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Abnormalities of Erythrocyte Membrane Proteins in Korean Patients

with Hereditary Spherocytosis

Hereditary spherocytosis (HS) is a common inherited erythrocyte membrane
disorder characterized by chronic hemolytic anemia. Clinical manifestations and
biochemical abnormalities of HS are heterogeneous. In this study, we investi-
gated erythrocyte membrane protein defects in 27 Korean HS cases. Utilizing
both the Fairbanks system and the Laemmli system, sodium dodecyl sulfate
polyacrylamide gel electrophoresis of erythrocyte membrane proteins was
performed. Proteins were stained with Coomassie brilliant blue and gels were
scanned using a densitometer. We detected spectrin deficiency in 7.4% of cases
(2/27), ankyrin deficiency in 29.6% (8/27), combined spectrin and ankyrin defi-
ciency in 3.7% (1/27), band 3 deficiency in 11.1% (3/27) and protein 4.2 defi-
ciency in 14.8% (4/27). Membrane protein deficiencies were not observed in
nine cases (33.3%, 9/27). Members of two of seven families tested showed
the same protein defects as the proband. Ankyrin deficiency alone and combined
with spectrin deficiency accounted for 33.3% of cases (9/27), and they were
the most common biochemical defects in Korean HS cases. Protein 4.2 defi-
ciency caused HS more frequently in Koreans than in Caucasians.
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INTRODUCTION

Hereditaty spherocytosis (HS) is a common inherited
hemolytic anemia charactetized by spherocytes in peri-
pheral blood and increased osmotic fragility of erythro-
cytes (1). This disorder is heterogeneous in clinical pre-
sentation, inheritance, molecular basis and biochemical
phenotype. In a majotity of families, HS is dominantly
inherited, though some patients show a recessive pattetn
of inheritance ot new mutation (2). The charactetistic
features of HS include mild anemia, jaundice and
splenomegaly, but clinical sevetity varies highly ranging
from asymptomatic to severe life-threatening hemolytic
anemia (1).

The primary defects of HS reside in the erythrocyte
membrane cytoskeleton, protein components of the mem-
brane (3). Although ankyrin or spectrin deficiency was
detected in a majotity of HS patients, recent studies have
indicated that the primary molecular lesion could also
involve band 3 or protein 4.2 (4, 5).
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Other than a few reports describing the biochemical
causes of HS patients in the United States and Eutrope
(2, 6), and in Asia except for Japan, biochemical abnot-
malities of HS patients have not been well documented
(7). The purpose of our study is to investigate the dis-
tribution of erythrocyte membrane protein defects in
Korean HS patients. Using sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), we analysed
etythrocyte membrane protein abpormalities in Korean
HS patients.

MATERIALS AND METHODS

Materials

We studied 27 HS cases. HS was hematologically
diagnosed by clinical featutes, the presence of sphetocytes
in petipheral blood smear, increased osmotic fragility,
exclusion of other cause of spherocytic hemolytic anemia
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and the family histoty of hemolysis.

Methods

Using heparin as an anticoagulant, venous blood was
collected and immediately processed. Erythrocyte ghosts
wete prepared from blood by hypotonic lysis, using lysing
buffer [5 mM NaPQy, 1 mM EDTA, 0.2 mM phenyl-
methylsulfonyl fluotide (PMSF), pH 8.0] accotding to the
procedute of Dodge et al. (8).

Protein concentration was measuted by Lowty’s meth-
od (9), using a protein assay kit (Bio-Rad, Hercules, CA,
US.A). SDS-PAGE was petformed utlizing both the
methods of Faitbanks (10) and Laemmli (11). For the
former, 3.5-17% exponential gradient gel was used with
Tris-acetate buffer (pH 7.4), and for the latter, 4-17%
linear gradient gel with Ttis-HCl buffer (pH 8.8). Pro-
teins were stained with Coomassie brilliant blue, and gels
wete scanned using a densitometer (KEN EN Tec., Co-
penhagen, Denmark). The amount of each protein was
expressed as a ratio to that of band 3 except for the
amount of protein 4.2 which was compared with that
of protein 4.1. A protein component deficiency was iden-
tified when in the same gel, the amount of each protein
in a patient was 10% less than that in a normal control.

RESULTS

Using the Faitbanks system, we obsetved nine bands
in SDS-PAGE gel; these were @ and § spectrin, ankyrin,
band 3, protein 4.1 and 4.2, actin, protein 6 and protein
7 (Fig. 1A). The Laemmli system did not differentiate the
ankyrin band from J spectrin, so eight bands were iden-
tified (Fig. 1B). Slowetr-moving fractions such as specttin,
ankytin and band 3 were separated better with the Fait-
banks system than with Laemmli’s, and fastet-moving
fractions such as protein 4.1 and 4.2, actin, protein 6
and protein 7 were bettetr separated with the Laemmli
system. The defects of slower-moving and faster-moving
protein components in the Faitbanks and Laemmli sys-
tems wete analysed.

