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DNA samples from white blood cells of 9 patients and 10 healthy members in 3 Japanese
kindreds (Family Mo, Mi and Tu) with congenital antithrombin III (AT III) deficiency,
and of 48 normal Japanese individuals were analysed by Southern blotting method using
AT III cDNA probe PA62.

Restriction fragment length polymorphism (RFLP) by uses of Pst I and PA62 demon-
strated + allele in 509§, — allele in 509, F allele in 599 and S allele in 4194 of 96 alleles
from 48 normal Japanese individuals, indicating that the frequencies of RFLP in Japanese
are almost the same as those in other races reported before. This suggests that DNA
analysis on Japanese families with congenital AT III deficiency was possible using RFLP
of AT III gene because of high frequencies of RFLP in normal Japanese.

All patients in 3 kindreds with congenital AT III deficiency had a —/+ genotype,
indicating that complete deletion of one allele of AT III gene can be neglected. No
abnormal DNA fragments were observed by Southern blot analysis of genomic DNAs from
the patients in the 3 kindreds digested with various restriction enzymes (Bam HI, Eco RlI,
Hind 111, Bgl 1, Bel 1, Kpn 1, Pou 11, Sac 1, Taq I and Xba I). This suggests that AT III
deficiency in our 3 kindreds is not caused by major structural alterations such as partial
deletion, rearrangement and duplication, small deletion, insertion or limited nucleotide
substitution in the AT III gene. In addition, it was suggested by analysis of polymorphism
of AT III gene in the members of Family Mo and Mi that abnormal AT III gene existed
on —, F allele in these families.
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SR antithrombin III (AT III) RZEEIX
1965 £E, Egeberg? i X D ¥ TERE ST
Xk, AR TEL OHmERH Y, RETDH 20
BRBBHME SN TWS, REREROEENE
#BiEERL, AORKS5,000 A2 1 ADEIETH
ET2rvbhTnd, BHEIEELMEMER
HEHEL, FCEIRIIMRECMHEZDOFRESS
vy, 1982 iz AT III @ cDNA 37 a— A1k
aEnn?, 2ok, AT Il &EFIFREHED
1q23~25 LICFEHEL, 6 DD exon &£ 520D
intron & DK I, BEHN19kb THEZ
EMEERRE ¥, Z DR, KEIZERETF
VARV T DBENTDSAIEE & 22 o Te 397, 12K
FHORRTITECTFREEORREBIIHAL »ICE
NTwiwn, bbEHRED B 3 RKRICD
WT AT III ;&f5F® DNA 2R~ D
T, TOBErIwET 5.

L MREHE

1. X%

MRIZBBROLRME AT Il RZIE 3FKRD
BEIH, FEFRRBEN0L, EEHEA48%
(BH23%, ZE25B4) THA,

2. 3% AT III OEMEHRE

AT III ¥&MZ, heparin cofactor iEME% 7
A NF—2 ATII v b (Kabi) 2w, &
B EE T, progressive antithrombin & %
von Kaulla 5% OFEICHEUCTHEL ., AT
III #iF&I1Z NOR SV F 4 > (Hoechst) %
v, BMGEHEEcHE L, RXREE
SUKENIKRB SO DFECHEL TITo 7z,

3. DNA f#frh%

R 10~20m! 2~ %) VinfEMmL, B
ek %538k, E9F7 /2. DNA 2HHEL
7210, #HH L7z DNA #9110 ug %, REFIR
EER CREER) TUIKIL, 0.8% 7AH0—A%7
WICBESIKEIL, 7)) LET—4AEH DNA
WwUl7:%&, =boero—xfE (Schleicher &
Schuell) ICEEEL 2, 20K, 547
SAIvr7EIcEY, [a-¥P]-dCTP T~V
L7z AT III cDNA probe PA 62 (Dr. Bock &

Dift5)? 7uowv L7z DNA #42°CT1
B, NA TV XERE, = boero—
A% 50°C T, 6045f, 3EIFEELIZO, %
D%, Kodak X-OMAT 7 4 /). (Eastman
Kodak) #FHL, A=V 73947774 -
XD cDNA probe &N 7YVFA4 XL
DNA 777 x> b 2RRE L.

