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Objective: It has been reported that mitochondrial dysfunction may cause diabetic development. Mitochondrial

dysfuction would be induced by defects in mitochondrial DNA (mtDNA) or the nuclear DNA-encoded proteins
required for regulation of mitochondrial biogenesis. One of the cadidate diabetic susceptibility genes is peroxisome
proliferation activated receptor-gamma (PPAR-gamma) coactivator-1 (PGC-1), which regulates mitochondrial
biogenesis as well as functions in adipogenesis, lipid metabolism and gluconeogenesis. This study was performed to
identify the genetic polymorphisms of PGC-1 and their association with diabetes mellitus and insulin-resistant
related indices and mtDNA content.

Methods: The PGC-1 gene was examined in 49 type 2 diabetic patients and 46 normal controls applying
PCR-single strand conformational polymorphism (PCR-SSCP) analysis. The Gly482Ser variant among the identified
4 variants were further genotyped by PCR-RFLP using Mspl in 133 offsprings of diabetic patients and 161

gestational diabetic patients. The mtDNA contents of all samples were quantified by real time PCR. The statistical
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difference in genotype distribution and allele frequencies among groups was assessed by 1 test. Comparison of

variables between groups of genotypes was performed by Student’s t-test or ANOVA test.

Results: A total of four variants G1182A (Thr394Thr), C1428G (Asp476Glu), G1444A (Gly482Ser) and A1584G
(Thr528Thr) were identified in exon 8 of PGC-1. No variation was observed in the regions of other exons except
exon 8. The frequencies of G1182A, C1428G, G1444A and A1584G were 10%, 18%, 42%, and 15%, respectively.
For G1444A (Gly482Ser), as a functional polymorphism, Gly/Ser (G/A) heterozygout frequency was 55% for DM

group and 35% for normal subjects. Interestingly, the peripheral blood mtDNA contents of the subjects with Gly/Gly

genotype was decreased 20% compared to those with Gly/Ser or Ser/Ser (p=0.011 and p=0.057, respectively).

Conclusion: In Korean diabetic patients, Gly/Ser frequency was higher than the caucasians. The mtDNA copy

number of Gly/Gly genotype was 20% lower than the genotypes with Ser allele. The results suggest that PGC-1

with the Gly/Gly genotype might impair the regulatory function of mitochondrial biogenesis, resulting in dysfunction

of mtDNA replication, insulin resistance, and type 2 diabetes in consequence.
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Table 1. Clinical Characteristics of Initial Study Subjects

A. Keimyung samples

Characteristics Normal DM CAD

n 46 49 40
Age (years) 55.80.8 55.141.2 60.94.2"
BMI (kg/m’) 235427 22.610.6 24.670.4
FBS (mg/dL) 85.572.6" 205.6H0.4 not determined
TG (mg/dL) 111.346.8" 14754115 15481116
T-cholesterol (mg/dL) 177.645.1 1957472 181.346.6
HDL-c (mg/dL) 52.04.9 52.543.5 57.719.9

Normal denotes healthy subjects without DM and CAD; DM, diabetes mellitus; CAD,
cardiovascular disease

Data are means ZSEM. BMI denotes body mass index; FBS, fasting blood sugar; T-cholesterol,
total cholesterol; TG, triglycerides; HDL-c, high density lipoprotein cholesterol.

