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i 1% % (Rapamycin, Rapa) , MFRAE P % 52 7]
(Sirolimus ) , J& — Tl 40 18 7 A= #4357 B4 IR A T 2 f
FEI IR, B FLAE 1975 4R IR B - oK 55 55 18
RIS Ok R 0 8 RS LR T, BE S SR B
HAT G i A5 g 73z 0 T B A B9 Pk
FRRONE Y b, AR R 2 A WY E S mTOR
(mammalian target of rapamycin) F 4 il 7] , BB 7 g IA
N g — Tl E W Sh R

Sre il JBE 2 i 5 4 Sk 28 11 (Src homology and
collagen homology, Shc) J2& M %L 3 ¥ 4 g vp #iL 59 (1) 4
LEH, 45 W A& N K phosphotyrosine binding
(PTB) 53l C AKufi SH2 g5k, &5 F AR
T f5 5 Mm% . She & 3 DE B Tyr {7 4, 1)
Tyr239 Tyr240 F1 Tyr317, @5 A1 5 4 K Z AL 5
# H 2 (growth factor receptor-bound protein 2, Grbh2)
454 WIS T i Ras/Raf/MAPK i . She drik
M E p66 .p52 Fl p46 1y 3 Fh i R K ] IZAFTE T
Y U L

W5 W], MEK/ERK {5 %5 2 X% A W A 1E 8 5
TR, i/ ERK sl S il MEK 2 hml (o
B D 3 B 37 B4 She 23778 A WE R I8 Y o & 35 B AR
MVER, BRTE M Z D o A HGE B, 78S
ff) p66She i, [y EFF (B BRI LRI TG4
A5 5% p52She Xt [ Wit i 3 5 H AT R WA . 78
ARSCH, FATHBFST pS2She T8 [ W A9 EK (5 5
&, LABIRE XS She 3 15 40 I 13 Wi A7 — 1> 510 7% M Y
R, K A B T B8 4 A IR TZ Jir 51/ A W A
THLH], Sy TZ K2 AL & W 64 i R B 5 o 2
WAL

1 MoRAe T %

1.1 ##

1.1.1 4B F0JR fL: PAE 240 . K W #F &
( Escherichia coli) DH5a | it i GFP-LC3, it i Vec
(GFP =3 44K ) (wiShe (B A= AU p52She) FIFT A3 m
She (& 48 T #J p52She, H g Tyr239 , Tyr240 #0
Tyr317 3% 3 PDBERRAL AL R R A, ANBES Grb2 455) ,
1.1.2 FZEiKF : Troglitazone . Rapamycin £ 7L [
B LC3b i /& W H Sigma /2 F; AMPKal/2 .
pAMPKal1/2 ( Thr172 ), pACC ( Ser79 ). pUlkl

(Ser555) #1 Erk1/2 1y #ii /& W9 B Cell Signaling
technology /3 7 ; She HL& Wy B BD /A ] ; actin Hifk,
She ,Ulkl % 5 7 siRNA F14f i siRNA 1§ [ Santa
Cruz 4= ¥y £ R /3 7] ; Attractene Transfection Reagent
W B Qiagen 2\ 7] ; DharmaFECT Transfection Reagent
1 g H Thermo /A &l o
LL3 FZE:CO, 41k % 4i (NUAIRE 44
A N E X E L (Thermo 28 7)) | 5 2Uve R o
B AL (Sigma A H] ) |\ - 20°C R IR vk A (MR A A |
—70°C IR VK48 ( Heraeus 2\ &) ) . Trans-Blot Hi £ (Y
(Bio-RAD A #]) AE-6500 % Hi ik fif ( ATTO /A #]) .
JY600C i & 15 Ji HL UK {X (JUNYT 22 5] ) (MilliQ plus
4l 7K 2 4t (Millipore 22 7] ) .
1.2 ZHREiEsF

