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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 Igakkaishi 28(2) & 73—82, 2002
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B AR IMERE B L T 5 RIMEKE O
ankyrin (ANK-1) (&, E5 k8 L 210 kDa @
STFREROERGHEATH Y, HEEAD
band 3 & FHEEEH TDH % spectrin & DEIZAFE
L, MEAEZBEBICHEUDFLT A—-LLTD
HEEAHLTHBYY,

ANK-1 BfZFI13BfAF % 8pl11.2 IZHE X,
420> exon 7 H KA . BEFAARMLERAR 2 (3 210 kDa
R FEER ankyrin 2.1 121%, 2.2, 2.3, 2.4,
2.6, 29057 < & 6 FD isoform A &
N, 25 D isoform 1Z 3’ Hl @ alternative splicing
Lo THEKENEDO7D,

ARIMERBEE A ALESITIC LY, EREERIR
FRIMERSE (hereditary spherocytosis : HS) T 51
BIEEEZ, (1)spectrin /R 4EE, (2) ankyrin+
spectrin . & K #H 8, (3)band3 K HE!, (4)
protein 4.2 RIEED 4 FICHFH SN B, E512
LE, HS BEFEICBITL I HDOBEERDY
F BT OB X o T ankyrin, band 3,
protein 4.2, B-spectrin 3 X UF a-spectrin & =
TERNFFEEEN TSI,

FOKEEENC 3BT 5 HS BE ORMERESR A5
M D A TiX, ankyrin + spectrin 84 & H /R
FIAH360~80%, band 3 KIBHIAH310~20%, HHO
WRRBERDLRVEDA10~20% L MEIN
TW5Y99 PLEOKE RS S ankyrin A% E 5% K
LTSN, T OBREFIITHATDNIAER,
% ¢ @ ankyrin + spectrin # & R $8# |Z ankyrin
BIZTREEI MM S 7210712,

Z 2 THHEIIB W THAAD HS 604 Bl
WL CRMRBEEAST 27728 2 5,
ankyrin + spectrin & & F /K BRIL10% K &
FEH A7 {, band 3 KB & protein 4. 2 KIH
BN EART, ANFEZEIZ X BHRERDBEOAIRE S
N7z19W 0 S 52, BHRAHSITRRICH L
C band 3 B 15 T f#HT % 17\, band 3 KIFEM D
MR BRI band 3 BIZFBAETH 5 2 &A%
Bl L 721, ¥ 7> protein4.2 RIEIZ B W T

(5528% 25 2002

protein 4.2, band 3 M1ZF DN 2 fTo72& 2
%, protein 4.2 RIBRIOKE% |5 5 8K IE
12 B9 L Tl protein 4.2, band 3 W3 D E R
FIDERDPHEAEL RV LAV L2219,

Z ZTAMIZEIE, HAAD HS 1231) % ankyrin
BEEREOELBLZMAT 5729, ankyrin &z +
fEMT 2 B2y, & 5|2 ankyrin Bz FER %
BT BIER % 5HHR & LT phenotype DG % 47
Iz kel

x¢ &

VHECTREL7Z-HARAD HS 63K R67THEH
BLUOAREE NN EZ AR ONFR L L.
HS 3 RE OB DMERIZ autosomal dominant
type (AD type) 23%%26%1, non-dominant type
40K R41BITH o 72,

F 7z, MR E UERNE, BRMEAMETR,
ARIMERIE & A Bk E), ERBHIC X 2 RIMER

SRR EIZE - T, HS LW L7z, HS D&
FERE DH)EIX Lux 57 0% w72,

B, BAEEMOBIZED, BRI
b L IZEZEFM R S OMZ LHL TR
354 % non-dominant type & L 72,

75 &

1. FRIMERRE S B 5547

Dodge & 0 F 1% & —#B& L CE L7
AR ERIE S 1 % Fairbanks 5912 X 53.5~17%
exponential gradient gel (7 27 ) V7 I FEMRKIL
3.5% :17%=35: 8) & Ji\ 7z SDS-PAGE (sodium
dodecylsulfate polyacrylamide gel electrophoresis)
HIZ&o T, HlEL 7. FEEASEORE,
SDS-PAGE 7k By %, # )V % coomassie brilliant
blue R-250 THefa L, MR, Protein + DNA
Image Ware Systems (PDI-Toyobo Co., Tokyo,
Japan) (2 TiTo 7. KBEEBGE ORI,
HEFBLICRE Y bu—LiZonwTERE
NEFEEMASHE (band 1 ~ 7 5B OB 12H
THEBREAOMMILEHEL L%, Theh
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BHINZEIOWT, #EI Y M u—L0F 5 3E 5 R 8 D promoter 815 12 > v T,
BEIZH T A REDEE T b u—IVDOFEY polymerase chain reaction (PCR) /single-strand

