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Abstract

The underlying cause behind the aceelerated destruction of erythroeyies in the bone marrow and in the peripheral
circulation. accompanying the B-thalassemic syndromes is still not clearty understood. The present investigation demon-
strates that increased phagoceytosis of erythrocytes in E B-thalassemia is inhibited by the presence of phosphatidylserine (PS)
vesicles, suggesting o PS—"PS-receptor” type of interaction in premature recognition of these erythroeytes by mactophages.
Increased exposure of both aminophospholipids phosphatidylethanolamine (PEY and PS was demonstrawed by fuorescamine
labeling and annexin binding, respectively. The slower rate of translocation ol PS across the bilayer suggested thiat this
contributed towards the increased exposure of PS in E B-thalassemic erythrocytes.
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1, Introduction

Thalassemias result from inherited defects in the
rate of synthesis of one or more of the globin chains.
This causes ineffective erythropoiesis. hemolysis and
a variable degree of anemia. Thalassemia is the most
frequent autosomal recessive inherited disease that is
distributed worldwide. Hemoglobin E (HbE) is
globin B-chain variant resulting from the substitution
of glutamic acid by lysine in codon 26. Heterozygous
E B-thalassemia is common in South-cast Asia [1].
Studies of the thalassemic syndromes have coneen-
trated intensively on the primary defects in
hemoglobin synthesis. [t is generally assumed that the
extra unmatched globin chains precipitate in the ery-
throcyte leading to membrane  dystunction. The
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mechanisms leading to the premature destruction of
erythrocytes i the bone marrow sinuseids and the
peripheral circulation, are less clearly understood,
other than the possible involvement of hemichrome-
induced integral protein aggregation [2). Most of the
work on the evythrocyte membrane has focused on
defeets in associations of cytoskeletal proteins, stud-
ied particularly in mouse models of B-thalassemia
[3-7] However, the possible involvement of loss of
phospholipid asymmetry in the shortening of the
life-span of thalassemic erythrocytes, has not been
explored.

Ditferent phospholipid classes are asymmetrically
distributed over the two halves of the lipid bikiyer in
blood cells [8]. The choline phospholipids phos-
phatidylcholine (PC) and sphingomyelin (SM) are
concentrated in the outer leaflet, whereas the
aminophospholipids  phosphatidylethanolamine (PE)
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and phosphatidylserine (PS) are concentrated in the
inner leaflet. It is now well established that this
asymmelric distribution of phospholipids is common
to many different eukaryotic cell types [9-12). Sev-
eral mechanisms of maintenance of phospholipid
asymmelry have been proposed [13]. Earlier it was
felt tha, specific associations of aminophospholipids
and some cytoskeletal proteins contribute towards
maintenance of phospholipid asymmetry [14]. How-
ever, rezent work has shown that a perturbation in
cytoskeleton proteins does not affect the phospholipid
asymmetry [15-17]. The existence of an aminophos-
pholipid trans locase capable of translocating P§ from
the outer to the inner leaflet of the lipid bilayet. is
now well documented [18-21). Lipid asymmetry is,
on the other hand, rapidly abolished upon elevation
of intracellular Ca** in erythrocytes or platelets
[21,22]. A major consequence of this process of lipid
scrambling is the exposurc of PS on the outer surface
of erythrocytes or platelets.

The presence of PS in the outer leaflet of cells
results in their endocytosis by phagocytes [23-26],
PS exposure has been demonstrated in red blood cells
from B-thalussemia patients [27]. However, a study
using model B-thalassemic erythrocytes showed a
normal steady-state distribution of PS [28]. The pre-
sent investigation presents evidence in favor of in-
volvement of PS externalisation and loss of phospho-
lipid asymmetry in increased erythrophagocytosis in
heterozygous E B-thalassemia, The rate of PS translo.
cation was found to be slower in these erythrocytes.

2. Materials and methods

2.1. Mutcrials

Fatty acid-free BSA, fluorescamine, egg PC and
4 4'-diaminobenzidine were purchased from Sigma.
RPMI 1640 was from Gibeo, brain PS and {-palmi-
toyl-2-{6-{Tnitrobenz-2-oxa- 1 3-diazol-4-yDamina)-
caproyli-si-glycerol-3-phosphoserine (NBD-PS) were
products of Avanti Polar Lipids. annexin V (fiom
human placenta) was purchased from Serbio, France,
IODOBEADS iodination reagent was from Pierce,
and carrier frec Na'*| was {rom Amersham. UK. All
other reagents were of analytical grade.

