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ABSTRACT

Background: Tumor necrosis factor-alpha (INF-0) is known to play an important role
in various conditions such as inflaimmation, autoimmunity, apoptosis, insulin resistance
and sleep induction. Five single nucleotide polymorphisms (SNPs) have been known
to affect the transcriptional activides of TNF-a: -1,031T/C, -863C/A, -857C/T,
-308G/A and -238G/A. Methods: We have investigated 5 SNPs of the promoter
region of TNF-a gene, the distribution of 5-locus TNF-a haplotypes, and their
haplotypic associations with previously typed HLA-A, -B and -DRB1 loci in 107 healthy
unrelated Koreans. TNF-a SNPs were typed using PCR-single-strand conformation
polymorphism (SSCP) and PCR-restriction fragment length polymorphism (RFLP)
methods. Results: The allele frequencies of -1,031C, -863A, -857T, -308A, and
-238A, which are known as the high-producer-type, were 19.3%, 15.9%, 14.0%, 5.9%,
and 2.9%, respectively. The frequency of -308A allele, known to be associated with
autoimmune diseases, was 5.9% in Koteans which was lower than Caucasians (14~ 17%)
and somewhat higher than Japanese (1.7%). Five most common TNF-a haplotypes
(-1,031/-863/-857/-308/-238)  comptised over 95% of total haplotypes: TCCGG
(58.4%), CACGG (14.8%), TCTGG (13.7%), TCCAG (5.3%), and CCCGA (3.1%).
Strong positive associations (P<0.001) were observed between TCCGG and B62;
between CACGG and B51, DRB1*0901; between TCTGG and B35, B54, B59, DRB1*
1201; and between TCCAG and A33, B58, DRB1*0301, DRB1*1302. Five most com-
mon extended haplotypes (> 3%) comptised around 16% of total haplotypes: A33-B58-
TCCAG-DRB1*1302, A24-B52-TCCGG-DRB1*1502, A33-B44-TCCGG-DRB1*1302, A24-
B7-TCCGG-DRB1*0101, and A11-B62-TCCGG-DRB1*0406. The distribution of ex-
tended HLLA and TNF-a haplotypes showed that most of HLA haplotypes were almost
exclusively associated with particular TNF-a haplotypes. Conclusion: The results
obtained in this study would be useful as basic data for anthropologic studies and disease
association studies in Koreans. (Immune Network 2002;2(4):242-247)
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o|E7HQ AR v AE ol tigt Wolgg gled=
ofg] F5rel 954 A ArhH A Wl &

apha) = 4ol FeAslo] PG A ehie 4 ST AT ek Ao TEA (1Y), TNF-a F4

A= A F22A 353 (major histocompatibility

eI AL 3], Al gty Rekg Aol 3t complex) & AT9] class II % ol Fle= FHAAE
110-744, A&A F2T A71F 28 HLA-B % ZH(class I)2} HLA-DR % #}(class 1) A}o]

Tel: 02-760-3388, Fax: 02-3672-3337
E-mail: parkmhee @snu.ac.kr

Immune Network

ol AXTEZ o5 A Zhelle 738 ARAle] 9,

242



Zk Q1 Tboll A& e A28 ¥ (linkage disequili-
brium) ¥4 VERHA Hek3). TNF-a 49 BE3%
A g4 3} GAA ol A TNF-a 54442 91X 2 & uf
TNF-a +37+2] th3dAlo] HLASH R4 & Hol& ¥
5 Azt Adgtelu i Aslel] #HAY ThsAS
Al A et