DS DHRELELSERE LTEL. conformation polymorphism (SSCP) f##f % 17 -
7z (Table 1).
2. Ankyrin-1 &15 7 fF#HT BIZ T OMIEIX GeneAmp PCR™system

A I A% MK A S i L 72 genomic DNA  (model 2400, Perkin-Elmer Co., USA) # i/ L,
ZH\WT, ankyrin-1 &{ZF D421H D %5 exon & denaturation 95C, 30 sec., annealing 59C, 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 5-TTTGACTAACCATGCCCTTCC-3 188 5'-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'

i/ 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 5-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 5-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 S-TTAGCTTCTAGCCCACCTGCCTCTC-3'
41A 5-TGACCAGCCCTTTCCTCCTTC-3' 187 5-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 D 5 TIT -
7z. 7z, PCR USROEFERIZS0ul & L,
genomic DNA % 150 ng, primer % 0.2 pmol/ul,
AmpliTag Gold™ (Roche Molecular Inc., USA)
% 0.03U0/ul A7z,

SSCP I3 Orita & )7 %0 & — #R &Y L T
707>, MR [47.5% formamide, 15 mmol/
1 EDTA, 20mmol/l1 Tris (pH8.0), 0.025%
bromophenol blue, 0.01% xylene cyanole FF]
20 ul \2%F L PCR EEW % 3 ul M2, 100C, 10
SR BVLER, 2% L7 kEEAENI 3l &
w7z, BETFOMKHIZIE, Bassam & O
(RS MAVAR

PCR/SSCP JAHTIC CTHRE /N> FHRH LN
SEBILC DT, [A U primer % 272 PCR Y
DY = vy T EBIRo7. WL, TA
Cloning Kit (Invitrogen, San Diego, CA, USA)
FHWTCrZ 0 —= ¥ %47 72, BigDye™
Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems, Tokyo, Japan) % Hj\» T
£ 2 VY —4 v ARG %4\, ABIPRISM™
310 Genetic Analyser (Applied Biosystems, Tokyo,
Japan) ([ CTHTEAT o 72,

KB EZETE R L polymorphism & D8 512
BMLTIE, 1) REFCRDONLVER, 2)
nonsense %5 & %2 frameshift 28 ¥, F 721 splice
site EEEICAETE L C splicing BRE 2 & 7292 &
VB EINDIER, ©2HOFEMZMITER
ERHEETEREME L. T, REEL
D allele frequency 3% L { &<, D OARREERE
BV TUHBERDFERERD S IEATH
“HEHPEAKE L TCHET HAERIL, autosomal
recessive type D HS DR & % ) ) LR E
F 27, B, AWFFIZE W T ankyrin gene
mutation |2 L Clx, ZOFEHEEGHEKD LWV
AT O EESEROIESNIAFAEL B o 7.

] g

1. Ankyrin-1 815 F TR R
1-1. wHEETFRE

(%28% 275 2002)

UTo4BHEOHARNHS FEFIZONWT,
genomic DNA % fj\» 7z PCR/SSCP X 7 1) — =
V72 k5T, ankyrin-1 Bz FREOEEL
MEr L7z,

(a)Band 3 i#& {z T-f##7 12 C band 3 BIZFRE %
TR 7 o T HEB)

Band 3 i# =T MM A3 HEAT S L7z HA N HS 37
FZNDHH, band 3 BIZTFREDVHD LN Lo
7229 F32E B2 %} L T ankyrin & {5 f##T 2
AT L7z, #fERoWERIiE AD B 8 R 1TE
1], non-dominant %215 R21EHI TdH - 72,
F 7=, TO29F AL band 3 & R4 RIR
AT HEMF2RRAEINTVS. FHO
ankyrin & 12 F M 12 & - T, AD &l 2 KR,
non-dominant %I 6 22T, LT 8 HDHiH
BIEFRELHEEINLIERTERNFFEES N
7>. Frameshift mutation 3 & : (1) Ankyrin Osaka
"Ct (2
Ankyrin Mie, exon 26, codon 951-953, 7nts,
del. "GCCGCCT" & 4nts. ins. "TCTG"; (3)
Ankyrin Chiba [V, exon 36, codon 1437, I1nt.
del, "G". Nonsense mutation 1 ff . Ankyrin Tokyo
I, exon 31, codon 1252, CGA—TGA. Abnormal
splicing 4 # : (1) Ankyrin Shiga, intron 5, Int,

I, exon 17, codon 637, Int, ins,

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 T,
intron 28, gt—ct, 1nt, after end of exon 28.