Hematological data and results of red cell membrane
protein studies of HS cases are summatized in Table 1.
In seven of 27 HS cases, we analysed red cell membrane
proteins of family members and for some, we obtained
clinical and hematological data. In other cases, clinical
information and blood samples of family membets were,
unfortunately, not available. Hemoglobin levels ranged
from 2.6 0 15.0 g/dL, and all cases showed spherocytosis
in peripheral blood smeat. Osmotic fragility was increased
in 20 cases, notmal in one and not evaluated in six.

We detected spectrin deficiency in 7.4% of cases
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Fig. 1. Erythrocyte membrane proteins in SDS-PAGE. SDS-
PAGE utilized both the Fairbanks system with 3.5-17% expo-
nential gradient gel (A), and the Laemmli system with 4-17%
linear gradient gel (B); proteins were stained with Coomassie
brilliant blue.
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Fig. 2. SDS-PAGE stained by Coomassie brilliant blue of two
hereditary spherocytosis (HS) cases. (A) Combined ankyrin and
spectrin deficiency in HS using Fairbanks system (Case 3). The
ratio of ankyrin/band 3 and spectrin/band 3 were 0.11 and 1.00,
respectively (normal control: 0.28 and 1.14). (B) Partial protein
4.2 deficiency in HS, using Laemmli system (Case 15). The ratio
of protein 4.2/protein 4.1 was 0.88 (normal control 1.35). C,
normal control; P, patient

(2/27), ankyrin deficiency in 29.6% (8/27), combined
spectrin and ankyrin deficiency in 3.7% (1/27) (Fig. 2A),
band 3 deficiency in 11.1% (3/27) and protein 4.2 defi-



286

Y.K. Lee, H.l. Cho, S.S. Park, et al.

Table 1. Hematological data and results of erythrocyte membrane protein studies of patients with hereditary spherocytosis and

their family members

Case Age/Sex Hb Osmetic PBS and Results of SDS-PAGE
(g/dL) fragility other findings [The ratio* of patients (normal controls)]

Case 1 3M 8.0 1 Spherocytosis Ank def [ank/b3 0.15 (0.28)]

Case 2 3M 6.4 1 Spherocytosis Ank def [ank/b3 0.18 (0.22)]

Case 3 6/M 6.8 1 Spherocytosis Ank & sp def [ank/b3, sp/b3 0.11, 1.00 (0.28, 1.14)]
Brother 4M 10.1 NA Spherocytosis Ank & sp def [ank/b3, sp/b3 0.12, 0.88]
Father NA NA Normal Normal

Mother NA NA Splenectomy Ank & sp def [ank/b3, sp/b3 0.16, 0.85]
Case 4 8/F 10.1 1 Spherocytosis B3 def [sp/b3 1.51 (1.02)]

Case 5 15/F 26 1 Spherocytosis' Ank def [ank/b3 0.19 (0.27)]

Brother 16/M NA NA Normal Normal

Mother 46/F 1.4 1 Cholecystectomy Ank def [ank/b3 0.17]

Case 6 11/M 13.8 1 Spherocytosis Normal

Mother NA NA NA Normal

Case 7 5/F 104 1 Spherocytosis Ank def [ank/b3 0.17 (0.25)]

Sister 3/F 9.7 NA Spherocytosis Normal

Case 8 12/M 12.2 1 Spherocytosis Ank def [ank/b3 0.16 (0.19)]

Case 9 6/M 7.8 NA Spherocytosis B3 def [sp/b3 1.27 (1.14)]

Mother NA NA NA Normal

Case 10 2/F 10.0 1 Spherocytosis Normal

Case 11 14/F 15.0 1 Spherocytosis Sp def [sp/b3 0.85 (1.04)]

Case 12 9M 13.6 1 Spherocytosis' Ank def [ank/b3 0.11 (0.18)]

Mother NA NA NA Normal

Case 13 8/M 75 NA Spherocytosis Ank def [ank/b3 0.18 (0.27)]

Mother NA NA Normal Normal

Case 14 NA NA Spherocytosis Normal

Case 15 7/F NA NA Spherocytosis P4.2 def [p4.2/p4.1 0.88 (1.35)]

Case 16 3M 8.3 NA Spherocytosis P4.2 def [p4.2/p4.1 0.94 (1.96)]

Case 17 8/F 8.8 NA Spherocytosis Normal

Case 18 6/F 9.6 1 Spherocytosis B3 def [sp/b3 1.22 (1.01)]

Case 19 6/M 8.1 Normal Spherocytosis Normal

Case 20 18/M 85 1 Spherocytosis P4.2 def [p4.2/p4.1 1.00 (1.40)]

Case 21 18/F 10.8 1 Spherocytosis P4.2 def [p4.2/p4.1 0.18 (1.31)]
Case 22 10/F 8.7 1 Spherocytosis' Sp def [sp/b3 1.07 (1.43)]
Case 23 6/F 18 1 Spherocytosis Normal
Case 24 5M 8.7 1 Spherocytosis Normal
Case 25 3/F 8.7 1 Spherocytosis Normal
Case 26 27/F 10.8 1 Spherocytosis Normal
Case 27 1 mo/M 8.7 1 Spherocytosis Ank def [ank/b3 0.2 (0.25)]

