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BFAARMAMESE BT 5 EEEZERET OMET !
M3y s BEAEI0ELTTE I OEEEERN T o« EET0
LRI & S EEIH L T S RUniE

SIRRFEEEMERRN M E ZRE (BME L RE REIR)

w o E A

FAREMEME, 13X ACOBREFGREIHEECRE L THRETA I ENS, BT, BHE V) MR FRRNY
HECEEREEND—DEEZLNTVE, S DHTRFESRTIE, b FMHMBIE (human leukocyte antigen, HLA) i#{r-
R Ty r EBHERETFEEDVLOPOBEFIREEOP, Y T E EEREH tREL TV A ZEMWRENTV S,
HAERBEEL T, HLADRPUE O RERMNEV I L UM, BRARSERAET O VTR ERE S Tywawy. £2
CERRFETIE, FAERANEMICBT 2 EERSERETFEHOMIT A0, BERREEROHEANOREEAHSNA T
28 3 v 7 EH'E (heat shock protein, HSP) 70 /& {zF @ HSP70-2 Jt OYHSP70-Hom &, Hﬂi&%%%[ﬂf‘ (tumor necrosis factor,
TNF) o« BEFOMTEET (7, allele) Bl%, FAREMENEEZIIOVTHELL, BERLERMEETIC
V¥ 5 HSP702 7 V) )V ORERRIE, 8.5kb sk BHEAMAT29%, 8.5kb & 9.0kb DA F T HEARAT54%, 9.0kb K EHREHATI7% T » V)

DD EE ABOBRE L B TH - 7. HSP70-Hom 122V Tid Hom-1 R EHESUAITHAER RUEMBEEFHEN 8% T HOT
WS, RN REAROBELEARTH 7. —7, BERARENBAER T, TNFLRAEEAEROEGIRTARLD

HEIE L, MIZTNFL & INF2OAF T EAKOE &I EEL

IEho . REIHEHOL 70 AR) YR LIHERR

MEMBZE T, ERbomBEIHRT, 9.0kbD T VERHOHESEEIIES, 272 (0<0.0003). —77, HSP70-Hom
% TNF o BEFIZ0oVTIE, @ENHEE T RBEE 7Y VEOBMICHS 2 ABRRER WG -7z, T2, Y71
2HY Y EREEOT— % —Téh 5 HLA-DRBI*1501 AR O HARAMEMFAORTL, 9.0kbDT ) IV ERLLWEITI,
L2 U ARY »OBEHEIF S -7, Lo TIOHSPI020 7 ) Lid, RERNREFICL 2 B4 RERNLOWEIZHS
waél&ﬁﬁ%éﬂt.iﬁ,ﬁiﬁﬂuﬁmwﬁﬁmgﬁ®4%¥ﬂowf,%%%Wﬁﬁﬂt#xﬁ$g7ww%%

FLALIA, SRAGES A HLA-DRB1*1501 F 71& HSP70-2 ™ 9.0kb 7 U L & Jeff L Twr /e,

DRB1#1501 & (3502
Ehiz.

~DFER B, HLA-

, HSP 70-209.0kb 7 U L3 SIS BT 12 X B HAR LM A MORBEZE vafw%:&ﬁmw

Key words aplastic anemia, heat shock protein 70-2, tumor necrosis factor « gene, polymorphism,

cyclosporine

(BPERET) eFR A  AN) ARIFERER R 5 O H D RE
BT, EEMMEABETH AR (major histocompatibility
complex) T& % & b EMERHE (human leukocyte antigen,
HMJ%ﬁ%@%wwﬁ%@ﬁﬁmwﬁh%fé%ﬁiLfv

. BAASBREEMIGAmERELD & BT 8T S
E'ﬁ DT% OEBERETH 555, FOREDAREIFIEE T
LCHETLIEDS, BETIHADRERBO—DLELR
ENTWAE?Y, Zokn, BEAREENIIB VT LRERT
e HLA L OBBEIMBESNTEL. ZORE, BERREME
EMELETIZHLIADRZ OREREIFH N & 239 HIA-DR2 ®
WL EEF (7, allele) ®D—>TdH %S HLA-DRB1*¥1501 7%,

FRCL04E 11 A 26 HZAF, FE1141 A 6 HXHE

YO AR I B UCTE L BRT D 2 L £
ENTELY, LaL, FOMOBEEIIOCTIE 2 ]
b Tnzn

i om v 7 &F1E (heat shock protein, HSP) 70z % I #5
BT (tumor necrosis factor, TNF) « i#{z 7-13 HLA ®# (&
THB O AE L THE (M), 2ok, HLAREZF
tﬂﬁ I, NS OBEETOLRMENH CRIBEEOPH,D R

