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Regulatory effects of Shc-related phosphotyrosine adaptor
proteins on aging
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Abstract: Aging-related oxidative stress and free radical theory has become accepted increasingly as
explaination, at least in part of the aging process. In murine models of aging, a genetic deficiency of the
p66™ (66-kilodalion isoform of She gene products) gene, which encodes a phosphotyrosine signal adapter
protein , extends life span by 30% , and confers resistance to oxidative stress. Upon oxidative stress, p66°*
is phosphorylated at Ser36, contributing to inactivation of the forkhead-type transcription factors ( FKHR/
FoxO1) , which regulates the gene expression of cellular antioxidants. The p66™* has a direct connection
with the life span related signaling, which is conserved evolutionarily. She is basically not expressed in
mature neurons of the adult brain and spinal cord. Instead, two Shc homologues, Sck/SheB and N-She/
ShcC, which have been proved to be effective on oxidative stress and aging, are expressed in neural
system. The expression of She-related genes is affected in the aging process, which may be relevant to
cellular dysfunction, stress response and/or cognitive decline during aging.
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EEREMP AT ELNER. B, £
A 60 % LU EEFEADBEEE 612, 60 Z4EH
FEEFEAN D AP A O BN 10% , AT
AREREH ST, AEAEKIN,“HFIEAEL
£ MEEMRAYLSG KRERES T ZHIEFEE
FIFERRTE A S MK — Bt R R — P R R
o ARSCRITAERST She ZEHAET LT RS
R EEH B2 SR
1 REMELEHELFEAEER

FER AL B A AT B
SRR AL i AR T R I Mg R
FErHRsE, SRR R BRI SR ELESR
J% (reactive oxygen species, ROS) , Bl X ER/EN
AL T e BIP= R E R R = . BN
SEBRAECF ARG, TR ES
ERENRRAEGE XY . SN Smite R
s SRR 3h PR S R IE SR Y B
RTS8 EAPIEE (total lactones of ginkgo, TLG)
HHTE e 7 /DR A R E ERER T,
ASBA Rel (ginsenoside, Rgl ) W] BH (B 3 5580 T 2%
A A (¢-BHP) Xt WI-38 41 il 3 3% ¥ % 5 4E
M AN, 2R RV AR SR
ML P B E R ARG

A~ AT R I 42 32 KB PR IR
AR, AT, VR SR PR IR B9 5 i 25 7 4R R %
WA MR XER SRR ERX, Farit
R4 B E— S5 ERPPIEL, KEDIRGRR
HEEBENENEEERA X, Flin Ames FRFR/D
BOERGERTHEFEESETFHEEEA
(prophet of pituitary, PROP) 9 H +H — 4b 3¢
B, F C. oelegans FERENLEEEEEH,
IREEEFNABHHFEALCHEHRESS
BiE , iU Werner’ s £5-&1F F1 Hutchinson-Gilford 454
it Fi AN, EALN SN EEF 4 B2 B A
HAMRMZEEDE R K, R8Ok 8 & Ik R
HAE LA NERK R, BEEBRPITEATIRES T B
™ FEVERL Y b 4 75 po6™ B H (She BRRRILEE R
PR ALE AR B R ) B9 2 Rt iF BBk R | 4L A
BRI EEENRZILAZ—,

2 She SELEWFHHRE

7/ Bl poo™ BEMBR T B £, BR
p66 ™ B— A EALE RS BB A 2 H e EE T
XIABTSE i B R AW Pelicei /NHBETT, A T HHY
She FEEP=HIRhAE, Bl H T — B po6™ K H

