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The -308 and -238 Polymorphisms of the TNF-a Promoter Gene in Type 2 Diabetes Mellitus
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Background : Recently, two G->A polymorphisms at positions -308 and -238, in the promoter of
the tumor necrosis factor-a (TNF-&) gene, have been identified. These variants have been linked to
estimates of insulin resistance and obesity in different ethnic groups. The objective of the present
study was to investigate whether these genetic variants of TNF-a were associated with features of
the insulin resistance in two study populations comprising type 2 diabetic patients and healthy con-

trol subjects.

Methods : We analyzed the polymorphisms of TNF-& gene in 198 type 2 diabetes mellitus (DM)
patients and 169 healthy control subjects. We used five primers and two separate polymerase chain
reaction (PCR) to detect the TNF-« polymorphism by the multiplex amplification refractory mutation

system (ARMS) technique.

Results : No statistically significant difference in the -308A and -238A allele frequencies was found
between patients with type 2 DM and normal controls.

Conclusions : Our study does not support a major role of the nucleotide -308 or -238 substitutions
of the TNF-« gene in the pathogenesis of insulin resistance. (Korean J Lab Med 2006; 26:58-63)
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L Aol 9J5HH cytokine®] Y91 tumor necrosis factor-a
(TNF-a)& oF¥ 11 9%o] 93] WAAT VYA F2
79 2] Az A Askelw, vEke AdE Jded WS G
oA F8e s @dsitty 5], TNF-e+ insulin-
sensitive glucose transporters (GLUT4) +47+e] AAH &4
S5 AN 253 A AN ded FEA19] tyrosine
kinase®] FHEE JAste] ded WS F7HMRIT6]. Eo
TNF-¢9 mRNA9 Z7PF &d WA fd 449 o
g St Bt A7

TNF-28] 8% F57F i A Frd 415 T
dofstr 53] G #A9 kF TNF-¢ 557} 52 2% ¢
Wiy o] Am Al F7hE o] AATHS, 9.
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TNF-a 5342 class III major histocompatibility complex
(MHC)ll 91x13te glom 2 74x)¢] A2 3ol aek A+
7F AEESATE 58] Wilson 5] TNF-¢ f32+¢] %712H(pro-
moter) F9ol 3]F3sH= nucleotide position -308942] thdA
WAL, o] F¢olA guanidine (G)©] adenine (A)S=
5= Aol wlel TNFIZH TNF2Z 833t 10, 1], -308A
AAE A A7) FoF TNF-e9 e S7H07
2 4HAs A7tadAs 9 A wfAd d3se ovlgl
Holz Aoz ByHY 9Iti12, 13]. X3 nucleotide
position -238014 GoAR AFE 2384 HPFAAT W B
G 0 B ded s ddel gtk Hie glont -238A
YA A RS BIAE Gl daliE At
£ 0 48% A= AzEri14-16].

Al 28 daW Fx9} TNF-a §449] SR04 Yehds=
T2 T Aol st B E AHEH, Fermanader-Real 52
TNF-¢9] 72} thgAe] led WA Ao Aty By
ot I 9] Aol glthe Bk v U7, 18], =3
7h ol mE A t3Ae] 28 WEk o YelA B
=ATH 19, 20].

olo] AL A| 28 Wid FAjo|A] TNF-29 §H4 03
Ne ZAHORA A8 484 O4el B dRg ok
2, A 28 eI B E2LIA Y TNF-a §344 T34 9
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1. That

FYays 95 Watol A, Holauelt 7Y
PRIE 24 59 A 28 P 84 19882 e o
Gk, HEZE DEYA) DR F03 AN E PR
& A % 44 8ol 100 me/dL olstol Fege] A
o P AR 16052 B2 SHich

2.