PAE 41 s | DMEM/F12 % 10% % fifi 4 1fi 75
1% 5 5P H 7, 24 40 28 K3 s & i 3E 17 4%
(e

A431 20 g il DMEM & 10% 849 i 4 1M 3 1%
T EEPURTF5 2 A A R A i AT AR AR
1.3 F TZ 55 Rapa &R0 s & B AR R
1.3.1  TZ 5032 K5 40 i 73 215 fL A, HE DMEM/
F12 5 10% ()16 4= 17 1% 75 8 ST 57,12 h)5
20 M %% B2 Ry T0% oAy T LS 1 DMEM/F12 L g
KRBk A TZ (4R JE25 wmol/L) #E47 4134
1.3.2 Rapa &3 40000 25 fLA T, DMEM
& 10% BYNG2F M 1% T 8 BPTH %, 12 h)F 25K
ML O T0% Fo Ay, AN ELHE A Rapa (£
JE10 nmol/L) #i#% .

2Rk PRE 1 %E R JE HIV B PBS P ad 46 i
J& W PBS, M TGH LA W 4R 40 . (TGH fY2H
A 1 mL £ % (1% Triton X-100, 10% H i,
50 mmol/L Hepes, pH7. 4 ),5 mol/L NaCl 20 pL,
0.5 mol/L. EGTA/EDTA 10 pL, 0.1 mol/L NaF
10 pL,0.1 mol/L PMSF 20 pL,1 mol/L DTT 2 pL,
0.5 mol/L Na3VO04 2 pL,Protease inhibitor 1 pL)
1.4 HAEEEL

F 216 cm#rp BRI R 70% L 1,
{7 Ff] Attractene Transfection Reagent % /& Reagent : Jfi %
(AR L B g )4 50 1. 2 AR 4 e e i) 1d B 5 40 %
PEATHE G 6 emBEHIL. 2 pgiokii.
1.5 ¥ GFP-LC3 J&#i, H{ER R F

JH Attractene Transfection Reagent ¥4 4% GFP-LC3
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iUk DNA 24 hJq s 40 i 5 70 21047 36 357 19 6 LAk
IR, A2 Ak B A4S e i E) R, ] 4% £
R E R E 15 min. ,JRJ5 PBS ¥k 2 WK, Ao
TEWOL I 5 A 03U T L% .
1.6 %H&EENEH N ( Western Blot)

SRR 23t 8% T 15% SDS-PAGE 4y B %%
FI, 5 % PVDF JBE | )5, PVDF i H] 5% 475k 5 141
WEREL b, —HL4CHEFER, ZHEREF 2
x 45 min, $EVE S B9 PVDF J5EE A I 25 B DG , i 2
B S U8 Ao e a5 R AT IR EE (A
1.7 siRNA F#i 5 b & F

KB 73 2 6 cm frb, 55 R %5, 2R A0
RN 30% £ 4, {fi Hl DharmaFECT Transfection
Reagent 1 # i Reagent:siRNA ({&KFH wL)1:2(siRNA
WEE 10 pmol /L) , AR 415 e G 2 5] 138 W] 45 20 B R e
HH, FHA6 ecm#BFfFHH6 L siRNA,

(A) Ctrl

2 X

2.1 M8 %IER{Z i PAE 4/ B &

S POGE  GFP-LC3 J& — e F Y A kAR
TR 7/ IO ol R 1 B B S S =7 N B X (A
GFP-LC3 S URECIR 4 A o 10 B W & AR B, H R Y
B n,GFP-LC3 ik, 5 AMEEES &, 20 B
RO o B 6 R 48 B A BR 45 L BoR, TZ il
J& , GFP-LC3 [HP: £ £ W] 38 fm (1 1-A)

LC3-IT H fif & ME— nl 5 19 5 52 8 1 A8 R A ¢
(8 FARIC, LC3-11 5 actin [ b (B AE AR &7 19 52 1 E
W AE AR B B AT R S R C AR I TZ ) 5k
Ji PAE Zijifarf LC3-11 (Y48 b, 455 W, A X T X
WAZH ,TZ ¥4 m 1 LC3-11 % & (LC3-II/A iy L fH W
TR S UL TZ %S PAE 400 [ w4 2L (K 1-B) .

