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Abstract
Background: Peroxisome proliferator-activated receptor-v coactivator 1a (PGC-1g), which act as a coactivator
of nuclear receptors and several other transcription factors. This study was performed to evaluate the
expressional regulation of insulin and inflammatory response genes by PGC-la.

Methods: Transient transfection assays were performed to measure the promoter activity of the insulin and
CXCL10 gene. The insulin gene expression levels in INS-1 cells were determined by Northern blot analysis.
Differentially expressed genes by PGC-la overexpression in HASMCs were confirmed using DNA
microarray, real-time PCR and Northen blot analysis.

Results: Insulin promoter activity and mRNA levels were suppressed by GR and Ad-PGC-1a. Northern blot
analysis of the INS-1 cells revealed that infection with Ad-PGC-1a markedly reduced the amount of insulin
mRNA and treatment of Dex enhanced this effect in an additive manner. The PGC-la-specific siRNA
decreased insulin expression that was induced by Dex in the GR-expressing INS-1 cells was nearly restored
by this siRNA treatment. We found that when vascular smooth muscle cells (VSMCs) overexpressed PGC-1g,
immune or inflammatory response genes were highly expressed. For example, promoter activity and mRNA
level of CXCL10 gene were increased by PGC-la.

Conclusion: PGC-la overexpression inhibited insulin promoter activity in INS-1 cells and enhanced
expressions of inflammatory response genes (CXCL10, CXCL11, TNFLSF10) in VSMCs. (J Kor Diabetes Assoc
31:326~335, 2007)

Key Words: CXCL10, GR, Peroxisome proliferator-activated receptor-v coactivator 1la (PGC-la), vascular
smooth muscle cells (VSMCs)
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t#49] AARIRLE = pancreatic duodenal homeobox factor
1 (PDX-1)*”, beta-cell E-box trans-activator 2 (BETA2),
v-maf musculoaponeurotic fibrosarcoma oncogene homolog
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Peroxisome proliferator-activated receptor-v coactivotor-1
(PGC-NE  HgA
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mm AIEEHAR 5 mm HHoE 2L F& F 10
mM$] sodium pyruvate$} 20% fetal bovine serum, “Z2l3L
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A 37T w7V 95% airs} 5% CO,)ollA vlioksht. of714
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A& AEE vllekd [10 mM sodium pyruvate, 10% fetal
100 U/mL penicillin® 100 mg/mL
streptomycin®] £3¥] DMEM low glucose (1 g/L)]2-&
kstar, 222 A2 wiel Al A 919 HAE vt
53 F 33lol A AEE AehboA sk 5~1i7A]
Al wjekst Zhe Aol Agsisick F9] Al sk
9 INS-1 AlZ= RPMI 1640 wiokedell 111 mM
glucose, 10 mM HEPES, 10% FBS, 2 mM L-glutamine,
1 mM sodium pyruvate, 50 pM, Smercaptoethanol, 100

bovine serum,

U/mL penicillin Z22]37 100 pg/mL streptomycing 575}
of wioksiict 1l Aol ARt ME= Ao}
22014 27 Apol9] A A8k A ZHAIES] HepG2
A|E:= DMEM llekelol] 10% FBS$} 100 U/mL penicillin
1231 100 pg/mL streptomycing F7Fslo] wjokslgich
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(phINS-362Luc (-362/+27 bp))= ZHZt Dr. Richard M.
Ransohoff*?¢} Dr. Kazuya Yamagata®ol|A] Alxto} A4
of] Ag3lek 2 fARtel TeRE] 84E =AE] 9
3t transfection A8 315 Hol] AEE 12-welldll £5F &
R 70~80% TELE AEE FHlEsich
Transfection<- Lipofectamin 2000 A]2Fg- o] 88} Fajs}
93 transfection®] HES EAS $sted 01 pgd
pCMV-§ Gal plasmidE co-transfection s+t Luciferase
B4 25 9slol AEE PBSE F Wl AL 100 uL
9 reporter lysis buffers o]gslo] AL E Hallst 3 AJd
Bol] Btk 47T, 12,000 rpmellA 108 E}F AR 3
Aels 2ol L2 TE] FAS Z431%]c) B galactosidase
242 ELISA reader o830 420 nmollA $45E &£
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3. Realtime RT-PCR

