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HARADEGHERIRFMIRE (CH (T ankyrin BIzFEERE
D&

TP A

BARAICH T 2EEMIRIRFMIRE (HS) OFEBZRD /-8, genomic DNA &AM -
ankyrin-1 (ANK-1) O@EGFBNE S o, FETIE, HS63IRE, 6755 HR
ELFE. 2D BAXRFR20%ICHENT, HS DREA EHTE XN H195ED ANK-1 B FE
® (frameshift mutation 9 ¥, nonsense mutation 4 ¥&, splicing R 61&) pPREHIh /-
ChoDBEEFERIEBVTIG, BRXFETEEREF <, HDPAEBEDHEDEEZEZSN
. BRADHS (5173 ANK-1 BIEFREILMEDI0—50% & HHTVBH EHESH
. ThS ANK-1 BEFEFEEZFISEFAICHTIFOBREERITORETIL,
ankyrin EARIBREZZE L EHIE 5 <, —FH Tprotein4.2 (P4.2) BIHEMHITEEEL
F-TEBH178 (85%) OSSN~ £-T, HERAICHENE NS PL.2 BRI R
BaFES> HS T, TDOZ P ankyrin B ZFREZELTHY, ankyrin H# P4.2 DR
EHICEEL TV B AIREMA TR E h 7. (ERL144F 2 F 26 H %3

Ankyrin Gene Mutations in Japanese Patients with Hereditary Spherocytosis
Hidekazu NAKANISHI

To elucidate the pathogenesis of hereditary spherocytosis (HS) in the Japanese population, we
studied the ankyrin-1 (ANK-1) gene of genomic DNA from Japanese patients with HS. Sixty-
seven patients from 63 unrelated families were included in this study. Nineteen mutations of the
ANK-1 gene pathognomonic for HS from 20 families were identified . nine frameshift mutations,
four nonsense mutations, and six abnormal splicing mutations. These mutations have not been
previously reported, and are thought to be specific to the Japanese population. The incidence of
ANK-1 gene mutations in Japanese HS patients ranges from at the least 30% to 50% of the total
HS kindred. At the protein level, ankyrin deficiency was not observed in these 20 patients with
ankyrin mutations. In contrast, mild deficiency of protein 4.2 (P 4.2) was observed in 17 patients
(85%) with ankyrin mutations. Therefore, it is feasible that most cases of HS with a mild
deficiency of P 4.2 at the protein level, most common in Japanese HS kindred, are caused by
ankyrin mutations. (Accepted on February 26, 2002) Kawasaki Igakkaisht 28(2) ° 73 —82, 2002
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BCAARMERE S FE B L T BRI R o
ankyrin (ANK-1) &, & ikE) I 210 kDa @
TTEEZROERLZEATH Y, HE&EA®
band 3 & ¥ & H TdH 5 spectrin & O MIZAFE
L, MZFEEREIEODITIET oA=L LTD
FEEALTHBEY T,

ANK-1 EZF I3 EEFER 8pll.2 IZHE X,
420 exon LA . AR MERIE 21X 210 kDa
RS EER ankyrin 2.1 12002, 2.2, 2.3, 2.4,
2.6, 2904 7% L b 6 o isoform AR &
h, Th 5o isoform 1 3" M@ alternative splicing
WKLo TEREISNLY VT,

MRIMERIE A AL EATIC L ), @ fathEkiR
FRIMERSE (hereditary spherocytosis : HS) TH 5 h
HIRFEEE, (1) spectrin HMURIER], (2) ankyrin+
spectrin # & K fH %Y, (3)band 3 K #H #!, (4)
protein 4.2 RIBH D 4 T/ E N B, X5
A, HS BF BTS2 I OBEEH DY
3 E o O AT IZ & o T ankyrin, band 3,
protein 4.2, [-spectrin 3 X U q-spectrin & {%
FERMNFEE SN TN EY Y,

WOREEENC 31T 5 HS & OJRIMERIE & 55
T D B Tl&, ankyrin + spectrin £ & & 4 K 18
RI%360~80%, band 3 K{BEAIA10~20%, BHS
MR RIBELBD LD DN10~20% & HE S
T 599 DLEORERES S ankyrin A% F 9% K
LHEE SN, TOERBRFBIVITHhNIAER,
% { @ ankyrin + spectrin £ & K $8 1 |2 ankyrin
BIETFRES BN S 10712,