TZ

LC3-1I -

- -

N _— G —— G —

LC3-11/A 1 3.6

7.8 24 12

B 1. TZ &7 4B B

Figure 1. TZ enhanced autophagy in PAE cells. A: PAE cells were transfected with plasmid expressing GFP-LC3, and
treated in DMEM/F12 medium with DMSO ( Ctrl) or TZ (25 wmol/L) for 2 h. Following fixation, cells were immediately

visualized by confocal microscopy. B: PAE cells were treated with TZ (25 pmol/L) for upon to 4 h before analyzing by

immunoblotting with the indicated antibodies. Densitometry was performed for quantification, and the ratios of LC3-II to actin

were presented below the blots.
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2.2 FiB% She FEMEMBKEH TZ FSHEE

A AR B FRINH] p66 (She fl—FhAEA) ,LC3 (4]
El 2 yin' . She 5 MEK/ERK {5 5 fil PI3K {5 %
SRy AR TR AT A I, She W fELE TZ 5
I PAE 401 A g b & AR . FRATH siRNA &
K She, K 40 i 2 20 75 FL AR B, TZ 30 3%, Sk R H
Western Blot A&l : 4 X3 T X B 21, @ % She, & in 4
AbFRES , LC3-11 55 actin By FLfE 1 1 FH%] 6. 5511 TZ
AR AHXS X B b 11 FFE 20 (& 2) . W
BE U ULH X X BB 4, PAE 41 M 0 3L A v R,
TZ 55 PAE 400 3 W3 hn i 2% . X 6] She &
57 TZ 5152 (% PAE 40 A4 W

Mock siShc

e W SR S

LC3-1I/A 1 11 6.5 20

2. RPE She 3BMET B TZ % 589 B B

Figure 2. Shc deprivation enhanced autophagy induced by TZ. PAE
cells were transfected with She siRNA for 48 h, and then the cells were
split and incubated for 12 h. Following treatment of TZ (25 pwmol/L)
for 1 h, cells were lysed and the lysates were analyzed by
immunoblotting with indicated antibodies. Densitometry was performed
for quantification. The ratios of LC3-II to actin ( A) were presented

below the blots.

2.3 Shc$5 TZ #0 Rapa 3|2 B & FE

T it — 2R W] She P 2459 5]k B 4 1
BAT M, AT AL A431 400 b 2 50 1 TZ A
Rapa $E47T T 550, FEATTH siRNA @ % She, SR )5 43
S TZ #1 Rapa 4b PR, 38 15 Western blot #4740 .
FH TZ Ah ¥R A431 LI, Br AR 45 R 575 PAE 4 g
KUK 3-A) 5T H] Rapa &b B4R, FATH 2] AH
XX B, @R She, A hn 24 4b # B, LC3-11 5
actin (LLAE M 1 F+5] 1.7, Rapa AL PEJ5 , LLH LT
WAL, B 1.9 B 2.0, 1 #£ T4 41, Rapa 4b 3 ffi
Fefl i 1.7 FHE) 2. 0 (&1 3-B) o 3l /2 0 AH X T %

W] 4t She J& ,A431 41 %) FE Ailf H W5 384 /i1, Rapa
55 0 20 L 1 W R W

(A) Mock siShe
TZ = +

KT s m———

- +

ACT ——— — e —
LC3-1I/A 1 6.7 22 83
(B) Mock siShe

Rapa = + = +

W3 ——— —
ACln  — e s SRS
LC3-T1/A 1 19 17 20

LC3-11

3. She &5 TZ %0 Rapa 5| &2 1) B =

Figure 3. Depletion of She blunted autophagy induced by Rapa in A431
cells. A431 cells were transfected with She siRNA for 48 h and then the
cells were split and incubated for 12 h. Following treatment of TZ
(25 pmol/L) for3 h or Rapa (10 nmol/L) for 30 min. Cells were lysed
and the lysates were analyzed by immunoblotting with indicated
antibodies. Densitometry was performed for quantification. The ratios of

LC3-II to actin (A) were presented below the blots.

