Red Blood Cell Vesicles in Thalassemia
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Abstract

Vesicles are part of the red blood cells membrane which can be found in a small number in
normal apoptotic process and increased in some diseases. In the present study, the authors measured
the percentage of red blood cell vesicles in healthy subjects (n = 7), patients with a-thalassemia or
Hemoglobin (Hb) H disease (n = 7), B-thal/Hb E with nonsplenectomized (n = 5) and splenectomized
(n = 7) before and after induction heated at 48.6'C by using flow cytometry. It was found that the
percentage of vesicles in every group were not statistically significantly different (p > 0.05) between
pre and post incubation at 5 min. The percentage of vesicles of healthy subjects, B-thal/Hb E non-
splenectomized patients and splenectomized patients were highest when induced by heating for 60 min.
For patients with Hb H disease, the percentage of vesicles was maximum at 30 min when compared
with healthy subjects, B-thal/Hb E nonsplenectomized patients and splenectomized patients, respec-
tively. In the present study, the authors report the significant increase of the percentage of vesicles in
Hb H disease, B-thal/Hb E nonsplenectomized and splenectomized after induction by heat when com-

pared with healthy subjects. These findings may support the different pathology of the red blood cells
found in a- and B-thalassemia.
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Loss of red blood cell membrane material
in the form of spectrin-free vesicles occur during cell
aging(1) and in disease states such as sickle-cell anemia
(2), hereditary elliptocytosis(3), and a-thalassemia or
Hemoglobin (Hb) H disease(3). In vitro, vesiculation
of red blood cells can be induced by ATP depletion
(4), spectrin oxidation(%), Ca2+-loaded(6), heated(7.8),
and storage of normal red blood cells(9). All of these
manipulations produce stress to cytoskeleton which
is the membrane protein that maintains the stability
of phospholipid in the lipid bilayers of red blood cell
membranes. The exact mechanism of vesiculation is
not known, several explanations have been proposed
to account for Ca2+-induced phospholipid scrambling
(10,11), denaturing spectrin by heat-induction(7.8).
The clinical significance of vesicles in normal hemo-
stasis and hematologic disorders remain unknown.
Isolated vesicles can shorten Russell’s viper venom
clotting time by 55 per cent to 70 per cent of control
values(3). Thus, the vesicles may play a role in the
hypercoagulation in some hemolytic disorders and
the process of vesiculation itself may contribute to
increased rigidity of the red blood cells which sub-
sequently remove them from the circulation(3).
Recently, it was found that patients with meningo-
coccal sepsis who generally suffer from disseminated
intravascular coagulation had an elevated number of
circulating microparticles(12),

Thalassemia (thal) is a heterogeneous group
of genetic hemoglobin disorders resulting from reduced
synthesis of - and B-globin chain(13), In Thailand,
o~ and B-thalassemia and abnormal Hb E are com-
mon(13-16), The pathophysiology of diseases related
to the degree of anemia is caused by both intramedul-
lary hemolysis and red blood cells destruction in peri-
pheral blood. Chronic hypercoagulable state is also
observed in thalassemia, particularly in splenectomized
fB-thalassemia who receive regular blood transfusions
(17), Evidence has shown that the B-thalassemic red
blood cell membranes are less stable and fragment
easier than o-thalassemia(18), The o-thalassemic red
blood cells also had relatively better deformability,
increased susceptibility to phagocytosis, reduced sialic
acid content compared to B-thalassemic red blood cells
(19). Oxidative damage of cytoskeleton in thalassemia
may occur from excess globin chains and result in
the abnormal cell membranes and deformability(20-
23). The excess a- or B-globin chains might cause
membrane damage by different mechanisms, which
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result in a different number of vesicles in two types
of thalassemia. In the present study, the authors deter-
mined the red blood cell vesicles in Hb H disease
and B-thal/Hb E before and after heating at 48.6°C by
using flow cytometry.

MATERIAL AND METHOD

Samples of venous blood were collected in
Ko,EDTA from healthy volunteers (n = 7), Hb H
disease (n = 7), splenectomized (n = 7) and non-
splenectomized (n = 5) B-thal/Hb E patients. Their
ages range from 17-60 years. The diagnosis of thalas-
semia was performed on the basis of clinical and
laboratory findings as previously described(24). All
patients are in a steady state and had not received a
blood transfusion for at least 3 months before blood
collection.

