EMESE, 37(6) 1 605~620, 1989

RH # X8 HLA FIEE &~ 27 & D
BE TR EBECET 2975

A H O E B
EMASESRRESYE
GEfE: 8 RABED

Studies on Genotyping Methods of the RH and the
HLA Blood Group Systems

Masao OTa
Department of Legal Medicine, Shinshu University School of Medicine
(Director : Prof. Hayato HASEKURA)

In the foremsic practice of paternity testing and personal identification, zygosity of the RH
erythrocyte system and of the HLA leukocyte systems is of great significance but is hard to
judge, because these systems have recessive genes of hlank antigens together with larger
numbers of dominant alleles. The possibility of genotyping was studied in these systems by
using the immunofluorescence flow cytometry (FCM) method and the Southern hybridization
analysis of DNA polymorphism in the HLA-D region. '

1. Rhl (Rho, D), HLA-A2, HLA-A24, HLA-Bw52 and HLA-DR2 antigen activities have been
analyzed by the use of indirect FCM. Various RH blood group genotypes including rare variants
expressing Del and DY (high-grade and low-grade) were successfully determined from the
intensity of fluorescence detected in FCM using anti-D IgG fractionated in a Protein A Sepha-
rose CL-4B column as the primary antibody. Also, the HLA genotypes could be successfuly
determined from the different degrees of fluorescence intensity detected by using FITC (fluore-
scein isothiocyanate) conjugated anti-human IgG goat F (ab). serum as the secondary antibody.

9. Genomic DNAs from 12 normal individual cells expressing DR1, DR2, DRIDR2, DR2
DRw8, DR1IDRw8, DRw8, DRIDR9 and DRY antigens were digested with 3 different restriction
endonucleases (EcoRI, Mspl and Taql) and hybridized to a DQS cDNA probe. Distribution analysis
of restriction fragment length polymorphism (RFLP) was able to differentiate the zygosity of
DR antigens (a DR homozygote or a DR heterozygote involving DR-gene). Shinshu Med. ].,
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HRUMBRB MR e B L, SRS =

FTMFETERE, BEECE T TEESEALI
LR ELDTHRALEEREBECH S, B Te
ETUL, RO B 5 2 KA, BB L
o HLA (Human Leukocyte Antigen Systems),
M e LInBEeh o BB EM A, B0 Ok fBREs
ST EPAEEOMEE > A T A OBRAEE S LB
TRROBEERE LM T5, BITHERTEs AR

WIBEIZIEA L T B B oA KT TR b 2

LEEE PR LBHANRINT 5,

—IC R 3 X OB Rk e & O WHEIID 513 B
MEIRHFFE, LR PhFmBRERRIG, 35X 0HR
itk &tk Ao ) v oSERMIIAEREC X 2 mig s
I CHES WS, Lisl, ZhbomEiiicik
HETIHD VAT 28T L BECHEDZIEE
LTWBEE L 0EAEEBHENTE R, Tihbb,
SH LD EY BILFEOREL LT, MEoAD
BEAYHECE ABOMBENREShS ETizE
BE LB CE Vs ABO Y25 4, RH 25
AL ERHREFLET B MBI, HLA Y25 4
DXBET 7V IBETRNLT 7 v 7 HERom
WEE D (R FEIHISE AT BRI e U E (B A SR o T
DB ECHFEDHECHERTH D, HERD
R B KX B Y 5L B,

FMIREBE Lo & 2 48 0 MR E O HLFIENIL, F ORE
TRIERL AT BEEOTN~T vt afh I b 13
W ENRREERTWAD,

RH &5 X0 HLA ¥ AT &%, HROBETELE
BL, BETOR (~Fez247) 2 BRLUTEML
TIBET 2. ¥, 1 O0WMETELIIS L O
BEFIFELRENSBECEACH b b
OBETFHEERET S5 2 L OBEEILEASRFICBT
ERCE L THCBREh T3,

S, M EOWEOMITE L OB E B A
DEBWHRT L A7 %4+ — (FCM:
Flow Cytometry) 2RV CE IR E 2 NE T 5
T L X D BEFERE DT M DV THIER L,

RIR HLA SRS REN S W Bk

BITHEESLEABINCE 2 R0 U, $10EHEM
BEY — 7 v 5y 7T, R USTMED T v H5
BREREHOL LARERLD, TABOT miERM:
%77 HLA $iE® 3 %, HLA-A, -B, -C, -DR,
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DQ #HYATF L DWIE L, UVV-SEE SRR

: (LCT’: Lymphocyte Cytotoxicity Test) "CHE X
AP, HLA-D $iE%, HREDRES 7 nHREHR
B LA THIBEA ST, AT B M FIR Li—ik

BV v BREEHRE (MLC : Mixed Lymphocyte
Culture) X v x4 vy 7E¥h8, ¥4 HLA-DP
PRI~k MLC i (DHEREM) w23, 3¢

ER{FS AT LT, MELHE LS55

FETHD, 7e— v bTHIYFEGCERIBE D vas
FR¥53% (PLT : Primed Lymphocyte Typing)910
RXOREENS,

i, HLA-DR, -DQ, -DP 0% 7 5 A I# I o
a L B YD cDNA 75 bUICHET 7 7 — v 2N,
BT SR, MEROMBSEN R X OIS B X -
TSI TER HLARED A7 » & 1 7HRENE
TS, DNA L~ T B b i - 7o lD-14),

APFIE BT, HLA-DR I oWT, Bk
BILERA i L7c DNA % £ R HIBEESRCOME,
ARRBC L DA 2 BER X DHE LY Fvog 7
Y # A ¥~ 2 v (Southern hybridization) 2T
THIRRBESREIWINT H & o % Bk (RFLP : Restri-
ction Fragment Length Polymorphism) % #fiZg3
2 DNA 24 €Y /%o bick b, msesyy i
FETIRE ST 7 v 7 BET ORI & RET
T DT D\ TS L,

I #HE&LUFE

A FCM ZEC I B3HERIFO:-DOHE

FCM R A\ efimERyE, (R A D HEEERIA
D DRBECERM U b D g6 L OTRIRD 4k
2/ (Resolve Panel A : Ortho #) 2 BREE7eE 0
b DEBAL, .