FZTYHHEIZEBWTHAAD HS 604 #1
WL TRMRBEEASHT 2772825,
ankyrin + spectrin # & & [ KB 13 10% K &
FEH 1A 72 £, band 3 KIEH! & protein 4. 2 KIH
RINERT, AFEZEIZ L DHREDENDTRME S
MWW X502, HARANHS37RFRIIH L
T band 3 JE A& F## AT % 47>, band 3 KIERI D
Wi KE (A 13 band 3 IZFHIKTH 5 2 L%
L 7219, F 72 proteind.2 RIFAIIZ B W T

(F28% 275 2002)

protein 4.2, band 3 BIZF DN 2 iT-72& 2
%, protein 4.2 RIFRI DK% 5> 5 8RB
BIZBY L Tid protein 4.2, band 3 W N D E(E
TFRHDERPFEL W &AL 7219,

Z ZTABZEIL, HARAD HS 1281 5 ankyrin
BEIEDOERER T 5 /2%, ankyrin E{EF
AT A B2 %y, &5 (2 ankyrin B+ LR %
BT HIEH % R H & L T phenotype DIES % 47
ke L.

X3 E

BHETHRERL 72 HA A D HS 635 % 67HE Bl
BLOX IR NN EZ RO R E L7,
HS %358 DOEZEADMNERIZ autosomal dominant
type (AD type) 23%%26%), non-dominant type
40K FRABITH - 7=,

F70, NRE LUERNL, BIRIMEAMTR,
IRIMLERIS 2 [ BB 50K EY, EREHIC X 2 R 1MmEk
BRELREIZL T, HS LW L7 HSO&E
FEEEDHISEIZ Lux 517 0454 & 7.

B, WIMHRMOBEEEED, BRI
b LITEEFHRIA S OB LS TR
W& % non-dominant type & L 7z.

5 &

1. AR ILEREE 8 5 5047

Dodge & D F 18 & — 8 A L CRE L7
AR IMERAEE 1 % Fairbanks 5912 X 53.5~17%
exponential gradient gel (727 ) V7 I FERIL
3.5% :17%=35:8) % i\v>7:- SDS-PAGE (sodium
dodecylsulfate polyacrylamide gel electrophoresis)
FZE T, ML, KERASEOREID,
SDS-PAGE k&1 #, # JL % coomassie brilliant
blue R-250 THef L, #1%, Protein + DNA
Image Ware Systems (PDI-Toyobo Co., Tokyo,
Japan) (2 TAiTo 72, SEEE 5 HEOEREIL,
NEEBLOREI Y FO— LoV TENRE
N5l (band 1~ 7 5 EOFF) (12Xt
THEREOOMTILEE M L7:8, Fhzh
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B3I OWT, #EIY bu—LoF
MEICHT A REDREE 2 Fu— VDI
ErLOMBREZESERELTEL,.

2. Ankyrin-1 #{& 1T
SR I B A% R B 2 & M L 72 genomic DNA
 H\ T, ankyrin-1 #{nT D428 D % exon &

5° ) JE & B8R 96 38 @ promoter 3K (2 D\ T,
polymerase chain reaction (PCR) /single-strand
conformation polymorphism (SSCP) f##T % 1T -
7> (Table 1),

HIZ T OWIEIX GeneAmp PCR™system
(model 2400, Perkin-Elmer Co., USA) Zf#iH L,

denaturation 95C, 30 sec., annealing 59°C, 20 sec.,

Table 1. Design of primers for the ankyrin-1 (ANK-1) gene*

Exon 5’ -Primer Product length (bp) 3’ -Primer

Promoter A 5-CAGGGCCGAAGCTTCCTCTAC-3' 260 5'-CGGGGAGAGCTGAGTTCAGAG-3'
Promoter B 5-GCAGAAGAGGAGATGCCCTG-3' 412 5'-CATGCCGGTCTTTCAGCAGG-3'

1 5-CCCGGCCCGACAGCAAGCGCCTCTG-3' 236 5'-GTGGCCCCCTCCTGACATCTCCCCG-3'
2 5'-AGTCGAACTCGCTTGTGCCAC-3 390 5'-TTCAGAGACAACAGGCCTGCC-3'

