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- Abstract -

Background: Gluconeogenesis is strongly stimulated during fasting and is aberrantly
activated in diabetes mellitus. PPARy-coactivator 1 (PGC-1) and Peroxisome proliferator
-activated receptors (PPARs) costimulate the expression of key enzymes of gluconeogenetic
pathway. This study was performed to evaluate the response to dietary caloric restriction
(CR) on the PPARs and PGC-1 expression in liver of diabetic Otsuka Long-Evans Tokushima
Fatty (OLETF) rats.

Methods: Diabetic OLETF rafs (male, 24 weeks) and Long-Evans Tokushima Otsuka (LETO)
rats (male, 24 weeks) were used in this study. Liver PPARs and PGC-1T mRNA, and blood
glucose levels were investigated aft 1, 2, and 3 weeks affer the beginning of 30% CR.
PPARs and PGC-1 mRNA were determined by RT-PCR and blood glucose levels were
measured by spectrophotometric assay.

Results: The liver PGC-1 mRNA expressions were increased to 19% in non-diabetic LETO rats
but significant change was not observed in diabetic OLETF rats by 30% CR. The liver PPARY
mMRNA expressions were not changed in non-diabetic LETO rats but increased to 23% in
diabetic OLETF rats by 30% CR. The difference of PPARa and PPARS mRNA expressions in
liver of OLETF and LETO rats were not observed.

Conclusion: The liver PPARy and PGC-1 expression response to CR are altered in OLETF rats
compared to in LETO rats. These findings suggested that PPARy and PGC-1 expression
control system altered in diabetic OLETF rat liver and altered PPARy and PCG-1 expression
may some roles on the aberrantly activated gluconeogenesis in diabetes mellitus. (J Kor
Diabetes Assoc 30:161~169, 2006)
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A uf] dofvls EEFATA (gluconeogenesis) 22 H-
A} (lactate), IFHAF (pyruvate), S2]A1E (glycerol), &
Y (alanine) S 72 ZTA0llA] de novo & $4do] Yo]
ek

AE Bt Ak Ja el 7] R
< aadde] S71 9l ASdEe] STl glofA] B
= Zlofsls Aog AT Yk olF TdAlMel Jed
sl= QIALZ Z|<E Peroxisome proliferator-activated receptor
(PPAR)V coactivator-1 (PGC-1)oll tgt @it} ZhilsiAl
o] Fo]Z| 3L 9lr}. PGC-12 Agell= PPARYS] Hz242l
Az deF o)) "= PPARS, GRY, RXRd", ER?,
Liver X Receptor (LXR) & Z3lsl= whe vhE o] -8
o] Hz BAUAE AR AL ek FiellA] PGC-19]
i) iAol gt E3ke n|EFEelo} 43ke] H]Eo]
3 Aol dge F7] wiEoll Fo3h. PGC-12> F4T
A4 m|EFEg]o} A§HAol ks £ ¥k ok} <l
ol Wz BJEAl (GLUT-4)9] 44 283 571
AA F AHE ST, ol By o] AsE
of|Xe] A5 HH ~EANEZEAS FUZF AllY i
o] B9l F9] ThollA PGC-19] WL F7l=le] glom
A& AL =3 AR w7l APAS Hol= Ak¥
Fiar 2u”l objob FolAE PGC-19] Wl ko]
el w3k Q1] gl il 7 - SolEQl EolHo]
£ 7} LIPKO FelA= PGC-12] e Z7ls]o] e},
g Eg QEEl A PGC-19] iaE Akl 9%
= 3l vk As & drk

Alo] Ak (caloric restriction)S TS AT FY
Sk u]ERl W o 2 dedA glom A7 (free radical)
o} &3} (glycation) & A7 T AIE w7 w5
S PRI Aoz Harslo] Qo). w3k eakFollA] 4
oAk Wmuke ZHATIa 3EEd, laEd, el
HIE 55 #AAPE Aoz Hasgi}?. g X gl
RolA] Aol Ak s ST ARY P
o] WS AAXTlE Bt dvkal s gled] o3t
1= AolAlRle] url S ST A
eS| 75g ZARTIE Al 7108k Aog gEA
S}, park §'92] 3ol wkZm OLETF Fell4] o)A
Slof] whe duiel a4 e Az

oL

T

O

(adipose tissue)ollA19] GLUT4 W&Erlel] 7|elsh] 4T
3} ZrollA9] GLUT4 BHolle oJgks 7IXIA] ok Zleg

