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Fuule] WAl AYEE FyAE AR AdEE §
AL ZAode ko] o|Folx] Fon -2,221 Msp
I, -365 VNTR, -23 Hph I, +805 Dra III, +1.127 Pst
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+1,140 A/C H3lE %ol 9ds] UxlEH,
+1,127 Pst I, +1,335 T/C, +1,428 Fok I H3|% &4
ol 2| Yxjshe Aoz Wasgl?.

olgin|oEy Jwe filslke $3AE B
Ay 285 SAPEA Al glont 2 Aeke 7
A Rk Qlgwin|oEy didle) Wkl shie]
fAzlel sl A=A gk 3k HHA 28] o]¢]
o] 31744 QQlo] B o= Iedsty] uliel] ¢4
Aol B ofglge] ck

olin| o)y o] whalel 24 Aelshe &
Azt ohrizls, 2 el FE el
FAHE Fgogn ] Y fPAS A
o vk gxe] Ut oMoz 1 ojeojr) vk
g 5 95 Aolch

Aokl Qlgalnle)Ey ol 80 % ool
u|rkdold] wlel o] 75 vpRk e AAE
o] Axle] 50~70 % ol & XRstel!” Aol
vl AoiE<l ARl Fulse] vt @EvlellA 9l
Feln)o)Ey Mol whAlle] viXlE oge] F Ao
2 didsisin, webd Al lgelEd dad

— 442,



-2,221
Msp1 VNTR

23 Hph I A/C  Fokl

+805 Dra I +1,140 +1,428

©H1L,127| 41,338
Psll TlC

Fig. 1. Hph I and Pst 1 polymorphic restriction site in insulin gene
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Table 1. Clinical Characteristics of NIDDM

Patients

NIDDM Control
Number 67 33
Age (yrs) 446 * 135 465 + 185
Sex (M:F) 44 : 23 17 : 16
Onset age (yrs) 415 + 123
Duration of diabetes (yrs) 35 £ 67
Family history (%) 30 0

Body mass index (kg/m®) 220 + 39 213 + 67
Fasting glucose (mmol/L) 9.55 + 437

Fasting insulin (pmol/L) 576 + 924

Fasting C-peptide (nmol/L) 0.70 £ 0.50

HbAlc (%) 124 + 46

Values are means=+S.D.

B dERvlEY S A 67 0% wisirt
A B8 9 AR 2417 99, A€, Clelo]
= g g B8 g, Ada g
& ZAslo] AAFEAGbody mass index)E Abe}
Aer A5 g 542 a3t ZrkTable D).

2. g4y

1) DNA #8 ¥ SEaAHNES8

-1 75‘/“ zFogHE] 10cc 7leke] 22y
ol-2- EDTA ¥-Holl 28ds}lo] genomic DNAE F3&
slglrl o]8Al <lojz DNA 1pugell Taq DNA
polymerase, 9Pk APibA] INSO1(5’-GAAGGAG-
GTGGGACATGT-3’), INS02(5’-GCTGGTTCAAG-
GGCTTTA-3)E 77 10 pmoles] EJHF & whg- 2
285} 77] 200 MEIA] INTPS W 4 412 %
ZRE E 25 yl7} EA =44 & mineral oil & 4
Pk o] Wb EPEE PCR cycler(Hybrid)el {3
94 ¢l 30%7¢ denaturation, S8TolA 45&7+
annealing, 72 CollA] 4527} extensionA|Z] 31, o] 34
& 403] ubE Alsisled QlgR HRlelA] +1,127 Pst
1 4 RIS ZEAZ 23 Hph 1 g4 39
= 7 vhog, AMAEE  INS04(5°-TCCA-
GGACAGGCTGCATCAG-3")8} INS05(5'-AGCAA-
TGGGCGGTGGGCTCA-3)4 &4 PCR cyclerol]
51 94 0ol A 30327} denaturation, 64 ColA 4527}
annealing, 72°ColA] 4527} extensionA|Z 2 o] 4
S 403] wiE %%A]ﬁu}”’ Z2Z5 producty= 1.5 %
agarose geloll4] A7|edE-& Alefslo] HE st
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170
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+/+ 414 ++ +/- +I+ +/+