1) DNA %2

EDTA7} &5IAZ E9%s A8 500 uLE lysis buffer
(032 M sucrose, 10 mM Tris-HCL, pH 7.5, 5 mM MgCl,
1% Triton-X 100) & o]&-ated[21] T3} F41E2](13,000 rpm
ol A 30%, 33] ¥HE)2l & proteinase K (Boehringer Mannheim,
Mannheim, Germany)& ¥3+3F 54 (10 mM Tris HCl, pH
8.3, 50 mM KCl, 0.1 mg/mL gelatin, 045% NP40, 0.45%
Tween 20)& F7Fste] 55°C oA 1A7F ¥H-SA)7] 3, proteinase
KE |AA717] 913l 95°CollA] 1087F A2] 8l template DNA
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2) TNF-a -3082t -23801A2Q] G—A CHM ZA}

TNF-a -3083} -238942] G—A tEAS U= (multiplex)
amplification refractory mutation system (ARMS) HPHO
AAsgith ARMS HPHEE AlEA 9] 3-end7} template DNA9)
471 € 2 mismatch7} ¥ polymerase chain reaction (PCR)
Al AIEA 7L A% (extension) B A] 95 & o8-8 WH O R[22],
2 AFAME AEs s AR S8t s AT 2719
PCR tube7} AHS-5| =% JQHE T ARMS &AMkl

Z 1719 AFAIEA (common primer, CP), TNF-a -3089]
A9l G THIALE SIS 913 2559l A2 (3086
-308A) 9k -2389419] G—A TS ERls] g 25F9
SHFAIIA (-238G/-238A) & 27+ AHESINCH, 4579 dH
AAE G Z& AZ A9 3-end7} HEE AZE Zolt
(Table 1). & AR 9] Bo]LE £0]7] $3}o] 3"-end ZH-E]
A 97190 GE TE X&stit22]. ARMS el 9 4
AL AFEE =o)7] §3F WE At Z(internal positive con-
trol, IPC)Z al-antitrypsin 22| exon 3 HYE ZZst=
AR (IPC-1, IPC-2) &= FAIo) ARE-3l T 23],

PCRE & ZAY 2719 PCR tubeE AME3I9EH, A tube
o= SHFAILA R -308G S} -238AE, AFRAILAZ CPE A7}
S92, B tubedl|= -308A, -238G, CPE #7Fslich ZH g+
HALoll th3k PCR Eo]aHa-2 -308G/-308A Fi= -238G/-238A
7} CPs} wRg-ate] 22t 140 bpét 210 bpd| SFAERE 85
3, 360 bpe] W Uz AHEE §A9 SEHh PCR W
& ARMS Al 247} 10 pM, W FAtE AEA 5 pM.,
dNTP 250 pM, Tris-HCl (pH 9.0) 10 mM, KCl 40 mM,
MgCl 15 mM, Tag DNA polymerase 1U, DMSO 5%¢°|
% DNA 1 yLZ #F7lste] 2 20 uL2 eItk PCR M-S
A5 =24 7] (OmniGene, Hybaid Co., England) & ©]£-3}e]
95°C ol| A 487} predenaturation A7 &, 95°C oA 45%, 66°C
o] A 45% L 72°C oA 45%4 353] ZE&1T vlA|EO R 72°C 9