2.2. Phagocytosis assay

Macrophages were obtained from the peritoneal
cavity of 7-10-week-old Balb/C male mice. 3 days
after an intraperitoneal injection of 1-2 ml of 2%
starch in sterile phosphate-buffered saline (PBS).
Ceils were washed with PBS and spun down at
500 X g for 5 min. The cells were then resuspended
in RPMI 1640 medium supplemented with 50
units /ml penicillin, 50 ug/ml streptomycin and 10%
fetal calf serum. Viability was assessed by trypan
blue staining. Cells were layered on coverslips (5 - 10°
cells /coverslip) and incubated for 4 i in 5% CO, at
37°C. The coverslips were then washed with RPMI
1640 to remove any cells which had not adhered.
Erythrocytes (2 10° cells /coverstip) were layered
over the macrophages and incubated for 45 min in
5% CO, at 37°C. Non-adherent cells were removed
by gentle washing with PBS and surface-bound ery-
throcytes were lysed by treatment with 140 mM
NH,CI/17 mM Tris-HCL, pH 7.6 for 5 min. Cover-
slips were dried, fixed with methanol, stained with
4.4 diaminobenzidine for erythrocytes and counter-
stained with Giemsa for macrophages. Ingested ery-
throcytes were counted by microscopy. For each set,
the number of macrophages that had ingested one or
more erythrocytes was determined. Phagocytosis was
expressed in ierms of erythrocytes ingested per 100
macrophages [24].

2.3, Preparation of vesicles

Phospholipids were dried as films under a stream
of N, and then dried under vacuum. The films were
rehydrated by the addition of buffer containing 137
mM NaCl. 10 mM KCI, 7.4 mM Na,HPO,. 2.6 mM
NuH,PO,, pH 7.4 and vortexing. Small unilamellar
vesicles (SUVs) were made from these multilamellar
vesicles by sonication in a bath-type sonicator and
final vesicle concentrations were determined by the
method of Ames and Dubin [29].

24 Preparation of lipid-ssmmetric and asvmmetric
ervihroevies

These were prepared according to the method of
Schlegel et al. [30] by lysing erythiocytes in the
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presence or absence of Ca™* followed by resealing
with 10 X PBS to obtain lipid-symmetric and asym-
metric cells, respectively. Briefly. 100 ul of packed
RBC were lysed with 1 ml of lysis buffer (7.4 mM
Na,HPO,, 2.6 mM NaH,P",. I mM MgCl,. 0.1
mM EGTA, pH 74). Ca™* (! mM) was added during
vortexing for preparation of symmetric erythrocytes
and kept on ice for 2 min. 100 ul of resealing buffer
(10 X PBS, | mM MgCl,) was added to restore the
isotonicity, followed by incubation at 37°C for 30
min. Cells were then pelleted down at 3000 rpm and
counted, followed by resuspension in RPMI 1640 and
addition to the confluent layer of macrophages.

2.5. Incubation with vesicles

PC or PS vesicles were added to each
macrophage-containing coverslip along with the ery-
throcytes. Erythrophagocytosis was assayed as de-
scribed above.

2.6. Determination of phospholipid distribution in red
blood cells

The steady-state transmembrane distribution of PE
was determined by labeling of aminophospholipids
with fluorescamine [31]. Briefly, RBCs. were washed
three times with PBS and resuspended in labeling
buffer (100 mM ¥CI, 50 mM NaCl. | mM CuCl,, |
mM MgCl,. 5 mM ~a,CO, . 20 mM Tricine, pH 8).
Subsequently, fluorescamine {2 umol) was added to
1.3+ 10° RBC in 3.3 ml of buffer from a 114 mM
stock solution in DMSO /acetone (1:2.5). Labeling
was carried out at room teimperature for 30 s, and the
reaction was stopped by adding 7.5 ml of the labeling
buffer containing 6 mM glycylglycine (instead of
Na, CO,). RBCs was pelleted by low speed centrifu-
gation and lysed by adding 0.5 ml of 20 mM glycyl-
glycine, pH 8. Lipids were extracted by the method
of Rose and Oklander [32]. Lipids were separated by
thin-layer chromatography and phospholipid phos-
phorus was measured.