15}k TNF-a #4749} TNF-a 542 Aibshe] o
WA ol delA = promoter F-$19] 23813} 308 <3
7|A el wistel TNF-a AAF A (transcriptional acti-
vity)ZHe] A3 A7} B w9l vk3,4). o] # ek vhE Al
E4 F919 A7149E W) o A7 E X 3EE Y
% 7] t}8 A (single nucleotide polymorphism: SNP)2. 2
-308A (G—A X|¥hH¢} -238A (G—A X|3h) dHHRA=
= AAA ZHHA] FF A (systemic lupus erythematosus)2]
E4 ol Ao}d](5)0|1} cerebral malaria(6), leishmania 7+<3
(1) T ATl APAE Hol Aeg By
=k 3k -308A AR wilellA] 27 o
A3k} AR S et 2o Z 2 o4e]% HLA-AlL-
B8-DR3-DQ2 Uulx& 2} od#=]o] EAlsb(3), Tt 3
S5 TNF-a 545 Adsle Aoz HAEvkd).
oleldt -308A WA Wk vF Hl(17.2%)
oL} olef2] el (14.1%)N A& 15% AF2] IHIEZ Z3)
eha(59), 2384 WHFAA WEE olefelel(63%),
olZ g7k 5219.0%) oA HlaA =& HIEE EA)
gheh(6,10). LY -308A%F -238A WYl FAAE 4R
Qo= 22 1.7%, 2.0%9] Y2 HIEZ EAfsto](11),
JEQlof| A= TNF-a §-44} promoter®] & 4lo] 77}
Azl Soll oA ARz AAE AE3 7hs
Aol Artar AztEle] ghrt. 23] | Fell EIellA
TNF-a 542} promoter F-9]2] A Z-F vh&Ad o] W7 x
9=, -1,031C (T—C X3}, -863A (C—A *|3}), -857T
(C—T A8k o] o]ol &3t} o] g WY -FAAE 4
Holo|A] aHIE & EAeta( A7z 16.0%, 14.0%, 17.7%),
IE 59 TNF-a A4 UehdlE 2o 2 Hay gl
(11). € Eolof|A = o] & TNF-a 4 A} promoter Hol9
7t tH 422k HLA class 13 class IT 53024942 A3k
Azt dujAFell A FHToll EAs]o] Hax gt
(11,12).

TNF-a &2 o] 93Z4k2(2), apoptosis(13), Q&2 HA
(147 FHER(15) Toll it e a3l & uf
7+ Aol Al TNF-a £ A4sat Qddk=]o] 9l TNF-
a 42 promoter §-912] th& Aol Hste] ATl =
97} 9rk 53] HLASE A& Kol Z2+5 Agtll
Al HLA ©]2]ol|%= TNF-a2}2] Qd3A ol gt ¥dell4
Mz & Zart ek sk o3 AERE F ol
FEQ1 71714 (narcolepsy) FHAFol|A] 7] Eell 73F ARA
o] #9lxl HLA-DR2(DRB1*¥1501), DQ6(DQB1*0602)2}
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L F3slA TNF-a 42 promoter tha A (-857T)0]
7l ol Sgidelx 7 A AR A
&3e] &l=Ark16).

7R GFelol| A TNF-a §-4 2ol #8 A 77}
79 o] Fol A A gkoket. -308G/A thEA F-91(17-19)
b 238G/A tFA #9179 HRAFAA WEo of
g YR Wwsl IJolS % 1 uho] promoter £-9] T4
oL} HLA class T & class IT S 2F2}2] o B4 ol thsA]
+ Has vt gl & A 321 TNF-a ti¥
FAA 2 TNF-a oA o] (IS sl HLA 9
wjH& o] 289} &slo] HLA/TNF-a LujA|Ee] v%
2 F3oZH, gelolA] TNF-a §4442 ot 4wt
7tE A%kl Aol gk Aol et VxR EE
AlZst A A =59k

4. HLA-A, B, DRB1 JH 7147} ste=o] gl A4
el 10749 DNA AHAE o] &3lod TNF-a F47
promoter F-919] U A7 c}HA S EA 5 tl HLA-A,
Bt &AEA d DRBIS reverse SSO 3 PCR-
single-strand conformation polymorphism (SSCP) W+
ol gsfo] $4x ANE A8,