Fig. 2. Pst I restriction enzyme digestion of insulin gehe. A 430 bp fragment containing the Pst
I +1,127 polymorphic site was amplified from genomic DNA using the primers INSO1 and
INS02. Amplified products were digested w;ith Pst 1 restriction enzyme and then
electrophoresed in 3% agarose gel. The allele %’ only contains a monomorphic Pst I site
and were digested into two fragments(260 bp and 170 bp). The allele - contains the
same monomorphic site as well as the polymorphic Pst 1 +1,127 site and were digested
into three fragments(260 bp, 110 bp and 60 bp). The fragments of 60 bp were not visible
in the agarose gel

.+,I.'.h. _,+ + 4 ‘ .I'. +.'I_ -.Ir_ ___n'_'_

Fig. 3. Hph I restriction enzyme digestion of insulin gene. A 440 bp fragment containing the
Hph I -23 polymorphic site was amplified from genomic DNA using the primers INS04
and INSO05. Amplified products were digested with Hph I restriction enzyme and then
electrophoresed in 3% agarose gel. The allele . *+’ only contains a Hph 1 site and were

digested into two fragments(230 bp and 210 bp). The allele - does not contain Hph
I site and was not digested(440 bp)
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93 product band?t 2#Hel $4A171 F QIA
quick gel extraction kit (QIAGEN Inc)E o]8lod
PCR productE AAsiglch

2) HEEs ®@aol o84 YWEERFLP,
restriction fragment length polymorphism)

5% Pst 1 AR GRS At Pst [o82
Artsio] B4e] =719 patterns W], sl &
g AAslsck Hph 1 ARMLY] $AA% A
& Hph 15 olg3io] 72 whos f438 A4t
et

tHH AR 972 Hph 1 8l Pst I ARRES] 25
3 $lellA TRt g HIER vehe At
LT o

3. BAIMz]

BE Ay WY £ IR 9 AIsE A
ok 7} kel HExe] HlEe ttest®t Mann-
Whitney’s U-test® Blaslgick &gdl 44 o
Aell W& Fur 3 diEzTe wlEsd blas
Fisher’s exact testZ ARSI p Zhol 0.05 uluie]
735 Feslckar sbelqick

4
1. Hgig4 20| CEMRFLP)S 3t

1}

Pst1 +312] A% +1,127 717} cytosineo| Pst1 -
4ol 7% cytosineo} thymidine 0.2 X#¥]e] glc)
Pst I Al HAE 5°-CTGCAG-3° HYE elRslnzg

Table 2. Allelic Frequencies at Hph 1 Poly-
morphic Locus of Insulin Gene

Control NIDDM

Hph 1 n-m 0 = 59 p-value
+/+ 33 (100) 56 (95) NS
+- 0O 39
/- 00 0O
Data=n(%)
NS : no significance

The + allele is the most frequent allele in the
diabetic population for diallelic polymorphisms

44t

-

Pst I +/+31¢] 73-9- monomorphic Pst T A&HE-ejqt 7}
A3 YT F 260 bp, 170 bp =7}2] wl(band)7} 2
=191, Pst I +/-33Q1 73-$- 260 bp, 170 bp, 110 bp,
60 bp =719] wr} WA=, 260 bp, 110 bp, 60
bp2] w7} PAE = Pst 1 --89] H9+= 3 A= @
itk (Fig. 2).

Hph 1 AgEAE 5-TCACC-3’ H9|E Qlxr), A}
shed] 2334 937]7} adenine€t Hph 1 +/+3-2 210
bp, 230 bp Z7]9| w7t AT, Hph 1 +/-3<)
73~ 440 bp, 230 bp, 210 bp =7} ujr} A=Y
t} 440 bp =7]9} w7} k=)= Hph 1 /-8 734
= & o= glsir}(Fig. 3).

2. QIWBIREAL CHEMa Byl AR

Hph I AlZkEAE 223t 9 a2 Ed du
W #2591 F ++ F5¥e] 569 (95%), +/- F4
ol 39 (5%)elolem, Ay chzte] Ae ++ §4
3o} 339 (100%), +/- +3HL sldrk - 38
FH 3k} 9 oz 25l ¢ W ek wjet
q ¢le®l f4=) Hph 1 A3FE9)9] ofadAde elsal
159 2ad B AY dizgold 9] e
Zlot7t giglel (Table 2).

by

27

o

ujay QledvloEy By BApte Eelst
of Q157 -4# Hph 1 AgHESte) cfdAls ¥ At

oflME 5 F7F 2n] e Ael7t gilch (Table 2).
e e Pst I AR AE Heldt A dawl
HlolEy w3k 607 F o+ fA¥e] 55
(92%), +/- §38o] 59 8%)olHL - FHEL ¢
ek AL =S 329 (97%)0] ++ FAHog e
], 19o] +/- 380l gct whetbd] gain]e)EY
FuH kel A4 olzgollA Pst 1 ARSI £
Az AL 7 T Kel7t gidck (Table 3).
vk kA4S e Pst I A3HES)e) clA
& B AR F 77 9v e xolr} ek
(Table 3).

