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[# ZE)B® W5 Rho 15 S BB IEF (the striated muscle activator of Rho signaling, STARS) ZE A=A BR 15 S U LA I B 55
RIPP R RENE . HE . RS (palmitic acid, PA)SFH L6 VLM E B S ZIRPUTER | 350 A fiEmE
4, I Bk T STARS HIRIA  GHEXT R4, 28 Bk (pcDNA) , STARS i R 154 (pcDNA/STARS) , FRHEBRAL (PA) , BRAEER
ZX R 4H (PA+pcDNA) , #EHEBR STARS 13 75154 (PA+pcDNA/STARS), LA K siRNA TR L4 H STARS Rk , BIERT B4
siRNA BRM:%T BE4H (NC-siRNA ) ,STARS SR (si-STARS) , AR ER 24 (PA) ,AFHEIBR siRNA BAHEXT BR2H (PA+NC—siRNA) , #4H
B% STARS R fIE4H (PA+si~STARS)BF 3T STARS 72 B S LB % BIMPLPEA L R T 5 S8, X RT-PCR X Western
blot J7 K &40 STARS., Ifil ¥ W % B T (serum response factor, SRF) . 4% 48 i 4 il % Bl T 1 ( megakaryoblastic leukemia 1,
MKL1) AKT,IRS-1, £ % GLUT4 mRNA I HERIKKT, &R ST, PA 4 STARS mRNA FIEE H R #iX 8 B8
(3 P=0.000) ; STARS L iE4 JL4EHI STARS mRNA FI % H1 &K 58 @350 (33 P=0.000),IRS-1(P=0.000) ,GLUT4(P=0.000) N
AKT mRNA(P=0.000) ;581 8 T FE, AKT Z EEBRBERL (LK F (P=0.000) Al GLUT4(P=0.000) & [ KA B EFE(K , IRS-1 22888
BERRAV KV B 23N, T4 STARS WRIBEHI T 5 LR R AR & LR THIG , SRF #1 MKL1 EEAE HKEH8F 5
BAA, 8538 . STARS S HS REURHES M, (B THH#E A MKL1 #1 SRF YA 484k , 71 RETE i B v L84 /s B3R, o 7T 38
HAME S TR S RSP RIEER , FEH—BHIR,
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Role of STARS in insulin resistance induced by palmitic acid in muscle cells
Zhang Liv,Ma Huijjuon ,Xing Hanying, Niu Shangmei ,Lii Xiugin,Song Guangyao
(Graduate Institute of Hebei Medical University; Department of Endocrinology ,Hebei General Hospital ;
Hebei Key Laboratory of Geriatrics)
[ Abstract)Objective : To study the role of the striated muscle activator of Rho signalfng(STARS) in insulin resistance induced by
palmitié acid in muscle cells as well as the potential mechanisms modulating STARS expression. Methods : 1.6 myoblasts were incu—
bated with palmitic acid to establish a model for insulin resistance. The effects of STARS on insulin resistance in L6 muscle cells
were observed and its potential mechanisms of action were further explored by inducing its over—expression and knockdown. Levels of
STARS,SRF,MKL1,AKT,IRS-1 and GLUT4 mRNA and protein were detected by RT-PCR and Western blot, respectively. Results :
Compared with those in the control group,STARS mRNA and protein levels were significantly increased in'muscle cells in the PA
(palmitic acid) and pcDNA/STARS (STARS over—expression) groups. Levels of IRS—1,GLUT4 and AKT mRNA were significantly
decreased in the pcDNA/STARS group. In addition, serine phosphorylation of AKT and GLUT4 protein levels were decreased and ser—
ine phosphorylation of IRS-1 was increased. In contrast, STARS knockdown produced the opposite results in above parameters. MKL1
and SRF mRNA and protein levels were unaffected by these interventions. Conclusion ; STARS is-closely related with insulin sensi~
tivity , while without significant changes of its downstream target MKL1 and SRF. It might play a role in insulin resistance by modulat—
ing post—translationzil modification of MKL1 and SRF or through
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Z— . Rho {5 5 B 8L LI 75 7 (the striateld muscle
activator of Rho signalling, STARS) & —Fp L 3h 45 &
EH,EON  BRUAEE U Rk, 5
50 1 BEORLE S EFERIT A, 2 &
B PR R A DA BORE i B IE B R R BB —
KEBHSBUP STARS XA WMH 5SS EH
Bt B HAHE , R BT I 78 1 28 B T (serum response
factor, SRF) F1 B #% 41 B8 (4 1L 7% B F 1 (megakary-
oblastic leukemia 1, MKL1)FEiEIRE A4S, s
TR AR BRI /D BE UL STARS Rk
BN, T4 STARS MIRIAT] DASGE B B R BUBEY,
SRF 1 MKL1 YE2% STARS f TR, &7 STARS
AW RS EERETREEAMAERE, Bk, 4
PR IR R ER STARS 7EARHEER ( palmitic acid, PA )
75 S 9 JUL AT B P % R ARBT P VR R LR, 4R
B R ARTER 2 BBEIRARRITAIT I

