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ABSTRACT

Attenuation of peroxisome proliferator—activated
receptor gamma coactivator 1(PGC-1) alpha and
insulin-like growth factor(IGF-1) on the response to
caloric restriction in liver of Otsuka Long-Evans
Tokushima Fatty Rats

Shin Ji-Hye
Advisor : Prof. Bae Hak-Yeon M.D. Ph.D

Department of Medicine,
Graduate School of Chosun University

Background : PPAR gamma-coactivator 1(PGC-1) is regulated by costimulating
the expression of key enzymes of gluconeogenetic pathway. PGC-1 s
negatively regulated by insulin like growth factor(IGF-1) dependent pathway.

We investigated the response to caloric restriction(CR) on the PGC-1,

glucose—-6-phosphate(G6Pase) and IGF-1 in |iver of diabetic rats.

Method : Diabetic Otsuka Long-Evans Tokushima Fatty(OLETF) rats(male, aged



24 weeks) and non-diabetic Long-Evans Tokushima Otsuka(LETO) rats(male, aged
24 weeks) were used in this study. Liver PPARs and PGC-1 mRNA, IGF-1,
insulin—-1ike growth factor binding protein(IGFBP)-1, G6Pase and blood

glucose levels were investigated at 3 weeks after the beginning of 15% CR.

Result : The liver PGC-1 mRNA levels were increased to 21% in LETO rats by
15% CR but significant change was not observed in OLETF rats by 15% CR. The
difference of PPARs mRNA levels in liver of OLETF and LETO rats were not
observed by 15% CR. The liver G6Pase activity was increased to 20% in LETO
rats but changes were not significant in diabetic OLETF rats by CR.

In OLETF rats, plasma IGF-1 and IGFBP-1 levels were lower than LETO rats by
40% and 25%, respectively. The plasma |GF-1 level was increased to 20% in
OLETF rats by 15% CR but change was not significant in LETO rats by 15% CR.
The liver IGF-1 and IGFBP-1 levels were increased to 30% and 42% in OLETF
rats by 15% CR but significant change was not observed in LETO rats by 15%
CR.

Conclusion : These findings suggest that PGC-1 and IGF-1 control system
altered in diabetic OLETF rat liver and decreased IGF-1 expression may have
some role in the aberrantly activated gluconeogenesis in diabetes mellitus
by PGC-1.

Key word : PGC-1, Caloric restriction, |GF-1, OLETF rats
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&3t6t0, 0.2 mL chloroform& &It & Z&Es s, A=20 A 15622 &

B & 4COIM 12,000 x g2 1522 AXMSRI5I0] AZHS HAHGIACH. HES

Ol
ImL 75% ethanolS &Jlotd & S§e = 522 A4 =2CIot 4SHS Mot
BHES HAXAIHAAM 50uLel 0.1% DEPC EHS FHIIoHK 55~60TOHIA ZoHAlHA

NA A2 2 AtE0HLCE.

D

5. cONA Bd & SESAHMES

= o =<
SAMAF BESE random hexamerE primer

HU
ol
2
1
r
=

A
= ==& BNA 10 pL
St 30l 225t
10,000 rpmOllA 5= S¢F AAZElotK BtESHs FMAIZLH. II0l DEPCZ Xl
L gL, 10 mM dNTP 2 plL,
RNAsin 1 ul, reverse transcriptase uLE <21 37CUHAM 1AI2E BFSAIA
PASH OIS 0128S 4TH 226HRULE.
PCR2 diethyl pyrocarbonate (DEPC) XMelE &&= 30.5 upl, 10 x PCR buffer
5 pyL, 25 mM MgCl, 6 plL, 10 mM dNTPs 1 pL, forward primer 1 pL, reverse
primer 1 plL, cDNA template 5 pl, Tag polymerase (5 U/ul) 0.5 uLE =&3at
ULCE. PCR A2 denaturationtB 2 95CUH M 45, annealing HE2Z 50C
Ol A 45=, Zel1) polymerization E22 72CHM 122 ZEGIH 30 cycle=
HE G2 Y2z 72THAM 102 s2F BtSAIZ2I T8 4T E2atACH. PCR
g SEE M2BS =I5 5t 10 plel PCR &t=2= 2 plLll gel loading
buffer (0.25% bromophenol blue traking dye in 25% Ficoll)2t Z&3t0 1.5%
agarose gelOfl loadingSt = 100 VOIAM 3022t TAE buffer (0.04 M tris-acetate,
0.001 M EDTA)UIM mini-gel electrophoresis unit (MUPID-2)2 AtESHO &OHGt
UCH Ol&ol AEEHNAM Z2HE PCR &t=22 3% agarose gelOlA &J|F= &t
= ethidiume bromide U= HMGtD UV-transilluminator il LIEFE DNA
bandE At&l EHGIH X2 AEZS band2l ZLEE image analyzer (1D

ver.2.1, pharmacia biotech, USA)2 =3Aol0 HIWoIUCH. AESUH AM2IHAHA

o
S
=
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PCR primer2 &SIJIMEE Table 1.1+ &CF.