3. QlEBIRTA CEM0 mE M &3

lgHulelEy B 37 6738 de’d A

kel whe} 7 Fog B ¥ o A 2



Table 3. Allelic Frequencies at Pst I Poly-
morphic Locus of Insulin Gene

Pt 1 Control NIDDM p-value
n =33 n = 60

++ 32 97 55 (92) NS

+- 13 5(8)

/- 0O 0

Data=n(%)

NS : no significance

The + allele is the most frequent allele in the
diabetic population for diallelic polymorphisms

Table 4. Comparisons of Clinical and Bio-
chemical Characteristics According
to the Hph I Polymorphism of the
Insulin Gene

Hph 1
++ +-
Number 56 3
Onset age (yrs) 4051124 38.0+12.3
Family history (%) 31 33
Insulin treatmet (%) 38 33
Body mass index (kg/m®) 227427 236+2.1

Fasting glucose (mmol/L) 9.79+4.44 93817093
Postprandial glucose (mmol/l.) 14.34+525 9.08+5.30
Fasting insulin {pmol/L) 564+984 3724228
Postprandial insulin (pmol/L)  184.2+292.2 834+834
Fasting C-peptide (nmol/L) 0.70+0.50 0.99-+0.63
Postprandial C-peptide (nmol/L) 1.22+0.99 1.66+1.13
HbAlc (%) 129443 11.8+46
Values are means +S.D.

The + allele is the most frequent allele in the
diabetic population for diallelic polymorphisms

& w]zsisdck Hph 1 379] vk Aol whi wlaelidle=
++ FHEE 7R T - RS 7 I 9
e b oly, 1EE, AR, 35 9 4% 2
AlZE E, g, C-3elol= o gt iE Xo]
7} 919)r} (Table 4).

Pst 1 -9 chadAdol] mh n) el % 7 -7kell B
W uby ofF, 7159, AASAS, 35 9 AF 24
7+ €9, s, C-3lelol= Wl 3l Xol7t
gigick AEER”] gl X887t Hesdd e

Table 5. Comparisons of Clinical and Bio-
chemical Characteristics According
to the Pst I Polymorphism of the
Insulin Gene

Pst 1
++ +/-
Number 55 5
Onset age (yrs) 425 =121 41.6 =100
Family history (%) 34 20
Boedy mass index (kg/m?) 218 £40 236 +3.1
Insulin treatment (%) 31 60

944 +405 938 £793
Pastprandial glucose(mmol/L) 14.70 +5.30 9.06 + 5.32
Fasting insulin(pmol/L) 61.8 +105.0 43.2 =222
Postprandial insulin(pmol/L) 188.4 +296.4 83.4 + 834
0.63 £ 040 0.86L0.56
1.16 £ 0.79 1.60 £ 1.13
124 £47 124 £39

Fasting glucose(mmol/L)

Fasting C-peptide(nmol/L)

Pesstprandial C-peptide(nmol/L)
HbAlc (%)

Values are meansS.D.

The + allele is the most frequent allele in the
diabetic population for diallelic polymorphisms

% 320l Aol7} $1%ie} (Table ).
o &

A FAAR] +1,127 Pst [ AZHRS] 4L
U EY PuHdt Aol v Zey Huss
o} olgainiolEy Wiyl Aol ofel
oJHEe] AXET o] T4 Rt HEkelA] o
ck. Hoban 5”& Qlgain &y wdu sh49] 71%
oA ++ FARE Bicka s1glem, Hitman £
< QlEunle)ES Fiy 2Ate] 76 %ollAl Pst 1 +/+
FHEE Hont o] fAdle] dawnloEy]
W ghajolla v we R YeRiAlE gol o] 4
o] FuHg ofiFshidl Ego] HA ekevka Ban
g w} glrk Masuda 57 YRSl QgalullE
¥ g 2hate] 88 %, QzlelEY i A
95 %, 2285 A4 thzTe] 96 %7} Pst 1 ++ 9414
& Hol Pst [ oA F97h 8ol e gt