TNF-a §-3A &4, TNF-a 542} promoter 79| 2] o}
YAl tell A= TNF-a A4zt 238 ddte] ot
A 4#HA -1,031T/C, -863C/A, -857C/T, -308G/A,
238G/A 5 570 F-912] SNP vt} A4S 2 A4slic} DNA
FEAA WL 7|2 o Z PCR-SSCP (-1,031, -863,
-857 F-$1)2} PCR-restriction fragment length polymor-
phism (RFLP)(-308, -238 H-9)S o|&slglon
Hohjoh 52| ®™(16)3 Wilson 52 WH©®)= %t
Asto] A-gstdck WA TNF-a 547k promoter®] 574
BE 449 primer Z3H(-1,031, -863/-857, -308,
238)y= o|&3to] FH83Urhs,16). PCR REg-H 10
ul HE-g-oHoll 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5
mM MgCl, 0.001% (w/v) gelatin, ~0.05ug genomic
DNA, 20yM Z} dNTP, 10 pmol Z} primer, 0.25 units Taq
polymerase (BioTherm DNA polymerase, GeneCraft, Munster,
Germany)7} E£3+%| 22 FAs19dc}h. PCR ZE-2 PTC-
200 thermal cycler (PTC-200, MJ Research, Waltham, MA,
USA)Z ol &8h3 PCR 270& 183} o] Alhelsl
A A (95°C 55), 30 Ao]F Z2(95°C 30%, 61°C 30%,
72°C 60%), HZE AA(72°C 582). PCRE 33 AE 9
SSCP #4-5 $]8l PCR AHES formamide &H(95%
formamide, 20 mM EDTA, 0.25% bromphenol blue, 0.25%
xylene cyanole FF)Z} 233}31 95°Col| A WA Al A thd
l elZ wHE3h -1,031 F-¢1= 10% polyacrylamide
gel (5% glycerol 3H-fr)= ©]-&3ke] 10°C, 20 mAs}ell 4]
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10057k, -863/-857 F-$l+ 12.5% polyacrylamide gel<
o]-&3}e] 15°C, 20 mAstAllA 607, 2+t H 7)< A
71 % silver 945 A A]s}o] SSCP band patterns F
DNA®] SSCP band®} H]izste] thgl-f-47F S A4
Lol th(Fig. 1). £F DNAE 9| 9] 72 He] Bok
Hh2 23 A4 3h=¢) DNA AAlE A3 4714954
WO F TNF-a 44 gAS 1S A AL
o} RFLP 42 SlaiA= 471 =719 PCRE 535
AHEE 37°CllA] 308 9= Neol (Neol restriction
enzyme, DC chemical, Sungnam, Korea), -238 |+
Avall (Avall restriction enzyme, DC chemical, Sungnam,
Korea) A|gt& 4 727+ 5 unitZ X213k ¥ 15% acrylamide
geloll A7]d538lo] Adsl& A5 G, AdsA e
AL AZ A1 TH-308G: 80+127 bp, -308A: 107
bp; -238G: 18+51 bp, -238A: 69 bp).

SAEA . TNF-a %14 promoter 2+ §-91¢] thgl -4
A W15 APgslaL o] 5 Wy R-4A7F FLsk A
Sl widste] FA sk TNF-a Yl 3 (haplotype)
HLA/TNF-a 4% o] Fwel 2 wlkol oial 43}
Atk TNF-a Qufxlg ol tist &4 2 TNF-a 4144}
HLA 5779 Aol ti3dt 45 a4+ maxi-
mum likelihood ¥ & A8-3t3]=dl, A11x} A =2
A A bl A A HAZ 2 23(20) ©]--3hed
TNF-a g-F-A2 H1E, TNF-a LullAd 2= 3l oz
533 3k, 2|3 HLA/TNF-a 9iAge] vl 3 o
ANEFY 7k 55 B4 449 HLA Ak}
TNF-a Quixlgo] Az x|o] FA= = 2-FA%3 Ll
A FI8L A7l AFZEIHUOE  chi-square
valueE Alibslo] AR89}

Figure 1. SSCP profiles of PCR products containing TNF-a
-1,031'T/C SNP site. Lane 1: reference DNA of TC type=lanes
3 and 4, Lane 2: reference DNA of TT type=lanes 5-8, Lane
9: reference DNA of CC type.

e 1}

TNF-a 442 8%, 1074001412 HAA A7} TNF-
a promoter 57} F-$]12] SNP t}& A F TNF-a 24
(high-producer type)o-2 <4 Q& -1,031C, -863A,
-857T, -308A, -238A WHKAA HIEE 7+7t 19.3%,
159%, 14.0%, 5.9%, 2.9%°| A th(Table I). =1 2] TNF-
a 234 g H A ARY] e Al E EQlA K
a1 A FAZE Aol ot 3084 tHE A4S A
- 59%2A4 LEl] 17%0l v]&l] v|F THIER &
Ak eh(11).

TNF-a 57 3439 Ay BX. gdold] &
Z¥ TNFa 5-F4A3 D3 (-1,031/-863/-857/
-308/-238)> TCCGG (58.4%), CACGG (14.8%), TCTGG
(13.7%), TCCAG (5.3%), CCCGA (3.1%) % 5%°]|%lom
o|F 5% Al LuHAH ] 95% o]Fs AA st
(Table IN). o]F 7} =& W1 E HQl LujAE L 571
S A2 FH7} BE TNF-a AQAE o2 FAE TCCGG
22X 58% BEE AASAL, 1 A7 L84
o2 o]|Fo]A TCTGGE TCCAGZ} AA| AujAE <
19%% AA st & 20 FAAE 2AdEH o R
0] F0]2 CACGGS} CCCGA A AA| LulAI 2] 18%
J =5 AT, ol 5 259 A ddF e
2 =28 AMEHY 7k BYrt 3 QEdAE B
38 v} glE CCCGGEF TACGG 59 Lujxlgo] z+2
233} 17ollA] HEEAH(L A vl 22 0.9%,
0.5%).