CHEBERIZLTVAWENEYNH L, ERICREELT) 7

v }\‘—7‘7\3)9) 04 Y A AMRAEVERERRIF O T, SRS
BEIZBVWT, INSOBETOEEDT ) VR ERZEC
MY LTWAILARENTVS

Abbreviations : ATG, antithymocyte globulin; CyA, cyclosporine A; HLA, human leukocyte antigen; hetero,
heterozygotes; homo, homozygotes HSP, heat shock protein; RFLP, restriction fragment length polymorphism; TNF,

tumor necrosis factor
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HSP70i3 HSP70-1, 70-2, 70-Hom O 3D {12 L h 2 WBAREMEAE B, F T CARIZE T, SRERIHSLEE 2T
— FENTWAE®, HSP70-1 &£ HSP7021d, A ML AIZLY H A S BLUME LA #5120 W T HSP70 8 /51 £ TNF o #4510
IS AN A HSP70 (HSP72) 32— FLTwb. -~ Jj, TONEEREL, IS0 T ) VOB AN BEEE O
HSP70-Hom &, EHWIREIZBVWTLHTNMIEHL TS fJ‘fM)%*&*&W*M%é#"‘# ¥/, YruXR) Ok
HSP70 (HSP73) #a2— FL T\ 4, HSPIE, #>a v 7 DA e SBEIRIR D B DOBHE LR KT T A SR L

b, (REESIREE, Koo — 2R, BEBAT Y, TL f:. 7, IHRLOTY NOEBRSHEET & LT@E;’&%%
g, AN RS, AGICERERIEZTEEEERA B & AT 2 700, FARMNIE % G260 7o A A B A MLHS
FLAZ Lo THIANICHEES N A HEO—-HTHHY, A WT, BRAVEETETILOEELRE L.
b L AT .;t'f“'l"-l: U728, & 7 A PRAGIRTE TR 2 i i
DAL e VISP L, 2 L5 O S M I MEE LUk
T T BRI, _0); I I ML N O & T L 0T [. %
vk L’C(/)Jf*l‘é*‘E%ﬂﬁ T, HSPIZMIBLNIZ 54T 5 4h4i SNSRI RIS SRS X O B R 5
B O - Bk - WA LSBT I E0s, RIERIIBY PEE LB P R SR O B AL TR S M 7o AR AN B F I
COEELEHEFH-> T BEELLN TS, S5 ZHSP BEOP R R E L, B Camitta 5P D HEIZL
2O THE, FIOSREE S BIC BT A I & LT ofkdl bl edSo . WEBEOKYERIIRT. T09h, ER?2
XN TnED, EPINIZY 73 AH)  3~6mg/kg/ %3 r AL B S8
fﬁu_Corzo w’” &, AR s o L2k o TR A N AEAR B INERE T, HERONED FERTWA5S
YR A O SR AT, HSPT0-2 D &R L R S B Wi v ra ZF) U EEE Lz, E7, B2
EatL 71. — JiTakami b 1%, > 7@ AFRY YAk Walsedife #1371 > (antithymocyte globulin, ATG) 15mg/kg %
TARMMANBETE, $ gy 2 2520 KMMTY >3 MRS F 4R S MR EAR RS MBS T, WHRRO LN
BRep ) HSP72 D BID L T B 2 E 2o MIZ L 7. B 6 A7 2461 % ATGHEE L7z, 2 7 1 AR v & ATG & i
HSP70-2 » % H1tk1%, HSP72 O 5B M E R T REME b 8 BRo 5 S5l QD) ZATGIRIZAEE L, ¥ 70 AR
ahTnaY, Ldt->T, HSP70-2 D £ HIPkE, AL V) SERTH - RO B, FOHRATG &5 S
PEEIL X S 2 [ O R EPED SR S o S E e RIZ LT Bl GHl) 1FFNFROBERBEED TR L 22, W mR I

BREE 2N, PoRE L LKL TAE D e LT 2g/dl
BL R E L 70 % B BLA & fl e L7

HLA CLASS Il | HLA CLASS Il | HLACLASS| Il. DNA 3K
! ! BENSNEEHEZOL, EDTANKHR I 2m] 2 £RIXL, 2

[.I- J VA 7 A FDNAMH R v b (EREMLE, H0) £heT
T el 8 G A DNA &4l L 7. “&ili.:l%HJ&\TDNAIﬂM EME L, it

o Ha‘;—égg H; 1 TNF-B A 0.1 1 g/ p LIZFEE L 72,
. PCR
Fig.1. Location of three genes encoding HSP70 (HSP70-1, 1. HSP70-2
HSP70-2 and HSP70-Hom) and the TNF genes (TNF « and . o
TNF 2) in the HLA class Il region. HSP70-214 1267 f H DN M 7 =2 7T =2 Th b, 7