For the preparation of heated-induced vesicles
(7), the blood was heated at 48.6°C for exactly 5, 10,
20, 30 and 60 min, respectively. The vesicles pro-
duced before and after heat induction were stained
with phycoerythrin (PE) -labeled anti-glycophorin A
(Becton Dickinson, San Jose, USA) and fluorescein-
isothiocyanate (FITC) -labeled anti-CD41 (Becton
Dickinson, San Jose, USA) for platelets. 1 pl of blood
samples were mixed with an equal volume with the
above monoclonal antibodies, followed by 16 pl of
isotonic buffered, Hemaline (Becton Dickinson, San
Jose, USA), then incubated in the dark at room tempe-
rature for 15 min. Subsequently, 81 pl of Hemaline
was added and then 50 pl of samples were fixed with
600 ui of 1 per cent paraformaldehyde. The samples
were analyzed by FACSort flow cytometer with Cell
Quest software (Becton Dickinson, San Jose, USA).
Both forward scatter and sideward scatter were set at
logarithmic gain. The red blood cell vesicles were
identified on the scatter with positive binding of PE-
labeled anti-glycophorin A and negative FITC-labeled
anti-CD41 (Fig. 1).

Data were analyzed with SPSS for Windows,
release 7.0. Difference was considered statistically
significant at p < 0.05. For comparison of the number
of vesicles in blood samples, the nonparametric tests
were used.

RESULTS

The mean percentage of red blood cell vesicles
before and after heat induction at 48.6°C among each
group are shown in Table 1. There were no statistically
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Fig. 1. Representative FACSort dot plots of unsti-

mulated whole blood of B-thal/Hb E subject.
A) R1 gate represents platelets and red blood
cell vesicles, and R2 gate represents red
blood cells. B) 1.59 per cent of red blood cell
vesicles are in the upper left (gated on R1)
which PE-labeled anti-glycophorin A positive
and FITC-labeled anti-CD41 negative.

significant differences between healthy and thalas-
semic patients before and after heating at 5 min,
though the mean percentage of the vesicles of the
patients was slightly higher. Significant differences
were observed in the number of vesicles of Hb H and
f-thal/Hb E splenectomized patients when compared
with healthy subjects (p < 0.05) if heated at 10 min.
In addition, the percentage of vesicles of all thalas-
semic groups heated at 20 and 30 min were more
highly significant than healthy subjects, especially in
Hb H patients (Fig. 2). However, when the whole
blood was heated at 60 min, the percentage of vesicles
of all groups, except the Hb H red blood cells, showed
increased results.
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DISCUSSION

The red blood cell undergoes spontaneous
vesiculation in vivo under unknown mechanisms. The
authors studied in vitro vesiculation of red blood cells
under extreme conditions. Heating at 48.6°C for 10
min induced red blood cells to vesiculate as vesicles
of various sizes of 1-2 microns. These red blood cell
vesicles could be detected by light microscope(7).
However, in the present study the authors enumerated
the number of red blood cell vesicles more precisely
by using flow cytometry. Our experiment of vesicula-
tion by mean of heat, which denatured spectrin(3),
demonstrated the different number and different pattern
of change when compared between red blood cell of
healthy subjects and thalassemic patients of different
genotypes (Fig. 2). In Hb H, marked increase of the
percentage of vesicles was found and maximum at 30
min, whereas in B-thal/Hb E nonsplenectomized and
splenectomized had a lower percentage at the same
time. In addition, heating at 48.6°C for 60 min, the
percentage of vesicles in Hb H disease was still higher
than normal red blood cells and B-thal/Hb E non-
splenectomized and splenectomized red blood cells,
respectively. Furthermore, in Hb H disease, the pre-
sence of a high level of red blood cell vesicles can
be explained by the excess [3-globin chains which is
unstable and could precipitate more as B4 which
damage the red blood cell membrane resulting in
vesiculation(25). Unlike o-thalassemia, the excess -
globin chain, cannot form such homo-tetramers, and
upon synthesis bind the cytoplasmic surface of the
membrane where they produce oxidative damage.
Although the clinical picture of B-thalassemic red
blood cells was more severe than o-thalassemic red
blood cells, the level of vesicles were lower when
heated. This suggests that the degree of membrane
skeletal protein defects when heated is different be-

Table 1.  The means = SD of percentage of red blood cell vesicles before and after incubation at 48.6'C of healthy

and thalassemic subjects.

Subjects Mean percentage of vesicles

0 min* 5 min 10 min 20 min 30 min 60 min
Healthy (n=7) 0.94 +0.26 271+0.72 2.52+0.98 2.80 +0.88 3.28+1.73 13.10+5.19
Hb H disease (n = 7) 1.56 + 1.65 4.84 +2.50 11.55+9.30 2043 £12.69  26.87+1277 2490+ 15.34
B-thal/Hb E (ns) (n = 5) 3.30+2.96 278 +1.26 3.89+0.94 5.06 + 1.87 6.32 +3.66 8.84 +5.28
B-thal/Hb E (s) (n="7) 229+143 4.39+2.59 7.04 +5.00 6.90 +4.85 7.45 +5.43 8.58 +6.78

* unstimulated, ns = nonsplenectomized, s = splenectomized
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Fig. 2.
healthy and thalassemic subjects.

tween B- and a-thalassemic red blood cells. The homo-
tetramers of B4 in -thalassemia in the form of inclusion
bodies could precipitate more when heated, causing
more vesiculation. Whereas the unstable excess a-
globin chain might not be changed when exposed to
heat, this will not damage the membrane any further,
leading to lower levels of vesicles than o.-thalassemia.