Table 1. Primers used for multiplex ARMS

Primer Oligonuclectide sequence -3y
-308G ACCCTGGAGGCTGAACCCCGTCTC

-308A ACCCTGGAGGCTGAACCCCGTCTT

-238G CACACTCCCCATCCTCCCTGCTTC

-238A CACACTCCCCATCCTCCCTGCTTT

CP GCCCCTCCCAGTTCTAGTTCTATC

IPC-1' CCCACCTTCCCCTCTCTCCAGGCAAATGGG
IPC-2' GGGCCTCAGTCCCAACATGGCTAAGAGGTG

*, The 3’ penultimate nucleotide (underlined above) was mismatched
to enhance specificity of the primers; ', The internal control primers span-
ning a 360 bp fragment of exon 3 of the @ 1-antitrypsin gene.
Abbreviations: CP, common primer; IPC, internal positive control; ARMS,
amplification refractory mutation system.
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SAS (version 9.1)% ©]€3te] A3} 2ol WE F4
A3 g AR MIEE “proc freq & A3 chi-square
w02 uWEAY, $AH|(OR, Odds Ratio) 9 95% A18)77¢
(CD) “proc genmod”E AHE8IATE SAS/Genetics®] “proc
allele” oA A= (maximum likelihood estimation) H'H<
AHEEle], TNF-a -3083) -2389] datEid =
equilibrium measure) ¢! Lewontin's D' AXFSIAL AAEH
3 oo Uid FtolAly AAS AASAT BE BAH AL
FOIFF 5% slell A AT

= (linkage dis-
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Table 2. Genotypes and alleles frequencies of TNF-« -308 and
-238 in NIDDM and normal controls

NIDDM Normal
patients controls P OR (95% Cl)
(n=198) (n=169)
TNF-2-308
Genotype
GG 174(0.88) 141(0.83) x*=1.48
GA 24(012) 28(0.17) P=0.223 1.44(0.80-2.59)
AA 0 0
Allele
G 372(0.94) 310(092) x*=1.37
A 24 (0.06) 28(0.08)  P=0.242 1.40(0.80-2.46)
TNF-2-238
Genotype
GG 177(0.89) 152(0.90) x*=0.03
GA 21(0.11)  17(0.10)  P=0.864 0.94 (0.48-1.85)
AA 0 0
Allele
G 375(0.95) 321(0.95) x*=0.03
A 21(0.05) 17(0.05) P=0.868 0.95(0.49-1.82)

Abbreviations: TNF, tumor necrosis factor; NIDDM, non insulin depen-
dent diabetes mellitus; OR, odds ratio; RR, relative risk.
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AMSEE 9 T ARMS WPHOE TNF-¢ -3083 -238
A9l G—A TS AT F AUSiT

TNF-a -308 F-9]ol4e] FHA4H2 Al 28 Tur SAelA
-308G/G7} 174%(0.88), -308G/A7} 247(0.12) 1L D#, Ak
WZZAXNE -308G/G7} 141%(0.83), -308G/A7} 2
o7 A 28 gy Ao A oiAbolel] froje X}OM A
ATHP=0223, 12=148, OR 144, 95% CI 0.80-2.59)(Table
2). B Aol -308G/GSt -308G/A FAAHE 3= A
zFAA 242 0833 01724, B FU F 79 Hiske
Folg Aol7k 9RAL Yea 59 B Fo Aozt At
(P=0010, ¥2=670)(Table 3)[24-26], %3 TNF-o -238 &
el M9 FAANEE A 28 G SR} A -238G/G7} 1779
(0.89), -238G/A7F 217%(011) 012, A tiZzZdME 27}
152%(0.90) 3 1799(0.10) 2.2 A 28 G Sapsk A4 27
Afolel] f-2]et zto] 7} YIQEH P=0.864, %2=0,03, OR 094, 95%
CI 048-185)(Table 2). TNF-a -308 H-9|el|x12] QA3 (ha-
plotype) ¥4 A A 23 Fr SAlA G7t 3727(0.94),
A7} 24%8(0.06) 091 om, A4 txFAME G7F 310%(0.92),
A7} 287(0.08) 02 Al 28 T et A tiEAtelol
folat Zol7} YQA(P=0242, x2=137, OR 140, 95% CI
0.80-2.46), %3k TNF-a -238 F90]x9] A8 EAAMET
A 28 GuH 3R A GrF 3759(0.95), A7F 219(0.05) 0],
A gz A= G7) 321(095), A7} 178(005) 08 T #

Alolol] 928k 21o)7} YAUTHP=0.868, 22=0.03, OR 095, 95%
CI 049-1.82) (Table 2). ol Z oA e FAA3 #E= Har-

dy-Weinberg equilibrium®l] ]38k 7|tj X9} 2]k zpo]7} $IS
tHwww.husdyr.kvl.dk/htm/kc/).