2.7. Annexin binding assay
This was performed as described by Tait and

Gibson [33]. Annexin (from human placenta) was
iodinated using the Pierce IODOBEADS iodination

reagent and Na'™I [34]. Binding assays were carried
out in a buffer consisting of 10 mM Hepes, pH 74
135 mM NaCl, 2.7 mM KCL 2 mM MgCl,. | mM
NaH,PO, 5 mM glucose. | mg/ml BSA (fatty
acid-free). | U/ml heparin, and 2.5 mM Ca**. Ery-
throcytes at a concentration of 5+ 107 cells /ml, were
incubated with '**[-annexin at a concentration of 100
nM for |5 min at 37°C, and radicactivity associated
with the cells was counted after centrifugation. Non-
specific binding was measured in the presence of 5
mM EDTA.

2.8, Determination of PS translocatios rates in red

blood cells

The translocation of PS from the outer to e inner
leatlet was measured using fluorescent NBD-labeled
PS [35). Briefly, PS was added to a final concentra-
tion of | uMto 20 pl packed RBC and incubated on
ice for 5 min in § mM Hepes, pH 7.5, 145 mM NaCl,
S mM KCl, | mM Mg**, 10 mM glucose (Buifer A).
Cells were spun down, washed and reconstiuted in 2
ml of Buffer A. 100-ul aliquots were removed at
different time intervals into | ml of buffer A contain-
ing 1% fatty acid-free BSA, in order to remove
NBD-PS from the outer monolayer. Samples were
pelleted and fluorescence associated with the super-
natant was measured in a spectrofiuorimeter (excita-
tion wavelength: 472 nm, emission wavelength: 534
nm).

3. Results
3.1 Uptake of ervthroeytes by macrophages

E B-thalassemic erythrocytes were phagocytosed to
a greater extent than normal erythrocytes (Table 1),
The role of PS extemalisation in increased phago-
cytosis was investigated. Assuming that externalised
PS interacts with a PS receptor on macrophages, it
was argued that PS vesicles would competitively
inhibit binding and uptake of the thalassemic erythro-
cytes by macrophages. When macrophages were co-
incubated with thalassemic erythrocytes and PS vesi-
cles, the extent of phagocytosis was reduced almost
to the extent seen in the case of normal erythrocytes
(Table 1). The inhibition of phagocytosis showed a
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Table | Table 3
Uptake of erythrocytes by macrophuges Annexin binding to normal and E g-thalassemic erythrocytes
Group Number  Number of Group Number " Annexin
erythrocytes /100 binding
macrophages Normal 9 12305 7
Norma! 6 70+09 E B-thalassemia 12 14424 + 7620
Svimmetric ! 170420
Symmetric + PS (4 amol) & 127404 Results represent the means +5.D.
Symmetric + PS (8 nmol) 6 95404
Symmetric +PS (16 nmol) - 6, 69407 i , i ) .
Symmetric + PC (8 amol) 6+ 141402 in PE in the outer leaflet of the bilayer in E B-thalas-
Symmetric + PC (16 nmal) - 6 139412 semic erythocytes compared to normal erythrocytes
Ep 6 203207 {Table 2). The distribution of PS could not be mea-
Ef +PS (4 nmol) 6 MHOLLD sured by the fluorescamine labeling technique.
EB +PS {8 nmol) (U 103£0.1
EB +PS (16 mmol) o | 67418 '3 o
EB +PC (§ nmol) 0! 17201 3.3. Annexin binding
£ +PC 6 nmol} 0 105400

Results represent the means + 8.0
EB represents E B-thalussemic erythrocyles,

dose cffect, ic.. increasing amounts of PS vesicles
caused increased inhibition, No such effect was ob-
served with PC vesicles. The observation was similar
to that seen in the case of lipid-symmetric erythro-
cytes where co-incubation with PS vesicles reduced
phagocytosis almost to background levels observed in
the case of lipid-asymmetric erythrocytes, These find-
ings strengthened the view that at least in vitro,
enhanced uptake of thalassemic erythrocytes by
macrophages involves 4 PS-'PS-receptor” interac-
tion.