Table 1. Characteristics of patients with aplastic anemia
Characteristics CyA-treated patients ATG-treated patients Others

No. of patients 55 24 6

M:F 25:30 17:7 . 3:3

Age (median) (years) 7~78 (48) 1~72(29) 13~72(52)

Severity
Severe 31 16 2
Moderate 24 8 4

Disease duration (months)
less than 6 38 16 6
from 6 to 12 11 6 0
from 12 to 24 6 2 0

Response to therapy
Response 32 16 NE
No response 23 8 NE

Five patients that were sequentially treated both with CyA and ATG were included in each patient group.
CyA, cyclosporine A; ATG, antithymocyte globulin; NE, not evaluable; M, Male; F, female.
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T = OB, HIREEZE P IR SN AR & 2 z
D72HOHSP70-21%, Pot 1 L A F8MEMM OFEEIZL b, Pt 1T
ik 85 85kb &, WL N4 v9.0kb D 2D 7 1) M2 5
FHis. H2A12BWT, Pseliffbiz & b 1139bp & 936bp 0 2
KDWY FIZDNB0DH8.5kb 7 UL, HILE ¥
2075bp DNy RAFEBLDOH9.0kb 7Y VEFELTWVS, 20
WEE ATOMEAIEL5kb 7 U L DR TS, 8.5kb & 9.0kb
T NOANT OISR, 9.0kb 7 U LD REELSK OVFh

AT s ([924).

HSP70-2 > Pst 1GR#BAL % & L DNAWTH & BEME4 5 72012
HSP70-2 iIZH R+ )V TR LA F RS54 7 — % 5K L
7 (R2). BB, WROBMBRMEMHETALD, F20k)
ZRLL28MDT T 12—@), b) BIEKL-.

0.1 ug DHERDNA % 10 15i% & o> PCRIL ISR H # (100mM
Tris-HCl pH8.3, 500mM KCl, 15mM MgCl) (Filizk, ) 2 4,
H25MMOATEEOF XL 22 LA F FE) D BBSH
(dATP, dCTP, dGTP, dTTP) (Eilii) 16ul, 1uMOET 54
7= 119D, 1EfZOTaq DNAKEY 2 F— (FE:E) &R

i

AL, SHITHUK EEMEE, KB 2A, BEE220u18 L
2. INhx, 05mldF 2 — 7 (Treff AG, Bern, Switzerland) 1=

L, BEENCZOIZI XTI VA 1)L (Sigma, St. Lowis,
USAh) z —HERB LAOL, ¥—< VLt 42735 —
(Cetus/Perkin-Elmer, Norwalk, USA) % H\»TPCR %17 - 7-.
DNAZY:, To—=1)r7, 754 —ED-HDOFNEFNR
O FIGIRE & KIGHEIZDOW T, R3D LS ILERBET &

S aikE L.

2. HSP70-Hom

HSP70-Hom {3 2437 H H OIEMN L b v F 32 TH D,
F I DA, BIREESE Neo LI S N ALY & 2 5
Z D7z, HSP70-Homid, NeollZ & BEREERML A IIZ L,
Neo ITHIE S L5 Hom-1 &, L& N7 Hom-2 D 28
TUMIGIT NG, B2BIZBVT, Neo IH{LIZ L D 324bp
E302bp D 2D Ny FiZ4Hhhd b DOH Hom-1 7 1) b, 1L
SNFIT626bp DY KL L DA Hom2 7 ) W&, L T
5. TOMER, ETOMEIEIHom-17 U VDR EHAE,
Hom-1 & Hom2 7 J b O~NF TSR, Hom2 7 1) LDk T4E

A 8.5kb Hetero 9.0kb B Hom-1 Hetero Hom-2
homo homo homo homo
2075 bp —— [ 626 bp N ——
324 DD  p— E—
1139bp mummm r— 302bp s I—
936bp pumm
C
1 2 3 1 2 3 1 2 3
532 bp — E— -
185bp mmm —— [
(a) TNF1 homo (b) Hetero (c) TNF2 homo