T, BEEREFIREBEFIA ) ORBR SR L,

CELOTTORER (VvhT vy, 7, (k) 4

HERSRBRC A Uk SRHTINIC  HBR R 0 o v i /s
Wrs s LiME L $ 25 HLA 75 % 1 PR
HELRILT BT, b e v e vz mMitEse
WERE U ke BRI R o Fl L e

B FCM JE(CHA LRl L0 s Mk mik
-

RMFREKRO RH RMBEO & D& v 1o, =3
EWRh@ﬁﬁo%Dﬁmﬁﬁ?ﬂﬁCDdaM
CDe/cDE, ¢cDE/cDE, CDe¢/cde, cDE/cde, ¢De/
cde, Rh [BETIL cde/cde, Cde/cde, Rh ZERH &
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RH % XU HLA

. 1 2
1 —®
D (deceased)
cDE/cDYE
Il
61 ! 2 & 3 é 4 O 5
D Not Del Del D

CDe/cDE Tested

m .
R S N T T
D D d low-grade DU high—grade DY
¢DE/Cde coDE/Cde Cde/cde ¢cDVUE/cde CDe/Cde

CDUE/_C_L:{_B _c_DEE/Cde CDe/cde

Fig. 1 Pedigree of a family demonstrating that
the De1 phenotype is expressed by the
genotype cD¥E/Cde, Black symbol : ¢D"E.
Shaded symbol : Cde. The arrow indicates
the propositus whose D" phenotype led to
the blood tests of the family.

Lt high grade DY @ ¢DE/Cde, CDe/Cde,
low grade DY & cD“E/cde, CD"/cde, ¥ & U
Fig. 1 Wikl Del © ¢D*E/Cde,

PRy, DT HLA SEEEMO ) v 3kE v
F2o HLA-A2 PLERHF OFcdIZit A 23RET 2 K E
mear ko AZA2, BwddBwds, Cw3Cw3, DRIDRY,
~F u s ka A2A24, B7B44, C-C-, DR1DRwE,
A2HENEETHS A24A26, Bw6lBw62, Cw3
Cw3, DR4DRO D&,

HLA-A24 BB o= Byl = Ead
o A24A24, Bwb2Bwb2, C-C-, DR2DR2, ~7 w i
&0 A24A26, Bw61Bw62, Cw3Cw3, DR4DRY,
Tetxi® e LT A2Aw33, Bw6lB44, C-C-, DR9
DRw6 D&, Bws2 HREMIT Ol e EEH
O A24A24, Bw52Bw52, C-C-, DR2DR2, ~7 rif
LikD A24A24, BTBw52, Cw7C-, DR1IDR2, Bwb2
FUElaM o A24A26, Bw6lBw62, Cw3Cw3, DR4
DR9 n#&#, DR2 HUEMIT O Bicith e B4 HT
H3 A24A24, Bws2Bws2, C-C-, DR2DR2, ~7 ®
BathTH D A24A24, B7TBws2, Cw7C-, DR1DR2,
DR 2B el H D A24A26, Bw6lBw62, Cw3Cws,
DR4DR9 D &#,

C FCM RERBOmiERTE

RH st g, ¥ Rh 1(O8EEALE (Or-
tho#) # Protein A Sepharaose CL-4B (Pharm-
acia ) 15ml &P LA 1.5X10cm OF T AKHE
UC 1gG AEICHsB U TR L, Tisdob, pHS. 4
@ 100 mM b U ARLEFRE (0. 02% NaN3, 8mM ED
TA, 0.5M NaCl #&1¥s) T+ V%K, 10 ml O
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# Rh 1 OMEx7 79401, 3M OR%E (0.05%
CH,COOH, 0.5M NaCl %&1r) T E®, T1EP
< b Y AR (pH 7.2) CTrRfIL 7, -

HLA sl i, $i HLA-A2, ~A24, ~Bwb2

(B HR Y DRt X O Hoechst #) & HLA~

DR2 (Hoechst #) @ HM—THRET il 2 AV ize &
B Ofifkt, Protein A Sepahraose CL—4B % 7 &
wC IgG e LTI Lic, BElbidE, Fluore-
scein isothiocyanate (FITC) gt b 1gG & ¥
< F (ab)’, Mo (HARZ —F—3) VI,
D FCM %I K 3HMERT

FRIMBRGTRMEI D 7o b O BURMEELY, Bl Ll
%0.05% EDTA (Ethylene diamine-tetraacetic
acid) ¥in PBS (Phosphate-buffered saline) €3
EIVESES, FEEIET 3 BRMIRIFBER 2 {ED, 50ul
%7 4 ¥ —F o —7 (Labo-Science #) L
Tro Fo— TERBLE, BHERET, —KAMFELT
EREEOR Rh 1 OFimiE% 100 £l ML 37°C
¢ 1 MEERS S ®e. Fibt EDTA ¥%in PBS €t
R 3 EVES L, BEBECTg L FITC 13—
B 100 pl 2N L 22°C € LEEERIR S B K
ISR A EDTA Y0 PBS T 3 E¥# L, FIRET
C 1 ml ORI R L INE A Ok & LIS,

B TR HLA B BB O 720 OFRHERNT, '
1. 077D BRI T Y v S5kl L, THI : BATA
DAL T A v v 7 4 2 —EE AT, AHELCH
farx, 0.05% EDTA ¥in PBS ¢ 3 [EUE L, #ila
% 3 X 10° A/ pl Win % X 5 IR 2 iz, 2, 000
=G 1 ARG L, BERRoRGRE, RERES
— Wil B0 pl Bk, 37°CT 1 ERMEG S €,
RS, #ifs EDTA ¥&in PBS © 3 Bk L,
YRR IR U FITC S8 Wik 100 pl 20k,
HETUBERE S, KGEEkEZ EDTA &
PBS C 3 [@##H Lize EHEEWROBCHE, 1ml D
EDTA #n PBS icfilfa TR LER OB &2 L
o