1 #RFAE

11 @A 2EEA

L1.1 Lo#ife KR Lo LAY B EigE mibebt,
112 EERF M G %E ScienCell A7 ;DMEM
¥R # M B 3£ H Hyclone 24 7] ; Opti-MEM , lipofectamine2000
YA B 32 E Invitrogen /A 7] ;STARS R B L 53
WMIT M AR R /S & ;STARS siRNA I H £ E Sigma 24
7);PA 19 H 2 H Sigma A 7 ; TRIzol B R EH7E (iR
R e B JL R R 22 4 R840 ] s RT-PCR 38184 Rk
&M HILE TransGen AN T,

12 Fik

1.2.1 EHKASE  PA THRAZRE TR (3L 6 AR,
FUNBEFEEE, AAMEMT) , PA TH4 (PA, 3t 6 MEA, 0
ABEFEAFHER), L8 STARS FikMLH 54 . 0 B4
(Gt 6 MR, USRS RIMERI ), 25 B4 (peDNA,
36 MR INASEFREFRE H STARS RiAMZ FAL)
STARS 737354 (peDNA/STARS, 3t 6 A, I ABEFREEFN
18 STARS FiA 8 H M BUR) , AFAHBR4A (PA, 3t 6 MRS,
SN FREFRFERR ) , AR 2 ORI 4H (PA+peDNA, 3t 6 4~
AR AR AR AL STARS ik ias kL),

FEAEER STARS 3323420 (PA+pcDNA/STARS, 3t 6 M4, fin
ABEFEEE bR B R L8 STARS Rk M B B FRL) ; Tl
STARS FiAKLI 4L . 3 B4 (3t 6 A, HmiEsRiE,
FHIMEMTFH) , siRNA BIxt B840 (NC~siRNA , 3t 6 A
IIABSFERFUREL N STARS ik iy AR /N3 RNA),
STARS #{i41 (si-STARS) , xtlIS2H (PA, 4% 6 A, R
REFREAHER) , A5 MR siRNA BAHEXT B4 (PA+NC-siRNA,
3 6 MEEAR, I ASEFRE AFRBRAIA R STARS XK
PERT BT I RNA) , #5500 88 STARS #ifIK4H (PA+si-STARS,
3t 6 A A TR R ARRERRAN T 18 STARS RiAH/MF
. RNA), PA A 0.5 mmol/L AZHIERBIIE SRR T I,

122 BBERRNEENEE BESHEMUHET,
YRMUESR, FHAA 1 nmol/L R BN ER BEREME R
AR 4HME 24 h 5, IEIERERALER I E R R D
Ao & B ) RT-PCR 75 AKT.IRS-1 & GLUT4
mRNA B,

123 RT-PCR #ll & STARS.SRF.MKLI AKT.IRS-1 &
GLUT4 mRNA B2 . 4105 RNA MU UL BT,
B RNA % 3 8k <DNA 3T PCR &, 5198 8L
EBEYTEAMRARFAEE PE AR 391 £# DNA H3)
BRAER . FIPFFIRE 1, RBIFKM95 CHAEH 10
min,94 CAEHE: 30 5,58 iRk 30 5,72 CHEAF 30 s, RE 40
AMEFR,

£1 SlMFF
Tab.1 Primer sequences
YA
#£H K (bp) 5'-3"  B|YF5
STARS 170 ¥ AGACACGGTTGCTTCGGAA
T# TCTGAGTATCTGTTTGCCTGG
GLUT4 147 k¥ TTCTGTTGCCCTTCTGTCC
T  ACTTCCGTTTCTCATCCTTCAG
MKL1 91 k¥  AACCCTCGCCTTTGAGTGA
TFi# TTCCACACCACTCCTCCGAC
SRF 145 k¥ CACAATCCAAACAGCACCC

TF#  ACTCTTGAGCACAGTCCCGT

AKT 83 k¥  GTGTGGCAAGATGTGTATGAG
Tt TCAAAATACCTGGTGTCGGTC
IRS~1 111 E#%  GCATGAAACGCCCTTAAACTC
Tl  ATCCTGACTCCGAAATTCACG

GAPDH 120 F#%  TGAACGGGAAGCTCACTGG

T#  GCTTCACCACCTTCTTGATGTC

1.24 Western blot #&Jl ] <€ STARS.SRF MKL1 AKT,
IRS-1 J& GLUT4 Z& 2535 . 40MLEZE (1 ROSR U TR U B B it
1T, Western blot Z2BIRAIELE | L Fe HIIK FEHE HH . —3t
BE HEE EEE B B RIBRER R, Bk
BAEEN LA A R BB R B EFFR A 0# T,
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2 & B

21 PAFHREH#R

5%} B4 L, PA 45 STARS mRNA 234 B 8 5 hn
(t=—14.887,P=0.000, " 1) ,IRS~1 AKT .GLUT4 mRNA FiX
¥ B R, RO RS RSB AM R B2 (IRS-1:4=-3.583,
P=0.005; AKT;¢=-5.169, P=0.000; GLUT4::=2.669, P=0.024,
B 2),