B/ AR, 1H She FE B B HAb F Z =97 (p52
p46) HIZRIK A2, p66™ H[H R /I AL A
EEAERF, HIWGRA/DRFMA LR, LR
R A A /N B2 A O 761 d, T2 A Y
(p66™ "/~ ) FILh & HY (p66™ "~ ) 78 S /1N LAY F- 3
FFfr4r Ak 815 #1937 d(AHM TIHEK T 30% ), H.
RILx e B H S R BUE SRk E NI,
AWZTF 75 —F She fT A W 2Y i3 35 7= P AR Wk
SRH She JEPH BRI R, BA EREIEH" (B 1),
SR, FAF 4097 A2 77 1 4R 00 /) BBV BOH 24 A PR (B
LA TERRAGTERDREH n =
37) ,EAMEHARHAREL. BAETFEECRE She
WERBUBEE" BT AKX B ST T A Uk
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A, 54 B PR/ B, Bk po6™ /) RLEKkPY
PLEALRAE MR S AR A X" B A EH
LRIFHX—RE, 240 p66™ 2 H fik i /) B L
5 N £ 0 (5 00 MR AR EL BB & B 21% ) , K 3h
KA R 5 S B A A (21% ) #E T Rk
3% "7, BP A e b o A 0 R R B R K R
(9 B G S L0 AL R, $E7R p66™ 71 AL §E
0 A G SAL RGO A b S KRR B
—AR @R, BB T BN A A
R (paraquot) , ¥ /D RS 7E 48 h 9FETS, Wi dE
54 [0 B B9 T AR G 50% B9 pe6™ T /N
AEAERF 72 h LA b, po6™ ™"~ /B 5 B A A [A) 3
FRHEFMEER T 0% . Hit, Xt
it B 2 ) Ho FCEE A UGG 9] 88 47 i RE S AT U |4k
R, 554 UEHE E A, 76 40 B K, po6™ 7E 8 1 4R
A R A R 1 o A B T, po6™ T
/NGB B LT 4 40 B ( mouse: embryonic fibroblast
MEF) 55 87 4= 5 R bGP S0 1 i 3 Bl K OF 6 025
. 5845 MEFs A [R5, 245 26 #1258 il 7%
PUR BT, p66™ ™~ 4 7R o 7= 4= 5 4 MK #E 5
A7 YRR H,0, BUESMR IR S 80 Bk
B, po6™ " THIM S HERALERSR T, FR
4 R 4 B o 3 4 Y p66°™ (44 SR Y 2% 1 T (U £
F 9 0 E AL B IE B BURIE . %1 IE % MEFs 2§
P 5 D po6™ it ek , T BOMI (AR 88 F %4 9
TROBURAE N, gt R T poo™ TRk
i AR RS T SR R R
i, po6™ Mk /) BT | A2 S I AR e R A, A
B A RO I BUR R A LB A R IUA R
R X R P R A R B M TT AR IE
HE" , She FEREE A My HuE P A0 hAEGUR
FRRE S/ R, ¥ TCIEHE % [ AL LKAy She
RAER . AUSTRN T 30 4R A 30 ikt
ity po6™ HH KR, WA RANBHERER" .
2.1 XF She Rk

2.1.1 MR EWMABPPEERT 3 She 2
. SheA. SheB(Ski) 1 SheC(Rai) ™', %t AKH
/NEL, SheA AT Z 04 TR ML 25
RSP, SERMARE K MEFERETNE
BHSUSE X" HIEEEY SheA FHEL
FAEKPHHESIT, HASTRBGHERRLR
ETRE. ENLEMANEMNRS RGP TR
SheA @9E]IRFEEHE , SheB 1 SheC, SheC M FiL
Feh £ TG, T SheB B ML Gh KRE

%™, SheA., SheB 1 SheC 45 $1BeFk K She, Sck
1 N-She'™ 7 (B 2)

2.1.2 £#  SheA RS 2 FF mRNA . p66™ I
pd6/pS2™ , pd6/pS2™ mRNA A9 % 3 7 th 0 S 7E
p66™ mRNA Ji b fif 25 ki A9 3900 BRIERTAL. N
F SR RS 16 02 AR AR [E, o f (R B9 mRNA T 5% 3
p46™ FI pS2™ 2 puTh I (% . RN SheA OB
A3 MHIFIMZHABX . —4> N SEptm LB mm a4
X (PTB) (p46 %Y AY 1t X B A7 #R58) , — b e i
HMEER(CH) MI—RAEM Se MW 2 X
(SH2) . p66™ Ml pd6 5 pS2™ MR [ ZAbLE T EiE
FE- I NEMEmEER(CH2)"Y, pp6™ &N
BHARNT L ERPBRAN A, CH2 X[ Ser36 Al
PTB [X(#) Ser138, Ser36 HF#ET po6™ , X84
£ Ser36 i 47 B4 B RR A L1 il 200 B g 1) PR 1 8
BT, p66™ BB Uk WA 76 40 M AY 4k 5 8%
AR EER, S UG RETRER Y RA
HALEFRF 88 B 1. po6™ 75 ALV MO 52 T R
44 FoxO( forkhead box class 0) ¥ % H 71 1&#:, i
FoxO ft PI3K-AKT-FoxO {5 5% &2 R M3F .
p66™ | (44 F AR BERR AL & ) BERR AL RS L
WA WS ERhAE, TS5 MR M i,
Wi She B9 W R, pa6/pS2™ @it SMMEFTNA
“NRGSZELE A MZ Y Ras-MAPK ( mitogen-
activated protein kinase ) 5 5% 3 812, lLig 12 & W
50 B G S A Ak BRERAL L S po6™ B Sk