Hasigiek. vk dg5ellie AolAlRte] 7hellA] of]
Z2d dirlel] Hofehs @A B4 (glycolytic enzyme)
SF7 o1l AA|Ale] -fAAF wF (insulin pathway gene
expression)l] S m|X= Zog HarsldeH?

olol] A= vy AR¥ P 2HIQl OLETF #
of|A] Ao|Agtel] whZ 7+e] PPARs9} PGC-19] WS =

Belo] AelAeke 4 AbMAT AEAAFH) 7
7} k9] PPARsS} PGC-10]l 121 odabe Qlolnnt &
AT AISc:

Chat 2

1. AHSEE

AGEEZE AF 24592 LETO (Long Evans
Tokushima Otsuka) #e} AR WxH] =wlel OLETF
(Otsuka Long Evans Tokushima fatty) & 242 2024
AH8313lek. OLETF F& 5570l Q& o271 AlklA
(Otsuka Pharmaceutical Co., Ltd, Tokushima, Japan)Z%-
B Iae Ik

2. MEe

13

OLETF & A% 247 ZF3H30A4E Alfsle] 3
I TR F57} 16.7 mmol/L o]o]al 2417 x5} &
b 101 mmolL o411 7% Shiwe] wAE 2ers)
o ARTE LETO 715 R4TIETeR, OLETF 71
A7) FEE o] 8.3 mmol/L o] Feg FAH FAE
dugen gagld A4 2 A LE @2 £ 20)
oF wehe 243 3PollA AgEdlem Aolgolks
30% Agkstol Fstelek ol Aol et 32, 7
U, 149, 219 Foll B2 A AEI} Weke Sl 7
Foll sukeld SR S Adelel Addoll Agsh
ack

3. RNA &2|

RNA Eg|= 7k=Ze]| TRI Regant (Qiagen GmbH,
Hilden, Germany)E ZH7bslel FAE3bsla, 02 mL
chloroformg *7fslo] 2 318l & A LojA] 1587 v}
X|g F 4CellA 12,000 x g2 1587 YA E]slo] 4=
NS AT o]F F=Folel] 0.5 mL isopropanolS
7hsto] &9t 3, AeollA] 5~1027F WXIskaL, 4CellA
12,000 x g& 1547F AiEelsto] &SNS Ak
25 1 mL 75% ethanol g A7fslo] & 2313l & 55
7+ ARl s Al AHES A=AAA]
50 uL2] 0.1% DEPC £-H8g d7}slod 55~60 CollA] &3
AlA RNA A2 AL319

4. cDNA BN U SEEACUNS

I A} HE8-2 random hexamerE- primer 2 slo] A}
&4 RAV-2 (TaKaRa Code No. 2610, Takara Bio Inc,
Japan)g o]zl AXslet = F%% RNA 10 uLofl
primer 2 L& go] 95Tl 58 F3F w8 £ 58 &
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QF Aol HaFskal 10,000 rpmollA] 52 g1t A4lEelst
o] Hhgots A o710l DEPCE H2ldl F-7 20
puL, 5 x PCR buffer 10 yuL, 0.1M dTT 5 pL, 10 mM
dNTP 2 uL, RNAsin 1 yL, reverse transcriptase 1 nLE il
31 37°CollA 117 MESAIA cDNAE FAR ohe ol7ls
4Coll Bkslgirl.

PCR-Z diethyl pyrocarbonate (DEPC) X2|¥ 7
30.5 pL, 10 x PCR buffer 5 pL, 25 mM MgCl, 6 pL, 10
mM dNTPs 1 uL, forward primer 1 UL, reverse primer 1
UL, cDNA template 5 pL, Taq polymerase (5 U/uL) 0.5 p