AR Cii= y # AV (Coulter #£) 7 v —1
boA -z —REW, AL 000 2 BEBRCEN
MESR v A L 2T MY T O g{E AR AR
ELTRUc, AEBROBEEEE, 0275255 F +
VEF RV, ‘
E RFLP ##flc k% HLA-DNA #4145 0D1:

HORHE

HLA-D, -DR BETH+2BEA4TH B SHED
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A B E M

EB 5 vA7 4 —4aBY vAIERREEHER (HTC:
homozygous typing cell) Z{EA L, ZhbD H
LA Zi3, DR2:Dw2 &l DR2-Dwl2 BCdh 5,
¥, —~IFERAOKMM L b # Y v-33RT HLA-
DR # 521 (DR2) ®ETFHrelfly, ~7 v
EhERTbOoRfAVW, ELR, KAWETT TV
7EF RO bR 2 BRI DWW,
=R bo HLA #ETFE L DR2DR-, DR1DR2, DR2
DRw8, DRwS8DR-, DRIDRw8, DRIDRY, & XLU*
DRODR-ECH -7z,

M L7c DNA L47E 4l BB B 5% EcoRI, Mspl,
Pstl, &0 Taql (SEHE) ¥ AWTAR L,

NATVEAE—VavER R Tr—-FE L2
kb @DQP 8 cDNA (pDCB 101010 TH B, "hik
DQB#E © mRNA DE&RHIFENAA—THHOTH
b,
F RFLP [c&3 HLA-DNA #4E>5

1 BEHFE DNA ohliH

6 %7 A+ T VRECCENM CEME RS
BEL, 50 mM Tris HCL (pH 8.0), 20 mM EDTA,
100 mM NaCl, 1% SDS & 150 pg/ml proteinase
Ku & DK TE0°C C—IERE S, £ D 400
mM b ATHEMIRT = /7 - B C EERE
% 3EfF, DNAZEARERY 2.2ml D=y RV ¥
N7 F o —7 (Eppendorf #) & b, 30 units/ml
RNase T (Sigma #) &80uxg/ml RNase A(Sigma
) &Nz 37°C C2WEEIL S, Mo TEOD
DNA t, 248D 1/108® 3M potassium acetate

(FEEn Vv 2) & 2B 100 %%=% /7 — 1Tk

PWEETe, WL DNA WX, 1 pg/pl OBEZIRD
L5 mRE AR THR I,

2 Jw—7 DNA © P ) 5EH

F\ic DQBCDNA 7w — 7 o %P #3811, Fein-
berg & Vogelstein @ XA F v X 47 I 4 KD %
H\to, ¥P B v — 7%, 1-3%X10° cpm/pg @
WEEAR LI,

3 PV ALTIELAE~Y gV

4 OHBEEE (EcoRl, Mspl, Pstl, XU
Taql) THUH L7 DNA (7 pg) 20.7% 7 # e — AT
TBEBKEIE, 74 » v 7 4 & —D Hybond-N (Am-
ersham #) 1 20xSSC (3M NaCl, 0.3M sodium
citrate, IM NaOH) + 9 v A7 » —BEHR& BT
EE LI, BEE, 7402 —% FvalT)
5% (6% SSC, 5xDenhardt’s %, 0.5% SDS,
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100 zg/ml Salmon Sperm DNAYT 65 ° C SR AL B
Lo 2P T % b Ui cDNA Wi % 2.5%10° cpm/
ml DWEERTRB X St T ) F A E— a2 VEIR
(10% dextran sulfate, 6XSSC, 5% Denhardt's &
W, 0.5% SDS, 100 pg/ml Salmon Sperm DNA)
cin%, 65°C TI6MH7 4 v — LRSS ®ice 7
4 V& —1I%, 3XSSC (0.1% SDS &), 2% 85C 0.1%
SDS &) WRCEFhEh5SHMERE TSR, 1x
SSC (0.1% SDS &), 0,2xSSC (0. 1% SDS &) I’
WTENFR20W 65°C THB LIz, 74 V& —%
BEELEE, X7 4 02x XARS (Kodak #) &
HERELYE Cronex Lighting Plus (Dupont ) W
T—=70°CCh -+ T UF 7T 7 4 —%{ToT

W # #

A FCM #Bu= RH RmikE Rh (D) HED
iy

FCM ~CRInBRIEE b D HiJE % M ICHE 2 L
THRT B & B0, —RE R CREE LicaRiiER s,
BNME R T~ L SR ORI o 2T LR
L= OREIENE E i o, WEARE T
DO O BNIREEL B b D S A RET 2 UNEN
¥ %5, cDE/cDE Btz Protein A Sepharose
CL-4B # B Li-HiD—kiitk Qire» 7Y vEBER X
DY © 3206%) wAETRANKT25M, 50RE, 1006
3 X OR00fE IR L Ao iie SUGH, FITC S
v b IgG kY CMmEO 1080 H6404E ¥ T 2 fEEHE
KRR R EE, —Rk¥if 2 S mER ks
LOBBERARR L oA, —Rbias06, #X
EH RIS O NE LB S LR TR L
(Table 1),

Zh bOBERROH LAV TRIET & 2%, CDe/
CDe, ¢cDE/cDE, CDe/cDE, cDe/cde, CDe/cde,
¢DE/cde, cde/cde DFHMTRDOFHEIHE 2 RKd i
FERA Fig, 2R Ui, HiIAL, 000 st B4R
JerREEOENY, z MEW X b CDe/cde & cDE/cde O
ELUMIAERARE p=0.005 THELLRL, DilliE
FoEsgEoRuic Ly, Dd ~F rEEER I DL
DD s A REOIT MG EIMBE AT L, ¥k,
Rh 1 DHEOBVE R T H 5 high grade D*

(cDE/Cde), low grade D* (CD%e/cde) &9\ C
BEBERWE LI LA Fig. 3 KRt XoK, D
WREOWE 2w E 1 CDe/eDE>cDE/Cde (high
grade D")>>CD%/cde (low grade DY) >cde/cde
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Table 1 Effect of the concentration of antibodies on the

RH X0t HLA OBETFRHE

strength of mean fluorescence

~.__ P. A.
\\\ % 25 %50 %100 % 200
S. A S
% 10 175-£31% 166-25% 151+26% 1314+22v%
x 20 164-28% 15528+ 1322234 10820
x 40 13425 1294-28 10821 9522
% 80 10817 10421 71£18 6418
%160 8118 7421 5015 4715
% 320 6014 5418 34413 3613
x 640 31-£12 20-+11 2711 28412

Values represent mean fluoréscence intensity in channel numbers and standard devia-

tion. P.A.