* denotes p<0.05 vs the other groups; , p<0.05 vs the DM group; ) p<0.05 vs the other groups

B. Mokdong samples

Characteristics Normal NGT IGT DM
n 51 52 21 9

Age (years) 41.840.9 41.740.9 451413 50.64.9
BMI (kg/m?) 24.040.3 23.740.4 24207 25.840.7
FBS (mg/dL) 86.81.2 89.741.3 95.743.0 139.143.8
TG (mg/dL) 127.340.9 141.3414.8 215.4444.4 156.6419.9
T-cholesterol (mg/dL) 185.814.8 188.54.7 211.148.7 223.9144.0
HDL-c (mg/dL) 458145 45247 479423 46.8 4.1

Normal, normal without DM family history; NGT, normal glucose tolerance; IGT, Data are
means ISEM. BMI denotes body mass index; FBS, fasting blood sugar; T-cholesterol, total
cholesterol; TG, triglycerides; HDL-c, high density lipoprotein cholesterol.
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Table 2. Primer Sequences and PCR Product Sizes for Mutational Analysis of

Human PGC-1 Exons

. Forward primer Reverse primer PCR
Region 53 53 fragment
(bp)
Exon 1 GAGTGACAGCCCAGCCTACT AAGCGTCAGTTGTGGCTGCA 270
Exon 2 TAATGGAAGCTTTTTTAAAT AACTCAATGAAAAATTAATG 262
Exon 3 TGTTACCTGCCTCCCAGGGT TTCCTGCTAAACAGTAGGAA 280
Exon 4  ATGCATAACTTTACTTGCIT ACTGCTTCAAGCCAAAATCC 230
Exon 5 TTAGCTTTCTTTATGCCTTG TTCCCTCACCAACAGCTCGT 270
Exon 6  CCAAAATAAGTTTCCTTTTITTTTTIC  AGTTATGGCACATTTATAAA 177
Exon 7 AAAGGGAAGGGGGTTCTAAT CATAGACAGTACACTCTGTT 240
Exon 8-1 TITTTTTTTTTAATTTTTGC CTTGGTCTTCCTTTCCTCGT 270
Exon 8-2 TCAGCAAGTCCTCAGTCCTC TGCAAGGAGAGACCTGCTTG 270
Exon 8-3 GTGCTACCTGAGAGAGACTT AGGGTAGCTCAGTTTATCAC 280
Exon 8-4 TGATGACAGCGAAGATGAAA AGGGTTTTGCCAAGGTTTAC 290
Exon 9 GTGTCCCAGAGGATGCTCCA GCTAAAGGAAAATGACATGC 220
Exon 10 GATGACAAGATGTTCTCCAA AAAAGTGAGCTCCAGGCCAC 250
Exon 11 TGTGAGCCACTGTGCCCGGC ACATACGTCAGCTTCTAAAC 240
Exon 12 GTTACAGTCCCATATACTAA AGCTCTACATTAAGGATTCC 260
Exon 13 AATGATTGAGTAATGGCCAT ACGCGCTGTCCCATGAGGTA 210

3. PCR-RFIP assay

PCR-SSCPe] o3 ¥ E SNP T Gl444A
(Gly482Ser)2 wild type®] Mspl restriction site$!
CCGG7} CCAGZ mutation %+ Z o2 Mspl
Qs ATk weA e 9HERe A
2 3}7] 93l 280bp PCR product”} MsplZ A
9EEAE ged o FAdRT. =, 9o
71&3% A3 7ko] PGC-1¢] exon 83 H Y=
amplify 3+ 3 PCR productE 70% ethanolZ 37
st 343t a, 33 PCR fragment% Mspl &
2 37Tl A overnight A ]t

T':a ?_]_' T 3;]_]-0‘_]‘—5"_}\}\14'

site2

2 2% agarose gel

4. mDNA ¥¢] &4

mtDNA content+= real time PCR ¥H 2 A}-235}
gom, olv] 7]&sh2” ABI Prism 7700 (PE
Biosystems, CA)S A}&3to] =743} th. mtDNA
& TAlel 47 # DNAe| k= 288

RNA9| o= wAsiglom, 7k A7t 94t
£ BHA%7] Y& ZANZEe] mtDNA EH %]
= 100%2 3+ & 7zt A8 x= % Control 2 % 7]
skt