3 S-TTTGACTAACCATGCCCTTCC-3 188 S-AAACTTGAATTTTCAATGCAAAGC-3

4 5-GTAGCAGGCCCAGTGGGAAAC-3' 179 5'-CCTCTAGTCCAGACCAGAGAGCCA-3'
5 5-TGCGGGTGGATGCTAATGATG-3' 186 5'-ACACCTGGGAGACTTCTGGT-3

6 5-GCTGGCGTCAGACGAGTCAGA-3 259 5-AGCTCCTCCCTCCTCCTCGC-3'

7 5-CATCCCAGGGCTGATTCTGAG-3' 227 5-GAGCAACTGCCAGCCCCAAG-3'

8 5-AGCAGCTGCATTCCAGGAAGG-3 227 5-CTGCTCTGGGTGAGGCTTGTG-3"

9 5-AGGCAGTCTTCTCTCCAAATGGC-3 200 5-ATGCGCCTGACAGGAAGGAAG-3'

10 5-CATGCTCGGTCCCCAGAAGAC-3 283 5-CTGCACCTTCTCCAGCAGCAC-3'

11 S-TGTCTCCCTTTGTGTGGGCTG-3 150 5-CCCAGGCTCCTCTGCAGTCTC-3'

12 5-AGCGGAAAGACTGCCACTTATCG-3' 209 5'-GGTGAAAGCTGCCCTCTGAGC-3'

13 5-GTGTGTGCCGTTTTGGACAGC-3 188 5-CCCTTCCCTTCCTGCCTTCAC-3'

14 5-AAAGTTGGATTTGGTAACATTCGCG-3' 308 5-TGGCTGAGTGAGCCTGTTGCTTCCT-3"
15 5'-CCCAAGGTCCTGACAGCCTGT-3 169 5-AACCTGAGAGCTGCAGGGGAG-3'

16 5-GGAGTGACAGCCGGCCTCTTTTGTC-3" 194 5-ACTGAAGTAGCAGTACCTGCTCTCC-3'
17 5-GTCAGCTCAGCATTCCTGTAACCAG-3' 300 5-CACACGTTGTTATCCAGCACACCAG-3'
18 S-TTTACTTGATAGAAGGTGATGAACG-3' 189 5-AAGTGTGAGCAAGGAGTCCACACAG-3'
19 5-TCAGACAGCTCCGGTCACTCC-3 193 5-CTGATGTGGCATGGAGAAGGG-3'

20 5-GTCTAGTGGCTGGCTAACCCTG-3 175 5-TTCTAAACTCAGGAGAGAGAGTGTACTCAC-3'
21 5'-CACCCGGGCTGCTCTTTC-3' 155 5-AGTGTGTCTGGGGTGGGTGC-3'

22 5 -TGTGTGCGGCTCTAGTTTGGG-3 162 5-CTCTGTCCCCACCAGCCTGAG-3'

23 5-CCTCTACCCCGTCGCTCACTTG-3' 160 5-GGACCTCCCGGGAGCACTG-3'

24 5'-GTGTGCACATGTGGATCAGCC-3' 165 5'-CCATGTGGGGAAACCACAGAG-3'

25 5-CCTCCACGCCCTGGCAC-3 204 5-CTGGAGACAGGAGTCCCCGAG-3'

26 5-GGGGACTCCTGTCTCCAGCTC-3 373 5-TCCCCATCAGGACAGATGGAA-3'

27 5-GCCTTGTATGAGCACCTCCCC-3 236 5-AACGCGTTGGGAGCTCTCC-3

28 5-TGGTGGCCTGTGTGTGTGATT-3' 289 5-AGGCCTGGAGTTCAGTCCACC-3'

29 5-GGCCTGAGTGTCCTGCCTCTG-3 274 5-CAGCCGAGAACAGAAGCGAGG-3'

30 5-CCCCAGCCCCATTTCTGC-3' 171 5-TGAGGACGGCCCACACAATAC-3'

31 5-CTGTTGGGCACTTGGGAACAC-3 303 5-TGTCCAGAGGCGGTGCAG-3'