:anti-D primary antibody with antiglobulin titer of 320 fractionated by

Protein A Sepharose CL~4B affinity column. S. A, : FITC conjugated goat anti-human
IgG serum as a secondary antibody. R2R2 (ccDDEE) cells were used for the measu-
rement of fluorescence intensity. k very strong agglutination % strong agglutination

% weak agglutination

[ ]
p<0.005 rr(cde/cde)
| e
p>0.005 R1r(CDa/sde)
—
p<0.005 R2r(cDE/cde) .
—_—
p<0.005 Ror(cDe/ cde)
S s
p<0.005 R1R1(CDe/CDe)
i
p<0.005 R1R2(CDe/cDE)
—_ ey
R2R2(cDE/cOE)
50 100 160 700

channel number

Fig. 2 Summary of the fluorescence intensity (in channel numbers) for 1,000 cells
from every RBC sample within each phenotype. The bars represent the ranges
of standard deviation and the middle of the bars represent the mean. The p
values are shown on the left to indicate the significance in difference between
the means of two consecutive samples,

DNEAE N E LA L,

X, DU XY Del A& RHE RE
FEAHETHER (Fig. D ©owT, #AD Rh 1
(Rho, D) iR 0% FCM TfF » 1ot % Table
2R L, ARMERCH LR FEERBEOER
Eh 2 WERC X ORETH L Fig, 4 ©WRLAEXS

No. 6, 1989

CRTEDel BMoON—3:T—4%X0 cDE/Cde B
DOH—1 & M—2 OfEcEL W EAME, fThl Fig.
4 OEMERLACHERECERERD -, EX,

ChbEREDe A 7T A% Fig, 5 & Fig, 6 ZRL
Fro PUE R MIcEERIRET, ROINCRD LR AR
CHESHISRETFE & Rh 1HEOME L OB fFHEAS
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—t

X B E M

dirr(cde/ cde), Ag:negatiVe

—t—
DU:low grade DU(CDUe/cde), Ag:x8

—t—

DU:high grade DU(cDE/Cde), Ag:x256

—_—t
D:R1R2(CDe/cDE), Ag:x1024

1

|

50

100

150
channel num

200

ber

Fig. 3 Fluorescence intensity (in channel numbers) and
antiglobulin titers with anti-D against erythrocytes
of various Rh phenotypes. Ag :antiglobulin titer

Table 2 Rhl antigen activity on er'ythrocytes from a family expressed in anti-globulin
(AG) agglutination titer, fluorescence intensity, and relative fluorescence.

Pedigree Rh phenotype AG titer Fluorescence Relative

number and genotype intensity fluorescence(%)
I—1 D (cDE/cD“E) 400 86,720, 8 (SD) 68,2
I—1 D (CDe/cDE) 800 92,9420, 1 76.0
o—3 De1 {cD*E/Cde) AG(-) 26,911.5 3.8

Elution(-+)
I—4 Del (cD*E/Cde) AG(-) 26.0-+10. 3 2.8
Elution(+)
o—5 D (CDe/cde) 800 90.4419.1 73.3
m—1 D (¢cDE/Cde) 800 87.6+21. 4 70.2
m—2 D (¢cDE/Cde) 800 88,019, 6 70.7
m—3 d (Cde/cde) — 23,4212.0 0
M—4 low-grade D® 1 28,64-13. 6 5.7
(¢cD*E/cdE)
m—5 high-grade D* 100 77,4314, 1 50.1
(CDe/Cde)

Positive D (¢DE/cDE) 1,600 114,.8432. 4 100

control

Negative D (¢cDE/cDE) — 12,.849.2

control No primary antibody
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p<0.005
£>0.03

p<0.005
p<0.005
p<0.005

p<0.025

p>0.4
p<0.008

p0.005

p<0.005

RH 3 X0 HLA OMEFRHE

—_t 13
d:Cde/cde

—t -4

b——t—i -3
Del:cDUE/Cde

-4
low-grade DU.cDUE /cde
fooe——o 5
high-grade DU:CDe/Cde
1—1
D:cDE/cDUE ]
o -1
-2
D:cDE/Cde ‘
II—-5 \
D:CDe/cde
e [T 1
D:CDe/cDE
1 L
D:cDE /¢DE(control)
L i
50 100 150

channel numbar

Fig. 4 Summary of the fluorescence intensity (in channel
numbers) for 1,000 cells from every RBC sample
within each member of the family. The bars repre-
sent the ranges of standard deviation and the middle
of the bars represent the means. The p values are
shown on the left to indicate the significance in diffe-
rence between the means of two consecutive samples,

Cell Number

: —— D:cDE/cDUE:

: -~ D:CDe/cDE

: — DelicDUE/Cde

t == D:cDE/cDE(control)

Fluorescence .