Fig.2. Scheme for the determination of alleles in the HSP70-2, HSP70-Hom and TNF « genes. (A) Allelic patterns of HSP70-2. The
HSP70-2 PCR products were digested with Pst I. The cleaved products showing 1139 bp and 936 bp fragments after digestion correspond
to the 8.5 kb allele, while the 2075 bp products after digestion correspond to the 9.0 kb allele. 8.5 kb homo, 8.5 kb homozygotes; hetero,
8.5 kb/9.0 kb heterozygotes; 9.0 kb homo, 9.0 kb homozygotes. (B) Allelic patterns of HSP70-Hom. The HSP70-Hom PCR products were
digested with Neo 1. The cleaved products showing 324 bp and 302 bp fragments correspond to the Hom-1 allele, while the 626 bp
products after digestion correspond to the Hom-2 allele. Hom-1 homo, Hom-1 homozygotes; hetero, Hom-1/Hom-2 heterozygotes; Hom-2
homo, Hom-2 homozygotes. (C) Allelic patterns of the TNF « gene. Genotypes were identified as TNF1 or TNF2 homozygotes, if the
single 185 bp fragment appeared exclusively in the C1-C2 or C1-C3 primer sets’ reactions. Genotypes were identified as TNF1/TNF2
heterozygotes, if the 185 bp fragment appeared in both C1-C2 and C1-C3 primer sets’ reactions. The 532 bp fragment, amplified with C1-
C4 primers, served as an internal control. TNF1 homo, TNF1 homozygotes; hetero, TNF1/TNF2 heterozygotes; TNF2 homo, TNF2
homozygotes; lane 1, amplified product of TNF1 allele; lane 2, amplified product of TNF2 allele; lane 3, internal control.
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Table 2. Nucleotide primers used for PCR, and RFLP dndlysns of rhe amplified DNA fragments

RFLP
Gene Primers Sequence Si.ze of amplified  ———
fragments (bp) E Restriction Length the digested
nzyme . )
site fragments (bp)
HSP70-2 (a) S) 5-TCC GAA GGA CTG AGC TCT TG-3' 2075 Pst I 1267 1139, 936
(A) 5'-CAG CAA AGT CCT TGA GTC CC-3'
HSP70-2 (b) S) 5-TTT GAG GGC ATC GAC TTC TAC ACG-3' 1098 Pst 1 1267 191, 907
(A) 5-CTC AAA GAC AAA CAT ACT AAA GAA-3
HSP70-Hom (S) 5-GGA CAA GTC TGA GAA GGT ACA G-3' 626 Neo I 2437 324,302
(A) 5'-CAT CTT TCT CTG CCA GTT G-3'
TNF a (ch 5-TCT CGG TTT CTT CTC CAT CG-3'
(C2) 5-ATA GGT TTT GAG GGG CAT GG-3' 532
(C3) 5-ATA GGT TTT GAG GGG CAT GA-3' 185
(C4) 5-GAG TCT CCG GGT CAG AAT GA-3' 185

RFLP, restriction fragment lengh polymorphism; HSP, heat shock protein; TNF, tumor necrosis factor; S, sense primer; A, antisense primer; C1,
3-primer; C2, 5'-primer, complementary to the TNF1 allele; C3, §'-primer, complementary to the TNF2 allele; C4, internal control primer; bp,
base pair.

Table 3. Conditions for PCR

Denaturation Annealing Extension
Gene [Temperature (C) / Duration (sec)]  [Temperature (‘C) / Duration (sec)]  [Temperature (*C) / Duration (sec)] Cycles
HSP70-2 (a) 94/60 59/60 72/180 35
HSP70-2 (b) 94/60 57/60 72/180 35
HSP70-Hom 94/60 55/60 72/180 30
TNF « 95/90 60/150 72/60 31

HSP, heat shock protein; TNF, tumor necrosis factor; sec, second.

HRDVF DI H LS (M2B).
HSP70-Hom {22\ C &, HSP70-2 & [ABEIZAF 02 4 ) =
Xy LFFNTI A= L (%2), Neo Lz &
£ DNA 738105 L 7.
M 1 2 3 4 5 6 7 3. TNF « i#ifs 1
: e : : TNF « 1 fz: {18308 F LRIy T =0T 7= il k
5 CTNF1, TNE2D2FEHIO T I MM Teidh, 2Dl
TOMEE, TNFL7 ) VO REHEGR, TNFLETNF2Z 7Y L
- , 2075 bp  oaF gk, TNF2T U LR EH G ROV L &
' %P (1212C).
<€ 1139bp -7y s A, TNFI, TNE2IZ G0 23
936 bp Mo 77 17— (Cl) k, TNF1 £ /21 TNF2 (24 B % 5o
TI A v— (C2, C3), EHIZNIMMELTD T (v —
(C4) 1ML, ClLEC2, C3, C4& xHAAHLETPCRELY
w1 TNF1B L OINE2 7 U Vg5 5 3 185hp D /vy K&
LCA s, WEMIgIZs32bp Ny FELTRENS (M
2C).
V. #IBREESEIC & 2 PCRIZIREEDHEL
HSP70-2 O IR % 07 £ % B! (restriction fragment length
polymorphism, RFLP) % &9 5728, 05mld Ty R R