32 5-GCTGTATCTGCTTTTCCTCTCCTGC-3' 179 5-AGAACTCAGCCAGAGGGTGCC-3

33 5-CTCGAGGAATTCTCCTTTGTGTGATTG-3' 186 5-CGGGCAAGGCTCCTCGG-3'

34 5-TCTCTGGGAAGGTGGGGAGAGTCCA-3' 189 5'-ACGCCCACCCTTCTTGGGAAGGGAG-3'
35 5-CCTGTCAACTGTGTCCTGCCC-3' 152 5'-CTGCCCCCAATTCCCCAC-3'

36 5-TCCCCAGTGCCCACCCAGCCTGTGT-3' 263 5'-AGGAGGTCCTAGGACAGGCTTCCTC-3'
37 5-ACCGGCCTGGAGTAACGTGCATCTC-3' 238 5-TGTAGGGCAGGGCTCCGGCTCAGTC-3'
38A 5-CCTCTGTCTGCCCATCCAG-3' 339 5-“TTCCAGAGAGCCCAACTCG-3'

38B 5-TCTGATGCCACAGGTCACGAG-3' 357 5-ACAAAAAGGGACCCTCGTCCC-3'

39 5-AATGAGACTGATGGGTGACCAGGTG-3' 420 5-CGATGCTGGGAAGGAACAGCAGCAC-3'
40 5-CCAGACTCCCACTCACCAATCTTGC-3' 190 5-TTAGCTTCTAGCCCACCTGCCTCTC-3'
41A 5-TGACCAGCCCTTTCCTCCTTC-3' 187 §-CGCCTCAGTACCTTGGAGTGT-3'

41B 5-AGCACGAGGAGGTGACTGTAG-3' 241 5'-CACGGAGGTGCAGACACACTG-3'

41C 5-CACCTCCCTCCACTCACCTC-3' 311 5-AGAAGGGCAGCGTTACCTCC-3'

42 5-GGTTTTTGCTGGACGTTGCAC-3' 137 5'-CCTCAGGTCCAGCTCTCCTCC-3"

*All primers are designed for the promoter region and each exon of the ANK-1 gene, although 2 (for the promoter region : A
and B), 2 (38A and 38B), or 3 (41A, 41B, and 41C) overlapping sets of primers are required because of their large sizes. The

nucleotide sequence for each primer is given from the 5° to 3’

end.
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extension 72°C, 30sec., 33cycle D5 TH7 -
7. F72, PCRIUSHFDEFEREIT0ul & L,

genomic DNA % 150 ng, primer % 0.2 pmol/yl,
AmpliTag Gold™ (Roche Molecular Inc., USA)

% 0.03 U/ul v 7=,

SSCP & Orita & O F 20 % — g &Y L ¢
To 7. ZBWRIE (47.5% formamide, 15 mmol/
I EDTA, 20mmol/l Tris (pH8.0), 0.025%
bromophenol blue, 0.01% xylene cyanole FF]
20ul 123 L PCREW 2 3l MM Z, 100T, 10
AL, 2 L7s. kBRI 3ul %
w7z, BIZFOMMIZIE, Bassam 5 0§ ge
i x fiv /e,

PCR/SSCP T IZ THRFE NV FAFRH L7z
JEBIZ DWW, [§] U primer # Hjv>72 PCR £y
Dy—=r ooy r7ebBlroiz. BiL, TA
Cloning Kit (Invitrogen, San Diego, CA, USA)
rHWwWTrsa—= 27 %17 - 721%, BigDye™
Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems, Tokyo, Japan) % H\» T3
A 7Ny =0 v ARG EAITV, ABI PRISM™
310 Genetic Analyser (Applied Biosystems, Tokyo,
Japan) 2T 24T 7-.

9 R 8 {12 5L & polymorphism & @ 8 51 12
Bl CiE, 1) RBERIIEDONLVWER, 2)
nonsense %2 J& X> frameshift 2 &, % 7213 splice
site FTEELZAEAE LT splicing R A2 X724 2 &
DR INDER, O2 305N EMIZTER
PMEBERTFEREE L2, 2, BER X
0 allele frequency 25 L < & <, 2 OAKRERE
BWTHBERDPFREREGARD L iEAT O
THEAKE L THELET HELREIL, autosomal
recessive type D HS DR & 2 D 9 2 E R &
Z 7. =B, KAFFEIZ BT ankyrin gene
mutation |ZB§ L Cid, TDOREHEKRD SV
AT O T EEGROREGISAFTE L B o 7.