6. 2t =& SAR X

2t =& 1g & 5842l 0.25 M sucrose EMUES Jtoff LHAEHOIA homogenizer
(IKA, T-10 basic, Germany)E =#&3Ist & 600 x gOlAM 1022t AAZ2| o0
ASHZE  FHOI/JACH. 0lE CHAl 10,000 x gOIM 2022t &4 Z2l5tH
mitochondria E&& &1, &A3ZHEZ 105,000 x gUlAd 1AI2H St =R &=l
(Becjman, Optima TLX-120, USA)GHO{ cytosol &Z& 1t microsome & 2= Zclat
L. Microsome Z&2 0.25M sucrose SO0 SEAIA 105,000 x gOlA 1AIZ

p|
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S ChAl =

(GBPase) M T

a=clotd &

ol AtE
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FAI21 = glucose-6-phosphatase
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[
=

I
0

FRCE.
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7. Glucose-6-Phosphatase (G6Pase) & T =X

GoPase EAHE =HES Swanson S E(15)0 et LIS 0.1M
Tris-maleate buffer (pH 6.5) MU JI&Ql 0.2M glucose-6-phosphate & &4
22 EHIIGI 30TCOHA 2022+ BISAIZI &, Mot 22200 ASHES
FOIUACEH. O] ASH0l acetate buffer (pH 4.0), ammonium molybdate & & &t
2AANHS L0l YMAIZ] TS 680 nm2l MENAM EZ2EE =HGIACH 849

£Q il

A &= microsomal protein 1mg0l 1=2% M A AIZ2! phosphatell 222 LIEHN

8. & Insulin-like growth factor (IGF-1)2t binding proetein (IGFBP-1)=&
=22 MEZ2 EDTA (10 mg/mL) It FADIZ2 =2 SIUHEMUHAM =

Gt0d 3,000 rpmOilA 2022+ YA Z2ls =, EE2 2ot &4 AIIHA -70CHl
S S2otC. €& IGF-11t IGFBP-12] =% = 0|0l =Mot= ELISA kits

L
z-ll_l
o
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9. 2t &XO IGF-112+ IGFBP-1 &



2 XX 1g g HBOI0 ASFA0N 20| SLHLS A2 = 2460l 2R of
%

ALt 015 H&oH== 1 mmol - L' 2 OLHIEAID & 22| & &, 45H
£ 20F 0.05 mmol - L™ Tris-HCL (PH 7.8)12t Z&3I0 ZFatAl2l & -70CHIA
d=s Z20tACtH. Brodford HES AIE6tH SHMES Fotd, I6F-1 BEIE

(peptide)2t |IGFBP-1 t©tBizb=S EL|ISA (Diagnostic Systems Laboratory, Inc.)S
HOIFLH. DG-3022 type AZE 0|E0tH IGF-1 SEAEEZE =01 450nm0|
[w:

Hot2 =EOHAUL.

/j
Zits B2 + EEHXZ HIGI] 1D, SHEAEES SPSS (Statistical package
for the social sciences, for windows version 14.0; SPSS Inc., Chicago,
Il1inois, USA) SH Z2 S O0IE56tACH. A& = 2t X0l= student's t-test
2t ANOVAE Al&GtH ZEoIALC 2 P gt0l 0.05 OIgtel BLRZ
Ot RAULH.

A

ol



. 2

[

. ZEHISH 2 g€gHst

LETO F= A& AIZM 12A12t = & 90| 5.40 + 0.31 mmol /LHIA 21 =
5.26 + 0.34 mmol/L 25 NS =2 X0l= AUU2O OLETF F= ASAIE
M 12A12F 35 = &90 9.30 £ 0.70 mmol/LOIM 21 = 7.04 £ 0.90
mmol/LZ 38.2%2 ZAE EUCHP < 0.05)(Table 2).