Fig.3. Allelic patterns of HSP70-2 in patients with aplastic
anemia. M, molecular weight marker; lanes 1 to 7, patients

No.31 to 37, respectively. Lanes 1 and 3, 8.5 kb homozygotes; 7F 2 —7 (Treff AG, Bern, Switzerland) (23416 8 1% WL
lanes 2, 5 and 6, 8.5 kb/9.0 kb heterozygotes lanes 4 and 7, 9.0 O, BIREEESE Pt I (RPEREIR, HE) 11, 10f5MEE O RITHK
kb homozygotes.

(500mM Tris-HC! pH7.5, 100mM MgCls, 1000mM NaCl, 10mM
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Table 4. Polymorphism analysis and response to immunosuppressive therapy

. , Polymorphism Response
Patient No. Age/Sex Severity HLA-DRB1#1501
HSP70-2 HSP70-Hom TNF « CyA ATG
1 60/F MAA ND Hetero Hom-1 homo Hetero X NE
2 66/F SAA - 8.5 kb homo Hom- | homo Hetero X NE
3 65/M MAA - Hetero Hom-1 homo Hetero Q NE
4 78/F SAA - Hetero ND Hetero O NE
5 60/F MAA - 8.5 kb homo Hom-1 homo Hetero X NE
6 20/M SAA ND 9.0 kb homo Hom-1 homo Hetero @) NE
7 54/M MAA ND 8.5 kb homo Hom-1 homo Hetero X NE
8 28/M MAA ND Hetero Hom-1 homo TNF1 homo X NE
9 57M SAA ND 9.0 kb homo Hom-1 homo Hetero O NE
10 28/M MAA + Hetero Hom-1 homo Hetero C NE
11 70/M SAA ND Hetero ND TNFl homo  NE NE
12 53/M MAA - Hetero Hom-1 homo TNF2 homo O NE
13 19/M MAA + Hetero Hetero Hetero @) NE
14 39/F MAA + Hetero Hom- homo Hetero O NE
15 54/F SAA - Hetero Hom-1 homo Hetero X X
16 54/M SAA ND 8.5 kb homo Hom-1{ homo Hetero X O
17 24/M SAA + 9.0 kb homo Hom-1 homo Hetero Q NE
18 34/F MAA ND 8.5 kb homo Hom-1 homo Hetero O NE
19 44/F MAA + 8.5 kb homo ND Hetero X NE
20 41/F MAA ND 8.5 kb homo ND TNFI homo X NE
21 69/M SAA ND Hetero Hom-1 homo ND O NE
22 53/F MAA - Hetero Hom-1 homo Hetero X O
23 44/M SAA ND 8.5 kb homo Hom-1 homo Hetero X NE
24 54/F SAA + Hetero Hetero Hetero © NE
25 44(F SAA - Hetero Hom-1 homo TNF! homo NE
26 63/M MAA + Hetero Hom-1 homo Hetero O NE
27 24[F MAA + 8.5 kb homo Hetero TNF1 homo X NE
28 32/M MAA + 9.0 kb homo ND TNF1 homo NE O
29 17/M SAA - 8.5 kb homo Hom-1 homo Hetero X O
30 55/M SAA + 8.5 kb homo ND ND NE O
31 S9/F SAA + 8.5 kb homo ND ND O NE
32 72/F SAA ND Hetero ND ND NE NE
33 69/M MAA ND 8.5 kb homo ND ND X NE
34 52/F MAA ND 9.0 kb homo ND Hetero NE NE
35 40/F MAA - Hetero Hom-1 homo Hetero X NE
36 48/F SAA ND Hetero Hom-1 homo Hetero X NE
37 68/M SAA - 9.0 kb homo Hom-1 homo Hetero D) NE
38 70/M MAA + 8.5 kb homo ND TNF1 homo NE O
39 20/M MAA - Hetero ND Hetero NE X
40 19/'M SAA - Hetero ND Hetero NE
41 56/F SAA - Hetero ND TNF1 homo NE X
42 52/F SAA - 9.0 kb homo ND Hetero NE O
43 25/M MAA - Hetero ND Hetero NE O
44 64/M MAA - 9.0 kb homo ND TNF1 homo NE O
45 20/M SAA - Hetero ND Hetero NE X
46 46/M SAA - Hetero ND Hetero NE O
47 55/M SAA - Hetero Hetero Hetero X NE
48 38M MAA + 8.5 kb homo Hom-! homo Hetero X NE
49 52/F SAA - Hetero Hom-1 homo Hetero O NE
50 70/F SAA + 8.5 kb homo Hom-1 homo TNF1 homo @] NE
51 1M SAA - Hetero ND Hetero NE O
52 12M SAA + 8.5 kb homo ND Hetero NE O
53 72/F SAA + Hetero ND Hetero NE O
54 24/M SAA - 9.0 kb homo ND Hetero NE o
55 50/F SAA - 9.0 kb homo Hom-1 homo Hetero O NE
56 60/F MAA - Hetero Hom-1 homo Hetero @) NE
57 18/F SAA + Hetero Hom-1 homo Hetero O NE
58 56/F SAA - Hetero Hom-1 homo Hetero O NE
59 4/M MAA + 9.0 kb homo ND Hetero X X
60 3M MAA + Hetero ND Hetero X X
61 7M SAA + 8.5 kb homo Hom-1 homo TNF1 homo O NE
62 44/F MAA - 8.5 kb homo Hom-1 homo TNF2 homo NE NE
63 9/F SAA + Hetero Hom-1 homo TNFl homo O NE
64 47/F SAA + Hetero Hom-1 homo Hetero O NE
65 69/M MAA + Hetero Hom-1 homo Hetero @) NE
66 24/F MAA - Hetero Hetero Hetero O NE
67 17/F SAA + Hetero Hetero TNFl homo NE @]
68 13/F SAA + Hetero Hetero TNF1 homo NE O
69 30/F SAA ND 9.0 kb homo ND ND X NE
70 26/F SAA ND 9.0 kb homo ND ND (@) NE
71 26/F MAA ND Hetero ND ND O NE
72 48/M MAA ND 8.5 kb homo ND ND X NE
73 68/M SAA ND Hetero Hom-1 homo Hetero O NE
74 64/F SAA + 9.0 kb homo Hetero Hetero O NE
75 M SAA ND 8.5 kb homo Hom-1 homo Hetero X X
76 52/M MAA ND 8.5 kb homo ND TNFlhomo NE NE
77 13/M MAA - Hetero Hom-1 homo Hetero NE NE
78 8/M SAA - Hetero Hom-1 homo Hetero X NE
79 19/M SAA + 8.5 kb homo Hom-1 homo TNF1 homo X NE
80 13/F MAA + Hetero Hetero TNFlhomo O NE