] xR

1. Ankyrin-1 ST AT
1-1. WREE R

(F28%k H2F 2002)

LT 4O HANHS FEFIIZOWT,
genomic DNA % H{ 7z PCR/SSCP %X 7 V) — =
Y7l & 5T, ankyrin-1 BT REOHES
Keat L7z,

(a)Band 3 3 f= 14T 12 C band 3 i =T B %
R Ao T2 RE B

Band 3 I #AT 2 T S 72 HA A HS 37
FARDH L, band 3BILT-EFEHIRD LN
7229 R 32E B X L T ankyrin & {5 1 f#AT %
WAy L7z, BIZEAONERIE AD B 8 AR 1E
$I, non-dominant EI21 % R21%E B TH - 7-.
72, 029K KL band 3 & F B4 KIE
AT AHEFADVP2EKREEIN TS, FHD
ankyrin & fz M2 & o T, AD Bl 2 K &,
non-dominant % 6 R T, LLTF® 8 FDIHA
B FRELHECEINIEETERPFAE SR
7-. Frameshift mutation 3 f : (1) Ankyrin Osaka
1, exon 17, codon 637, 1nt. ins. "C"; (2)
Ankyrin Mie, exon 26, codon 951-953, 7nts.
del. "GCCGCCT" & 4nts, ins. "TCTG" ; (3)
Ankyrin Chiba IV, exon 36, codon 1437, 1nt,
del. "G". Nonsense mutation 1 ## : Ankyrin Tokyo
I, exon 31, codon 1252, CGA—TGA. Abnormal
splicing 4 f# . (1)Ankyrin Shiga, intron 5, 1nt.
ins. "a", 3-4 nts after end of exon 5 ; (2) Ankyrin
Kyoto, intron 8, g—c, 5nts, after end of exon
8 ; (3)Ankyrin Yamagata, intron 22, gt—ct, 1
nt, after end of exon 22 ; (4)Ankyrin Chiba I,
intron 28, gt—ct, Int, after end of exon 28.

(b) 7 ML ER B & P14 7 12 °C, band 3 RIB 228
H Nl o 72HER)

Band 3 B {n F N X HIT S LTV 2w s,
AR IMLER B AL 1 2047 12 C band 3 RIED O S
¥, band 3 BIZFREEZE IV EHESIND
H A A HS 255%25%E B2 %F L C ankyrin # {5+
AT & BT L 7. B OWNERIE AD B10%K
S 10AEBI, non-dominant £ 155 R 164E B TH -
72, FO#EE, AD A 4 &%, non-dominant %Y
8 KA T, LUT DI O KB 35 &4
EINDBERTEREDVFES NI
mutation 6 f . (1) Ankyrin Chibal, exon 1, codon

Frameshift
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2-5, 10nts, del,

Saitama, exon 5,

"CCCTATTCTG" ; (2)Ankyrin
codon 111 or 112, 1Int, del,
T" ; (3) Ankyrin TokyoII , codon 187-
190, 10nts, del. "CACGGCTGCG" ; (4)Ankyrin
Tokyo I, codon 571, 572 or 573 1
nt, del, "C"; (5)Ankyrin Aichi, exon 16, codon
592-593, b5nts, ins. "GGGGC"; (6)Ankyrin
Kagoshima (Ankyrin Yamanashi), exon 22, codon
798-799, 4nts, del, "CAGT".
34§ . (1)Ankyrin Osakall,
CAG—TAG ; (2)Ankyrin Chiba M, exon 31,
codon 1230 : TAC—TAG ; (3)Ankyrin Toyama,
. codon 1640, CAG—TAG. Abnormal
splicing 2 fifi .
5nts, after end of exon 1 ; (2) Ankyrin Okayama,

exon 6,

exon 16,

Nonsense mutation

exon 17, codon 612,

exon 38
(1) Ankyrin Nara, intron 1, g—c .
intron 36, 1nt. before start of exon 37.
(c)Band 3 EHEIE 8 FH

