) 24 A 5l 7 240 L W PR AR AE, 3R RO LC3-T147 3 7%
e 2 AUR M, I H S ISR bR 2 B2 ILAMPI
00 B S A B S, X R R I AR TR . B
F R 141 B, DMF AL P () 40 g A LC3-TI(AE 1L 1
LC)KAEH . BTa4if A — A ahd&dfE, A
Wi A T Fs 388 8 9 Wk 3 T A o e e 0 9 95 #1 mT LA
FLC3-NMFRIEIE . N T B #fIX — fd, FRATIEIR
Pt A 1) R0 A7 E 1 2640, A IIDMF 5 5 IILC3-11
IKFAR Ak, IF BH I AR ) B 208 A R LC3-1
() 4B R AL, DR B AT A 9, DMFRE 8 15 S LC3-11
AN, 31X 5 TRATTHH S 9% S BRI 4E 3 H R I
AT R 45 SR 2 — B0 . fEEACH, RAHELZH
DMEF 5. i Ab P 20 411 j (9 LC3-TTAS M 7K - 24 T
ADAH I, X W] e 5 P AN 2288 FE R R 5E Rk, LC3PT
RIS IR IS A 0% o AT 9T 34 ML BRI S Bl 1
FIEPEA KA T 575 7 = Fh 20 i B WA DG B 1)
K-, R ILDMFRE 8V B4 R AH OC 52 1 1(LAMP1)
Fip62 FImRNAL 85 [ 1)7KF, F F i s 3L 4 21
H [ D(Cathepsin D) 7KF-. LAMP1JE 14 Bl ¥4 i
PR E IR 2 B 14y 22—, Cathepsin DRI AR [ 7€ 7 g
P PN AR5 AL O A 2H SR (I, A2 T AR AT
HUH SRR EE TR, DMFREEFE RIE
5188, $27RDMF L i3E 41 f P i B4 1) A2 1 e 3 T
REMITE . p62fE 225 AR Y R #%i2
WE A 0 (1) DG B 4y 1, 7E B WRVA B A4 bk P . B
SRIBHEOUT, F WG 9 2 Ik p62 85 1 i BE A, 5
TEA SIS 4 F B T DMFe dp62 R i % 5 B A
JRIIA R, BRI p62 S KT s Ig n. ix se gl GLAR
F W, DMFRE(EHE A TUE B4 i i) F R N . 2T
I 2 07 ) 38 5, NS 41 B X DMIF A 3 ) B 38
N, i8S S A AR KA R 225y 2B A, A
fr Tt — o, (AR EIE, R A R
BH, 2 M W 0T 2 B 20 M o) A A B RS ) R
DMF 1% 3 A 5t T B 40 i 15 W o] e G B 3% B2 2
34

AKT/mTOR{E 3E4H i & B AR, 2 4 37 240 o 1
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FA A75 i (5 S IR S, 5 AKT/mTOR R 4t
DS E0 4 A 8 W R AR TS0, ASHIT S L2 B, DMFRE
I 2 HIAKTEE A FImTOR & 45 N i & [ JFi4EBP1
FIP70S6K 1 FR 1k % ik . H1 T AKT/mTORfE 5 &
Gt Bz JER 2 Bz 4 o 3 B ke 2 B AR AR L, AR,
F13H) AKT/mTORAE 5 i % 7] §E /& DMFH{ il HaCat ]
it 358 B F) 3 Ay LI 2 — o BRAMNAF 22 W ST AIE B,
I AKT/mTORHIE 5 23 175 5 40 Mg [ Wi s ]9 10200,
AW 7T HE 7%, DMFH 5 HaCatZH i E Wt 5 301 5
AKT/mTORfE FiEE A EZEVIN K R, ITFEMAK
B, BR300 R B AKTAImMTORAE 5 & 45 4
B P S i 3R, e L X e - B R S
FP 0 AR B A R IT E U, DMF 2 4R T8 9k 1
A RURTT 25, A0 F 45 BN R BEDMFYR T 4R 8 I
PIPLERSEAE 7 BriEdE . BhAh, DMFX % B2 (L ERK )
A IMEIER. S AIMEK/ERKAS 58 B /& 4
R R 4T M I 200 A R SR 234 3 R ) S i 4 TR
RO ERKEG R 48 7 1 iG-S 2 Fh B s R AR
R, R R A2 RS 7 1 BRI —.
(A 1k, DMF#0 6| ERK B8k 2 A4 A Bl T 4 457 3 Bz 4 Jfa 1
W34, DMFZ It ARESZ IR A i 22 P 5 5 3d % (1) T

RE, TIRE S H A E L RS HEE VIR R,
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