== I

1. PGC-1 #AA 7x8} sh=2lo A &
AE SNP

PGC-1 74X+ oF 50kb2] genomic DNAZH
B st 13709] exono & LA E o] 9 om,
7997 ¢] ofw| = ibE THA = @i do| ) Fig. 12
human PGC-1¢] 742 @ Tl Z o] Fd & 4
Ao 7 yolEth 13719 exone] w3l Table 29
2] Q@ oFst primer set2} AE ] 2 DNA A& &
A}-& 3}y PCR-SSCP assayES 433+ Z 3} exon 8
= A9 TE exonolAlE= of® SNPE st
A Z3l9lt}. WHA exon 8o A= 4719 SNPE 7
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ATG
¢ 10 kb
9 12
1 2 345 8 10 11 13
. || | I I | 7
Genomic DNA | | 1 | | | || | | ﬂ
mRNA fif 2] s [4] s 8 IBHERERE
Starting aa 19 79 144 185 253 268293 598 634 674 714 765 799
Protein
T 1T 1
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£ 3% &
9 gw H
LKKLL PPARYy interactive domain SR rich RNA binding

Fig. 1. Organization of the human PGC-1 gene and protein. The approximate positions of variants relative
to genomic DNA, exons (nRNA), the starting amino acid numbers of each exon, and known
functional domains of protein are shown. LKKLL, dimerization motif (LXXLL); SR rich, serine
and arginine rich domain; RNA binding, RNA binding motif; the PPAR-7 interactive domain.

A.Exon 8-3
3 5 = Il |
cue gedEmReeomtNsn bR REE: & f_____ _____ ¥ =K
| : wild type
Il : Missense mutation, G1444A, Gly482Ser
B. Exon 8-4 N Y
o kW -n-nudﬁgiiﬂ’dlr Wt B we -
- e M i s SRR SR e mE T R iy B e e e g
IIl': wild type
IV : silent mutation, A1584G, Thr528Thr

Fig. 2. The PCR-SSCP polymorphism of human PGC-1. The exon 8 (A, 8-3; B, 8-4) of PGC-1 was
amplified as described in Methods and their PCR products were analyzed on 8-10% PAGE.
The arrows indicate the samples with different PCR fragment conformation, which were cloned
in T-vector and sequenced. The mutations of G1444A (Gly482Ser) and A1584G(Thr528Thr)
were identified from these variants.

=39t Fig. 2+ o]% 2709 PCR-SSCP gel 3l automatic sequencing WH O 2§72} HolE
pattern= X oJ& 1t} SSCP patterno] Th=7] UEd ZALelgd ). exon8-2 X oA+ 1182 positione]]
@ Al 79 PCR productE T-vectoro] subcloned} A G to A9] transition©], exon8-3%] & of| A = 1428
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Fig. 3. PCR-RFLP detection of the Gly482Ser PGC-1 missense mutation. The PCR product of exon 8-3
were digested with Msp-1 and analyzed on 2% agrose gel electrophoresis. Expected product sizes
are following; G1444 homozygote (Gly/Gly), 150 and 130 bp, A1444 homozygote (Ser/Ser), 280bp;
and G/A hetrozygote (Gly/Ser), 280, 150 and 130 bp. M denotes 100 bp molecular weight marker.

positionel| 4] C to G9] transversiono], 1444 position
oA G to A9] transition, 18] 3L exon8-4 ] <o
X+ 1584 positionel|A] A to G transition2 3zt
3t} 3] 1444 positionit
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2827k o] 471¢] SNPE= Ek ='®o] 20014
W38 PGC-19] 77]9] SNPZ 37)¢t o],
C1428G (Asp476Glu)S L =]351# &=t} PGC-1
exon8ol| Al = 47]2] SNP2] 2HA frequency S
Ao &2 A =2 PCR-SSCP typings E3 =
733 ZA7+S Table 3¢ QoFstith ofr W le]
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(GIy482Ser) genotype w3