Band 3 EfZF R AHE STV 5 5 Kk
(B3 Okinawa, B3 Kagoshima, B3 Kumamoto,
B3 Philadelphia, B3 Yamagata), 3 X {F Band 3
BT I 2N TR w2, ARIMERIE &

ag—aa,

5

[l
Sk
—
S
Do
oC
G
3
(3]
an

2002)

F A2 Cband 3 REEAED SN T WA 3K
FAZH LT, ankyrin {5 T2 iT-72. %
DR, TNHOREF D HIL, FRE ST B
EHEESNLBIEFAERIFE SN o7,
(d)P 4.2 5E 4 KIBIEFI

P 4.2 5¢ 4R $8HE 5 (Nippon type, homozygote)
1 K% 1N LT, ankyrin i fz 1847 %
1o 72k R, WRERFRE EHEC N5 EE
TEREFE SN o T,

4 [A] ankyrin S8 (% 87 % 17 > 72 H A A HS
63FROTHEFI D S £, 2057 5 FE S iz,
19 DR BILFRE LTSN D BIZFER

»—% % Table 2 IR L7z IS DBIGTE
FIIWTNHHORTOMHRD % <, HARANITFE
My EHEwE &7z, £72, non-dominant type

ankyrin HI{Z FR/REIED ) H 5 KRIZDODVWT,
] 3 % & & 72 linkage study % 47 o 725 B, W
THORRIIBVTL IS 0@ T RF I
de novo mutation Th b & & 2 L7,

Table 3  Polymorphism and allele frequency of the ankyrin-1 gene 1n healthy control subjects and HS probands

allele frequency

Location Polymorphism Name of variant HS (n=62) Control (n=46)
Intron 1 C—T, 84nts before start of exon 2 122(-84C—T) 0.00 0.01
Exon 2 codon 11 : GAT—=GCT (Asp—Ala) DI1A 0.01 0.01
Exon 4 codon 105 : AAC—AAT (silent) 399C—T 0.12 015
Exon 6 codon 199 : CCG—CCA (silent) 681G—A 0.18 0.16
Intron 7 C—T, 32nts before start of exon 8 796(-32C—T) 0.01 002
Exon 17 codon 619 : CGT—CAT (Arg—His) R619H 0.05 002
Exon 18 codon 691 : GGC—GGT (silent) 2157C—>T 012 010
Exon 20 codon 737 : CCC—CCG (stlent) 2295C—>G 0.01 001
Exon 21 codon 783 : ACC—ACT (silent) 2433C—T 0.12 010
Intron 22 T—C, 13nts after end of exon 22 2545(+13T—C) 001 0.00
Exon 26 codon 971 : CTC—CTG (silent) 2997C—G 0.45 0.52
Intron 26 C—T, 46nts after end of exon 26 3044(+46C—T) 023 030
Intron 28 C—G, 21nts after end of exon 28 3411(+21C—G) 0.06 0.04
Exon 33 codon1367 : GCC—GCT (silent) 4185C—T 0.05 0.05
Exon 39 codon 1755 : GTG—GTA (silent) 5439G—A 0.15 021
Intron 40* C—T, 3nts before start of exon 41 5563(-3C—T) 0.81 0.77
Intron 41 G—A, 7lnts after end of exon 41 5703(+71G—A) 0.15 0.17
Intron 41 C—T, 364nts after end of exon 41 5703(+364C—T) 0.01 0.00

