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Red Cell Membrane Disorders in Japan
—Clinical, Electron Microscopic, and Biochemical Studies—

Takafumi Inoue

The pathogenesis of hemolytic disorders with red cell membrane abnormalities
(143 cases) was studied in red cell morphology, membrane proteins, membrane lipids,
and Na fluxes.

Hereditary spherocytosis (HS) was most frequent (55 cases ; 38.5%), followed
by hereditary elliptocytosis (HE), hereditary stomatocytosis (HSt.) and others.

Distinct subsets of HS with a decreased amount of band 3 (by 20~309% of the
normal value) were found, although most of the HS patients demonstrated a normal
amount of band 3. The amount of band 3 did not correlate significantly with the
concentration of total red cell membrane lipids in HS patients. This suggests that
the pathogenesis of band 3 deficiency may be different from that of the decreased
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membrane lipids associated with membrane surface loss in these HS patients.

Band 4.1 was decreased in 13 cases of 16 HE patients (six out of nine families ;

75%).

The amount of band 4.1 with respect to band 4.2 was reduced to 709 of

normal in the HE patients with a partial band 4.1 deficiency. The extent of the

partial band 4.1 deficiency, clinical findings and biochemical features appear to be

consistent in these patients with band 4.1 deficiency. (Accepted on October 28, 1993)
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Fig. 1.

scanning electron microscopy.

Criteria for red cell morphology in hereditary spherocytosis examined by
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Table 1.

The frequency -of various hemolytic disorders studied at Kawasaki

Medical School during the last 23 months

BERNE © R 3 EI0R LT, REMBRES & UIIER & D REREIEO B - 73E kxR &
FEBIL436] (0FKFR) . 7L, BERFHETREE L KB L LMigE1361 (8

KR 0.
EERPHE (RKZH)

1. HS (Hereditary spherocytosis)
2. HE (Hereditary elliptocytosis)
3. HSt. (Hereditary stomatocytosis)
4

5. Band 4.2 BHEIE
6. DMl

. Chorea-acanthocytosis
. BRI MR I
. BB RS S

. FEREH O MR R
. BERRNOREE

. HPCHA (Hereditary high red cell membrane
phosphatidylcholine hemolytic anemia)

. MDS (Myelodysplastic syndrome)

55 B (36 FKR)
1641 ( 8 5R)
1341 (8FR)*
1061 ( 5%KR)

881 (5%%)

541
341

( 55%K%)
(35R)
261 (25%%)
281 (25%)
281 (25%)
1441 (14 K%)
1341 ( 85%K%)

a
b
C
d
e. FEMFMERMHIM G RRIE
£
g
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1. FRBIEE (RSN

WRRIER| DB BISEE % Table 112RL 72,
BREEREOTTIZ, HS R HEENE <,
5561 (365%%) : 38.5%, IR\WT HE (band 4.1
S RIBE 2 &) 1661 (8 K%) ;11.2%,
HSt. 1361 (8 F£%R) ;9.1%, HPCHA10% (5
KR) 5 7.0%, band 4. 28 E 8 #1 (5 FKR) ;
5.6%E%>TWwW5. ZOMOERE L THEER
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wImEEm 28] (2RK%) 1 1.4%, BAECR
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DR, BEETH B Z E2HEAL 2 OH3 134
(8FKR) ;9.1%Th-oz.
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Table 2.
laboratory on various hemolytic disorders
flHEES T D2k
@ HS BX U HS (5%) 65 Bl —
(Hereditary spherocytosis)

® HE (Hereditary elliptocytosis) 16 il —

® HSt. (Hereditary stomatocytosis)

@ HPCHA (Hereditary high red cell 0%l
membrane phosphatidylcholine
hemolytic anemia)

® Band 4.2 BHEE

® #oft

1. MDS (Myelodysplastic syndrome) 4 %
2. March hemoglobinuria 26
3. Chorea-acanthocytosis 34
4. FEFIMEEMMEE I 2 Bl
5. EX B fEEEIEE m 141
6. EREEREEE (80 141
7. JRETEH O MR M 25 il