ERMALERER
POK-AKT FoxOff 818
M aamiEsesEs

AT RS

SIS
Ras-MAPKIR R 32
anemnREsNREEe
RS

¥ Ak mw FayEic =i Rt

B2 She HIXBRRALES WALENCE A1 09 B HHE R
HEMMER. A: She WH K She [7] R0 RN F %
LINREMAFAE; B: She /NIEHI(p46 1 pS2) KK
T (p66 ) £ 41 B4t , AR BEE 9 FE A
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FRALBE B ME 5 5% 5 ¥, JE Wi AE 40 i i) 75 4L 1A 4%
R,

SheB Jh 69 kD W9 ZE H i (p69) , HI%HA W A
FFTE. SheC /DL 2 FFFAY PR, BP p52 F1 p68,
SheB 1 SheC B LI RBIRATAE 5 SheA ZEAME, BPA
1 4~ CH1{( calponin homology 1) {554t} X { TH-
B LEE B 45 A X PTB ( phosphotyrosine binding)
1 SH2 (Src homology 2) ZJE] (] 2) .

SheA B35 J§ Gib2 ( growth factor receptor-
bound protein 2) W 454 T H CH1 X #) 8RRk B &
BRFRAE b, 50T # 5 Ras-MAPK 1212, She 4
REHZHE, 562 8556 EMAEER.
SheAfRBEEA 2 4~ Grb2 B54 0 &, T SheC (XA 1
o
2.2 p66 " ZEFLNHMESEIRAER

4RIk, REENEGFMIESEREN
B % 2 kA < ] T 3 4K (insulin-like growth factor
receptor, IGFR) 3| FKHR, X —@B7E#E4k IR 5F,
She P B2 5 B XA S EBE I E &K
Fo po6 " HEH I Ser36 fi S I BEER L LT BE S
JH P B S AR R S B R T K — i Ser36 B R T 1Y
p66 ™k ATk po6™ LI, A BEPR & I 41 M)
BT UM, BB Se36 AR TR P ER
o Ser36 BEMRILIY p66™ A9 — AT ELRY T UEHLA
BR—UKHEHFHT, EMNBTF-IMZEDH 804
BB SREE R A TR, WISHY po6™ i 4 Ak
PKB ( protein kinase B) i) 47 F # B XL 3 AABERR
AR LR R BERRL S B R PR Ar B
BFRTE, MXLFEFETF AT FLEELAY
ek, U T-. DNA #i45. AR EmEER
FXRBEEF, ERCHARS, EERETHRE
TR AR, AR HaTa
JHL R ST 44 440 B A P %) R A A6 28 194 40 e S L L 240
MR, SCKEE SR ET AT LA AN e E
i, GBS LR AR SR
&, CREFRE TRIUEFH PR B E AT
P, W pe6™ BB H X —PLAR. Bk, fERZ
p66 ™ BN, ALY I T T BOE B3 B K E
BN, XEARERGAT, UkEREA
FREREE S JCRERHIER T, W Z B UL EH
ATt W AR S BRI BRN A K.
MERBEEMARZRET XCREANEETZB
B A AU R TR B A Dafl6 (X 3k
BRFERFFRERLR) TEEHNER, M2