£ 2318199l PCR Z712 denaturation?} 2.2 95 Coll
A 45%, annealing IFOZ 50TollA 45%, =|a
polymerization IPFOZ 72Tl 188 AAsle] 30
cycles A% b wiAlRte 2 72°CellA] 1042 51 WHA]
71 thg -4Coll Eslgict. PCRE 55 AHas #els)
7] $18led 10 uLe] PCR AHEE 2 uL9] gel loading buffer
(0.25% bromophenol blue tracking dye in 25% Ficoll)<}
23kslo] 1.5% agarose geloll loadinggt ¥ 100 Vell4] 30
7+ TAE buffer (0.04 M tris-acetate, 0.001 M EDTA)Oﬂ
4] mini-gel electrophoresis unit (MUPID-2)-& A&} A
Metlek. ool AEAGld doldl PCR AFES 3%

agarose gelollA] Z7]%d5 3t ¥ ethidiume bromide &-<H2

Z 948k UV-transilluminatoroll4] YEld DNA band &
AR Eedsle] zadt 4379 band®] EEE image
analyzer (1D ver.2.1, pharmacia biotech, USA)Z Z73}
o] w]zslick

Addo]] AgE]o]Z PCR primer?] 9714192 Table 17}

o] 24 THART X3 2k 8AI70] AT
T 3EEgE 24 94l Z78319l o hexokinase (HK)
2} glucose 6-phosphate dehydrogenase (G6PDH)E A&}
o] A3}t AFEEA7) (Hitachi 717, Japan)S o] &3lo] 2=
Hetgiek

6. SAEA

Al BFE - EROAE EREE BARAS
Windows% SPSS (Version 12.0; SPSS Inc., Chicago,
Ilinois, USA) &A| 213 o] &3ilck AgT 7+ 4
o] student’s t-test?} ANOVAE Algfslo] 74sl9e) &
Al el PEkel 0.05 Wkl 7352 slgick

Table 1. Primer Set

Genes Sequence
sense 5’-CACGCAGCCCTATTCATTGTTCG-3’
PGC antisense 5’-GCTTCTCGTGCTCTTTGCGGTAT-3’
sense 5’-TTCGGAAACTGCAGACCT-3’
PPAR a antisense 5’-TTAGGAACTCTCGGGTGAT-3’
sense 5’-CAGACCTCTCCCAGAATT-3’
PPAR [ antisense 5’-AAGCGGCAGTACTGACACTTG-3’
sense 5’-TAGGTGTGATCTTAACTGTCG-3’
FPAR v antisense 5’-GCATGGTGTAGATGATCTCA-3’
sense 5’-CCCATCACCATCTTCCAGGAGCGAG-3’
GAPDH antisense 5’-TGCCAGTGAGCTTCCCGTTCAGCTC-3’

Table 2. Blood Glucose Levels of Caloric-restricted LETO and OLETF Rats

Blood glucose level (mg /100 mL)

Weeks LETO OLETF
0 973 + 5.6 167.4 + 12.6
1 96.5 + 3.8 149.8 + 172
2 927 + 49 1326 * 135
3 94.6 + 6.2 1268 + 162"

Data are means + SE, n = 5.
*: P < 0.05 vs. LETO group.
t: P < 0.01 vs. LETO group.
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2 1

1. AO[H[Et| ME HSHE

b

Of

e oA Azt olluiA] &xage] 3ol <3l
FrAE ] Aol AR gl ZAHQ1 ddke v = ik
H A4 AIFE 512.50 + 27.80 gl LETO =S Ao] &
%3 30% Aldksto] A3 A 219 5 Aol 469.30
+ 19.70 g2 AR} wfje] AFoll nlsle] 8.4% A
ek (P < 0.01) (Fig. 1). B3k A5 562.80 + 29.70 g9l
OLETF H& Ao] Folaks 30% Alskslo] A3t A} 21
Y & AIFo] 501.40 + 2420 g2 & Ag A2 ufle] A|Zol|

lo,

vlslo] 10.9% Z4=s1dch (P < 0.01) (Fig. 1).
2. AO[M[Stol e st

LETO Fl&= AAA 1247 35 3 ddo] 540 +
0.31 mmol/LellA 21Y % 5.26 + 0.34 mmol/LLZ 2]o]
AgE %e] Hpol= glolem OLETF Fv& AEAA o 12
AI7F ZE % ¥glo] 930 + 0.70 mmol/LellA] 219 %
7.04 + 0.90 mmol/LE 382%2] 745 Rt (P < 0.01)
(Table 2).

3. 2|0[H[E0] PGC-1 mRNA H&0|| O|Xl= A&

AolAlgke A7l Aol PGC-1

650

600 | \ =
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Fig 1. Effects of caloric restriction on the body weight
of LETO and OLETF rats.

Data are means £ SEM.