(b) ML BRI & F1434T 12 C, band 3 RIADTED
5o T2IES]

Band 3 &1z T IZHEAT S LTV W7,
I BRI B 1 204712 C band 3 RIBARD Hh
F, band 3 BIZTREEZ A SRV EHEIND
HA A HS 255 %2512 xE LT ankyrin #{R T
AT % fAT L7z, s o WERIE AD BI10%K
% 10%EH, non-dominant 155K R 16EFI Td -
72, ZFO5%, AD Al 4 %%, non-dominant !
8 FKRICT, LU D1 REE TR &
EEN D BIn FERDFES N7z, Frameshift
mutation 6 f : (1) Ankyrin ChibaII, exon 1, codon
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2-5, 10nts, del. "CCCTATTCTG" ; (2)Ankyrin
Saitama, exon 5, codon 111 or 112, 1nt. del.
"T" ; (3) Ankyrin TokyoIl, exon 6, codon 187-
190, 10nts, del. "CACGGCTGCG" ; (4)Ankyrin
Tokyo [, exon 16, 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". Nonsense mutation
3ff : (1) Ankyrin OsakaIl, exon 17, codon 612,
CAG—TAG ; (2)Ankyrin Chiba I, exon 31,
codon 1230 : TAC—TAG ; (3)Ankyrin Toyama,
exon 38 : codon 1640, CAG—TAG. Abnormal
splicing 2 # : (1) Ankyrin Nara, intron 1, g—c :
5nts. after end of exon 1 ; (2) Ankyrin Okayama,
intron 36, ag—»aa, 1nt. before start of exon 37.
(c)Band 3 BH##E 8 K%

Band 3 iz T BENFFAEIN TS 5 KR
(B3 Okinawa, B3 Kagoshima, B3 Kumamoto,
B3 Philadelphia, B3 Yamagata), ¥ & U¥Band 3
BIET AT AT S TS, R ERg &

a

(5528% fH27  2002)

F15 112 C band 3 RV RO HN TV 5 3K
FITR LT, ankyrin BIEF BT 2 1T-72. £
ORER, TNOOEF» G, WREETRE
CHEESINDBIETERIIFE S NG5,
(d)P 4.2 se&/RIBIEH]

P 4.2 554K $84E B (Nippon type, homozygote)
15832 1RERNZH LT, ankyrin &1z T AT %
o458, WNBEFRE LHEEINLER
TERIFAE I NP7,

4> 18] ankyrin & % T #T % 47 > 72 H A A HS
63RROTREBI D D B, 20K RH SIFE SNz,
198 D KEE T RE LTINS B TFER
N—% % Table 2 (TR L7z, TRHDERETE
BIZWINHERK TOMHRA R L, HARANIH
By L HeE SNz, £ 72, non-dominant type O
ankyrin BIZFERERED I B 5 KRIZDOVWT,
i % & ® 72 linkage study % 17 » 7258, W
FTHORRICBVWTLINSLOBEFRFEIR
de novo mutation Td 5% & & 2 HL7.

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

allele frequenc;