nt indicates nucreotide.
*This polymorphism has recently been detected as a new one
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1-2. Polymorphism
Ankyrin-1 & 1z ¥ @ Polymorphism & L C,
missense mutation 2 f#, silent mutation 16FH A
W &7z (Table 3). Z # & @ polymorphism
O allele frequency T\ 311 3, HS FEH] & fEH
HEOMTHLILERITIED LN Do 7.
Z D9 b D11A, 122 (-84C—-T), 796 (-32
C—T), 2295C—G, 2545 ( +13T —C), 3411
(+21C—G), 5563 (—3C—T), 5703 (+364C—
T) EEKR TR %<, BEAABREDO LD
tEzZobh7:.
2. Ankyrin S8 {5 F FHHE O BRIR ML 7 AT R
LR & N7z ankyrin FH K BEFRELYH
THHARANHSES D) B, WEEEITINT
W W 1911 D W T DR I 7 T R
z, INETHHETHRA I N/ band 3 EIE
FREEZET S HBARANHS R 1D & HER
FEITo7. FORE, ankyrin Bz FRE %
B HERN, BE~BEEOKL ZREOHNR
BB AN % 2 L Ty 52 (Table 2), Hb A
9.1+1.8 g/dl (band 3 EIATRHER 12.11.2),
reticulocytes 15.1+6.5% ([{]9.0 +5.2) &,
ankyrin B F R EH L band 3 B FEEHX
DY, AOMIZEELZER 5N (Table 4, P<
0.01).
3. Ankyrin JE{ET-RERC 51 B BE L
LEARH & 72 ankyrin BIZFRELXET S
HS JiE B O & H A AL 53 A i (Table 2,

Table 5) Tid, 2082V THDOFERE IOV
T ankyrin HAEED LN L7z, T
DFEFIDH B, 176 (85%) IZDWTik, BE
D P42 BMRBEARD LN, 23 B (15
%) 2oV TE, WThOBEEAXRELED S
Nhholz. 72, HRIMEKE ankyrin @ isoform
T A5 ankyrin 2.2 12D \WTIX, 1461 (70%)
TI0~45% DI MBREO LN, —FH, D
ankyrin 2.2 O A 13 ankyrin @12 F R
SNLDoT4BEROHFITDH, SHIIFED S
nrz-.

Z %=

SEOETIX, T HAAD HSEHNIZE
17 % ankyrin IR RFEREDHE 2 H S H 2
% BHT, PARIIC 4% E T band 3 &= T T
FHAITENZ-BAANHS TR L2 FFEME L,
D9 Hband 3 BIZFREVEES N D
7229%K 296012 % L T ankyrin {5 F T % B
otz FORER, SFKARADIEH (22%) H
5 ankyrin B2 FREFEHEI NS T/,
band 3 EHREZH S WHAAN HS 25K R
st L T ankyrin 15 F T 2 17 o 72466 8, 12%
F (48%) 1Z ankyrin B{A T REHFE SNz,
EZHZLORFEDWIZE L, HAADHS
FRIZB T B band 3 & FRABIE OB IE 820~
30%Tdh o 72. —F, SSCPLIC L »@EZT R

Table 4. Clinical characteristics of Japanese HS probands with ankyrin mutations and band 3 mutations

Number of Number of Hb MCV MCHC Reticulocytes Indirect bilirubin
kindred probands (g/dD) (f1) (%) (%) (mg/dl)
Ankyrin mutation 19 19 91418 845+68 343£16 15165 20+ 4
Band 3 mutation 11 11 12112 895+63 360+14 90+52 2117
P-value - - <001 003 <001 <001 087

Data are shown as means + standard deviation. Hb indicates hemoglobin ; MCV, mean corpuscular volume ; MCHC, mean

corpuscular hemoglobin concentration.

Table 5. Charactenstics of membrane protein deficiencies in HS probands with ankyrin mutations and band 3 mutations

Spectrin Ankyrin-related Band 3-related Protein 4.2
alone (Ank/Sp+Ank) (B3/B3+P4.2) alone No deficiency
Ankyrin mutations (n=20) 0 0 0 17 (85%) 3(15%)
Band 3 mutations (n=11) 0 0 11 (100%) 0 0

Ank indicates ankyrin ; Sp, spectrin ; B3, band 3 ; P4.2, protein 4.2 ; Ank/Sp+ Ank, deficiency of ankyrin alone or of
combined spectrin and ankyrin ; B3/B3 + P4. 2, deficiency of band 3 alone or of combined band 3 and protein 4. 2.
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WORIEE, —HEBEHRT30~75%, A
RRIETT0~100% & SN TWBHPH N F 72,
Ozcan & | SSCP 712 X % ankyrin i {Z T %%
DB #I70% T b LR L T 5 R
DNRT—5). CORELMKRTSHE, HEA
D HS FRIZHBIT 5 ankynn BIETF B0 Ho
5 HEIL30~502% M LR I N 5.