*: P < 00l

Fig. 2. mRNA levels of PGC-1 in whole liver
homogenates from Caloric-restricted LETO and
OLETF rats (FD). Data are the ratio of the target
mRNA to PGC-1 mRNA. The top portion of each
figure is a gel representative of n = 3/group.

Data are means + SEM.

* . P < 00L
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Fig. 3. mRNA levels of PPARa in whole liver
homogenates from Caloric-restricted LETO and
OLETF rats (FD). Data are the ratio of the target
mRNA to PPARa mRNA. The top portion of each
figure is a gel representative of n = 3/group.

Data are means + SEM.

* P < 0.05.

Fig. 4. mRNA levels of PPARP in whole liver
homogenates from Caloric-restricted LETO and
OLETF rats (FD). Data are the ratio of the target
mRNA to PPARP mRNA. The top portion of each
figure is a gel representative of n = 3/group.

Data are means £ SEM.

*: P < 0.05.
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OLETF+ol|A] LETOTllA e}l 7k 47do] =gl e
v ZAEEQ] Kole HolA] gl AolAlRE A8 35
% LETOToXE AolAldke Al#slr] kel 7k
PGC-1 mRNAZ] Wo] 19% Z7l=|9ier) (P < 0.01),
OLETFollA& Ao|Aldke Ald8slr] A3t fol3k Xol &
HolA] ¢kgkt} (Fig. 2).

4. AMOJH[St0] PPARe mRNA 0]l O|k|l= sk

PPARc mRNA WS 7 - BE5oll4] Alo|A|hol] whE
W3S HolX| ofgkor ok - 7] Xlo|= IHAF|A] okt

t} (Fig. 3).
5. AlO|M[310] PPARS mRNA 2Hl0f Ojk|= A&k

Alo|Algke A1&sl7] 2] PPARS mRNA -8 LETO
TollA OLETFTollAEet f-olalA] 71 4ol 3]
2o} (P < 0.05), AolAlglol] w2 M= W= R ook
om, AolAlRt 353l A LETOTollA OLETFoll
A K} PPARS mRNA W3] fofabA] Sk 47o] &
A=At (P < 0.05) (Fig. 4).

6. AlO|HIS0] PPARY mRNA EH0| O[x= Y&t

2lo]A|gkS- A1#kst7] A9] PPARY mRNA -2 LETO
TollA] OLETFollA e}l fofslA] S715 47do] ]
gor} (P < 0.05), LETOTIA= AolAgtel] ke wsl=
=R ekoke). Whol] OLETFTllA= Alo]Algt A=}
% PPARY mRNA 9] #&o] mlj-9- Zhawo] 9l 4748 W
Aort AolAlRE 3FAell= 23%9] Z7HE Hdrk (P <
0.05). Alo]Algt 354 243t PPARY mRNA 9| WFsl-e &

LETO OLETF

* *

*
OLETO
WOLETF
0.2
0.1
0
0 1 2 3

Weeks

Fig. 5. mRNA levels of PPARY in whole liver
homogenates from Caloric-restricted LETO and
OLETF rats (FD). Data are the ratio of the target
mRNA to PPARY mRNA. The top portion of each
figure is a gel representative of n = 3/group.

Data are means * SEM.

*: P < 0.05.

FollAl golgh Aol Wolx| eskr) (Fig. 5).

=}
=

Kl

Aol AR vkt gl Al A4S 5
slod QlEgl 4 B dd =4S T o] A
o] gtekEae] #A x| Wyl o] dHA ik
Rao 57 A% 21704 =l 28709 = 21F]ollA] 40% 2] A4
o|AgHS A2Ygk A3} 7k2] SOD, catalase B GSHPx 24
57} ke B3] catalase”} 7P 2 34 AT S
vERIk 31917, Xia 5702 16719 2 267095 2152
40% Ao]Ast & 7+ 5l A17ke] SOD, catalase 2 GSHPx
A7 B SrRvaL Haslgleh gareialellA Al
% i el ot WS TTHIA - 24
TAAR] deke vehliE Zlo] <#iA Slek Park 9] <
Toll wh2m 214 100% AeolE ARkt A AlFo] 2
A 733 35 Ry AlERsled 79 27%7F ARAsgt
thar BasiglePl, ofokgo] gl 30% 2] Alo]Algte] A
23 a3} 5-E=oll4] insulin-stimulated glucose
uptake S F7HAA BPEAL FolelA] Yok 2t 4 o
24 AAele). Park 509 Qdoll whErl A Hhu
2eol OLETF oA 30%2] Ae]Algte] Abzz]e]
GLUT4 e ZohIcka Hoaslgda bl 7loh} 24
2] GLUT4 Well= od3ke vIX|A] eherlkar Harslgick
ol ATk ARE HmEgiae} Aal Aololld SAw
o] GLUT4 1 Aol o7} sleke oldle] Huss
GXsh= Zlolek. webA] Zholu 4TS GLUT4
IGTU} A3 ko] whaol] 21541e] S opjela A2
Sk, i} B ok QIS el Alolallo] el ole]
3 &4 (glycolytic enzyme)-?}m insulin pathway gene