cDNAY RevertAid™ First Strand cDNA Synthesis Kit
£ ol&slod st WhE2 12 pLe] F <o)l 5 pgel
total RNA, 0.2 pg/ul. oligo (dT)E E3Fsled 70Tl 58
39k v A7l &, 5X reaction buffer, 10 mM dNTP, 20 U
©] RNase inhibitorE: 7417 37 Cell 5& F<F #EAIIck
8]a 20 U9 M-MuLV reverse transcriptaseS 7}kl
& F9E 20 pLE o] 37°CollA 1417 F3F w41
=, 70CAA 108 FF XAz "he-E AR
t}. Realtime RT-PCR-Z ABI PRISM 7000 Sequence
Detection System (Applied Biosystems, Warrington, UK)
7} SYBR Green PCR master mix (Applied Biosystems,
Warrington, UK)E oo} S-aisigich. & ei7o] 485
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primere PGC-la 5-CCCGATCACCATATTCCAGGT-3’
(sense) and 5’- ATGTGTGCGGTGTCTGTAGTGG-3’
(antisense); GAPDH: 5’-ATCTTCTTGTGCAGTGCCAGC-3’
(sense) and 5’-GAAGGCAGCCCTGGTAACC-3’ (antisense);
TNFLSF10: 5’-CAATTGTTTGCTTGCCTCCC-3" (sense)
and 5’-CCTGGTTTGCACTGACATGCT-3’ (antisense);
CXCL10: 5’~-AGAACCGTACGCTGTACCTGCA-3’ (sense)
and 5’-CGTGGACAAAATTGGCTTGC-3" (antisense);
CXCL11: 5-CCTTGGCTGTGATATTGTGTGC-3’ (sense)
and 5’-GCCACTTTCACTGCTTTTACCC-3" (antisense).
PCR Hh-3-2 2X SYBR Green PCR Master Mix (Applied
Biosystems, Warrington, UK) 10 uL, 10 pmol primer 0.4 1L
3} 4 cDNAZ 109 31418 AL 4 ILE W, BF 57
$F H7kiod 3 20 Wb S Sk SRS 50T
2%, 95°Colld 1027F HEARL F 95°CollA] 152, 60 CollA]
154 403] ZZF3]9Jr). Realtime RT-PCRE] ZATR= o] 3
7] (CT, threshold cycle)E ¢3-2 vhe 274° uhlg o) 8]0
B, ZZo] B PCR AHE2] #lfelF4](dissociation
curve) A& Alfslo] T g0 g4l LE Hbslo] 4
ARy FFA) el Ame] FEES ERlsisich
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Northern blotol] AMEE]= probes
labeling kit (Amersham, Arlington Heights, IL)& o]-&3}
o] a[PPldCTPE FAF DNAEZ ARkt w7 DNAS
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£ transferA]7lc}. RNA7} transfer¥] membrane UV
cross-linkerE ARE310] RNAE membranedl] 1A}, o]
24 F8|% membraneS @[ °PlACTPE ¥AE cDNA
probe7} E0{J+= Express Hyb™ solution& 65 CollA]
12417} &4} hybridizationA1ZIc}. Hybridizationo] 1P,
wash solution I (0.2X SSC, 0.2% SDS)E 42ColA] 55
o 2] APS8l] 2 kS, wash solution T (0.2X SSC, 0.1%
SDS).2.2 42 CollA 587+ APslisech APdo] ¥t membrane
< -70TolA 24~48A17F FQF X-ray HFoll =FA7]
t}. Loading difference 18s rRNA R normalizationA]
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AAzAAxZH] AAgsl=A] Felslr] $isle] GR 2
ElZ co-transfection®}al Dex & *2|3t A} v]a B33
IckFig. 2A, B). L 23} Fig. 13 E3ll4 HolF Q1A ¢l