Fig, 5 Histograms of the fluorescence intensity from 4 RBC
samples within a part of H.N. family and a healthy donor.
a: I-1 (cDE/cD“E), b:II-1 (CDe/cDE), c:I1I-3 (cD*E/Cde),
d : control cells (cDE/cDE) :

~&hic, CDe/cDE>CDe/cde>>cDE/CdeycDE/ RF=(FI—23,4)+(114.8-23.4) X100

¢D*E>¢D*E/cde>cD*E/Cde>Cde/cde

= ¢ FI (Fluorescence Intensity) (x4

EHK, RETFH ORI X HHENM Rh 1 DHE TRCE L RICEREERE Y AT, 114.81% Rh Bk
B EERE O LR RF (Relative Fluoresc- SBMER (cDE/cDE) t@bhic FIfERRL, ¥z

ence) wRDHB LI (Table 2),

23, 41% Rh e MuER (Cde/cde) Ti{LhT: FI

RF BHRERTEHER 2 B TR, xRS,

No. 6, 1989
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Cell Number

ai—— Del:cDUE/Cde

bi---e- D:CDe/cde

Cimeenn d:Cde/cde

d:— low-grade DU:cDUE/cde

e:—— high-grade DU:CDe/Cde
150

Fluorescence

Fig. 6 Histograms of the fluorescence intensity from 5
RBC samples within a part of H.N. family. a:II-4
(¢cD*E/Cde), b:II-5 (CDe/cde) c:IlI-3 (Cde/cde), d:
111-4 (cD*E/cde) e : III-56 (CDe/Cde)

Table 3 Different reaction patterns of two anti-HLA-A2

sera (26-674, 26-56)

Phenotypes Scores of LCT
Cell No HLA-A HLA-B HLA-C A2(26-674) | A2(26-56)
1 2 35,60 3 8 8
2 2 38,48 7 8 8
3 2 48 3 8 8
4 2 54,61 1,3 8 3
5 2 61 1 8 8
6 2 35,56 1,3 2 8
7 2 44,60 2 8
8 2,24 35,60 3 1 g
9 . 2,24 7,44 1 8
10 2,24 46,62 11,4 1 8
11 2,26 61 3 1 8
12 2,31 46,52 11 1 8
13 24 44,62 1 1 1
14 24,11 7,54 1,7 1 1
15 24,26 55, 61 3 1 1

LCT : lymphocytotoxity test

ZOfER Do Tk (I—3, I—4) X FhZh
3.8% +2.8% D RF {H% 7R Lize—7 low-grade D"
(I—4) 135.7%C, high-grade D" (H-5) % 59.7
%TCH T,

B FCM %RALi=fmik HLA BHEOR

612

HLA-A2 FUEMRHT O F b1 Fl e S, ) v 3
EfaEaE (LCT) TA 2 BETI k244 TH
%Y VAR EMHTER < BUST % (Table 3@ 26-674 it
Bl ZOLEDLAL F T AILFig. TREDRB X
HICA 2 A Y vARCE, SEHRENTOF +

EMERE Vol. 87



RH L0 HLA ORETRHE

vF AL 155 F ¢ YR NVPRC RO v — 7 2R L

#- (Fig. Ta)e —HA 2 AU DO~7 vl o) v -

SERTIE, 905 ¢ VR MR —EEo ¥ — 2 2L
7= (Fig. 7b)e

HLA-A24 HUEH 2 BahY v BRI20F & v 5
RS RESTT e — 7 %RL (Fig. 8a), ~7
rEEAR Y Y ARRTI, 559 ¢ v R AARRICENERE
AT~ 7 2 b (Fig. 8bds

HLA-Bw B2 E A28k ) v B30 + v 3
W EO5F v v MR BRI R o ki 0 ¢ —
rxRL (Fig. 92), ~F v @&y v 8kClX, 30
F o VEAMBECEXBELYRTE- 72 8 D hic
(Fig. 9b),

HLA-DR2UL IR K2 ffrfh ) ¥ - sBiT1807 ¢ v &
MR R 2 R TR0 v —27CH b (Fig.

a: A2A2
(A2A2,Bw48BwAB,Cw3Cw3,DRIDRS)

Cell Number

: hf: 1 WW%W S

Fluorescence

¥
. afﬂw

50

b:a2a24
(A2A24,B7B44,C- C-, DR1DRWS)

|

L 4o %‘\“&Mwm By oas
. 50 100 150

Fluorescence

Cell Number

C.: A24A26
(A24A26,BwB1Bw62,Cw3Cw3,DR4DRY)

Cell Number

- ‘j’\‘k A, A
50 100 150

Fluorescence

Fig. 7 Histograms of fluorescence intensity of
the different lymphocyte samples within
3 different HLA genotypes. Anti-A2 (25-
674) monospecific antibody was used for
the primary antibody.
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102), ~7 rEAEIT, 1105 + v 3 A RCEICHEE
wHoe A b /7 ARR L (Fig, 10b),
¢ RFLP-DNA #A4E41C&3 V7 XATHED

BiGFRHE

£ [ERFE Li- DR 2 HIREERBEL TV 2/ K,
Dw 2, Dw 12, Dw 21, Dw 22 OWFhriF LT
% (Table 4), 7 7 A UHIRD ¢cDNA 7 r—7 (DR
«, DRB, DQa, DQB, DNe, DPa, ¥ L TF DPR) O
¢, DQB 4 cDNA 7 v — 7% fi\vT RFLP-DNA
ZA4CV IR S L EXNRLRENSIUE LY LD
L2020, DR, DQ, D 7 eI 24 7 ORB L LR
ETEB, v b B VAEEREHE (B-LCL:
B lymphoblastoid cell line) TDR2HiFE2 HTC
Mz o T A REGIREEE (BcoRI, Pstl, Mspl,
Taql) ZFEVCEIE L, DQB 8 cDNA Tr— 7'5:}%

a :A24A24
(A24A24, Bw52BwS52, C~ C~,DR2DR2)

|

3 p s sodaurds 4 s
50 100 150 Fluorescence

Cell Number

b:A24A26
(A24A26,Bw6 1Bw62,Cw3Cw3, DRADRE)

Call Number

k{l\‘q\/"u'l.\’\ o babi
50 100 160 Fluorescence

C : A2Aw33
(A2AW33,Bwb 1B44,C- C—,DRIDRwWE)

Gell Number

M sl wubdd
50 100 150

Fluorescence

Fig. 8 Histograms of fluorescence intensity of
the different lymphocyte samples within
3 different HL A genotypes. Anti-A24 mo-
nospecific antibody was used for the pri-
mary antibody.
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Table 4 HLA class II (DR2, DRw8, DRY) haplotypes &