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) D11A 0.01 0.01
Exon 4 codon 105 : AAC—AAT (silent) 399C—T 0.12 0.15
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 0.02
Exon 17 codon 619 : CGT—CAT (Arg—His) R619H 0.05 0.02
Exon 18 codon 691 : GGC—GGT (silent) 2157C—>T 0.12 0.10
Exon 20 codon 737 : CCC—CCQG (silent) 2295C—G 0.01 0.01
Exon 21 codon 783 : ACC—ACT (silent) 2433C—>T 0.12 0.10
Intron 22 T—C, 13nts after end of exon 22 2545(+13T—C) 0.01 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) 0.23 0.30
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 0.21
Intron 40* C—T, 3nts before start of exon 41 5563(-3C—T) 0.81 0.77
Intron 41 G—A, 71nts 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 & {5 F @ Polymorphism & L T,
missense mutation 2 fifi, silent mutation 16F& A3k
H & L7z (Table 3). Z 11 5 @ polymorphism
@ allele frequency (Z\ 341 L, HS FEF & s
BLOMTHLRLZRIIAD LN 7.
£ ® 9 b D11A, 122 (—84C—T), 796 (—32
C—T), 2295C—G, 2545 ( +13T —=C), 3411
(+21C—G), 5563 (—3C—T), 5703 (+ 364C—
T) EWCKTIZBEHD %L, BAANBEAED L D
LEZ N,
2. Ankyrin 1R T FHE O B MR AT R
A BB & N7z ankyrin RN EETREE A
THHAANHS EFDH B, fEEITESNT
W72 W 198112 D\ T O BR R MR 1 AT R
Z, TNETHHETHRE SN/ band 3 HIE
FTREEZHTAHHARANHS EFIY 1D L g
HETo. ZOMKR, ankyrin #EimTRE %
AT BRI, BE~EEOMKL 2EEOIEN
EMEEIPE AN % 2 LTV 57t (Table 2), Hb fii
9.1+ 1.8 g/dl (band 3 EIZTRER 12.1+1.2),
reticulocytes 15.1+6.5% ([[9.0 £5.2) &,
ankyrin B15 T 2% 8 (2 band 3 EIZFEEE X
DY, ASPICEFEEEZ 55 (Table 4, P<
0.01).
3. Ankyrin BE{ZFRFEREI BT 2 BEH G
L ERH & N7z ankyrin BIZFREEHT 5
HS i 61 @ & & 1 AL 5 #T B B (Table 2,

Table 5) Ti, 208 R VT HORMmH 2OV
T ankyrin AR BED SN Leh o7, T
DIEBID S B, 176 (85%) 1ZDWTiL, #HREE
D P42 BIRIENRO N, ZOM 3 (15
%) 122V TiE, WThOREHRIEDHED S
Nah oz, F7-, HRIMERE ankyrin @ isoform
T& 5% ankyrin 2.2 122 Wi, 1461 (70%)
T10~45% DL 5B O bz, —F, D
ankyrin 2.2 D %4 1 ankyrin B {E T B2 A
SNLGh o FASEF OHFIZY, 8HIIZED S
4By i

% =

S OMFETIE, FTHARAD HS ERIZH
V¥ % ankyrin 81 TSR ERE O BEZ H L 10 F
5 HWT, DLAIIC Y E T band 3 EA5FHH
EHEITESN2AARNHS TR R ZHERME L,
D7) bband3 HIZFREVFEES N2 d o
72295 R 29BZ%F L T ankyrin {5 F# 6T % B
Cholz. FOMEER, SFROER (22%) H
5 ankyrin @12 FREENFEE I N T 72,
band 3 EEHRIEE A & W HA N HS 25K %12
%t L C ankyrin 1R FHT % 17 - 7245 8, 1258
$% (48%) \Z ankyrin EinT-REVFEE S M.
EHEOLORFEDWIZEBE, HERADOHS R
SRIZ BT % band 3 & H K HEIE OB E 13420~
30%CTH o7, —F, SSCPEIZ X A HIETFR

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/dl) [63))] (%) (%) (mg/dl)
Ankyrin mutation 19 19 9.1+1.8 84.5+6.8 34.3£1.6 15.1£6.5 2.0+1.4
Band 3 mutation 11 11 12.1£1.2 89.5+6.3 36.0£1.4 9.045.2 2.1417
P-value - - <0.01 0.03 <0.01 <0.01 0.87

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

corpuscular hemoglobin concentration.

Table 5. Characteristics 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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WO L, —HEEHRTI0~75%, THA
RRFETI0~100% & SNTWBH ™ F =,
Ozcan & 13 SSCP (2 & % ankyrin {5 T R %
OMBIEELIRT0% TH A EHEH LTS (R
ARTF—¥). COFEEZNMKRT L E, HAA
® HS KRAIZHBITF 5 ankyrin HIZFEEDOHD
HEREIE30~50%E L HEINS.

BESR DMK % ol & L7z ankyrin #{aF2E %
Pk 7- HS SEBICIL, frameshift 255 %> nonsense
BREMPKERZEDTEY, ankyrin & HIE#KD
LTwWaAD02 s OBETEREAET
BHIEBI T, < —EHoBI4 (ankyrin Saint-
Etienne 2) % [\ C, T ankyrin & I3
ARMERIE FICIEFEB L TH 53, null mutation
ThbEHEEEIN TS0 | 7-95,
TARMEREIZ B1F % ankyrin Z2H OFBLIE,
AT OEET LVORAMFTH &
1272, S ORER T ankyrin & FHI1E R4
THEEZOLND.