M, male; F, female; SAA, severe aplastic anemia; MAA, moderate aplastic anemia; HLA, human leucocyte antigen; HSP, heat shock protein;
TNF, tumor necrosis factor; hetero, heterozygotes; ND, not determined; CyA, cyclosporine A; ATG, antithymocyte globulin; NE, not evaluable.
Criteria of response (O) include a resolution of all transfusion requirements and a rise in the hemoglobin level of 2 g/dl or more without
transfusions.
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JFF PLA b)) GEERR 1ulzmz, 37COERBET
o 5 RIE L 7=, HSP70-Hom D BIREY 123 L T REER
Neo 1 GREERGH) % IV CRISROLEE AT 72,

V. BEKEIC L 3 RFLP O#&H

PCRIZ & 18BN B L CHIREEIC L HLEY T, EX
KEEE (3= VAT TEERKEEE, HERLA M-, BRH)
L15% 7 HO—AFNERAVT, 100VEEE T TLOHBER
KB L., TFIYLATOTAL FTREHEI I ALV I A-
y— (UVP, 743V, ¥F) LCEERE L. HTFE~-
71— & LT ¢ X174 2744 DNA® Hae I H{LHY (v —F—4, =
vy Y —r, BER) £ HWR

V. —&$E DNAS K#EEZE (single strand conformation

polymorphism) = & % PCRIEIBEY ORE

— 454D DNA 1F % OIEHERF I L 724> THE O AF#iE
Brh, IO, —HEETLRLZbOENE, LA
LEXODNABIE ThoTh, FERYVCTERKE 21T
LR LRKEERRT. ZOREEFIA L CBEMORFLP L
ghiz, HSP70-2 (2% MM H 200 &9 EREF L.