4. AT III :B{ZF O restriction fragment
length polymorphism (RFLP)

ATIII & f& F ® RFLP T i%, sequence
polymorphism &, length polymorphism ® 2
FEELSHI S LT3, sequence polymorphism
X N KL D 306 FH D glutamine % 2 —
K3 2H I CAA & CAG D 2EELELE
L, CAA B Pt T ic X v¥Ilrd iz
CAG BYUIMan 270 W&E LA bDT, Yk
dh 3 allele 2 +, VIBr & 117 » allele
 — TRRTDE, Y7oy bk, +
allele 12 5.5kb & 5.0 kb OAIEIZ, — allele
12 10.5kb DfIEIC/NY RE241L 39, length
polymorphism i3 AT III &EFDOEIRERLE 2
Fo&kb 3453EHE 5 i 108EE X 21X 3218
D variable segment BNFEET B0 EL
20T, 108FEE*ET allele % S, 321&
E%2&T allele # F £ &RL, Bam HI 12 &
LHEM A TIE, T6EEDEWCLY, YV E
DSEENRL B9 S, Fallele 2&EFIL >
32 %, Pst 112k 20EWATIE, S al-
lele EiziX, Pst1site 23727 T %28, F allele
FlzB3EELRWD, 1.7kb & 1.2kb @
polymorphism 2338&® &4, 1.7kb D/ F
A F allele 12, 1.2kb @/ Y2 K23 S allele i
FHET 59,

II. £ 1]l

1. Mo X% (Fig.1)

FumE (IV-2) 13, 405k, B HEEH
5. BfI63E3IBRRLVERIHEL, EE
wBEE, Bxrgbnim#Es, 4H258H,
THiaSHEE L, UBEE—NHENIEN S AR,
FIH, BRFM%E > ) IBHERBIRMSE & 28
N, MKEBEZARED: DYRICEN S h
7z, ik, ZBINGRE, MEE, FRORERSELS HIR,
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Fig.1 Pedigree of Family Mo

Table 1 Plasma ATIII levels in Family Mo

heparin cofactor ATIII

family activity antigen

(%) (mg/dl)
-1 95 31.5
-3 101 29.0
-4 52 11.1
-5 75 24 .4
1I-6 50 14 .4
Iv-1 96 29.0
V-2 68 14.0
V-3 95 31.5
V-4 51 12.0
V-5 90 28.6
IV-6 97 31.5
V-1 103 28.5
V-2 63 16.5

normal range  80-130 27.2-32.9

FffsRs >~ F 275 7 4+ —CHiEE L 28 & h,
~%) v, o FF—EORE5IC X D iERIZ®
EL, Z20®RY—-7 7V vO&EES I TV
%, FinEOH (IV-4) b 33K BHES
BRIMASTE T ILEEB/MBYIBRMT 221 T3, &
B (I-2) 1240 &Y transient ischemic
attack (TIA) %2#&V:RL, 69mREFICIIEET

FHELTWw3, £/, BAOHEHA (I1.2) i
RETHETCL, 205% (II4) 30K TH
MRS IRMERER THT L T3, KinH
(IV-2) o Mm% AT III & ¥ &, heparin
cofactor iEM 68%, progressive antithrom-
bin &M 60%, AT I HUE 14.0 mg/d! &, &
HETUREN & b CEEBEOREFTETLT
Wi, ZOMORRKE 44 (114, III-6, IV-
4, V-2) WZERDET 2588 (Tablel), &K
Ri3ERE AT Il RZELZEH I, &
B, RXGEERJKE CIBRELEFEED
ATII OSEE L EBCEZAONEP T2,

2. Mi X% (Fig.2)

FimE (U1-2) &, 25/, . FIIEH
&, BM63FE1H18H (FiR13:8) LR
ETERORMBS, &E, ERSHEL, FIE
SOEERERARIEZZ L, AT RELREIRIR
FEeEank, Z0BRAKRABTERME
AT NI RZELZHEh, AT I #HO®RE
EOTNOMBHEL 2, RinEDOKE
(II-2) 1T 3BERFIKCA 70— LEMRETAPRL
i, ETEFRMOEBECERLIEESH D,
REOER (1) iZ 15 BRI B B & IR 10
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Fig. 2 Pedigree of Family Mi

Table 2 Plasma ATIII levels in Family Mi

heparin cofactor ATII

family activity antigen
(%) (mg/dl)

1-2 88 26.1

II-2 56 20.3

1I-3 108 24.6

11-6 92 24.2

-2 59 18.7

-4 50 21.4

-5 79 26.1
normal range  80-130 27.2-32.9

BREBERTET LTS, RRED AT III
DHEIEWER % Table2 1273, RixF (-
2) o4 AT III {EMix heparin cofactor ¥&
M 599, progressive antithrombin ¥ 499%,
AT I HiE 18.7mg/d! &, EHEMEELTFEEDL
EHIEEEORESTET LT, Z0ft
@%QTF\E 24 (112, lII-4) CTHRKEDIET %

B, KRREERYE AT I RZELZHL
7’:. RXREERKE CREBRELEEEZED
AT Il OEEELERBCERRD SN ho
7z.