HLA-DR HLA-D HLA~-DRw52/w53 HLA-DQ
DR2 DRw 15 Dw 2 DQw 6(wl)
DRw 15 Dw 12 DQw 6(wl)
DRw 16 Dw 21 DQw 5(wl)
DRw 16 Dw 22 DQw 5(wl)
Dw 8.1 DQw 4
Dw 8.2 DQw
DRw 8 Dw 8.3 DQw 1
Dw 8.3 DQw 7(w3)
DR 9 Dw 23 DRw 53 DQw 9(w3)
P a : Bw52BwS2 5 a : DR2DR2
8 (A24A24,BWS2BwW52,C- G- DR2DR2) 5 (A24A24,Bw52Bw52,G- C-,DR2DR2)
-
z =
3 ]
s I, AT
- 1
L'\AMM B4 dd : ik’ "'M Ay
50 100, 150 Fluorescence 50- 100 150 Fiuorescence
2 3
€
5 M b:B7BW52 é b : DRIDR2
§ (A24A24 B7BwW52,0w7C-,DR1DR2) = (A24A24 B7Bw52,Cw7C~,DR1DR2)
&
fd 4 \(M\“ Mi ‘M by
50 100 150 Fluorescence 150 Fluorescence
‘g C : BwB1Bwe?2 é G : DR4DRY
2 (A24A26,Bw6 1Bw62,Cw3Cwa, DR4DRA) 3 (A24A28,Bw6 1BwE2,Cw3Cw3,0R40R8)
3 &
W *\
k
Mnmmmu . Yoy hhum;.
50 100 150 Fluorescence 50 100 150 Fluorescenca
Fig. 9 Histograms of fluorescence intensity of Fig, 10 Histograms of fluorescence intensity of
the different lymphocyte samples within the different lymphocyte samples within
3 different HLA genotypes. Anti-Bw52 3 different HLA genotypes. Anti-DR2 mo-
monospecific antibody was used for the nospecific antibody was used for the pri-
primary antibody. mary antibody.
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N [a\} [a\} N
N — AN N E N —
= = z 2 z =2 = =
A A aa a a a a
B~ g ~ I~ =
b OTE SE S X CX
xR LR ET ¥R
kb
25 —
9.6 0 -
6.6 ;
5.0 '. @ - @
3.6 ; T
2.3+ - 4
1.6
1.0+ L3
0.6~
-
- ®
EcoRl Pstl Mspl Tagql

Fig. 11 Autoradiograms of Southern blot hyb-
ridization using genomic DNAs from B
LCLs with the DQpB probe after EcoRI,
Pstl, Mspl, and Taql digestion.

WY F Y AL T Y EAL =L ¥ 2 VEDA— T
F 77 2% Fig. 11 &L,

EcoRI THMH Lz & %D RFLP ¢ % — %, DR2-
Dw2HiEx%H 3 5 HTC fifa (PGF, Ms-7) Tix
9.1kb & 2.4 kb RN v FHH K, DR2:Dw
125 %7435 HTC g (AKIBA, TOK) Tii 18
kb & 10 kb wHERML Y FAR b,

Pstl TR L7z & Zi12iX, DR2 - Dwi2Hi[R % 55
LC\5% HTC #ilaTi¥, 5.4 kb IcfRiyic v ot
H Uiz,

Mspl THUFE L 7= & Z12i%, 4.0 kb (DR 2- Dw2)
5.1 kb (DR2 - Dw12) 4RIV FHVE Ul
Taql T L& i2ik, 3.2 kb (DR2 - Dw2)
£ 6.8 kb (DR2 - Dwl12), R Y FAR bR

G

— R A2 A B8 DNA % DQB 4 cDNA
THFYnAT YA E = 5 v LiciER% Fig, 12
R Lic, oy, kP THlladR B X
5 DRVIEN 7S v 72E2Edbo (V—v2: DRwS
DR-#!, v—v4:DRIDR-#!, v—v9:DRIDR-
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No

12 34 5§ 6 7 8 9 10 I112

— e

1 2 345 67 8 9101112

Fig.12 Autoradiograms of Southern blot hybri-
dization using DNAs from 12 normal indi-
viduals with the DQpB probe after EcoRI
(A), MsplI (B), and Taql (C) digestion. 1:
DR2DRwS8, 2: DRw8DR-, 3:DRIDRwS,
4 : DR1IDR-, 5:DR2, 6:DR2, 7:DR2,
8 : DR1IDR2, 9:DR9DR-, 10: DRIDR-,
11 : DR1DRY, 12: DR9

M, v—v10:DRIDR-H) A>T\ 5, 2 Kk
(v—=v1l~4;1:8, 2:F 3:F 4:4,
LL—v8~11; 8 :4, 9 :f, 10:F, 11:F)
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Table 5 RFLP patterns in HLA-D
homozygous B cell-lines2®

kb Ipr1 2 2 8 8 9
Enzymen/PW | 1 2 12 81 83 23
18 - - 4+ - + -

1.5 + - - + - 4
(- - + + 4+ 4+

EcoRI | &1| - + - - - =
3.8/ + 4+ 4+  + - +

3.4/ - + + - + -

2.4 - + - = - =

6.8 - — 4+ - - -

Taql 6.0 + - - —_ —_ _
3.2/—- + - - - -

2.2 — — - - R +

51|+ - + — - -

Mspl 40| - - + + 4

Table 6 Irregular bands detected in
autoradiogram by comparing
with HTC RFLP patterns

lane 2 5 6 9 10
phegﬁtype w8 2 | e 9 1
and(kb)
enzyme
10,0
EcoRI 3.8 3.4 3.4
2.4 2.4
Taal | 60 | 22 29 60
Mspl 5.1 5.1