STARS

mRNARIHX F kB
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X R4 IR
a: XTI HEE, P < 0.05

1 PAFBUSHIER STARS mRNA FRiERTEL (n=6)
Fig.1 The mRNA expression level of STARS was assayed by
Real-time PCR after treatment with palmitic acid(rn=6)
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Fig.2 The mRNA expression ieve! of AKT,GLUT4,IRS-1 was
assayed by real-time PCR after treatment with PA(n=6)

22 LA STARS Ak xSt X ir ALty Hh

5t B4 H , pcDNA/STARS 41 (/L4808 STARS mRNA
F17E F K50 Z i, AKT IRS-1 Al GLUT4 mRNA LI &
AKT B 4L/K A1 GLUT4 B ARk B EMEIL,IRS-1 £
ERRBERR AL (ser307) K F- 84 B34 h , SRF MKL1 ZEHEMER
LI R AKT.IRS-1 B HHIFIABA B B AL, pcDNA 4L
MPBERRBREHRAEL. 5 PA A, PA+pcDNA/

STARS 4 L4041 STARS mRNA 13K 5323580 B1¥m , AKT,
IRS-1 F1 GLUT4 2 H A & AKT BiBE2{L/K - GLUT4 EHH
ik BEEAL, IRS-1 L EBRBERR L (5er307) KB B 1
Ny SRF . MKL1 ZHME H LI K& AKT 1 IRS-1 BHMRIE
¥4 A 884k, PA+peDNA H JIAEA B EXRBEHE
AL (%40 mRNA 4558 th 5 . STARS : F=16934.86, P=0.000;
SRF; F=0.760, P=0.586 ; MKLI ; F=0.764 , P=0.583 ; AKT ; F=
25202, P=0.000;TRS—1; F=16.623, P=0.000; GLUT4. F=13.247,
P=0.000; F#HE A5 F L $ . STARS, F=25.138, P=0.000; SRF;
F=0.044, P=0.999; MKLI ; F=0.509, P=0.767 ;p-AKT: F=9.729,
P=0.000;p ~IRS —1; F=12.269, P=0.000; GLUT4: F=9.380, P=
0.000; & 3, 4),
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Fig.3 The relative mRNA expression leve! of STARS assayed by
RT- PCR after treatment with PA and plasmid transfection
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Fig.4 The expression of STARS protein assayed by Western
blot after treatment with PA and pltasmid transfection
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Fig.5 The relative mRNA expression level of STARS assayed
by RT- PCR after treatment with PA and si—-STARS transfection
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Fig.6 The expression of STARS protein assayed by Western
blot after treatment with PA and plasmid transfection
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G, BB AKT /55, AKT BSERILIE N, 3 A
RES3E I8 208 B TR 20 GLUTS AR 2 i, ]
I, R THESY STARS RPN SR E R E5EBEN
KR, ABFR B LA L4IH STARS BI#RX,
KB AKT . IRS-1.GLUT4 £ [H ) 25 ¥ B B RR 1%,
AKT BEER /K -1 87 B T F%  IRS-1 £ B BRR 1L
KB BN, GLUT4 B MR A B T, ¥
—35RH siRNA TIRNL4IME STARS BIZRIK, B
REEE S WL4EH AKT IRS-1,GLUT4 mRNA (3£
N B 8, AKT BEER kK F B B H & ,IRS-1
S ERABERR LK T B, GLUT4 B Mkt
B @30, K STARS WAL RERT TS EE
B BAFIA, B STARS SEER RIS VIMHE,
{H2,STARS Wn{a JA# 8 5 R 5 5@ B, H T i
SEAANKER,

SRF B — P EE N4 5 FE % E ¥, MKL1
R—FP BRI B, BB E STARS T iff
A, iRk MKL1 AR IR S E R A AKT
BB 4L SRF MR CCG-1423 FEB & B AS K
BRI/ R AT R, RSN AKT MBsER 1L A1
IRS-1 MR FRBERR /K T, A BFFTHRIE ,STARS &R
ik b REEIE N SRF mRNA 7K 0 (BAHFEE $
PA T LA K )87 STARS fy%ik/5 ,MKL1 1 SRF
mRNA M H R X EEE A BB L, BHETR
R 2 BUMEER T LA BB B IE % 08 RS Rk
H—Z% 3£ )8 SRF F1 MKL1 (0K H A 8o i
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TR B 40 Mok LA R e hn SRF BB E B R B H T T
BN TR, R AR ERA—3H
R A ERE MR SRR AR R
JEEZ—, BAh, STARS Al B i Hoft T i se 5
VTR RFSEENRL, NTTRBUES K
B, X R HE— A AR RIESE

LR, AR AATIEEE AT AR5
WLAH MR 55 B HEHT, DA B STARS Fik i, [ mH
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