*The Fairbanks system was used to detect abnormalities of spectrin, ankyrin, band 3 and the Laemmili system for protein 4.2.; 'Case

with splenectomy

PBS, peripheral blood smear; def, deficiency; Ank, ankyrin; Sp, spectrin; NA, not available; B3, band 3; P4.2, protein 4.2

clency in 14.8% (4/27)(Fig. 2B). Ankyrin deficiency alone
and combined with spectrin deficiency accounted for
33.3% of cases (9/27), and they were the most common
defects. In nine HS patients (33.3%), erythrocyte mem-
brane protein defects were not observed.

Members of two of seven families tested showed the
same ptotein defects as the proband (Table 1).

DISCUSSION

Erythrocyte membrane consists of lipid bilayet, cyto-

skeletal protein and glycoprotein, and the maintenance
of its shape depends on the proteins composing of the
inner membrane cytoskeleton. Molecular defects in cyto-
skeletal protein cause hemolytic anemias, and they are
categorized as hereditary spherocytosis (HS), hereditary
elliptocytosis, hereditaty pyropoikilocytosis, or Southeast
Asian ovalostomatocytosis (3). HS is the most common
etythrocyte membrane disordet.

In terms of clinical manifestation, molecular defect and
biochemical phenotype, HS is a heterogeneous disorder
(1). Until the 1980s spectrin deficiency was the principal
defect reported in HS (12), but several additional types



Abnormalities of Erythrocyte Membrane Proteins in Korean HS

of membrane protein defects have recently been de-
scribed. Undl recently, ankytin deficiency alone ot com-
bined with spectrin deficiency was detected in a majority
of HS patients but defects of other proteins such as band
3 and protein 4.2 have also been repotted to cause HS
2,4, 5, 13-15).

In this study, we investigated the distribution of
etythrocyte membrane protein defects in Korean HS
patients. Ankytin deficiency was most common, obsetved
in 9 of 27 cases (33.3%); there were eight ankyrin defi-
ciencies alone and one ankyrin deficiency combined with
spectrin deficiency. Among Caucasians with HS, ankyrin
deficiency is the most common biochemical abnormality.
Delaunay et al. reported that 70% of HS stems from
ankyrin mutations (16). Savvides et al. (14) and Pekrun
et al. (15) reported that combined ankyrin and spectrin
deficiency was detected in most cases of HS; ankyrin
defect was considered the primaty molecular defect, and
spectrin deficiency was secondaty to the loss of ankyrin
attachment site. In Italian HS patients, spectrin defects
account for 43.2% of cases, and ankyrin deficlency alone
ot combined with spectrin deficiency, 19.7% (2). Among
Kotean HS patients, however, spectrin defect alone was
found in only 7.4% of cases, which was less common
than among Caucasians.

Four cases showed partial protein 4.2 deficiency, which
was a higher frequency than that reported in other
regions (2, 13). In Japan, protein 4.2 deficiency is also
a common cause of erythrocyte membtane disorder and
is reported to cause spherocytosis or stomatocytosis (17).
All cases with protein 4.2 deficiency in this study showed
spherocytosis only.

We could not detect any membrane protein defects
in nine HS patients (33.3%). Miraglia del Giudice et al.
reported that protein defeciencies were not detected in
five kindred out of 39 kindred from Italia (2). In
Brazilian HS, 30% of cases showed no abnormalities of
membrane proteins (13). Jarolim et al. reported that
15% of autosomal dominant HS had no quantitative
abnormalities of erythrocyte membrane proteins (18).

Two of seven cases for which family blood samples and
clinical and hematological data were available showed the
same defects in family members; one with combined
ankyrin and spectrin deficiency (Case 3) and one with
ankyrin deficiency alone (Case 5). The inheritance pattern
of these cases was considered to be autosomal dominant.

Membrane protein deficiencies were also seen in three
patients after splenectomy; this procedure can cortect
hemolytic anemia and decrease spherocytes in petipheral
blood, but it does not seem to change red cell membrane
protein abnormalities.

We used SDS-PAGE for the analysis of erythrocyte
membrane protein abnormalities. SDS-PAGE separates
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each protein component and allows the quantitation of
each band density. SDS-PAGE method is relatively sim-
ple and does not need specific instruments, but the
results may be affected by factors such as protein loading
dose or gel status, and this makes it difficult to comparte
the band intensity of patients with that of normal
controls. The problem can be overcome, however, by
determining the ratio of each band density to band 3
ot the ratio of protein 4.2 to protein 4.1 and comparing
this ratio to that of normal control (13, 17).

In conclusion, this study showed that ankyrin defi-
clency is the most common biochemical finding in
Korean HS patients, and protein 4.2 deficiency is a mote
frequent cause of HS in both Koteans and Japanese than
in Caucasians.
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