8. RRFELLTEONTELLD 204

YRl B 2WRBOZH
@[ 1. BS 55 B
2. HSt. 4 %l
3. HPCHA 14
4. Band 4.2 B¥E 2 Bl
5. Zoft
a. MDS 141
b. FEEHERM M ERRE 141
c. BRBCRFHEMmMEE I 141
® HE 16
® HSt. 141
® Band4.2 BEE 34
® zoft
1. MDS 4 41
2. March hemoglobinuria (HSt.) 2 %
3. Chorea-acanthocytosis 3%
4. FEERIMEEMEEL 2
5. B BB SIS M 141
6. HPCHA 141
7. [ a. HPCHA 6
b. HSt. 3%
c. Band 4.2 BHEE 141
d. FIEMREIMmERRE 141
L e. RETHOEMEEIM 14
8. [ a. HSt. 34
b. HPCHA 2 51
c. Band 4.2 BHHE 2 %
| d. RRAOREX 13 %

FEFNZ DWTIE, BIHIZ © 2> OB B3 ATRE
Th-o7zbDH114 (HPCHA 6 #], HSt. 341,
band 4.2 EHEE 1 6, FEIEMRMEMERRE

16 T, BoOlUfliconTIE, BEEbLZ
WioHEETE Y, FERTHOBMEEM L LT
SHEL Tz,

HHE-8 “RRFELLTEOSNTERDD”
LI DX, HBFRROFKEE M S HOFRIM
KRR (RCHTEREE) 2ROEE,
DIMBFE T DWT b EEOBREE1T S 7ediz, 4
BloALVEHELTEONTEIREDZ LT
bt REABCLY, HE2 35 CHEECT
52k, HBViEDHDHRMOSFREEEDERE
EREARL ZEBELEHNTH S.

ZIT, RERORW 2EEICHEL, &
EREANORERZHICOVW TR LI:bD %
Table 3 127R3. HS & HE i2BiL T, #RERHT
BORBWIS L —HLTBY, BCHERZR.
—7%, HSt. L&, MEBERTICIERICEZHES
NTwizbDix1flicEEs, LA HS L2
W SN TOIEFIDHBE ., ITEMERRE
D26 (25%) KOV TIX, EHBRO~NES
oYV ROBEMSEHS I TH - 7288, IRIMBRFE
RE» 5 B % & stomatocytosis (xerocytosis) 12
—HTrbDEEzZON:. REAEKI-T,
Mig#E b FkORMIREBRE 2R T HI3T
Dozl s, URNZBI 2 RIEZHNIE Hst.
L7, BEOEKERCER T UZTEMER
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Table 3.

Comparison of diagnosis before and after investigation in our laboratory

LRI B T B BREBEBEOZH

@ HS (Hereditary spherocytosis)

55§ ——— @

btk T DM

1. HS 44 B
L 2. HS (88 1141

©@ HE (Hereditary elliptocytosis) 166l ——@ HE 16 1
1. HSt. 141
2. HS 4 5
® HSt. (Hereditary stomatocytosis) 138 —® 3 a%gg7ﬁﬂﬂ OUEMMEES 35
b. fTEIMEERE 2 41
c. RRFEIZBVTHE 341
[ 1. HPCHA 0 %1
@ HPCHA (Hereditary high red cell g féﬁgiﬁﬁ &0 }gj
membrane phosphatidylcholine 106 ——@ Y i

hemolytic anemia)

a. FEATHOEMMERE 64
b. RRFAEICBWCHE 26

[ 1. Band 4.2 BREE 341
2. HS 2 %
® Band 4.2 B¥E 3P ——® | 3. Zoft
a. FRTHOBEMmMMEER 14
b. REFHEWCBVWTHE 24
. 1. HS 341
® zof (MDS % L) 1461 ®| 3 Zoft (MDS %) 1141
@ FHETHOEmD MR UPl——@ JRHERTHEOEMMER 14 %