2] sequence= Mspl
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restriction siteS 33} 2 &, Table 29| exon8-3%-
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Table 3. Frequency of Each Genotype of
the Human PGC-1 Gene by PCR-
SSCP Analyses

Nucleotide amino acid
. L Frequency
position substitution
G1182A Thr394Thr 0.10
C1428G Asp476Glu 0.18
G1444A Gly428Ser 0.42
A1584G Thr528Thr 0.15

71935319 genotypes ZAAstgd T} Fig 3& o]g]
3t PCR-RFLPW S ©]- 834 genotyping¥& wf
oA AnE BoFEth 2 G/G (Gly/Gly) homo-
zygote (W)Ql 73 9o = CCGGE X 33slo Msplol]
o ddE 2= 1509} 130bp fragment7} 345
a1, A/A (Ser/Ser) homozygote(M)2l 73 9-+= CCAG
2 % o] restriction enzyme siteE ojH @R =
280 bp2e] PCR product?+S el AT 181 G/A
(Gly/Ser) heterozygote(H)1 73-9-+= 280, 150 18]
31 130 bpe] 3719] fragmentE 3 A $to}. Fig. 3
G1444A 2] PCR-RFLP genotyping pattern<S X o
=t

o] ¥ow AWd Y= ¥ CAD &A, 5

=
5 Budd AU, 203 g8 Fue
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Table 4. Genotype and Allele Frequencies of the G1444A (Gly482Ser)
Variant of PGC-1 Gene in Type 2 Diabetic Patients,
Offsprings of Diabetic Patients, or GDM Patients

allele frequency

Gly/Gly Gly/Ser Ser/Ser total of Ser allele
1. Keimyung samples
N 16 (34.8) 16 (34.8) 14 (30.4) 46 (33.6) 0.48
DM 14 (28.6) 27 (55.1) 8 (16.3) 49 (35.8) 0.44
CAD 18 (42.8) 20 (47.6) 4(9.5) 42 (30.7) 0.33
total 48 (35.0) 63 (46.0) 26 (19.0) 137 (100) 0.42
2. Mokdong samples
N 15 (29.4) 23 (45.1) 13 (25.5) 51(38.3) 0.49
NGT 12 (23.1) 26 (48.1) 15 (28.8) 52 (39.1) 0.50
IGT 8(38.1) 9(42.9) 4 (19.0) 21 (15.8) 0.39
DM 4 (44.4) 4 (44.4) 1(11.1) 9(6.3) 0.33
total 39 (29.3) 61 (45.9) 33(24.8) 133 (100) 0.47
3. Ajou samples
GDM 35(38.9) 40 (44.4) 15 (16.7) 90 (55.9) 0.39
IGT 21 (29.6) 34 (47.6) 16 (22.5) 71 (44.1) 0.46
total 56 (34.8) 74 (46.0) 31(19.3) 161 (100) 0.42

Data are number of subjects with each genotype (% of each group)and allele frequencies

of A allele.

o] "ol genomic DNAE A}-2-3}] genotypingdt
ATE Table 4o YeEFYTE 3719 AP 25
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of Hl3] FAACE o4 v #HAA
dint= 32 Aok t2A, =l
Fx YdtolA G/G genotype] E¥+=
NGT, IGT, x4 3= 32} (GDM, IGT) 59
group?} 783} Zpolzh A gllth

H 1 =
—xt=

B 37
> 1

N

3. G1444A genotype @} mtDNA copy ~2+<]
]

sko] genotypeo]
, 9178 Sl Aol

91t} (data not shown).
¥, PGC-1 Gly482Ser®] genotypeol that st
A Fd AFZARE ThE MDA (ZF 29} |
) ddeR 3 AFAne Had d, A
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Table 5. Clinical Characteristics of Each Genotype of PGC-1 at 482