Q.
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Faogabe] HaAo] FEol| weh i) Lieidkg 4|
A,

o142l §Ae) Hph 1 919] chiAle Aaklol
A QlgzielEs Bus) Bao] ¥ Ao UeiA
glon}*®, elerelulelEs whamizie] BaAdol ol
i B v} gich 2 ATelAE Wiy et
R4 thad BG4 Hph [ ++ §980] 90% ol4
o) MIES Hol Pst 1 ARHESISH npslAZ 35
SlerainlelEs) sl Belo] 9SS o F I
o

slgavlelEs e fHAe BAAXL
sslo] WhEHE TiolA Aolw, ek B AT
U SR A ool olBo] A QauleEy
i BE tiEsH Ee ASAE A
glome elgel ] olule] dishat: B9 we
At Weskllon, S8 aARe} BEEe 1
ol i BAEZ EFsjel ATe) wal tf o]

UE ATE g AR diEdd
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AP: kAt FHAlAT 52 ol ERy]
o)& Fue] el §47 8] Fasiia A
A glom HHH FHAE Zoly ko] AlE
slo] gANE 1 Ahs 222 FPck JdE /ARt
F9) 24 fAAte] wole 1ER H] AelE do
A 7] sl e Aol AR s

2 A7 Qlck B Aol gkl Qlieib
& Fud SAellA Ew -4749] Hph 1 7919t
Pst I §-919] §-34 cl8dAde] HIEE ulasied o] B
Ao} el AEiv|Ey JGunlale] AHLE B
32 s SR Aol wiE 9l el o]zt
A=A gokHghek

W 339 A7t 679 QlawivelEY
xH AE el HAxgHogRE] DNAE &
Za19a, TR AEEA F7le] o
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25 Ak w3t QERnoEY i gl
A FAFe v ey Bl g9 =24 X%, 7}
%7 o] Zor} AeA =ARIS.

Za o A<l §349] Hph 1 AlgHY o2
+H+ FHAe] B #Ae] 739 95 %, HETe
100 %ollA Fdwlo] F F2b HlEe] Aolrt algicth
Pst 1 Ak YA E +/+ Aol Fu g4
9] 92 %, i=Te] 97 %ol BEE|e] ¥ F2F o)
74 gide}. s ShAjelA] Qlgsl fAixbel whiE
PIFEE wlszelglizrl Hph | ARSI Pst I A
L] Aol whE PFixrie] kA, 715, Ql
9 Buls, g9 2% R Aol gt
AR : g7 {4 Hph I 9 Pst I AR o3
AL gl Qlgein)e)Ey gt A A
2 3upe Zlog Azt

s

- 447 -



= Abstract =

Insulin Gene Polymorphisms in
non-insulin-dependent Diabetes
Mellitus(NIDDM) in Korean

Jin Wuk Kwon, M.D., Seok Won Park, M.D,
Bong Soo Cha, M.D,, Young Duk Song, M.D,,
Churl Woo Ahn, M.D., Keun Soo Jang, M.D.,
Soo Jin Kim, M.D., Seung Kil Lim, M.D,,
Kyung Rae Kim, M.D., Hyun Chul Lee, M.D.
and Kap Bum Huh, M.D.

Department of Internal Medicine College of Medicine,
Yonsei University

Background: Many epidemiologic and family
studies indicated stronger influence of genetic factors
in NIDDM compared to IDDM, and there has been
investigations to identify the susceptibility genes but
without definite results. Insulin gene with its
regulator region has been considered as a possible
candidate gene of NIDDM because of relative
deficiency in insulin secretion.

So, we investigated the possible relationship
between insulin gene polymorphisms and NIDDM in
Korean.

Methods: we investigated -23 Hph I and +1,127
Pst I restriction site on insulin gene region in 67
NIDDM patients and 33 healthy controls by
polymerase chain reaction-restriction fragment length
polymorphism(PCR-RFLP) method, and compared
the allelic frequencies. We also compared the insulin
secretory capacity, degree of blood glucose control,
and family history of diabetes mellitus according to
insulin gene polymorphism.

Results:

1. Insulin gene polymorphism on -23 Hph I
restriction site or +1,127 Pst I restriction site does
not confer susceptibility to NIDDM in Korea.

2. No differences were observed in onset age,

family history of diabetes mellitus, insulin secretory
capacity, and degree of blood glucose control,
according to insulin gene polymorphism.

Conclusion: Insulin gene polymorphism on Hph I
site. and Pst I site probably does not play an
important role in the pathogenesis of NIDDM in
Korean population.

Key Words: non-insulin-dependent diabetes mellitus,
Insulin gene polymorphism.
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