5 4100 PCRIGUEEEN L2 95% L 47 3 I, 10mM EDTA, 0.1
%YTOET L) —NTN—, 01%F L i EGERS p12N
2T, 95CTC2ARRR L. K ETREITEH L RET 5%
KUFTZ LT I RPVERWT, 13V/cm T2 KEERIKE)
L7, k@& THOFPVEY A 8= 1) — ¥ (FMC
BioProducts, Rockland, USA) THEHE T v AV I H—F —
LECEHERE L.

V. HEETFOUERAR

BB O 7 4 v ¥ v —E (Fisher’s exact probability
test) B & O y WL HEOBE L AV TIT- 72,

54 =

3% 412 42ERF O HSP70-2, HSP70-Hom £ U'TNF o E{5F
OEREOBITRERERT.

1. HSP70-2 D&HM

HSP70-2 D &R % AT L7- 7 A1 — A7 L BEXkE gD —
HAER3IZRT.

1. BARRAEEMEZIZBIT 2L HSPI027 LV OEE

SPEBIO HSP70-2 7 1) VDA ShERRE LI LIS,
8.5kb =k EHE AL 2351 (29%), 8.5kb & 9.0kb O~ TF THEAIL
134360 (54%), 9.0kb AEFARIZL4H 17%) THo7/z. Th
PO FREAILFIIOVTORE? LIk LIEIH,
HERZIRO SN b o7z D).

2. HSP70-2 D &ML L & 2 1 AR ¥ BRI 2 SUGHE
HSP7020 7 Y V& ¥ 7 AH ) »ixhd 5 UG & oBE
ERE L. YO RARY ARG LEBEESLEO) D,
8.5kb sk EHE A i3 18451, 8.5kb & 9.0kb DA T T HEA K13 291,
9.0kb R EEAKRIISHBIT, P ruAR) yrORMHRIEIERE
N22%, 72%, 88%TdH Y, 8.5kb R EHEAKFUIMOEIZHA
THEIZENEIED 5 72 (0<0.0006, 7 1 v ¥ v —F) (H44).
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Fig. 4. Rate of response to cyclosporine therapy in aplastic
anemia patients. (A) All patients were divided into three
groups according to the allelic combination, 8.5 kb
homozygotes (8.5 kb homo, n=18), 8.5 kb/9.0 kb
heterozygotes (hetero, n=29) and 9.0 kb homozygotes (9.0 kb
homo, n=8) with regard to HSP70-2, and the rate of response
to cyclosporine therapy was compared. *p<0.0006 by Fisher's
exact probability test. (B) All patients were divided into two
groups, the patients possessing the 9.0 kb allele (n=37) of
HSP70-2 and those not possessing the allele (8.5 kb
homozygotes, n=18), and the rate of response to cyclosporine
therapy was compared. **p<0.0003 by the chi square test.
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Fig.5. Response to cyclosporine therapy in patients
possessing HLA-DRB1*1501 (A) and in those not possessing
the DRB1 allele (B). W, responsive to cyclosporine; [,
refractory to cyclosporine. 9.0 kb homo, 9.0 kb homozygotes;
hetero, 8.5 kb/9.0 kb heterozygotes; 8.5 kb homo, 8.5 kb
homozygotes.
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Fig. 6. SSCP analysis of the amplified products of HSP70-2
after Pst I digestion. All samples are derived from AA patients
possessing 9.0 kb allele. Lanes 1 and 2, aplastic anemia
patients responsive to cyclosporine; lanes 3 and 4, aplastic
-anemia patients refractory to cyclosporine.
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Fig. 7. Rate of response to ATG therapy in aplastic anemia
patients. (A) All patients were divided into three groups
according to the allelic combination, 8.5 kb homozygotes (8.5
kb homo, n=6), 8.5 kb/9.0 kb heterozygotes (hetero, n=13)
and 9.0 kb homozygotes (9.0 kb homo, n=5) with regard to
HSP70-2, and the rate of response to ATG therapy was
compared. (B) All patients were divided into two groups, the
patients possessing the 9.0 kb allele of HSP70-2 and those not
possessing the allele (8.5 kb/8.5 kb homozygotes), and the
rate of response to ATG therapy was compared. NS, not
significant. '
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Fig. 8.  Allelic patterns of HSP70-Hom in patients with aplastic
anemia. DNA of patients No.19 and 20 (lanes 4 and 5) could
not be amplified. M, molecular weight marker; lanes 1 to 12,
patients No.16 to 27, respectively. Lanes 1,2, 3,6, 7, 8, 10 and
11, Hom-1 homozygotes; lanes 9 and 12, Hom-1/Hom-2
heterozygotes.
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Fig. 9. Allelic patterns of the TNF « gene in patients with
aplastic anemia. Lanes 1 to 3, patient No.1; lanes 4 to 6, patient
No.2; lanes 7 to 9, patient No.12; lanes 10 to 12, patient No.37;
lanes 13 to 15, patient No.38. Patients No.1, 2 and 37,
TNF1/TNF2 heterozygotes; . patient No.12, TNF2
homozygotes; patient No.38, TNF1 homozygotes.
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Table 5. Frequencies of HSP70-2, HSP70-Hom and TNF « alleles in aplastic anemia patients and the control