Amino acid
genotypes Gly/Gly Gly/Ser Ser/Ser
n 81 (32.0%) 115 (45.5%) 57 (22.5%)
Age 50.74.0 49.541.0 4954.2
BMI (kg/m’) 23.740.4 23.740.3 24.0-40.4
TG (mg/dL) 138.1.3H1.4 156.740.2 123.349.0°
T-cholesterol (mg/dL) 182.845.2 190.243.8 196.3H2.2
HDL-c (mg/dL) 482147 51.944.0 49.142.0
mtDNA (%control) 8494587 108.447.1 104.0-8.5

Data are means3SEM p=0.016 vs Gly/Ser;

WEF O, Ser/Ser Aol A ¢k 15%, Th=f
Aol M= of 23%<] T4 NEE Bt

7+ AFF Gol|A] E-E]$t genomic DNAE o] &
3lo] A1) mtDNA copyFE SA3G S o, vl
+ ETrE2e 2345 Ry 94 olu], mDNA
copy el 27 el W ARsA Tt
I interassay variation®| =o}A] Z} assayollA] A
At o] B mtDNA copyT RS 100% = 3o H
deto] Aitetedv. 1 A3 Gly/Gly variant®]
mDNA copy = 84.9+58%, Gly/SerS 108.4+
7.1%, Ser/Ser2 104.0+8.5%= Gly/Gly variant”}
A(Ser) variante]] W& ¢F 22% AT mtDNA copy
%7} 74 2:5+9 T (p=0.011)(Table 5).

i &t

mEZEZ o] o2 By W WA

A7F vl @A mtDNAQ] oFz], Az o]Ato]

T A BAZE Jdva gol B

) $E mEFZ =g o} DNA Eau

AL HEZEZ L] 75e EstEA

XM] O3] 4] coded] = HMAEE FE 7
1

1]].&}\1 Oo]— [ERi XX s}

i ooft i
H kr
ok M
(R

=
o,

Tp=0.011 vs Gly/Ser

dol #HH o8 FAFT 2L v EZE=Hot
biogenesis©] master =8 A2 &z PGC-1
o] #714F 178 (gene polymorphism)& =3}
A P 2T mDNA copyFoke] FEaA
£ A3tk

o] A7t AP = T dnt=

E ZofA] PGC-19] novel SNPS 1
Gly482Ser variationz} #|2% @i 24
WS 2AEE el xR
Aol A= exon8o A Hk 47]9] SNPS #3H
ol vl&f, dint= Aol A= exon8e] 47& E T
g 7719 SNP& Haakdnh "intadFoA=
Ser/Ser®] w37} Yo 15%, B4tolA 11
~15%TH®. Hhe gharele] 79 Ser/Sere] BX
7t BrToME 16% FEQ WA AT e
30% A==, AWo] §l= 79 Ser/Ser variation

EE7} =9k} (Table 4). T2~ Ae] 39
o

o

Ry o gl gul E—]-O]-é‘ E-O]X]
gdoron’, QrATe] A P 3
gelde] BxAel: RusA @AW T

3K
E

Z7to] B x o)== gitta it dx] dEl

Aol 7$E Ser variants (Gly/Ser, Ser/Ser)7}

fasting insulin 5% AT 2E

HOMA-IR (homeostasis model assessment-insulin

resistance)7} =7}sle] Qlgith olgt= HiglE
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Gly/Gly ¢} Ser variants®] E¥7} T Z BMIS}
HAge] gllen, e3le A/dtelA Gly/Gly
genotypeS 717 Al&Eo] glucoseo] th3t Ql&H
wH7]sol AdtE o AgAakst 71 7HAaE o
9ltta B uslgey. En|EA% Gly/Gly genotype
of AYALS) =77k 23, GBI FE
% =9tt} olo] Muller & PGC-1¢] Gly/Gly
typeo] A thAL B &Y EHlTS AsAT=
A #AE 7 e AlskAT