TNF-a 9exl¥ 3 HLA class I, 119 &4 . TNF-a
5-frA A2 o wl A3 (-1,031/-863/-857/-308/-238)
I} HLA class I B2+ class I S-4AE o] Fo] A+ 2-44
Azt DA o] o4 AR S Fslod [Fo3h(P<0.05)
FA AMEHY S Hole AR S FHE F I3
tHTable IMI). ©|& Foll 73k AE3H(P<0.001)
TCCGG$} B62 7Hell, CACGGS} B51, DRB1*+0901 Zkell,

Table I. Polymorphisms of TNF-a gene in Koreans

High producer Allele frequency

Polymorphism Allele ,
Korean*  Japanese
(n=107) (n=271)
-1,031T/C -1,031C 19.3% 16.0%
-863C/A -863A 15.9% 14.0%
-857C/T -857T 14.0% 17.7%
-308G/A -308A 5.9% 1.7%
-238G/A -238A 2.9% 2.0%

*Present study, ' Higuchi et al.(11)



TCTGGS} B35, B54, B39, DRBI1*1201 Zholl, 1&|aL
TCCAG$} A33, B58, DRB1*0301, DRB1¥1302 7}ol] 2%+
= et

HLA/TNF-a LejA|ge] EX. HLA-A, B, DR ¢HiA|
Yt TNF-a GuiA|Eo] AZxo] o]Folxl A=l
HLA/TNF-a Gufx|3 ] wlxe} d2]E33 3k Table
vell A8t el 0.9% o] HIEE 1ol YullAs-2
F NFToF A3 ekl on, o] FollA HIE 1%
o|4o] 15F 08 A LA 34%E AA st
HIE 2% o] 4% 8%, 3% o|4XE 5%°] gidlen o&
589 7h &3 dufAF o] Ax dufAIE S 16%E5 A

At

Table II. Most common 5-locus TNF-a haplotypes (frequency
>3%) in Koteans (n=107)

Haplotype* Frequency (%) LD’ (%)

(-1,031/-863/-857/

-308/-238)
TCCGG 584 10.2
CACGG 14.8 12,6
TCTGG 13.7 5.9
TCCAG 53 22
CCCGA 3.1 2.7
Total 95.3
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HLA-A, B, DR ¥uA|¥ (=t & =] A|A)Z HLA/TNF-a
AuixF o] BdAE E F duiAFH Y et Y3t
AU A9 SAsIgEE ¥ME 09% ©|49 HLA/TNF-a
DA ¥ 32%F F 3% WEs}F 247 el HLA
APzt L3t HEE ekl A33-BSS-
TCCAG-DRB1*¥1302 3.271%, A33-B58-DRB1*1302 3.271%).
%, 7Zt% HLA-A, B, DR LullA|E2 A9 dl9] glo] 27t
573k TNF-a ¥ufx|3d 2}t od¥kx]o] HLA/TNF-a ¥l
AGE FATES & T Ak webA A 538 Fholl
el A= HLA/TNF-a Luix3 2 HLA LujA[E o] A
o] FAsIR I ARE Aol vl 7t =2 HAEH )
(] A33-B58-TCCAG-DRB1*¥1302 3.267%, A33-B58-DRBI*

Table III. Significant positive associations between 5-locus
TNF-a haplotypes and HLA alleles

Positive association (P<0.05) with*

Haplotype

HLA-A HLA-B HLA-DRB1*
TCCGG A1l B7, B13, B46, DRB1*0101, *0406,

B52, B62 *1405

CACGG A26  B44, B51, B61  DRB1*0901, *1501
TCTGG A2 B35, B54, B59 DRB1*0405, *1201
TCCAG A33 B58 DRB1*0301, *1302
CCCGA A2

*High-producer type alleles are in bold, " LD: linkage disequi-
librium

Table IV. HLA/TNF-a haplotypes in Koreans (n=107)

*HLA alleles showing strong positive associations (P<0.001) are
in bold.