subjects
Frequencies
Genotype P value
Controls Patients
HSP70-2 (N=31)* (N=80)
8.5 kb/8.5 kb 0.13 0.29 NS
8.5 kb/9.0 kb 0.52 0.54 NS
9.0 kb/9.0 kb 0.35 0.17 NS
HSP70-Hom (N=50)** (N=46)
Hom-1/Hom-1 0.93 0.85 NS
Hom-1/Hom-2 0.07 0.15 NS
Hom-2/Hom-2 0 0 NS
TNF o (N=139)*** (N=T71)
TNF1/TNF1 0.71 0.24 p<0.0001
TNF1/TNF2 0.27 0.73 p<0.0001
TNF2/TNF2 0.02 0.03 NS

HSP, heat shock protein; TNF, tumor necrosis factor; NS, not significant.
*Kawaguchi et al. '¥; **Ishihara et al. 27; ***Kubota et al. ».

Table 6. Polymorphism analysis on HLA-DRB1, HSP70-2, HSP70-Hom and the TNF a gene of 4 pairs of
patients with aplastic anemia in 4 different families

Allele (s) shared by each patient pair

Family No. Relationship
HLA-DRB1 HSP70-2 HSP70-Hom TNF «
1 Mother/Son 1501 8.5 kb/8.5 kb Hom-1/Hom-1 Absent
2 Mother/Daughter 1501 8.5 kb/9.0 kb Hom-1/Hom-1 TNF1
3 Sisters 1501/0101 8.5 kb/9.0 kb Hom-1/Hom-2 TNF1/TNF1
4 Brothers 1403/1502 8.5 kb/9.0 kb Hom-1/Hom-1 TNF1/TNF2

HLA, human leucocyte antigen; HSP, heat shock protein; TNF, tumor necrosis factor.
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Abstract

Acquired aplastic anemia has been considered to be an organ-specific autoimmune disease localized in the bone marrow,
mainly based on high rate of response to immunosuppressive therapy in patients. Certain alleles of several polymorphic
genes, such as the human leukocyte antigen (HLA) genes, heat shock protein (HSP) 70 genes and tumor necrosis factor (TNF)
a genes, are associated with the susceptibility to various autoimmune diseases. Although an increased frequency of HLA-
DRB1*1501 has been demonstrated in aplastic anemia patients, it is unclear whether genes other than HLA-DRB1*1501 are
associated with susceptibility to aplastic anemia. To identify genes that could potentially determine susceptibility to aplastic
anemia, we examined 80 aplastic anemia patients for polymorphism of the HSP70 gene and TNF « gene, both of which are
known to be involved in the pathophysiology of aplastic anemia. When a comparison of the allelic frequency of one of the
HSP70 genes, HSP70-2, was made between aplastic anemia patients and normal individuals, there was no significant
difference in the frequencies of two different alleles, the 9.0 kb allele and 8.5 kb allele of HSP70-2. Of note, the frequency of
the 9.0 kb allele was significantly higher in aplastic anemia patients responsive to cyclosporine therapy (55%) than in aplastic
anemia patients who did not respond to the immunosuppressant (22%). The 9.0 kb allele was not possessed by 4 aplastic
anemia patients who did not improve with cyclosporine despite the presentation of HLA-DRB1*1501, which is usually
thought to be a reliable marker for favorable response to cyclosporine therapy. Although the frequency of individuals
possessing the allelic combination of TNF1/TNF2 was significantly higher in aplastic anemia patients than in the normal
control, differences in the allele combination of the TNF « gene did not affect the likelihood of responding to cyclosporine
therapy. When 4 pairs of aplastic anemia patients from 4 different families were studied for the alleles of 4 potential
susceptibility genes shared by each patient pair, three of the 4 pairs shared HLA-DRB1*1501 and the 9.0 kb allele of HSP70-
2. These results suggest that as well as HLA-DRB1*1501, the 9.0 kb allele of HSP70-2 is also associated with susceptibility
to immune-mediated aplastic anemia.