Dafl6 A A A28, B2, Mk po6™ 3 H A
i I X Sk e TR, I B LR AT B Ak
WEfg7ik, HMTEKE, po6™ L3k - I H
2 i Y AL R T . S0k ARG BE LIRS po6™
Mm@k EREEY , — s po6™ FIETFLRE
e, LR EALRE S AR R,
HENARGEE o, BRI EE, T8k
EEAET T (E3), BEIERERN, SRR
B S p66™ ZEHR AR BE S B RIS T BB Y
FEEERIRRKE, TERRRREN SRRERT, SR
E A 200 o A2 338 4 v A 1 A G BAL IR R
JE, T p66™ i I R R 7 A BT T e S A
SHEE RS B A" . TEHEEARNIET, B
A CB LA A BE 518 Pinl WE)E, B3Ik
p66™ BRI R ZE AN AR B, R T B ALK
5 p66™ AR RR TS A Y, AL
BRI, P66™ 5 i B 51k 4 K 7= 9 (advanced
glycation end products, AGE) #H3¢#Y "B /N EREE W HY
RIEHUEE %, BETH 5 AGE S ML LU 15 &
AGE #r— BB, MiFR p66™ 2B /N Bl 5 BF A B
HIHTE A >, TR B4 B gl i
AGE 7KV BAE, 1 50 2 SR MO IR 1 B /N BR ¥R
e, L IR R P A PR 5 B B /N BR R
f/h UL o st Bk po6™ /B po6™
%t ROS i 7358, p66™ =~ /N B T 4L 1 LR 3K

K9 ROS fRHRY Y L IUABRERS o
. _ ;m;
ACES M?:;_'] )
mﬂi? B e T
AR ©° X
\ [ Hzoz
55 o’

H,0

B3 pe6™7ERRAH SHAR ¢ TR

2.3 & She BB 3 & Sck/SheB #1 N-She/
SheC

JTTFLR W (C. elegans) , R ( D. melanogaster )
R/ AR 2 B 247 B IGFR £ PI3K
1 AKT/PTB #) FKHR ¥ {5 SRR RS, W
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REERRXA IR, T8 C. dlegans PRI
TeAE A Tt daf HI6IEHE F=H 84 F5 M i B 2
T, ERIE M SheA 5 BRI K H LA
FFET-HIE SF%SULEE X", AT, SheA 1
B K B BT AT, AT
R, SheA EEEFTHEKPHWZ T, B
BE G R ek B FFE, R e
fin She HXTE . ALRECRAIHRTHE
SheCG(N-She) 7 R BRI B 3F 2 6 = B ik,
WAN, 55— She [FIPRALPE SheB (Sck) , %6 T A EM
iR R Z T . BTSRRI
[7], SheC bRk T MR 47T, i SheB 72
et KBEE . B, MBI She AR
ST AE S She BITTAE( 4) .

R AT
BRSHL

Rk

T HEERET
\

\Wi@ﬂ!ﬁﬁ

A HE

She MN.She

Wil
fed et

~

Al 2k fkafrie

B4 Z19d KBIEKREERIE R4
E[ZO.M]

AR T B E W TR M SheC X Fil TR M
# 2 & 77 B T ( brain-derived neurotrophic factor,
BDNF) B #l3 % %8, 3 5 TrkB ( tropomyosin-related
kinase B) kM EEM, 5 TrkB 454 /5, SheC |k
(LA B R AR R EE B R AL, S By K )G 5 3L
fE AL N Grb2 258 X2 She FH X AL 7 1Y
HEHEZRAZREGEE, HRMRA &SR SheC 1
B FAR TrkB FEMHX . SRR, SheC 5
Ret EALZAES 53 PBK/ Ak f5 5 &2+, AT
TR T gl

SheC BRRI MR p66™ — X FA 17 M 25
¥ SheA F1 SheC f9 cDNA 5 AN 2 iR 2T 4 20 i 72
SYSY 4t K K RURE 40 iy PC12 Za ki, FIA IR
Wt FALE B, 2293 5 mmol - L7 R
BB , po6™ SRR BB S, $iHA poe™
BBtk . She B9/E TR p52 1 pd6 K BREMH

BXHHE, M T, F 3 H SheC B Fh iKY
p68 1 p52 HFH L3, W SheC W] HBFE N % CH2
Kf—8THEXEEEHRBRLES. EAEMEDR
7 ,SheC FEHEERR /N BRI S R S e, Hik
WHRE R, X s REVFA THEITH
She 8K R 7E BRI BN SH EIER FE
fRihEE™