2.4 SRk pS2She M F TZ 5| H B K

She 76 TZ 5| 9 PAE 40 g [ W b & 48 75 1,
XAl AT Sk — 22 W AR R She 1 — 4> W A
p52She J& & fE 1% e i AE o FR AT 7L PAE 40
J Hh 5 % A\ GFP 25 A (Vec) | wiShe (B A 7
p52She J5i $i ) 8% 3mShe ( Tyr239 | Tyr240 £ Tyr317
X3 WL J R T Y pS2She) BURL, AR 5
TZ kb3 38 13 Western blot #& M LC3-1T Y 323k & &
AL . S5 R W B 30k pS2She I, AH X T X
HREH, TZ Ak 3RS W B R AR, LC3-TI/A Y {E ML
1R 1.9 (& 4-B) ;i B £ 35 E MR ALK
3mShe 33X B0 ) VE A2 PAE 20 i i 2k (1B 4-
C) o biR% s W p52She 75 TZ 5L H) PAE 4 iy
FI Ik g A b R B AR L T Tyr239 | Tyr240 Fil
Tyr317 3% 3 A 8 B Ak A s %F T15 %5 ) F g 5% &,
P4 A W R P E AR
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(A) Vec wtShe 3mShe
TZ - + - + - +

GEP-Sho e

GFP-Vec "

GO e s GEEGI: v GRS —

B) Vec wiShe ©) Vec 3mShe
TZ - + - +

LC3-T1 LC3-1 [
LC3-1I/A LC3-1I/A 1

E 4. 325Kk p52She & TZ 5|28 8 1%
Figure 4. Overexpression of p52She suppressed TZ-depended autophagy. A The expression of transfected She was
detected by immunoblotting. B and C: PAE cells were transfected with vector ( Vec) , wtShe or 3mShe plasmid, 24 h
after transfection, cells were treated with TZ (25 pmol/L) for 1 h before immunoblot analysis with the indicated

antibodies. Densitometry was performed for quantification. The ratios of LC3-IT to actin were presented below the

blots.
2.5 j@=Fi% p52She #IH AMPK Fa Ulkl #9iE () Vee wiShe
T F 1550 A 9 55 52 90, B R e e D e S
I 1 2 R (AMPK) 5 7 1l £ 910 (T2) 5 e —
fy HeLa 2RI A 16 "0 AMPK 25 She 1y T i fi e ”~-
B She 1 TZ 5142 1) PAE 41 P Wi 2 o PAMPKAETK 1
A5 1 P, FR AT A5 00 She 7T B i i AMPK 2 ff: ® Yeo wishe

Fi. BATEE PAE 41855 wishe BRI, o T

AMPK (03 . i it 63 wishe /5,17 81052 B -

AMPK (B 1L T P42 5.3, pAMPK/tExk {1 ] 3. 0 pACC - —J
e — —

pUIk1

TFER 2.3 (E 5-A) . ACC 2 AMPK K JEY), E 1

@Kﬁﬁ’ﬂﬁ W~ T AMPK E‘J?ﬁ”rﬁ"ﬁﬁﬁ“z 5 ,D%ﬁﬂ_‘ *H tErkl/Zw
MT X MAL TZ A FE ACC ) B AL LT FE, pUKIAEK 1 1.7 04 0.3
pACC/tErk ({6 M\ 10.6 T F¢ %] 4.6 (& 5-B), PACCAErk 1 10.6 0.7 46

AMPK I T i o B 5. @ %% wiShe #1%) AMPK 1 Ulk1 B4k
Ulk1l ZEli_‘ AMPK E@T@?E% Ser555 11,“\714%& Figure 5. Overexpression of wiShe inhibited the phosphorylation of