L L7Zd%6, 4 ankyrin & {51 28 A
EENTZHAN0RKZORERITIE, FORIEF] &
[ #E12 3 & L T frameshift 28 % 3 X 0N nonsense
EERPAD SN2 DLT, wihd
ankyrin & R IEBO N L olz. TOH
HE LTUTOERPEZ O, $TRM,
reticulocytosis @ B§ 5T & 5. reticulocytosis T i3
1 B AR I BR 12 He X T ankyrin £ F & 2543
BIZEML TV 2 ERBEIZHmonTW A,
HS T3 M T ERRRE KIS L T reticulocytosis
HEDONDE, fEo TRERMEKTIZ, T0
reticulocytosis @ # 2 AH%F 1Y 12 ankyrin & ASHE N
L, ankyrin ®EKEA R 2T ERZIESHTWS
bOLEESNDD D, R, FE_OERE
L T splenic conditioning D E L I N 5.
HS AR EkiE, BEHEFE IS TRALEE Zo
7-J8'& — 5 J& 4% microvesicle & L L CTHEBES
L7202, BREFROBA % &7 L TEHRILE
Xy lihd, ZOHA, ankyrin BERE
T, ankyrin JEA2HE - THREE & DMK H
Wi7=417> band 323 _EJE & 312 microvesicle
AL CEST A EELONTNSY Y30,

(%528% #H2% 2002)

Z ORE, PBUEO AL L Z @ membrane loss % B
WY LI LN, band3 A E 2L T, M
M1 ankyrin 25 L TR WHICAR B L
HEEND, FiE, BECTROERIIOWT
b, HS DE#HEE L TCORMMSKRE S HETS
e, WCREHARKADHS FEFIIZBIT
ankyrin £ F{ RO BHEE O IZ1E, RO
THEDBENH BEL TVBE I ENREINS.
—F, TH 5O ankyrin BIZFREEZAEHT S
2080 5 H178H1 (85%) H¥P4.2 DHERIFIKIEZE
B L Tw7. ankyrin {%, P4.2 Z/RIMERE LT
BEILEE TR EEINTEYY, ThHDIE
%1 1% ankyrin B H 12> T UAMIZP4.2 D
WAEELLTVWEDOLEEZ LS. 41
ankyrin Bz TN 2B I -7 HS ERFIZH
WTC, 32KFZAP42 M REEZELTH
D, Z09 H1TRKARD 5 ankyrin B {51 RZE 2
M hi-2eteisb, XoT, HKADHS
(4512 non-dominant type) THx d HHHEIZA B
T3 P4.2 MR RIB OB, €DE
7% ankyrin BIEFEFIER L TWw5E EE 2
5Nb. LaLaAS, SSCPEIC &k 5 &IET
BEORMEEZ MR L TD, P4.2 HpEn
K48 & ankyrin BI5T-2E OBEIZIIH & 2D
D, ZOPA4.2 BMESRBOWKIZ, ankyrin
BIETREUINIOATET S EHESINS.
Sk, PEROIRMERIE & H 5 #7 5 S ankyrin
BT R OFE L HEW T 5121E, ankyrin 2.1
RIBDA 21T T2 <, isoform T % band 2.2
2LPL2DEAREREITATHE LT
VEPRHLEEZEZDOND.

# &

Ra#Z 22z, WS, Bz 7226
ERRS SR ALEEEE, FmENE R W
B, ARG WE IR BEERATEEAN IR E L D B
BERLETT. T/, EERE B R ERK M
WA LHEABRKRICESE#HCZZLET.

LB, AWMXOEREO—HIZ, H62M HAMBF S
#4y (20004, FKH) (2BWTHERL.
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F7z, R, UToORBOL ETITbhzbo R 2y H R At D R R AR e, A B A IE A
Thb. XHFEERFMAEMB S EEAMFZE FrEEar e BBl & (RRSE 1 Mk 55 12 B8 3 A WP 9E8),
HFETFSE (0944346, 10044329), [FFLAEMIZE (0940235, MNMiFERKE7a Y = 7 MF%EE (10-111, 10-809,
09670164, 11670151, 12470206, 12671014), H 7 %4l 11-106, 11-803, 12-206).
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