PO WK A& (s & L7z ankyrin BinT-8% %
it~ 7> HS FEBITiZ, frameshift 255 %2 nonsense
EERPIRY2 H5DHTED, ankyrin EEH XA
LTwap0w e ns0Efn AR AT
BB T, M —EB o FIAE (ankyrin Saint-
Etienne 7)) #jruv¢, R ankyrin & F (3 B2
ARMUERIE (213383 L T8 59, null mutation
THDHEHEINTWLYI02 793,
TARMERBEZ 31T % ankyrin &£ H O FEHR L, &
RINAIMF DIEH T L IV OIRIMEFT L &
270, IS ORI TIE ankyrin & PR
THEEZEZOLNA.

L2 L&A, 4E ankyrin # fz 1 84 A3 FE
SN HARAN20KADRER TIL, FORAER] &
Al R LC 5 & L C frameshift 22 ¢ 3 X 0¥ nonsense
BRBEDONZIZE DL T, wihd
ankyrin E A IEFED SN ol TOE
HeELTUTOERPEZ OGNS, T3 RN,
reticulocytosis @ B 5 T & 5. reticulocytosis T
1F B AR M ER (2 He X T ankyrin 25 F & 23
FHCHEIL TV A 2 EBBIZmo N T 5.
HS Tl MJCERRHEE 25D L T reticulocytosis
WD LN A, o TAREMRMEKTIE, 2O
reticulocytosis O H 2 FH & 12 ankyrin & 2SBS0
L, ankyrin & RIEAW2T EREEN TV S
borEEsns®2, KIZ, HE_OERE
L T splenic conditioning D 32BN HELE I N 5.,
HS ZRiEki, BHEAREIE > TR R EE o
7= We 8 — 1 J& 7% microvesicle & R L CHE#ES
L7z, REMEOWA 7 &7 L TERRILz
X2t bkbhd. ZOYH, ankyrin $EE
T, ankyrin AT - THEE & O 2
Wi7=47- band 37358 8 & 12 microvesicle
P L T+ 2 &£ 5N TWAEDS80,

Eag (%5285 2 %5 2002)
Z OB, MEIEOTEL L 2 @ membrane loss % 1
M9 HZ NG, band 39 E &7 LT, AHxt
A9 12 ankyrin 2N L TR WA R L &
HEREIND, HiH, BECTHOERIIONT
b, HS DiEHE L L TORPA KX BT 5
ZEML, RKREHARADHS EFIZBIT 5
ankyrin & KO OE WX, O
ITHEDRVH B T D 2 EATRIESI NG,
—J, TN5H®ankyrn EIZTREEEHST S
20609 H1761 (85%) #3P 4.2 D KiE%
B L Tw/z. ankyrin X, P4.2 #ARMLEREE | C
REASHETVD EEINTENY, b Di
% ClX ankyrin BRHE I T2 RWIZP4.2 D
WrEE-LTwabdntEZohb, 40
ankyrin B TWfra B I 2> 72 HSHEHICE
WT, RFARDVPL2 HMH ORI ELTH
0, 20 BITRAND S ankyrmn @ {5 2D
fHEshiz2sensb, LT, HAADHS
(4% 12 non-dominant type) Tix b S A H I
T3 P42 B o KR OENZ, Z0%
< A% ankyrin HIZ T REIER L TWb L E X
Shb. LarLZad s, SSCPEl X % Efs+
FEOMMBREZMARL TS, P4.2 HHED
KIE & ankyrin IR FRFEOREICIEHE D H
v, ZTOP4.2 HMEDKIEOMK L, ankyrin
L FRFUAMIDHFEET A EHEE SN S.
Ltk, DEROFRMEREE H 58T A 5 ankyrin
BIERE O 2 HEW S A 121%, ankyrin 2.1
RIED A 7315 T 7 <, isoform T % band 2.2
RPL2DEHELRAEMWICATHE L T L
VEBHDLEEZOLND.

un

3

sz 2i2dh7 0, WS, HERA B - 7o)k
R KRS SRR AR, iR R N
i, AERAHES LT ERD LR B
FHRLUIT. T, R 22 )G R R RS 1 itk
NE TIHEARKICECEH L .

B, K XoEgFo—ikiE, #6200 H A% &
¥4 (20004F, FKHD) 2B WTHEEKL .
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