DEBT T v s RO AL, Table 5 GRL
fos e A kD RFLP %2 — vOULEED LS
D&, BonFBELIAY FAENL (Table 6), 3
fgdo v — v 2 T, EcoRI MB™3, 8 kb, Taql M6. 0
kb, 3 LT% Mspl @ 5.1 kb, L — 9Ci3 EcoRI &
MBD 3.4 kb & 2.4 kb, Taql @ 6.0 kb L0
Mspl @5.1 kb, v—v10Ti% EcoRI 4 H D 10.0
kb, 8.4kb & 2.4 kb &rhFh HTC TR b
SNV VDA Y FARE R,
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v % =

B AR 75 v 7 R T R Ho Mk
HOBGTEERETD - L, BEEEBCETS
PTEELHEARNCII ENCERE c & THH2M,
¥z, ABO v AF 4, RH A5 4, BLXO HLA %
VAT Al OBETRLE O M O i A RN
B THRETRTHILE, WA T ORI,
BFEETORMRE, LHETERICIT 5HEE
MR RIFT L XD Tk E v, APEETRRL
FCM & L U%, HLA 2 5 ANFEO DNA 2 f €
7y, BETEHEOT LR L .

A FCM ZZRBUL = Rh(D) HEDREF

Rh st M oo A%, $it Rh 1 (Rho, D) Fifkc
FROFRAVESET 2 4 D% Rh BBk (D), BRELIgy
0% Rhfglk () 20T %, Rh Bk ke
MEL, BETHE DD #74k Dd, Rh BiSHE
THEETINL dd TH B, 451, DD 2 DA DS

GEETFE) ORPNGIENZEEET, LODdEER
26, 7 = Y D 2428 HPHAC IR L O
L OREA MBI S, BIVTAY b —
78D FFGGH R EARA LR TGS, Thd
DI E I LT FCM ik, AR i cRElk
P 7 < EFRTIC S oMl EodiRE: R & T X
B30, AEBR TRV X 5 ie—®kbifh% IgG 4
L, FITC %48k Uikl & oMty EDT
PE T2 4T 5 &, Bockstaele 532 Off o foE
TIMRHC ot DY LHINTE, B Del
OHN L TTHETH » 7o AP TIHT - 7o MilfEiki, 9
FCH T 5 LV E BT S — ki e H A
HEIEAELLEZLEE L\ e, BNETS
PR O ICIT 5 & &N TE D,

D #HA (Rh ZFFEZI, Rh variant) i&2WTil,
FRMERE LD Rh 1 OBREROET LicdbDE LT
Z OPURE R4 ek & v THFE S h T v
%3D35)-3D, high grade DY, low grade D%, kX
U DIt} 2 MIEHEE %2 LS L, DIUE O EE%
k% L high grade D" (31D D83%, low grade
DY 11 DD2BYTdH - 1235,

DY EHBMOBR BRI EMTH B, (1) Rh20
PUREH Rh 1 DR o@FE2 %, bbb~
OB ' (Cde) ETEHEC Cde PUREARET
45 1flio Rh PR O Rh 1 (D & O RGA
WEENTHL B, (i) Rh 1 OHFEAMEE LT
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HEFAIREED D B L 4 00HLME0-4D o
12H BV T R EOBWAPRIALTV 3 & SHE
Wi E 5. (i) Rh 1 DFEEMELSE DU s
T4 o T B,

BAANTRERE IR Enis Do HFHIT
BRRIERYT Rh 1 DL & 5 608 C IR R IO
THo 7 e 7Y VIR LD DY R LIGET B &
235, H Rh 1 D0k O W3S FEERER © ki ki
Rh 1 DHREOBEIEWHEhL, AAAC BT 5
Det Bk Cde #ETHEFATOBLOMNE L AL T
HY, = Cde PilF23 D T DFEFEEM:% 31411
De1 ROZERMEIFD LE 2 bhp4), 4[E,FCM
ETH~A Do EBRBE2E%S (Fig. 1D 1%, 3¢
Wi E iz DY BET (cDUE) %fid, Thdis i
DIDBEL, COMETRIEET Cde 23S
HhIhi ATk DY o> Rh 1 D) HESEM Y W
B Dl WERLALDOTH B, HHOREBEHLE
Rz & b R S0 e K ENO Rh 1 OFUEEEOHE
ik, M7 e 7Y vEBRCRERA AR, D
FCM 3Tk, BRI 2R Z L23C &1 (Table
2, Fig. 4),

B FCM %R\ HLA HEO®E

BIERE HLA £ v A 7 23384 ¢ ORER S
PR R T DR TFEEC KT 57 AT LTI
Ko EERS HNM-6), Miamaikc X3 HLA
MEOMIE T, 1HERTEME o cils, ~E
BEENT 5 v 7 BEBET EO~F r BEEELOREH
T&7\, Table 3 WiRL26-67451101E © KIGiT
WIS C, A2 BETFIREBAERE Blbh il
Ja (Cell No.1~5) & i#ifassatinsiBicdh 525,
A2~7rEffk (Cell No.8~15) &It Th-
Too TEHEIRB D Cell No.6~7 L DRIET, A2
B0 Ay AT BB S i 0BT h
oW, EDZENBINBLDHIMILA 2 & EEEHET
e, i cRB SR Whds 75 v 7 HES
FLREFEDO~T oSk Xhs, —7F,2-
SEULMIEIE, A 2 HUREHEOME & TR BT
Holz, 26-67445M17E % Protein-A Sepharose 4B
THREL7e—tA 2 b ) —CRITT2E, A2
B2 s A EOMITCHE, 26k e — 2 (Fig. 7)
BELI, ~7 ek TR Y -2 X LB
Y7 P LURD, MVGCERIEE 2 R R T
&, CHBOFBREMND, 26-674LMTEORIY, T
BIRFE DY & IRAF I DR A S T 8 & CHAE
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LTwa EBbhs, 20k b icillagaihc, HLA
VAT AOBETI TR CE B, M 5 v # A 240
4D D|EGIDH BN, —BIEINE L D T B
Do MEHABROZTIEW IS L o HLA Hiizou
THEFRLPIETE S X 5 Liimise Bor 4 =
LRBELRTE Tk v, ARG — R Gy
IgG e L, SRAEA TS Uk v b
1gG R F (ab); MERAFM Liz FCM & Xk % @4
FH, WITLICL o A HLAHE T » % 1 70303
LUOBBETHOHELTHEL 5 B LAE bR,
C RFLP Z#ZBW DNA 4451083
HLA 75 X TREQEEGFRHE