'™ 2] 3 insulin receptor signaling™ol] 3¥kS-

expression
HXE Zleg Hasiglek o]l Zhollx o] Tl 2o
2 o= B4 3 2T PGC-10)] Wizt QA7) hikelA] 718
=3 ek

Peroxisome proliferator-activated receptor (PPAR)Y
coactivator-1 (PGC-1)= *|-5°ll= PPARYS] =242z}
2 d#zion’ dal= PPARA, GRY, RXRd”, ER’,
Liver X Receptor (LXR)d’S E3lsl= whe ohE &l -8
Ale] Bz BAIrtE AR 9} PGC-12 ofuiA] &
A, A 24, Al IR ofe] 71A] AelH]) vk
ol Fofsle Aoz IR YUrk PGC-12 AAE A=
A] brown fat¥} muscleol] tEke g HlEE]|o]A]|3, UCP-2
(uncoupling protein-2)2] W35 8] NRF $HA24S £3
v|EFcglo} £A)| (biogenesis) S Z7HAIZ Zog HI I
Y. Lehman 7% Wu 9L PGC-15 2haF gt
mouse®ll4] mtDNA (mitochondrial DNA)2] $leo] 1S
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Huslodeh m=gk oIk X Z A9 thiazolidindediones
o] s&Alolm A FXAT]= PPAR- ot Ztslo]
B z3bgIxtE #-gsle] PPAR-ve| HARMS S7HAYI
], =3t | EFeglo} U] AWHAF HlERAES) (fatty acid beta
oxidationyell FHH  FAAES] AAZA S 2Hse=
PPAR-q2] Hz=2AQIZto|7]% sjrt. o]9t Zro] PGC-1
ARG A frAlell Fa3t AgE o 3 oz} ZHellA
= GLUT4 (glucose transporter 4)2] Fel-S zAshd>, 7}
oA RG] Bl GeP. 34 gele] 2
ol PGC-19] Wl Z71eP*. pGC-19] Wde: & Al
Alol| Z23F phosphoenolpyruvate carboxykinase, fructose-1,
-6-bisphosphatase, gluocse-6-phosphatase --442] mRNA
WS fieshe olE frAzke] Hd e 35 Aol
Zolld A== PGC-19] 73} visshel. PGC-12 2
ARBe] AAY FFEIGS Wl B2 sk HIES] 5
25 3l ZS7FAIZIE ad libitum-fed Foll PGC-1 odlv}
olg|=F FofslH thzae] I Aol Hele e
PGC-19] SV} Holr] PEPCK$} glucose-6-phosphatase
mRNA7} Z7lslar dgat Qlgals Sk, oel Axnt
5 PGC-10] AelHQl sl F22] in vivodellA] &
AS 248 5 Qe Ze AR

ofg] 7k FERIEE F3 A7lAE PGC-13} 7ol
A1) JiAele] AlE A vehtal glvk AFE o]8st
AdellA FA15 A7 ZellA] PGC-1 fr4izke] whde] &
7hslar, vA] A AFIE AT o] FHawhe e
Hol el o] 9le-g 3353 4 AP, Streptozotocin
-induced micet} objob mice, liver-specific insulin-receptor
KO miceZto] Q1@ 2hgo] ZAofs]o] AP =
AF2Eg]Fo]= (glucocorticoid)L} cAMPS} 72 <l&gl
A 2 7o) =50l oJelE PGC-14717e] whdo] 3
7¥sIAeF”. w3 RNA interferenceS ©]83lo] PGC-1
deficient miceE HFES ol ddo| Zhasta =l
Aol Sk e 2R Hasgleb?,