3. Tux%

FimE X 42K, B LBERHS, 25K

B, TEERMEEEZEFHIA T3, B
57 &, ERRBREOERE, BEENSHEL, LB
KEREFNENC T AT I B, FHEEOE
TEREHIN, ke AT I B4, iR
BEOETHED SN, £XRME AT Il RZEL
ZHahTw»2Y, BE, BHEEIV—77) >
PRAGTH %5, M4 ATII © heparin
cofactor ¥&EMEIF 67%, ATIINHIEEIZ16.8
mg/dl TH?, RXFBBEERIKEITII, %%
LIEFEED AT I OSEE L BERICEIZED
nhroiz,

L. &% 8

1. EEHXAIZEITS ATII BIEZFD
RFLP ?m#&5t
EEHEAN 48£D5 /. DNA @ Pst 1 4L
W 2 RET L 2R, genotype & L T
i, —/+F/S 2164, —/— +F/F %13
%, +/++S/S #10%, —/+ F/F %6
%, +/++F/S %23% k@A, —/—-F/
, —/—+S/S, —/++S/S, +/+ «F/F %
T?‘ b DITED R » o7z, %72, sequence
polymorphism D#EE X, + allele 50%, —
allele 50%, length polymorphism D i,
F allele 59%, S allele 41% T®»H - 7z,
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Fig.3 Southern blot analysis of genomic DNA
from the members of Family Mo, DNA
was digested with Pst 1.

2. %Xt AT III RZFERRICE TS AT
111 #EfEF9 RFLP kst

Mo KRB 2HER (Fig.1, 3) 1%, AT
III RZEOHHE AV-2) £ ZDRKRE (V-2)
@ genotype 1 —/+F/STHhbH, ATIIIE
HOHKEEDOE (IV-3) ® genotype
i +/4+ S/SThHotz, Lo T, FHind
DIRBD +, S allele ZRHEKXTEE TH
D, —, Fallele ’XAEAXRTEHKELEZON
7o, AT I RZEDOEZEHORRE (IV-4, III-
4, 1II-6) 3T, —, F ® allele #FEL T
BY, BEEETIE, —, Fallele LicHFEET
BRI,

Mi ®%Tix Fig.2,4 o2t <, ATII X
ZREOFIHEHEOR (11-2) & FKimpk I1-2) O
genotype %, —/+ «F/S TH b, AT I IE
wHoFREE DR (11-3) O genotype 1%, +/+-
S/S Thote, Licdo>7T, HEEEHED+, S

allele 3RIERTEETHY, —, F allele iZ
REETRETHLEZzZoN, ATHI X
ZEDOEI»OFRFRE (II4) b, —, F allele

2HELTED, EEELRTFIL,
T 5 LHEHEl s Lz,

Tu X2 T, BHFIZ —/+ « F/S genotype
Lz,

3. H£XM AT III RZERFRICHEITS AT

—, F allele I

Fig.4 Southern blot analysis of genomic DNA
from the members of Family Mi, DNA
was digested with Pst 1.

1 BIEFOETEFIRERIC & 5 UM A DORE

& TEE R B % (Bam HI, Eco R, Hind
111, Kpnl, Bglll, Bcll, Poull, Sacl,
Tagl, Xbal) T4 / . DNA % 4UJ#r
L, ATII BEFOVINRF O/ Y — > &2HER
MATHI RZERBEF L IEFATHRL 2,
MoKR%, MIFR, TURREL BbICEHED
Bam HI, Eco R1iz k2 ATII&EZEFOUIK
oy —>i3fek, ESNTWEIEEAD
WY RO LEIFAEL, ZOMOHPRERIC X
2 AT Ul #EFOUIM A OFTR b & L IEE
ANTERRD LI,

Iv. % =

SRk AT Il RZFEOHRARRIZONWT
AT I BEFD RFLP 12 £ % DNA s
ARELE L ERETT 272012, BOKEEHAE
AZBIT3 AT 1l #=ZTFO RFLP OEE%
KDz I3, —, + allele IZZNZH50%
+o, F, S allele 32 Z459% & 41% I
Foont, ZOZEFHAATY AT E
=F® RFLP O0EEEFoHEwI £ z2RL,
Fhic k% DNA SWSAJEETH 5 2 & &m
L, HEAD ATII &ETFD RFLP O
BEEWZDOWTIE, Oguma 5® HREL TH
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D, bhbOBE L IZIZEIRETH S, Proch-
ownik 5% i, ¥VY7TA, 1ZVTA, B
A AN ARED AT 1II EEFO
sequence polymorphism DHEEERL T3
A, 1FIT50% o —, + allele 28D T
W3, %7z, Bock 519 %, JELERAIZDWT
RFLP D%, — allele 1 66%, + allele
1% 38%, F allele ix 75%, S allele i 25% &
wELTBY, AT I #zFO RFLP it
HEDAEENZVWEEZOND,

bilbN SRR AT I RZED 3
KR TIZEHEIZT T Pst 1 polymorphism
T —/+ genotype % b D~T OESETH >
7ete, AT I BEFD 12D allele DER
RFEBZEESI N, 85ICEBE DNA © Bam
HI, Eco Rl, HindIll, BglIl, Bcl 1, Pou
I, Sacl, Taql, Kpnl, Xbal iz ¥ DHIREE
RIZLBUMF DY = BNIEEADZENRS &
EEBEOEPoZELD, AT I EETFL