9] T2 Re AR} FYS Rl o= PGC-1a
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Fig. 1. Insulin gene promoter is inhibited by PGC-1a INS-1 and HepG2 cells were infected 50 MOI of adenoviral PGC-1a 2 h later,
the cells were co-transfected with pCMV-f Gal together with 600 ng of the human insulin promoter reporter phINS-362Luc (A),
plus the GR (300 ng) expression plasmids (B). 4 h later, the cells in Bwere incubated with 10% FBS for 12 h and then
serum-starved for 6 h. Subsequently, the cells were treated with 500 nM Dex for 24 h. Luciferase activity was then assayed and
the luciferase results were normalized with respect to the transfection efficiency, which was assessed by [Fgalactosidase assays of
co-transfected pCMV-f Gal vector. The results are presented as relative luciferase activities. Values are presented as means SEM
of 3 independent experiments. *P < 0.05, **P < 0.01 vs basal values.
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Fig. 2. Effect of the GR and PGC-1a on the insulin gene expression in INS-1 cell. INS-1 cells were cultured with 11.1
mM glucose and co-transfected GR expression vector and then treated for 24 h with 0, 10 or 50 MOI of adenoviral
PGC-la with (B) or without (A) Dex. Alternatively, the INS-1 cells were transfected with siRNA specific for PGC-1a
and then treated with Dex (C). As a negative control, the cells were transfected with non-specific (scrambled) siRNA (C).
In (D), we evaluated the effect of the siRNAs on endogenous PGC-1a expression using realtime RT-PCR. In A-C cases,
the total RNAs of the cell lysates were subjected to Northern blot analysis (10 ug per lane) to evaluate the expression
of the insulin and RNA quantity was normalized by 18S rRNA. Fig. D, The expression levels of PGC-1a were quantified
relative to GAPDH expression. The values shown are means SEM of three independent experiments. *P < 0.05 and **P
< 0.01 vs basal values.
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3. SUASEY PGC-1a
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2§49 W S2olA AT ik olE Stet
of PGC-1a FU 2705} EWRNEE §ES 4 Qe =
7104l DNA microarray S 383lo] o}529] f-Ax Wy
24 e Eeknat sigiek

1 S HETMENA PGC-1a DfESY 28 REX}
ge mE 24

#z7EA] PGC-1a08] 71%50] & Ll A gzl g3
HEZAEE o|83lo] PGC-100] 2slo] =AMKE= §474
2| FAjte g TSl PGC-109] HEhg E4
slatz} s1%ick adenoviral PGC-1a2 100 MOI X elslod
2447k Fol] RNAE H-2l3l0] DNA microarrayE o]83}
of FARE 3, 3wl o] de] Wile] HolE Kol §HA F
Hoda} ofFukdol PHE FAAES Al sldrhTable
1). PGC-1¢0l] &J3}od Whédo] aA] Frlsl= F2k] it
2 HoT) ks #HE AL B 5 Yok o] F
CXCL10, CXCL11 ¥ TNFLSF10 -4 =2A] walo] &
7kl AL & T Itk oF FHAE realtime RT-PCR
S B3le thA] & W E-4fsle] DNA microarray 73}
£ AAF slsickFig. 3).

2) PGC-140il 28 CXCL10 FEXto| edl iz}
PGC-1ll ofzlo] W] HolE Mol fAA4 F

Table 1. Regulatory gene profiles related immune of inflammatory response pathway by PGC-1a overexpression in VSMCs

Pathway Gene Accession No. Fold
immune or TNF (ligand) superfamily, member 13b AF134715 7.42
inflammatory TNF (ligand) superfamily, member 10 NM_003810 14.7
response toll-like receptor 3 NM_003265 7.96
interferon, alpha-inducible protein 27 NM_005532 3.47
interferon-induced protein 35 BC001356 4.19
bone marrow stromal cell antigen 2 NM_004335 6.38
CD274 antigen AF233516 8.4
interferon-induced protein with BER88744 33
tetratricopeptide repeats 2
apolipoprotein L, 3 NM_014349 4.84
chemokine (C-X-C motif) ligand 11 U59286.1 13.6
chemokine (C-X-C motif) ligand 10 NM_001565 8.99
A = 354 _..*I’i_ B @ 70 *% C o 5 6 __-‘1"—_-_
§22 i) ST
Bi. i SN
s 2 3 3 * g 5 3
=i 210 51
555- 8510- ’L! gg’"m I'I'H_L‘
= ole= P W= R I P W S
C 5 100 50 100 C 5 100 50 100 C 50 100 50 100

Ad-PGC-10 (MOI)  Null (MOI)

Ad-PGC-10. (MOD) Null (MO})

Ad-PGC-fo (MOl)  Null (MO1)