HLA $EOREHSTMCE U OB e o
LS i & & 31 DNA vLr ol it 7
r—VE TR DNARB T F g Ty &
A= g VIZ K DRI T 7214020028)48) ) RFLP-
DNA 4 ¥ v 2%, BEMFR R EhaBeM
oo HLA BETHRLEBIRE LT /b, 2
7 ALHR S AL LB LRI RFLP Ax v &
= NS R = VEE LAY D & MEENS X O
MR CE S 7 v IR OAE L 8 BI0E 1% — 5% T
550, Tz ik, MY RELP-DNA 2
YIS THRETS L, PI3ANHREDOT = 24 7 5FE
ETED L ZOBAEORINOHE L THETH S,
SEI7 R -7 E LTHEG DQB §40 cDNA 1t %
ETI/Rr—=2v /3N TH5 cDNA DOihTRbiE
BHSEELRTLOTHD, I LRECHEMEL T,
% D, DR % X0 DQ PURDHETE & TTHET 35 5 2349,
FEBRTEI: RFLP <& — vhbEhFhofifao
7 IAMHBED AT v 2 4 FERUEETHE V- 12
bY—v 4 DEETE, v—v1(@IT DR2-Dw2.
DQwl, DRw8:Dw8. 3-DQw3, v — v 4 ()%, DR1
‘Dwl-DQw 1 BE % bihichs, v—v 2 (F) T3,
Table 5L LHTCOE S & — v &k [bliF3 5 &
DRw8:Dw8, 3 LIk BB\ oh Rl v F
(EcoRI: 3.8 kb, Taql:6.0 kb, Mspl:5.1kb)
DR bR, “hiiA (DRIDR-) » LEE L&
TV I RETEHEYETELONAVFELTRE LR
TboEBbhs, v—v 611, DR2:Dw2 &
BHROHRTH S, L—v 8, 9 @), (PR X
CL(F)DHRETE Hhiz RFLP 42—, It
BRNERECH LT T v 7 JETFOFEENRE
el (v—=v9) 2T (vr—v10) i DR9 £DR1
THE B RFLP v FUADS Y FRE bk,
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Ftds EcoRL #FAW & % @ 10 kb, 3.4kb
XU 2.4 kb, Taql v iz & & @ 6.0 kb, Mspl %
vt & 5.1 kb v NIz 77 v 2 BETICHY
LENLTFREBELLLD LBPhE, Ebikv—-v
120 RFLP ~34 — Vi, DR9 ® HTC CHE bhi S
YFAZ—vEEol{—HRLTWAZ &R XD,
Z Ofily, DR9-Dw23:DQw9 O EHARTH
BEHEERD,

CDEBE, FEVALTIELE—Y 2 VIDLD
HLA #o RFLP-DNA z v 7%, MBS
BHETIREH S hiW T 3 v 2 RBTFH AV FELT
PRI o b TEs (Fig. 12), M rlE
Tk, DR2 HURA T2l Eivs DR2 #ifn Gheds
&) ¢4 RFLP-DNA 21 €V 7¥T50 L1 X
H~F e xA7H DR2-Dw2 (Fig, 11, Fig. 12: v
- 7) D&, HBWiE DR2-Dwi2 (Fig. 11) O %
DR EHREHORRTE S, Thb2EHo~ TR
24 T o~NT wBEEOHR, HHVIXThbO
5L 1MEOT TV I RETFRELATREATED
~F pigp&tk (Fig, 12: V=¥ 5L 6) THAMDIE
AT TH D,

vV i E

ZROMWPEBD 55, FHERGETFRWLT I V7
E OFAEAETEE S E AR BN R 2l
IMERE RH ¥ AF 48 XOEMBRE v A7 4122 »
T, FOESEREOTRMELHE L.,

1 Rk EEE g cRET 5 FCM iy
AwCHiia LoEER2T oo ek b, RH K
MEBOMETFE L5 Rh 1 DHREO®RECH
HIrERRD bRB T EX D et, ¥k, Rh 1(D)
ViR oERECHS high grade DY, low grade

3

DY, Del BHoODHEROERALTETSHY Rhl
DR DA OHEENTHETH - oo

FCM % o Emik HLA BSEOFfE, —
WHitkE 1egG AENCL, BRMARER LTk
thicdie b 1gG e O F (ab) AT HVWEZ LT
I b EaoHT X 5 BIEME OB T HH I
ENTHETH - o,

2 HLA 7z3ALHFEICONTHYFY I ey, T4
v 7% vz RFLP-DNA 2/ v 7 &5 ki
Ih, AEBeE», 7Y v oHRERFLIHRET LD
~F e ESENDOHERTER, T r—FI2DQE #
cDNA %{F\, #IFBREFE W EcoRI, Pstl, Taql %
0% Mspl 2\ C DNA @ RFLP % J/~C, =t §
Hh0iEEB cell line 2 b bz RFLP & HHEL
Ricnto oty FRIEETS o 212 X b SRR ET
EREC RN T T v oI OB A TERTH D, 4
5 A PR OBEFEHECITE NiciEERTths =
EDol,

Vi M Fi3

RESLOBEE L, BTIKEREEEERS (198745
47, R, #REAEES SRS (198845 A,
TKRE), HTREAEREEARS (198955 A, FULD
CREUT. WERLICHRD, THRELORS
Wibga B ¥ Lo S AR OESRLET.
Fic, AR TEVE LR ARESENE
TRBESEHE ST EehEE, T UK
S B T e B, RN RALE, AR -
BHEHARME LY £ — FHEREK R OOCEBRESH
B EEILEIEE, BRERTRECREEMELE
o APFIRL SRS BT — i A(No 61440040)
DB A& F T,
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