AMPK @Q@ﬂ,ﬂ: %'I ,{@ QEHH@ E' e [13] ?!2 ﬂ‘] E/‘J 7k % B AMPK and Ulkl. PAE cells were transfected with vector ( Vec) or
witShe plasmid. 24 h after transfection, cells were split and incubated
7N HHRE T X MR B 4 wiShe, TZ 4 315, Ulkl 1y
for 12 h. Following treatment of TZ (25 pumol/L) for 1 h, cells were
Ser555 ,LL AN @Q Eﬂ /ﬂ{‘ ED% B F F& pUlkl/tEI‘k E/J {E }J\ lysed and the lysates were analyzed by immunoblotting with indicated
1.7 _F IZRQJ 0.3 ( K 5-B ) . Uik J?E U][L ED% She ﬂ Hb antibodies. Densitometry was performed for quantification. The ratios of

T(Jﬁ % AMPK _Ulkl ﬂj:;z E 1% pAMPK, pUlkl and pACC to tErk were presented below the blots.
o
Total Erk1/2 (tErk) was as the loading control.
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2.6 R&iPgE UKL #)% TZ 5|24 PAE i@ EE T
(3

T 2 E 52 Ulkl 78 TZ 5] #2 #Y PAE 41 iy
HEIAE FE, F 1T siRNA B R Ulk1, I TZ 4b ¥ 40
JitL, K PAE 40 At [ W AR fR A B0 . 25 SRR B, R
Ulkl J5 , M X5 FXF BB 24l , TZ 51 A2 i) Ulkl Ser555 i i
WERR AL W] 5 B A, pULKL/tErk (H AN 6.4 FRES] 1.5,
VLU TR ROCR B35 (18 6-A) o T TZ 755 () PAE 4
I IR U 2D, LC3-TI/A f(E M 2.7 FRES] 0.9
(K 6-B), LI 455K Ukl 78 TZ 5|2 1 PAE
i [ s R R AR E AR

(A) Mock siUIk1
TZ - + - +

tErk1/2

pUIK1/tErk
(B)

Tz - + - +

LC3-1

LC3-11 [N

Actin s - —

LC3-1I/A 1 2.7 0.4 0.9

6. ®if& Ulkl 0% TZ 5[#£ ) PAE 20 i 5 &

Figure 6. Ulkl depletion blunted TZ-inducing autophagy. PAE
cells were transfected with Ulkl siRNA for 48 h, then the cells
were split and incubated for 12 h. Following treatment of TZ
(25 pmol/L) for 1 h, cells were lysed and the lysates were

analyzed by  immunoblotting  with  indicated  antibodies.

Densitometry was performed for quantification. The ratios of LC3-I1

to actin were presented below the blots.

3 it

ARWFFE ) — A H 2R ISk H She B9 —4>
WY p52She f TZ 51 0 40 M A Wi rh A 4504 12 4%
R T 3 b A 2 3 o 52 ) AMPK K R i ) Ulkd
Y B IR AL R 58 Y o 3K, 22 L3l Ras/MAPK {5 %5
i, T AE 23 38 A X A Sk 2R Ok B2 i AMPK/Ulkd
FIWEAS 5 o SR 5 AR T 5 0 0 19 26 416 26 1T fE 2
M A Y R RE 9 A5 5, 1T 32 A (5] AR o1 32 AT