Fig. 3. Expression levels of TNFLSF10, CXCL10 and CXCL11 gene by PGC-1a overexpression in VSMCs. VSMCs
were treated 50 or 100 MOI of ad-PGC-1a or Null virus for 24 h, after which their total RNAs were harvested and
subjected to realtime RT-PCR to determine TNFLSF10 (A), CXCL10 (B) and CXCL11 (C) expression. The expression
levels were quantified relative to GAPDH expression. The data (n = 9) are expressed as means The TNFLSF10/GAPDH,
CXCL10/GAPDH and CXCL11/GAPDH values were normalized relative to the control (C). * P < 0.05, ** P < 0.01

compared to the control.
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Fig. 4. Messenger RNA level and promoter activity are increased by PGC-la overexprcssiori in VSMCs. A, Vascular
smooth muscle cells (VSMCs) were treated with 100 MOI of adenoviral PGC-1a for 6, 12 or 24 h. The total RNAs of
the cell lysates were subjected to Northern blot analysis (10 pg per lane) to evaluate the expression of the insulin and
RNA quantity was normalized by 18S tRNA; B, VSMCs were co-transfected with pCMV-§ Gal together with 600 ng
of the CXCL10-Luc reporter, plus the PGC-1a expression plasmids (50, 100 or 300 ng of PGC-1qa). 4 hours later, the
cells were incubated with DMEM-Low medium contained 0.5% FBS for 24 h. 10 ng/mL of TNFa treatment as a positive
control. Luciferase activity was then assayed and the luciferase results were normalized with respect to the transfection
efficiency, which was assessed by f-galactosidase assays of co-transfected pCMV-f Gal vector. The results are presented
as relative luciferase activities. Values are presented as means + SEM of 3 independent experiments. * P < 0.05 vs basal
values.

CXCL109] 28 Hislol] thslo] A8 o2 A sl = receptor (GR)S 310 FA53xe] AAZA S =431
#] DNA microarray S £3}tod #21gt A7} Northern blot E] GRS TAGAAe] L2 7E o] Ellsl= GR 5013

o BAY B Adl PGC-1a A £ 24417, CXCL10 9} cis-acting element 5, glucocorticoid response element
2] mRNA levelo] 7P A vehls 2o Vet (GRE)ol] Agsto. 24 chromatin remodelingolt} t}& A
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Azkel Zzwe] o] FTykie e HRIEKFig. negative GRE (mGRE)Z}L 3lcd] Pubdes Uiz
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Hog ofgkg X AoF AgHd 7F gl ZERE 2A4E daRle 71AE AsEa
2 sigiek. B ATolAE PGC 102 T8 A7 5ol

u & elal Wido] dAlES HRIsIGch 1elx dEw vt

¥ AEFQ] HepGolX T TUE F3E Hol:= FHog

AR whA dEAel elgalgAizle) wy =Aol Yol AAZ Qg AAAA| 712 TN E F

A AE & 5 1ee & 5 Uk o] F= AE 2

€ A INS-1 AT olgale] AeAfaAel T2

AEE dF veZ FE EAslE PDX-1
BETA2/NeuroD, MafA ot} 5859 slzjul olgwlol

nE NE

g Al 7)ol gt Qe gl Eatbslch T 2] Z4zHo)| GRo| HofsteA AHEYgeh o A
o2 forskolinol cAMPE Z7H1714 Qg2e] g glucocorticoid”} GRE §2ted I6lel T2uH B
A= Ziﬂ”’, suppressor of cytokine signaling 3 FEAPIE PGC-1a7h o213 B3hE B S7HI7I= A

(SOCS3)ell <Jat Qlele] Wl Zhavh Bado] giep®, & HRIeHI B3t PGC-1a9] sRNAS AH-§oto] of2idt
Y3k Glucocorticoid?} 23+ wlERA|ZNA lgrale] ubad At AR Esisic ol3t A ezt

Y Pulg 22A 4 grke wasle] e, by o HY 24 PGC-1a ¥ GRo| T2 A%E RS
23 glucocorticoid= HTEAS] UFQ! glucocortcoid & 7 Uk

P 7 iAe] Aol QI AlelA|nt Hdel A&
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& TR S o1 o Qlck B B
oF tiss g9 A3k oFAQ JuihZol) = o
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