B oodollMe Akd Fue] %5 =ulel OLETF #
ollA] 30%2] AloJAlgt & 7ke] PPARs®} PGC-1 mRNAS]
s Fgslo] AolAlglel wiE diia Rz
Aol Z717} 7ke] PPARs®F PGC-10]] v|X|&= odgkS- o}
Kzt sidel. 2 23} Agiza9) LETO Fvt OLETF
F EFollA Ao Faae] e (84% vs.
10.9%), OLETF ol AA1A} wie] Pdo] 2190] At
% 38.2%9] 7H4E Hol AR¥ G EEI9) OLETF Fell
A Aol Alstoll whe sel NS Hrhs oldle] WSz} o)
2|51t 7lollA1e] PGC-13} PPARs mRNAS] WHES H
354 PGC-1 mRNA %2 OLETF Fell4] LETO |
B} Zrtkslo] Qe A48 Bolon) FAIREQ 2o= ¢l
gom, Ao|Aldt 35 3 LETO FHollA: Az we} v

23}o] 19%2] W Z71E H9lor} OLETF FHollAE 4]
o|Agtol] whE Wdh= IR Qiglck ]l PPARaH:
PPARS mRNA®| W% ] 2o]Agle]] uhE Hoh= K
o]A] 93krl. PPARY mRNAS] %L A2 4 LETO
FollKl OLETF F¥rt frofsiA] S7k=lo] e &de] &
Zx=|g o}t LETO FoKe Alo]Agtel] whg Wl Kol
A ¢kl OLETF FoA& AolAlshE Aleddtol] ulel A
AF o Z7lEe] AolAl3k 354= LETO #]2] PPARY
mRNA A5} 7]9] n|53t Aol o]2girk LETO
HollA Aol A% w2} PGC-1 mRNA o] 2 27}
=& ol vhadt 22 7K e R & & 5 ek A
X FrollAe] Ao]Alek2 Qlgwl AT AA| (insulin signaling)
of] w5 SAQ ATE vERiE AeE gElA Qlrk Ao]
AR eIt eI (GF-1)9] d555s
ZAAFNAL o] ZrollA Akl QAES} #Jsle) THollA
PI3K W9 s}, 8|3l FoxO (forkhead box “other”)2]
WEAZ7HE do7]a o3t Tk Fox09] o] PGC-1
o) s ZTRTIE Ao A & 4 e, myk
TEA S7H F5F7Rz0] cAMPE Z7H17 PKA (protein
kinase A)9] #Al$E F3lo] CREB (cAMP response
element binding protein) & FATAIZ 224 PGC-1 2
promoter®] CRE (cAMP response element)S 243} A2
Aoz FZ3 4 girk 22 LETO FHeolAel ==l
OLETF Zoll4] PGC-1 mRNAS] uklo] sltke] 7hiol=
ET8lar AolAglel] whE W3lE HolA] gk o]f= thE
ofe] 71A9] 7hsAes A7l & o ek AkE B
S8Rl OLETF FollA] Alo]Algtel] wha} do] Zha=slar
PPARY mRNA 2| WHdo] S7ts]= Z10 % Hol Ao]Adlel]
ukE gl rAde] Akle] PPARYS] A4S SV
w ARE FirgelA] Kol vl -l odaks
ujElckar A7kl & g Qdok L Alo]Alglel] ukE
PGC-19] A5+ & Wi3hE HolA] glo} Ao]Aglel] vk
5T vt 7k EERAIRM g = Y
7}l st Al HetelA] gbe- Aellolct. Hagopian 52
odol] whZm 1F]ollA 30% A=l AolAlgte] Padgta
oF 3 ofE] 3l A (glycolysis)oll Hofehe HAE2)
glucokinase, pyruvate kinase, Phosphoglucose isomerase,

Phosphoglycerate kinase, Phosphoglycerate mutase®} tHA}

#7429l glucose-6-phosphate, pyruvate, lactate 5o A
Zleka Basllst Zhu §72 2FellA] 40% 2] Aol Al
o] 7t TATNA 7HY (aging)oll wHE &R 8]
tyrosine phosphorylation®] =5 S5 4 3= Zo&
B39tk 28} Masternak 5'09] odTol] whEm] A4k
B1FollA] 30% 2] Alo]Agte] ZATolAE insulin receptor
9} insulin receptor substrate 1 (IRS1), IRS2, insulin like
growth factor-1 (IGF-1)%<] mRNA WS 7hAEA7|A9E
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