BP B RAE )RR Z —

LEARDFSE P, 7 PAE F1 A431 40 g b Ji] siRNA
R % She, T TZ ALERS AT X BR4L, A W4
ETE L UL She 257 TZ S A W, 0
Rapa 4b 31 T4 She J5 i A431 40 i T 120 & B . 4H
Xb T % BRZH, MW She J5, A431 41 Y 35 Ailt 1 1w 434
hn, Rapa 75 5 (9 40 il 3 W5 38 fin A B &, 53 Uk She
(e 25 i Rapa B A 1, X455 R,
She it [ W A9 18 15 EL A 40 A0 5 3 A0 A 0 R A
55 4 i RS A K

p52She ) CH1 @R L J5 , 54k H H Grb2
HHEAER , 5% Grb2-S0S & & W, # i Ras, ¥ 17
i% MAPK {5 53 ", J5 % al LU 45 240 e 5 . 3
BRFFEF I, 04 She () — 4> 5 3 WA p66She, 2>
Sl E s A . FRATE G R EE T 2R
WFoe a5 3, i B & B T 5 p66She Iy g A [ (1
p52She 2 5 [ W (4 P8 45, 1M X FfE Y R g
AMPK/Ulk1 352 B HY)

AMPK J& 41 g 14 9 1) — A~ %32 Rk B 1 B,
X WER R VR R 2 2%, v R H A A k. — A
 AMPK % % 1k J5 i85 = A Wi, 1A BE ST R,
AMPK f938HG 23 ) [ w9 & 4. AMPK 3
P/, AT fig 5 H R 9 9 45 mTOR A H At {5 5 3 %
A ULk S0 B T R — R T
TERIHBEYLR S T, T4 Sex317 ,Sex777 {vi i 7] LA
B AMPK B2 1k, 51 & A W ; mTOR BB #% 2 fb Ulkl
[ Ser757 o7 s, FHLAS T 5 AMPK f9 48 B 1 1, i
i A" fERERE S & ET 8 AN AMPK
Sxffi Ulk1 fY SerS55 W I Ak R A2 1F A WY %% A1
FEAS B 58 o, % Y wiShe T RL 3 BEAR TZ 515& 1)
AMPK DA & Ulkl f#) Ser555 for i % % B2 4k 5 1 F
siRNA @B Ulkl W 2 B 8 FEAIC TZ 5] 5 PAE 4
JiL W, G BH T p52She J& 3@ a4 il R i
AMPK | Ulk1 38 5 %F [ W 479845

TZ 2 Ve Mg Jot — [ 24 245 4 (1) — Ff | B0 76 BF 92 % R
ARG RENE R T I R A0 B 4 R T TR ACBIE ST TT R
SR YR R I PR L FH A 7 e 988 i At 08 A
W o TR T HTAL, BE X A0 A W s B iR 25 4
ER R . AT BRI — R T TZ & anfa]
SR AN AW, B T — A TE R W 9 R
i She, & T 400 A WA LS, iz A E
G I A I FH B T B AR A
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Src homology and collagen homology ( Shc) mediates
autophagy induced by troglitazone in PAE cells

5
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Abstract: [ Objective ]| We investigated the mechanism of Src homology and collagen homology ( Shc) in autophagy
caused by troglitazone (TZ). [ Methods] To reveal the regulatory role of p52Shc in autophagy, we used confocal
microscopy and immunoblotting to examine autophagy induced by TZ. Then we used small RNA interference (siRNA) to
deplete She and plasmids transfection to overexpress wtShe as well as 3mShe in PAE cells. Finally, we reached conclusion
by detecting autophagic status following the deprivation of UNC-51-like kinase -1 ( Ulkl) by siRNA. [ Results| We found
that the deprivation of She showed to enhance autophagy, whereas p52She over expression suppressed TZ-depended
autophagy concurring with an attenuated AMP-activated protein kinase ( AMPK ) and Ulkl signaling. Besides, it
demonstrated that p52Shc tyrosine sites of 239, 240 and 317 implemented a critical role in the process. [ Conclusion ]
Collectively, Shc adaptor protein was involved in TZ-inducing autophagy likely via affecting AMPK and Ulk1 signaling.
Keywords: TZ ( Troglitazone) , Shc ( Src homology and collagen homology) , autophagy, AMPK ( AMP-activated protein
kinase) , Ulkl (UNC-51-like kinase -1)
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