* FRNOBEEZELFNZE £ 20,

RIREOZHICEEWIFZ L, Bl vwob
J T,

HPCHA BAL TiZ, KoK, JRIMERERE
BOHBUREATHZDT, BRI
FEFIE e <, RETHOBMBERME LTXS
NTEIEFIB Lo Tz,

band 4.2 BHEEIX, bBEIZIZRFEEEZ
SN TWAHEFIFE? T, IFE, BEEEREOD
WRETHTHBEEEVOOH 5. EBE, BN
B CHBEEEAS T R{T, band 4.2 REE
ERWENTERONTEEFBIFb Do T,
3. RABNICRA-BREMR, EHXEE, BiEE

SR DL

HERERMKEREEOREBIRERNRE %2
Table 4, BEXfES L CERESVHRE®
Table 5 IZ/RL 7z.

PR DEmEIC— L T, HE, HSt. TiXEm
Fr R HEEMTH Y, Fic HE Tid166iH

2Bz UBE S MR 2RO ko .
Na BikeEDTiE X, —#AIc HS ® HSt. TR
CHISNTWRFRTH Y, SEIOBRERIZB
TH HE 2[R\ 7 FEERBOKES T Na i
FEEEDOTUENTED o iz, Lie-> T, Na X
BETTHERT RIE, REREEICPPRIZ DD,
BEVPBERETH I 0E0EZEZ 2BE50D—D
DEELBERTHY, BISHEORKRICEL T
Ez2iE, BERRZANOBEANOFFOBICEE
RREEBR-LIEVWZS.

7, BEIREORFRBRCEL TIX, kD
HRELB D HS 2BV THREREE DR 338
O ONIAEFIBZ poTz. —F, HS L OERID
R L 722 HSt. T, BIEEEOBA L Tw5
EFZE L5275, WEDOERDKE, —D>D
BECREEZONT.

HPCHA BdL Tz, BARESHT ORERIE
B2 ORNB 570, HEORETH B8,
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Table 4. Hematological and biochemical features in various red cell mem-
brane disorders

A Sex: | RBC | Hb Ht | MCV | MCH |MCHC |Reticulo-| Indirect
ge e
(vear) male, cytes | bilirubin
famale | (X105/u]) | (g/dD) | (%) (fn (pg) | (%) | (%) |(mg/d])

HS (0=55) 17 29 3.34 |10.2 |29.1 |86.9 |30.5 |35.4 |8.3 1.6
+16 26 +0.95| +3.2| £9.0| *£8.2| *3.3| £2.5| *£6.1| *1.5

HE (n=16) 19 9 4.12 | 12.0 | 35.9 |87.6 |29.2 | 33.3 | 2.7 0.5
+17 7 +1.02| +3.0| +8.7| £3.9| *1.9| £1.9| *£1.6| 0.5

St (=1 24 5 3.62 10.9 32.2 88.8 30.5 34.3 4.2 1.1
) +12 8 +0.77| *+2.5| *7.3| £7.0| *+3.3| £1.5| *£3.6| *£1.3

HPCHA 31 7 3.52 12.4 36.6 104.5 | 35.7 34.2 16.2 3.3
(n=10) +13 3 +0.57| *+2.0| £4.5| £11.0| *5.5| £3.7| £10.9] *2.7

Bandd2 o 37 2 3.46 | 11.7 | 32.4 |93.9 |33.7 |36.3 |13.7 |0.8
anomalies +15 6 +0.76| *+2.8| +7.0| *£5.4| *2.1| £2.4| £11.2} +0.3

Others 39 15 3.08 | 9.6 29.4 | 96.6 | 32.3 |33.3 |8.2 0.7
(n=28) +24 13 +0.98| +2.8| +7.8| £12.4] *5.1| £2.9| *£7.4] +0.8

$5.50| 15.5 | 47.0

Normal +1.00| +2.5 +£7.0| 86.0 29.5 32.5 1.0 0.2

(n=30) £4.80| 14.0 | 42.0 | £10.0| *£2.5| +2.5| *£0.5| *£0.2
+1.00| *2.5| £5.0

Abbreviation HS : Hereditary spherocytosis, HE : Hereditary elliptocytosis,
HSt : Hereditary stomatocytosis. HPCHA : Hereditary high red cell
membrane phosphatidylcholine hemolytic anemia