HLA/TNF-a haplotype HF* (%) LD’ (%) HLA/TNF-a haplotype HF* (%) LD" (%)
A33-B58-TCCAG-DRB1#1302 3271 3.267 A32-B44-CACGG-DRB1*0405 0.935 0.934
A24-B52-TCCGG-DRB1*1502 3271 3252 A2-B48-CCCGA-DRB1*1201 0.935 0933
A33-B44-TCCGG-DRB1#1302 3271 3216 A24-B39-CACGG-DRB1*0803 0.935 0.932
A24-B7-TCCGG-DRB1*0101 3271 3.208 A24-B46"TCCAG-DRB1*0803 0.935 0.930
A11-B62-TCCGG-DRB1*0406 3.204 3152 A31-B51-CACGG-DRB1*1501 0.935 0.929
A30-B13-TCCGG-DRB1*0701 2.804 2.793 A2-B35-TCTGG-DRB1*1101 0.935 0.926
A2-B27-TCCGG-DRB1*0101 2.336 2278 A26-B62-TCCGG-DRB1*0802 0.935 0912
A2-B51-CACGG-DRB1*0901 2.243 2177 A26-B61-TCCGG-DRB1*0901 0.935 0.895
A2-B54-TCCGG-DRB1*1501 1.869 1.823 A2-B46-TCCGG-DRB1*0803 0.935 0.879
A2-B51-TCTGG-DRB1*1201 1.752 1.728 A24-B35-TCCGG-DRB1*1501 0.935 0.876
A33-B58-TCCAG-DRB1*0301 1.402 1.401 A2-B61-TCCGG-DRB1*1405 0.935 0.867
A33-B44-CACGG-DRB1*0701 1.402 1.392 A2-B46-TCCGG-DRB1*0901 0.935 0.824
A2-B61-CACGG-DRB1*0901 1.402 1.364 A24-B61-TCCGG-DRB1*0901 0.935 0.819
A24-B62-TCCGG-DRB1*0406 1.402 1.293 A2-B62-TCCGG-DRB1*0901 0.935 0.677
A2-B62-TCCGG-DRB1*1405 1.402 1.284 A24-B44-TCCGG-DRB1*1302 0.932 0.841

A33-B7-TCCGG-DRB1*0101 0.926 0.888
A2-B61-TCCGG-DRB1*1401 0.917 0.880

*HF: haplotype frequency, "LD: linkage disequilibrium
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1302 3.209%).

0.9% o]e] HIE=E X9l & 32%-2] HLA/TNF-a &Hj
A ZF 20%NA 7H E3F TNF-a €ul& el TCCGG
o} QdZs]o] PuiAIEs FATE € T Uk Al
A TNF-a LA 0 7 27 o A%y} odiAlo] &
2 308AS E3stE TCCAG LuiAE S 3kelof 4]
L A33-B58-DRB1*1302, A33-B58-DRB1*0301, A24-B46-
DRB1*0803 5 3% HLA ¥uixl3z} EAH o2 o3ty
o] YuiA¥ & FA st

I
Qe uwd Il EAlel Ao 2ol
ezl

A TNF-a thg-4224e] -1,031C, -863A,
857T &9 HlEE =xQlolAl 27 193%, 159%,
14.0% 24 QEL b= H| 23t WIS E K9 O m(Table D),
Welof| A= o] 5 3/ FAAkEe] Aol gt Havt
glo] vz} o]l S Ardloltt. -308A HPGAA HlE
£ vl wielo|u} olgEleloll e 15% AFe] IHIER
EABFAL(5,9), -238A IR -FAA wlE 38k o]efelQl
o} otz el7t £l FollA 6~9% AF2) WA =
S HIER EAsle Ao g dHA 9rke,10). HHH, &
Bl A& -308A%F 2384 tigFAA7E 47 17%,
20%9 Y2 TR Edsts Aoz HaE g Eu(l1),
B oA Aitel|A] ghxloll A= 242 59%, 2.9%9] W=
£ YebHol(Table I), QEIol| A€} o] Zh=ilollA =
-308A%} -238A% HAQlo|i} Eele)l wlEfAE= HIETH
sl e As & F AUk LS AL wiklof]
A A7 A Sk kAol & 4%l -308A W
HrAze] WE7E el s 59%24 LU
L7%5c} vl =2 s g EAlstehe Holt stz

gharelofl A -308A WY FAAES] HIEE 3.1%((17),
122%(18), 91.4%(19) S22 Ads] th2A Rus gt
o]#]dt B3 = -308A Y -GAA HIE 91.4%(19)= 8
ol tiE o2 F BIG~12%)9F FAIE Aol & K