2. SEMS0| GePase AL OIXl= F&

232 Met= AMEGH)| &2l 2t GePase A= OLETF 0lA LETO ZOIAME
Ct A& 240 2EZ/JA2SLE SHSEQ XH0le 201K L/UACH. 2F G6Pase &
Ae= 15% SHE A 3= LETO 20N SEHst= AlI&EGH| 820 20% It
2 SItotA 2L di=xIt Y= OLETF Z0d=E SEHMetS AIAGH| M1 |26t
XOIE 20IX LUCH (Fig 1).

3. M0l PGC-1 mANA &80l OIXle E&

gdztsg MetES AESH| ®2l PGC-1 mRNA 2 &2 OLETF Z0IA LETO Z20IAE
Ct SOt 240 2EHZU2L SHSEQ XU0l= S0IK LULCH. SSHES Al
37 = LETO 2= SEHES AEGH| E2CH 242 PGC-1 mANAS| Z& 0l 21%
SOt ALt (P < 0.05), OLETF 20AN= SSFHSS A& 8t 228 X0
E 20X 2AUACH (Fig.2)

4. SEHMS0l PPARa mRNA ZE 0l OIXl= S&

PPARa mRNA Z23dg2 & & 250N SZH e E HetE 201X HU2H &

= 2t9 X0l 2ELX &LULCH (Fig.3)
5. NS0l PPARB mRNA Z& 0l OIXl=s G
g2k Met=S AIEGH)| &2l PPARB mRNA &2 LETO 2O0lAM OLETF UM ECH



S[OSHI SOt A0l 2FLHJALLE (P < 0.05), SHME0 OHE Hats &
S0E Al LETO 20lA OLETF ZO0IAMZCH PPAR
mRNA 2S00l R2IGHAH St 2401 2ZZJLCH (P < 0.05)(Fig.4).

™

6. ZEXB0l PPARY mRNA &0l OIXls &¢et

22 MNE=S AlEotIl &2 PPARY mRNA &3 2 LETO ZOIAM OLETF ZO0iIA=2CH
SOIGHA B0t A0 2F AL (P < 0.05), LETO Z0IA= SHMESHO T
g Al S4RQUCH. EHHOI OLETF 20IM= ZEHet AIEE PPARY mRNA
L0l R ZAEN JUs 2AS BA2U SHHE 3F=Mol= 23%2 SIHE =2

b, SEME 3= =X & PPARy mRNA2l &3 2 (&0l

2 MetS AlFoH 82 €& IGF-1, IGFBP-1 #=Xl= OLETF Z0A LETO =0l

BIGH 2r2f 40% 2t 25% Jb S ACH. 15% SEMset 3= =
TOA 20% &fSotA2ULE, LETO Z0M=E =28t BstE
=M OLETF =ZO0lA 2FWH IGF-1 1t IGFBP-1 &2 Z A
30%2t 42% SItotALLE, LET0O ZUAM= =28t St 2HEBEX f/pAT
(Fig.6,7).
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XIGHACH(21,22). S8k OLETF FOF CHEZQ! LETO F Ol HiaH
NS0 s 22 Motot O A UERD a0 =

= (=) =2 o T [
Zab MEiS OHAMOI HioH SEEF Bt 2st & el O 2 A2 M
2t €0}

el OLETF Fl= DEE AHHZ 2HUA2 AR 2EE 842 28T = LETO
F et CHE A0Icts JtEot0l 2HL A HNE0 A= 4 = G6PaseS

UCH. 2t GBPase E&T= OLETF FHOIA LETO F0O HIoH A+ AIE I ZAE0
@] =

A2l SHSHE 2o= AL, ZEHME 3= LETO FUA= 20%2 St
(0]

2ol 230 Btoi  OLETF  FOM=E  sol&t gt SIRULCH G6Pase
(glucose-6-phosphatase) = glucose-6-phosphateE Jt==E0lotH =l &rE (free
phosphate) DS 3t RclY(free glucose moiety)2 S0 W= SA0ICH 28 LHO
M Z85te 0l 4= 2RIt e 44X MEHlAM =g 2010l 2o Xl

11 glucocorticoid, cAMP SOl Sloi &ASHECH25). L8, FBPase(fructose
1,6-biphosphatase) 2t =20 &M DA O] OHXI2H0I &

Seo S(26)2 HRE B It /U=

a2 AT 0, GePase Lt FBPase =2 &40 HEZO0 Hlo Z4AE

EtLt=0l, Ol 2 g7 AT DFIEXNIRALM, OLETE HOA DEE0 et 2

AEZ0 2ol G6Paselt S=0| 43t B X L2 Aoz M2AECC.
Oledst G6Pase += Peroxisome proliferator-activated receptor (PPAR)Y
coactivator-1 (PGC-1) Olcte & 22X 22X EHOIX0N 2o £&0l SItEes