Table 5. Sodium transport and membrane lipid composition in red cells of various red cell
membrane disorders, compared to those in normal subjects

Na Na
influx | efflux |

[Na] K] Membrane lipids Membrane phospholipid composition
RBC RBC (ug/10" RBC) (ng/10* RBC)
(m moles/ | (m moles/

ke | 1reo | @MD | (mM) | RC | Total PL| PE [PS+PI| PC | SM |L—PC

1073 2295 660 352 606 578 ‘ 69

Normal 1.29 2.40 10.0 90.
(n=30) | £0.14 | £0.50 | *3.0| =+

1202 2604 806 366 733 663 39
.0 £103| £241| =86 +38 +64 +73 +11

HS (n=55) 2.13 4.12 17.3 74.5
+0.71| =1.72 | +£6.7| +10.3| =*161| £363| =100| =55 | *+104| =91 +18
HE (n=16) 1.25 3.38 17.0 79.7 1123 2259 655 372 571 589 72
+0.18 | £0.57 | +£3.3| £7.4| =61 +156 | £56 +30 +46 *33 *15
HSt. (n=13) 1.95 5.45 26.3 75.2 1291 2514 709 421 684 621 79
' +0.69 | £2.31| =£5.7 | £13.0| £318| =£319| =70 +55 | x£117| =£82 *15
HPCHA 2.94 8.05 22.3 67.1 1454 2921 742 429 931 734 85
(n=10) | £0.72 | £1.68 | +3.5| =+4.8| =184 | =£272| =*161| £107| =71 =99 +38
Bandd.2 o 2.33 3.61 8.9 83.2 1306 2774 773 448 780 669 84
anomalies +0.85 | £0.23 | +0.4| =+0.4| +291| =£507| =114 | =£73 | £209| =£101 +27
Others 1.78 5.02 16.3 84.7 1259 2435 708 411 658 633 80
(n=28) | £0.65 | £3.51 | +5.8| =£9.5| =130 | =£377| =+83 *41 +83 74 +13
0
5

Abbreviation FC : free cholesterol, PL : phospholipids, PE : phosphatidylethanolamine,
PS : phosphatidylserine, PI : phosphatidylinositol, PC : phosphatidylcholine,
SM : sphingomyelin, L-PC : Lyso-phosphatidylcholine
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Table 6 (A). The contents of band 3 and band 4.2 in HS patients compared to
those in normal subjects
(A)
Band 3 /Band 5 Band 3/TMP |Band4.2/Band 5| Band4.2/TMP
(ratio) (%) (ratio) (%)
Normal 4.66+0.86 30.45+2.36 0.80+0.14 5.43+0.65
(n=30)
HS
_ 4.60+1.07 30.36+4.73 0.79+0.20 5.27%£1.10
(n=55)
Abbreviation TMP : Total membrane proteins
Table 6 (B). The values of the amount of band 4.2 with respect to band 5, the
concentration of total membrane lipids, and spherocytic index in HS
patients
(B)
Band 4.2/Band 5 Totallirggsélslbrane Spherocytic
(ratio) (4g/10" RBC) index
Band 3/Band 5 <3'fr13: 7 0.67+0.01 3367371 61777
< <
$58band 3 Band SE06T -y 0.770.03 3318:+497 644128
c
Band 3 [Band § 2501 1.06+0.03 3379563 573120
Statistical significance between two groups as shown above (P values)
a N. S. N. S. N. S.
b <0.001 N. S. N. S.
c <0.01 N. S. N. S

These HS patients were classified into three groups based on the relative content of
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band 3 (a ratio of band 3 to band 5) .