Hol 1o g fekslr) o] 2 =4 A2FEAHE
ol@)oll st -308G2] HIE(79.3%)F -308A¢] HIE
2 AX Q&3 Zlo g Holx u|Fo| A& 4 9lch
B o7 AdtolA] 42 59%2] -308A HHFAA HIE
£ A3t kel gk Bl ok ol & HYE
dl, o] 7t 79 AU o] T3] ZA & dl 7l
3t Aew A4

5-FAZF TNF-a GujAE e A= 559 ¢
A o] A DulAE ] 95% o] Fa AA|sko] o} A
o] AetAl= %2 ol rh(Table ). TCCGGE 7%
S FAAE BF A A o & o] Fol Rl dufAE o

9 %
9%

2A 7b 2o MIE(584%)F B o)t olauT
7N q

(102%) BHH o2 U2 ghe Bk 34, 2
Az 7p AP 0 2 o] Fo]Z CACGGEF CCCGA Pv
AP HEe 27 148%, 3.1%dl &35k
77t 12.6%, 27%ZA AR o g2 733k A EH
Hojrh o3k a=2l9] TNF-a LuiAlES LEalo
A BaE 3-fHAF GulAF(-1,031/-863/-857)<]
EZ(12)9} vl sk Azt Ao FH BEE Y4B
olol|l Al Hasl nlo} tixZ F-ARE RS W) ghA,
B ool A ghaelol s GEA de A ¢k
© 5-94A23} TNF-a ¥uA|3 (CCCGG, TACGG)S &
Foll A gHeldt = gl =, g2l TNF-a Y8
o] YEelol Hl3l] 2Ft =2 A4S BYE A4

s wheh o2

=N

P

H.
“
U
o
T
[e]
=

(o}

=

HLA/TNF-a QA3 24 A3} 7 3 5%9)
LujAgel Al 16% FEE AASGE, T LE
2 0w 29 o] WIES HQ) AP 8%, 1% o4
HES 1Q) QuiAPe] 15%el9 0w, 09% o4 W%
2 B0l WY S F nFoT et Fdu A o

HA & Hch(Table IV). ERIA & 7H &3 559
SuxlF o] A2 27.8%5 AA st Ao HaE<
=ul(12), = ¥*E5 H™ A33-B44-TCC-DRBI1*1302¢}
A24-B52-TCC-DRB1*1502 Lujx|ghe] 27 11.1%$}+
15%2A FF55 o] FiL 9o, 2% o F HIEE K<
A o] 5%l EF}slo] 3k=r4loll vl HLA/TNF-a
AulAE FEol JlolA kAol | A% A o= e
st olg gt At dHale] TNF-a YuAg e EE
7F GEQT FASE AE 3 uf, 7]Ee <Al nfe}
Zro] HLA LufAl|3d o] FEo| glofA 3karglo] YEQI
off nlzl v A% thPAE Hole Aol 7IQIet Ao
belth, &3, TNF-a 24 o2 wiolof| A z7hd
sta} AZAo] A -308A WHHEFAAY A
ol A= A1-B8-DR3 UuiA| &7} df=|o] Ealst=
2 Ko} glonka), skaeleA = -308A5 *
= TCCAG Luix|3lo] A33-B58-DRB1*1302, A33-
B58-DRB1*0301, A24-B46-DRB1%0803 5 3% UuiA|¥
I} A=l A S FATE ALE YERY Kol
= 2y

HLA/TNF-a QullAd[&] <] #1592} TNF-o & #|¢|3F HLA
A3 o] RIEE vt Aa 2] 7 FollA F
AuiAE o wlert LAY wi¢- A3 3 vE
Wes ¢ g ddk &, dEE2 7% TNF-a9t HLA -
A} Aololl= LXK (crossover) 53 & FAAF A=
(recombination)©| ¢lo] 73t AWPAIE 7HAHA EA
Sk HLA YAl A9 AA o &2 543k TNF-a Ll
AP Adts]o] 2w A FA e e
el e} vk A2-B51-CACGG-DRB1#0901, A2-B51-

(N

N

o)

o W B 12 ox
tofo 2

O



TCTGG-DRB1%1201, A2-B61-CACGG-DRB1*0901 &3}t
22 duiAg el ol A= HLA/TNF-a LAl o]
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