G, Yoon S(12)2 A0 25+, ad libitum—fed # 0l adeno PGC-1& &0 olH

2o S=S4HUAM 20l X2 PGC-1 SIHE 20IH M NEO Eo5

2
e

A0l GBPase 2 PEPCK (phosphoenolpyvurate carboxykinase) mRNAJI =Jlotd &2
WMo EH0| SIISUD GIQCH, L8, AEHEXANS FAS MHI1E =Y
Daol Fo ZHHIAM PGC-12 =H ZSIMH, A& osg MEHEsS 2E0l= M2
o =Y 2ol ob/ob FHOUAME PGC-12 ASEZIN QUCH. PGC-1=2 Hepatocyte



nuclear factor 4 (HNF4)a Ol =25t ZHMZONA HNF1laE R|=otd, 0ls
G6Pase promoterOll =Xot= HNFla Z2& 20 &E5HH 430 2o

[UOM, £t PGC-12 FoxO10l Z&otd G6Pase promoter LH2l |RUE Sl

ol s
SHSHCHD SFRACH?27,28). Ol E PGC-12 & HAIOI 2t0IGtH == &EHSl 2H0IA
LSOl SIHEZM Al =8 PEPCK, FBPase, G6Pase =& X2l mRNA &
£ KT8, PGC-12  Glucocorticoid Receptor (GR), PPARa, PPARY, Retinoid
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2
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Table 1. Primer set

Genes Sequence

PGC-1 sense 5'-CACGCAGCCCTATTCATTGTTCG-3'
antisense 5'-GCTTCTCGTGCTCTTTGCGGTAT-3'

PPAR a sense 5'-TTCGGAAACTGCAGACCT-3'
antisense 5'-TTAGGAACTCTCGGGTGAT-3'

PPAR B sense 5'-CAGACCTCTCCCAGAATT-3'
antisense 5'-AAGCGGCAGTACTGACACTTG-3'

PPAR ¥ sense 5'-TAGGTGTGATCTTAACTGTCG-3'
ant isense 5'-GCATGGTGTAGATGATCTCA-3'

GAPCH sense 5'-CCCATCACCATCTTCCAGGAGCGAG-3'
ant isense 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 97.0 £ 5.2 167.3 + 12.4
1 9%.4 £ 3.5 148.6 + 16.2
2 R.5 + 4.6 132.4 + 13.3*
3 94.8 £ 5.8 126.6 + 15.8*

Data are means + SE, n=5.
* . £ <0.05vs. LETO group



Figure 1. Glucose—6-phosphatase (G6Pase) activity in whole |iver homogenates
from Caloric-restricted LETO and OLETF rats. Values are means = SD, n = 5.

Bars without a common letter differ, P< 0.05.

G6Pase activity (U/gliver)
20

OLETO MOLETF
b b

IS

10




Figure 2. mRNA levels of PGC-1 in whole liver homogenates from
Caloric-restricted LETO and OLETF rats. Data are the ratio of the G3PDH mRNA
to PGC-1 mRNA. The top portion of each figure is a gel representative of n =

3/group. Bars without a common letter differ, P < 0.05.
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Figure 3. mRNA levels of PPARa in whole Iliver homogenates from
Caloric-restricted LETO and OLETF rats. Data are the ratio of the G3PDH mRNA
to PPARa mBNA. The top portion of each figure is a gel representative of n

= 3/group. Bars without a common letter differ, P < 0.05.
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Figure 4. mRNA levels of PPARB in whole liver homogenates from
Caloric-restricted LETO and OLETF rats(FD). Data are the ratio of the G3PDH
mRNA to PPARB mRNA. The top portion of each figure is a gel representative

of n = 3/group. Bars without a common letter differ, P < 0.05.
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Figure 5. mRNA levels of PPARy in whole [liver homogenates from
Caloric-restricted LETO and OLETF rats(FD). Data are the ratio of the G3POH
mRNA to PPARY mRNA. The top portion of each figure is a gel representative
of n = 3/group. Bars without a common letter differ, P < 0.05.
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Figure 6. Levels of Insulin like growth factor-1(IGF-1) detected by ELISA
using whole extracts of livers 15% caloric-restricted rats. Values are mean
+ SD, n =5. Bars without a common letter differ, P < 0.05.
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Figure 7. IGFBP-1 protein amounts in liver of 15% caloric restricted LETO
and OLETF rats. Values are mean =+ SD, n = 5. Bars without a common letter
differ, P< 0.05.
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