SEIOHRE TIZ, HPCHA 2 81 % FRIMERHE
PC (phosphatidylcholine) 13 931+71xg/10%*
RBC (PC/total phospholipids=31.8+2.5%)
THY, IEH (733+64 ng/10°°RBC (PC/total
phospholipids=28.2+1.0%)) IZEL~XTH S »»
CEEERLT.
4. HS (2173 band 3, band 4.2 EFEEDE
HeLURMLIRTEE, BRIEEE L ORR
HS 2B 3EEH band 3 8 X UFband 4.2
DEFRIZDOVTHRE L 72fER % Table 6 (A)
Rl 7z,
Band 3 8 & f band 4.2®D total membrane

proteins ® % \» id band 5 12 % ¥ % LK ik,
mass ZLEE 2175 R Y normal control &2 HS
TEFIDEITIZ & A EEDIRDONE P>, L
»L, SEBRELE HS S5EFOHICi, B
5 iZband 3 EFEDET (EEICHLEY
20~30%IR%) 2R IIEFID T HIEFhTEY, £
ZThand 3 DEERBIC, HSEHF% 3Fs
L, KRxDband4.2 5=, BIEEEE,
spherocytic index (JERE) & DBGEMEIZDWT
WMET L7z, DR % Table 6(B) 2R3 . £
HS #E # 12 3 1 % band 3/band 5 ratio i
4.60+1.07 (n=55) TH 3%, band 3/band 5
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BORE 2 BHEAFNZ DOV TTo 72 d DA
Figure 3 TH 323, RV FEFEOHENA SR
72(r=0.817, p<0.01). %7, HSEHIcBY
% band 3 EHELMBEREB LS band 3 &H
£ & spherocytic index ORI EM: S & 72 DB
Figure 4, Figure 5 TH 55, windbBHL»
SRS sl ro 72 (r=0.032, NS). 7z
72U, Figure 6 12RT Lo, BEREER
spherocytic index & ORI IZFHEIMNTD Sh
(r=-—0.700, p<0.01), EE(LDHS »i
FEFNE Y, RBEREENMEWERSA SNz,
5. HE IZ &7 % spectrin, band 4.1 EEEH
& U band 4.1a/band 4.1b ratio Dk 5t
SERER L5/ HE ERIZ 8 RRI6FITH S
M, D55, band 4.1 DEFLHREEFHE->T»
ZIERNIE 6 KRB HRCED sl (TR
THB L HED75%). £z, YD 2KR3
JEFNIZDOWTIX, band 4.1 BL U spectrin &F
EOETHRD 6T, EIBERMIKEL D
M H U 7z spectrin dimer D EEBE B X O
trypsin ZLE# @ peptide mapping (domain fi#
1) THEHSREE R RV 1fER

Table 7. The contents of spectrin+ankyrin and band 4.1 in HE patients with or
without partial band 4.1 deficiency, compared to those in normal subjects
Sp.+Ank./Band 5 | Sp.+Ank./TMP | Band4.1/Band 5 | Band 4.1/TMP
(ratio) (%) (ratio) (%)
N(‘I’l‘f;}) ] 6.60+1.54 44.04+3.76 0.96+0.18 6.3840.87
? b
At 6.77+1.48 | 46.52+5.84 | 0.7240.20 | 4.92+0.98
HE with partial = c
band“'(ln‘iegc)‘ency 6.39+1.03 | 45.73%5.61 | 0.65+0.16 4.64%0.87
d
He with normal
et o b1 8.3442.46 | 49.95+6.72 | 0.99+0.14 | 6.10%0.28
Statistical significance between two groups as shown above (P values)
a N. S N. S. <0.001 <0.01
b N. S N. S. <0.01 <0.01
[¢ N. S N. S. N. S. N. S.
d N. S N. S. <0.05 <0.001

Abbreviation Sp. : Spectrin, Ank. : Ankyrin,

TMP : Total membrane proteins
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A : HE with normal amount of band 4.1 (n=3)

Fig. 7.
compared to those in normal subjects
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The values of the amount of band 4.1 a, band 4.1 b, and
the ratio of band4.1 a to band4.1 b in hereditary
elliptocytosis with or without partial band 4.1 deficiency,
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