TNF-o -30832} -238 Apo]e] A#AE#3d =59 Lewontin's
D' 32 12 Yestoy 7tolAly A4 Ast 7 5342 Atel€]
AHAL Zhol & T fIUTH(P=0.216, 22=153).

237)9) TNF-o 9%3% Welzd 8o gelshs dAz
gego, 1 ¥ et B8 A& WAl Feed 2

Table 3. Genotype and allele frequencies of TNF-a -308 with normal controls in Korea

this study Lee etal.[24] Yea et al.[25] Pae et al.[26]
(n=169) (n=120) (n=113) (n=125)
Genotype
GG 141(0.83) 103 (0.86) %2=0.31 106 (0.94) 1?=6.70 107 (0.86) %2=0.26
GA 28(0.17) 17 (0.14) P=0579 7(0.06) P=0.010 18(0.14) P=0.613
AA 0 0 0 0
Allele
G 310(0.92) 223(0.93) 12=0.28 219(0.97) 1?=6.26 232 (0.93) %2=0.23
A 28 (0.08) 17 (0.07) P=0.59 7(0.03) P=0.012 18 (0.07) P=0.629
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83 AL g ACE dEiRith AT AR gle
TNF-a mRNA A& A4 i A5, Qeddss 42 A
o] oM, g TNF-o mRNA |7} W& F7} opF Rt 2l
=3 UAdo] Avks AT AT, 27]. o]d AFES TNF-a
7F Q&d 2 Aol g doy 7)He 29 ded AZAA
9 Aol 98k Ao AZHEY[6]. Ty ol B4 /A3
TNF-a 537 F915 o= F971 ded WA= ?&74]1?4 TNF-a
Fdl| g F A dstdds B €84 IA Lok
Fol| TNF-a F3719] 7150 $1X¢t F 719 nucleotide T
Aol FES uby 9l=d)| ©]E nucleotide -3083F 2380419
G—A A3 93 tgAlolt). -3084 WEo] TNF-a 44
o] FAME AT E ZMNZATHE AF A ARt 9, dAHE
o2% o] Wyo] uvky A&y U AV due AE B

FE BAEC] Adu1, 17, 28], -2389] T4 ob4 A1FH
o7 xdd st THE AL gloy o] Wy A} Fx
HAAFEGA class T genes®] FX5 24 F9o U+ putative
Y boxo] $IX|3t2L TNF-a9] 2JAf+27h -2549F -230 A}O]Oﬂ
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;d-/\-]o o}A =A o] o7} QA T2 99 Ao T
& T 5 vk AFAQ Aok dvky AztEh & ?iw‘L
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A 2% P g FaA o A ELH fAkst
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BH&E : 2 tumor necrosis factor-a (TNF-a)2] 22} 5
el sl 7 e A7 Aol EAEIL ©l= nucleotide
position -308%} -2380|41¢] G—A wWololt}y o3 FHA} o
3 ded WA, vkl Aol ofF AFAA ArE U
ojel & Aol Al 28 Tt Aot A} Tt it
2 TNF-a §324] 344 F9)ol| 9] thglido] A 23] G
o] WA E]ell oA otH A} 33

HiH A 28 D sxb 19893 AAF AZFERES 1699
S Ao Z 319th TNF-a -3083% -238414 2] G—A thEgAle
3t AR S 2719 PCR tubeZ} AFEEHEE 7 Tk amplifica-
tion refractory mutation system (ARMS) g AR-3FSITH

B3 TNF-a f209] -308A tIRAfa2ke -238A4 o9
TR Nee Al 28 T A8 A 2T Aol f9
g zpol7} flsich.

ZE : TNF-¢ §349] £x12; F9oxe] thgdo] A 23
T A Rl #FAsteAE AT fste] AR,
TNF-a A -3083} -238<A1¢] thA] #42 A 28 3
=¥ u|olE AWAS HolA] Yottt
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