3.2, Steady-state  distribution
phatidvlethanolamine (PE)

of phos-

The stationary distribution of PE in the outer and
inner leaflet of the bihier was stdied by fluo-
rescamine labeling, There was a significant increase

Table 2

Steady-state distribution o PE in normal and E g-thalassemie
¥ -tha lic

erythrocytes

Annexin binding was routinely performed after
storage of the samples for 24 h at 4°C. since it was
not possible to perform assays with patient samples
on the day of drawing blood. The thalassemic popula-
tion showed an average of almost twelve times more
annexin binding when compared with normal donors
(Table 3). This supported the view that exposed PS
was significantly higher in thalassemic erythrocytes
compared to normal erythrocytes.

3.4. inward translocation of fluorescen* "JBD-PS

The translocation of PS from the outer to the inner
monolayer was assessed after loading ol cells with
Muorescent NBD-PS. The rate of translocation was
found 1o be slower in the case of EpB-thalassemic
erythrocytes compared to normal ones (Table 4), The
initial velocity of translocation was slightly higher in
normal (2.9% /min) compared to patient (1.8% /min)
erythrocytes. The average times taken for transloca-
tion of 50% of the NBD-PS from the outer to the

Table 4
Transtocation rates of NBD-PS from the outer to the inner
monolayer of erythrocytes

Group Number — Initial Time taken
Gioup Number % PE in velocity (% for 50%
the vuter translogation — translovation
monolayer per min)
Normal 6 1864 1.5 Normul 6 29403 1613
E B-thalassemic 6 DALY EB-thalassemia - 6 18+0.3 WR+44

Results represent the means + 5.0, 0.001 < P < 0,01,

Results represent the means + S.D. 0001 < P < 001
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inner leatlet were 16.1 and 28.8 min for normal and
E f-thalassemic erythrocytes, respectively.

4, Discussion

The mechanisms leading to the premature destruc-
tion of thalassemic erythrocytes. and consequent ane-
mia, remain poorly understood. In the present investi-
aation, attempts were made to analyze the possible
role of PS exposure on the outer surface of tha-
lassemic erythrocytes in the recognition of these cells
by macrophages and their clearance from the circula-
tion. Transmembrane lipid organization had previ-
ously shown to be altered in mouse S-thalassemic
cells [36], although no obvious differences in station-
ary distribution of PS had been detected. The present
study focused on heterozygous EB-thalussemia, a
condition abundantly found in South-cast Asia and
associated with severe anemia. E B-thalassemic ery-
throcytes, not unexpectedly, showed increased ery-
throphagocytosis compared to normal erythroeytes,
The extent of phagocytosis could be reduced down to
the levels observed in normal erythrocytes when in-
cubations with macrophages were performed in the
presence of PS (but not PC) vesicles. suggesting a
role of PS exposure in recognition of these erythro-
cytes by macrophages. The stationary distribution of
PE in thalassemic erythrocvtes also diifered from that
of normal cells. Annexin binding was performed as a
measure of the extent of PS exposure. The average
annexin binding was twelve times higher in tha-
lassemic erythrocyies compared to normal cells, lend-
ing support to the view that PS was significantly
more exposed to the outer surfuce in thalassemic
erythrocytes, This was in agreement with previous
investigations on red blood cells from B-thalassemic
patients [27]. However, me-el B-thalassemic erythro-
cytes prepared by the introduction of excess a-globin
chains did not show any changes in the steady-state
distribution of PS [28]. The net transmembrane move-
ment and equilibrium distribution of PS and PE are
the result of active transport mediated by the
aminophospholipid translocase, and the passive diffu-
sion of these phospholipids. The role of the translo-
case was assessed by measuring the inward move-
ment of fluorescent NBD-PS incorporated mto the
outer leaflet of normal and thalassemic erythrocytes.

Dramatic differences were not observed. However,
the initial rates of translocation were slower, and the
times required for inward translocation of 30% of the
NBD-PS were consistently longer in the thalassemic
erythrocytes, unlike the observations reported in
mouse B-thalassemic cells [36] or in model B-thalas-
semic ervthrocytes [28] The slower kinetics of
translocation could contribute towards the net alter-
ation in transniembrane distribution of aminophos-
pholipids in these cells. The lack of adequate amounts
of samples prevented measurements to be performed
on density-separated cells. However, the results ob-
tained in the present study warrant further analysis of
the distribution and movement of PS in human B-
thalassemiv cells by flow cytometry,
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