B AP E Brdaa gaoa 7t
genotype -39 Zjol= IAT = Gt ©A
Ser/Ser genotype?] B3 7} AFAbollA] oF7F wgkrh
A A ATS genotype L 20 E7Eto] oAb
A% % mtDNA 5& ¥ @39S u, & 2%

+ 79 Ael7t glgled, @A Gly/Gly typeo]
TG7} =31 mtDNA copy’} Wkt (Table 5). ©]
22 A3}= Gly/Gly variationZ} mtDNA copy
o) JRPATL EAT AL AAETE =, PGC1
9] Gly/Gly variant7} mtDNA replication®] 7]%
ARE HUT 5 e H5EE ANSE,

2l PGC-19] Gly/Gly variant7} SerS X35t
variante] H] 3] mitochondrial biogenesisE =43}
= 7)ol Askelel lohd, S AFaFeIA
Aets] &Y “mtDNA copyFe] 747 A& DA
§%, bt gazel wael Aol 8 & gw
= el i ulS FoF fA% Hust 9

Aol

A

r\l

2 o

d: M EZE=golo] 7]5o]/do] Bt
1S faslE 207 HoleE HuSo] &3H
I gtk nEZEZCL Vot 2Hske A
2 vEFTE ol DNAS ¢F2], x4 wstet o
AR e 98] =W wEZE=z|o} biogenesis

g 288t 909 7% o ge] ¥ & 9l

G1444A SNP of PGC—1 gene in Korean Type 2 Diabetes

o} blogen31s z4 7]—L—
7} 7| adipogenesis, A|®tiAl, gluconeogenesis
5ol 2% 715 s Ao Hu¥ PPAR-
gamma coactivator-1 (PGC-1)9] #7342 tdA
(gene polymorphism)¥} n|EIZE=2]o} DNA &4
2 a3 P dh W & d A e AT
o dege FHSRA stk

FH: 787891 6%)) B AT B (499)),

s

o v
A HES sk} 429)7Fol A genomic DNA F
E3ta o) XA ARE ddfAA O

ZJ (single nucleotide polymorpohism, SNP)o] < xj
dl= A& PCR-SSCP Wl o 2 ZAlslg. &7
E SNPE wWolo] 93] Msplo 2 Aoz E=
Gl444A0] t)3] BEFHAZ (133Q) 2 Al
T (1619 idt AAS T F, Gl444A
o wid B AEUATE) QA
3L mtDNA copy %] #H4S ATstadtt
A7} PGC-1L 137]9] exono] EA8tH 1 3
oA Exon 8¢]|A G1182A (Thr394Thr), C1428G
(Asp476Glu), G1444A(Gly482Ser), 18] 11 A1584G
(Thr528Thr)2] 471 2] polymorphismo| 73 Z& % ¢l t}.
o] &5 9] frequency+= Z}z}t 0.10, 0.18, 042, 18]
0.15%, G1444A¢] WHo] M%7} 74 =7 Yebst
o &L 479 polymorphism F-oll A 27] ol Ak
amino acid x|$to] =g, 2}z Aspd76Glu
7} Gly482Sero] it} PGC-10]|A Gly482Ser site2]
Gly/Ser heterozygote H]- &S AAbo| A= 35%%] 1
DMol|l M= 55% %, A/t H Tt} DMtol| A of
159 B =7 vebgnk Zw1E A% Gly/Gly homozy-
gote:= Gly/Ser == Ser/Ser of H]3]] mtDNA £ |
7F oF 20% raso itk (#Z p=0.011,

AE: st FdxtolA PGC-19] Gly/Ser
genotypeo] © Ho] #AEQlom, 53] Gly/Gly
genotype2 Ser alleles 717 ol H]E] mtDNA
A7 ZaEo ik o] ZI= PGC-19
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Gly/Gly genotype= mtDNA biogenesisE Z 43}
= 7550l 7ol 9ev], o] A mDNA

o a9 v EZE o} 7T HAE U

Jed ALY 2 Y dus FTAEd
A= A S AT

= I |
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