DT REK, K, BEREREOREREED

FERZEZEL, SBRAEERD LD R/INERE
ILOFEEBTDbNI:, 12, Mo FKHRE MiFE
RTIX, RREOMKETL Y, —, Fallele ki
BEHEDOFEET L EVHEESNT, LeL, B
iwl, AT II #EFUMC AT I BEHOE
B, FWCEEERIZTTERETFORYE (trans
acting unlinked mutation) dEETE X2
W, EHEENCL2REAVBLELEZOND
», WEDEZS —, Fallele &t ATIIIXRZ
fEX @ Lod score 1&, Mo X% T1.2, Mi &
RT0.3THY, S, EHEIEHT -0
BZEBWREHELDRREERRTILESH S,
XM AT I RZEOCEEFEECHET 3
WFgeiZ, 1983 %&£, Prochownik 59 #% AT III
cDNA probe % H\>7z Southern blot #iZ &
STHRED 1RKFRT AT Il EEZFDO1D0D
allele DFEERERREIZL, EZLD1IRRT
FERKDZWI ERRLT, FEDOKEIC
heterogeneity 2S38® 5N 3 Z L ZEH|E L2 D
BEYITH B, W T, 1987 £, Bock 59
i, ERME ATII RZED 16 KRR T, Pstl,
Bam HI, EcoRl, HindIll ® 4BFRIC X %
UM R ZRRETL, 15K%D AT III BEFT

X200 allele WEET LI L L, BEKA
BEOOLNBNI ENS, ZTNODRRKZBT
%2 AT IlI RZOFERIZ, AT III BE=FLED
100bp AT D Z S BROEHD R K, fHEAD,
HERER, H5HWIiE trans-acting  unlinked
mutation K L2 bDEHEL TS, T,
1988 &£, Sacks 5" %, &K M ATII R Z
EDR 2y + T ¥ FORRRIZD W CEBEEN
217w, AT I BEFO 1 DD allele D5EE
REDLOHEORRZT AT Il RZDFEKEDS
AT IIl BEFEHEOEFECERA L Tws L
ERLTz, BT, XM AT I RZED
BEFEECETIHEEID L, NEESD
DEEEABICTER L, S BAED 4 KR
12D Southern blot 2 EML, 4 KR
Ey AT Il BEFDO1DOD allele D5EELRKR
KizHonwZ ERFHLE, 512D
LED2FRFKTIE —, F allele £, 1RRT
& +, F allele FcEEECFHFEET S Z
EEHEEL TV,

Bilr, &RkKME AT I BEEEO—ETH S
AT II Utah '® O EZE&ETTF OEEBENTHT
b, 407 I proline @ leucine ~DEH
(CCT—CTT mutation) »iEBBE&E h7z1®, %
7z, AT III Oslo ¥ TiZ, 404 fiZ® alanine ®
threonine NOEBHEIE I N T W32, ZD
404 A1 & 407 LD ENL X, AT I D4Fi&
EBERFETI2ODRAARDELAEE Z 51,
ZOEO—IHEBLIC XV AEUREE AT 1
53T 1%, turn over HBMEHEL, FDHER, BE
AT III OHFEEMETL, £RXK%E AT II KX
ZHECENRE KBRS LR TY
520, Llzh->7T, Rk, £RME AT I RZ
EEEZ o TEIEROFIZ, ZDHwEFID
Lo R%EXRE AT EEENMREEL T3 Z
EBERa NS, 272, AT III Utah T3,
Western blot IETEE 2NV FHBTD 519,
AT III Oslo CTl3RX B ESIKEN TRz
BRERE—IPRDLNTVEOTY, 2hbd
DETHERE AT I RZAE & OEFRNFITTHE &
Bbinsd, bbb S#HENIZ3IFXFED AT 11
2, RXGEBESEKE TREEE -7 88D o1
3, ATIII Oslo @ & 5 7% AT IIl BHEE & 1X



518 HAEMZIEMFREE F 1% 65

# 212 \whS, Western blot 2 £7/7EL T
59, ATII Utah ® X 5% AT III BEE
THHILEREBIZEIEEIITER Y,

%% . AT III ¢cDNA probe PA 62 2551
TWwiz7Zwnwiz Temple KF ®D Dr. Bock, %
S NS BT IZ D W TR E W 72 72 W ENT
INRIRBENRERE 2 v & — EREHEFEL
DOHARBRECERA LT, £, KRED
BB BT 0 E L/IMABRTFREA
BOMEEERE, EETLE, BRATFRE
AR ANEELE RS L 7.
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