5 SheC IR B4 42, SheB 72384 2 8 KR F
M T, SheB 5 1L PI KA K B F (vascular
endothelial growth factor, VEGF) 32 {k52 3] VEGF #i
BUE MBS A X1, BT AR TR
2.4 She 5REES

FKHR 2 3L 5 % H 7 Z K W 7 , FKHR {5
SRBHI AR RMGE SE BN T, mEk
DL LE) She (5 SR AT B ERL PRI, 1tE
SkInaNRS ZFEREFZEMEE TR,
i PBK ¥ 1% AKT/PKB, 34875 3 HF FoxO
(fufs FKHR) ECEMER, XRERETFANSZ
HERpERL, HEMEEAKRT, DNA i, |
AL A K pe B . Hik, FoxO A EEME
frio R R EEER, She FER p66™ , L4,
ALREHCR &8 T H5 FoxO (996 ¥, H I, pe6™ 5
FoxO Z [R5 538 B 7E T B AL DI 5 S 1 L4
FEHEHHZEL Y (HS5), B, REMEIES
BRTFEFMER, IHMENKFES". M
{el3h, M 3% B 4 K P F (endothelial growth factor,
EGF) B H 3k, % Grb2, Sos, Erk 5 BRETE R
BT c-Fos 2 A pS2™ 925, ICEBERT
PR EFGE Boorie, FAT B EHES .

M owedER kR E AERMCE fii kel WS

s e L SEUACER =

5 FFaARETHE T T RS
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R 2 M A R AR I 1 38 o T PR AL
YA RAK EF (0 EGF) I AN ZE 51
Rk, FEKHMA KRGS EE R Ras-MAPK, T
X—EPFE S BN, fAKE EGF
D TE W B W B B RE R, 4R, EGF Z K
(endothelial growth factor receptor, EGFR) F ik /K ¥
J EGF HMAFHFARZAEREM . MM E
EFEMT R She 454 EGFR TS HREE™ . %
F EGF FIah i R K B 40 i, B R AR
KT TR, i She 458 7K F K She BEBRLKF
B BTREAR, EGFR b5 5 3 % ik
FRRBEIRALNL R Tyrl173 , B2 She 455 B LR
Mo B, At Grb2 5 PLCy ( phospholipase Cy) &
B ERVEIHERZEW, She f R BB ZEENE
WAL MR T, {H She FERIFRKFEMEE
B,

3 &iF

SR RWASN RN AR E N AN S EE
B/ MEFAEEER, po6™ FEEREHEMNT
AN ¥ 5 FmHXES XD - H3 FKHR
Wi , po6™ T Rk ik 25 T B & Ak B BB R K
FU X BEH SRR AN TR ET A
p66™ BT Rk, BT 7L AR JE WA — N E BRI A TS
R, p66™ HyF ik ZHE 3T F RS 8
2 R po6™ 8 31T B BACRAS T 5 Ak
BHK. R, WFR p66™ Rk LM 5K AF M
5%, B AR p66™ J2 T H AL RS B p66™ K
HERBHYE S, Fit, BOEANE AR ESR
Tt BT T B B R 6

TELHR AN 30 A 3 % i K B 1 o 5 BB A S IO
BRI She HIE T AR REFRZEY, SheA HE
FIRTE LR H R A BT B, pa6™ Fl p66™ 43 BI7E
2R RN B H BT m, T SheB
mRNA (355 BF T, SheC IR B AR ZERE
M, XEHRERE—HG

Bz 2 (quercetin) T3 L8 R 7K R 1T X She
R B BE A PR BR PR AL ME R, T3 She B9YE
#EST, H Bz ZAIK KB EE (silibinin ) 38 AT 5@ 34
SOD FHHFL ALV BB A HMERMRRA
B BB ETEE RO IR G . B R 2
MR ER, K REEMRERETFILRNERETR
& ( epigallocatechin 3-gallate, EGCG ) b 7] #J1 il She
HTEHEDY , X RER RIS BB EET
BT REHHER,

5 e 4 BEM H, p66 ™ FE T % A BT 4E 4
fat B AR R R E I S 2
H p66™ FIKFEAK, X — PR 5 Rk p66 WK F
HBS BRI R, HE— B EE T po6™ HE 5K %
B R R R R 2o . B, She R
R BHFR Y BAE R F A /e
BAEEHE—PHR.
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