It is known that red blood cells undergo
spontaneous vesiculation in vivo under a variety of
conditions. Normal red blood cells vesiculate during
physiologic aging(3,3), therefore, the higher percen-
tage of red blood cell vesicles seen in thalassemia
blood than in normal blood after heating suggested
that, apart from red blood cells senescence, other
mechanisms characterized by intrinsic membrane
defects are likely to be involved in the vesiculation
process. Indeed, several pathologic red blood cell
known to associate with membrane damage such as
sickle cell anemia, spherocytosis, hemolytic ellipto-
cytosts, band 4.1 deficiency, and Hb H diseases have

Comparison of mean percentage of red blood cell vesicles before and after incubation at 48.6 C of

a tendency toward fragmentation and microvesicula-
tion(3:3.26), In vitro manipulations that are known
to disrupt the membrane protein network including
spectrin cross-link with diamide treatment, spectrin
aggregation under pH 5.4 or heating at 49°C, are further
evidence for marked vesiculation of blood(3,5,26,27),
It is therefore likely that in thalassemia, precipitation
of unstable globin chains and heat-denatured on red
blood cells during Hb H crisis could lead to disrup-
tion of protein-lipid interaction which will eventually
induce red blood cell to vesiculate.

In summary, there is a significant increase
of the percentage of vesicles in Hb H disease, -thal/
Hb E nonsplenectomized and splenectomized after
induction by heat when compared with healthy sub-
jects. These findings may support the different patho-
logy of the red blood cells found in - and a-thalas-
semia due to excess - and a-globin chains which had
highly specific effects to membrane stability.

(Received for publication October 7, 2002)



Vol. 87 No.3

REFERENCES

1.

[

10.

11

12.

13.

14.

Rumsby MG, Trotter J, Allan D, Michell RH.
Recovery of microvesicles from human erythro-
cytes stored for transfusion: A mechanism for the
erythrocyte discocyte-to-spherocyte shape transfor-
mation. Biochem Soc Trans 1977; 5: 126-8.

Allan D, Limbrick AR, Thomas P, Westerman MP.
Release of spectrin-free spicules on reoxygenation
of sickled erythrocytes. Nature 1982; 295: 612-3.
Wagner GM, Chiu DTY, Yee MC, Lubin BH. Red
cell vesiculation-a common membrane physiologic
event. J Lab Clin Med 1986; 108: 315-24.

Lutz HU, Liu SC, Palek J. Release of spectrin-
free vesicles from human erythrocytes during ATP
depletion. J Cell Biol 1977; 73: 548-60.

Wagner GM, Chiu DTY, Qju JH, Heath RH, Lubin
BH. Spectrin oxidation correlates with membrane
vesiculation in stored red blood cells. Blood 1987;
69: 1777-81.

Allan D, Thomas P. Ca¥-induced biochemical
changes in human erythrocytes and their relation to
microvesiculation. Biochem J 1981; 198: 433-40.
Ham TH, Shen SC, Fleming EM, Castle WB.
Studies on the destruction of red blood cells. Blood
1948; 3: 373-403.

Coakley WT, Bater AJ, Deeley JOT. Vesicle pro-
duction on heated and stressed erythrocytes. Bio-
chim Biophys Acta 1978; 512: 318-30.

Greenwalt TJ, Dumaswala UJ. Effect of red cell
age on vesiculation in vitro. Br J Haematol 1988;
68: 465-7.

Bratton DL. Polyamine inhibition of transbilayer
movement of plasma membrane phospholipids
in the erythrocyte ghost. J Biol Chem 1994; 269:
22517-23.

Lin S, Yang E, Huestis WH. Relationship of phos-
pholipid distribution to shape change in Ca*-cre-
nated and recovered human erythrocytes. Bio-
chemistry 1994; 33: 7337-44.

Nieuwlan R, Berckmans RJ, McGregor S, et al.
Cellular origin and procoagulant properties of
microparticles in meningococcal sepsis. Blood
2000; 95: 930-5.

Weatherall DJ, Cleg JB. The thalassemia syndromes.
37 ed. Oxford: Blackwell; 1981.

Wasi P, Na-nakorn S, Pootrakul S, et al. Alpha-
and beta-thalassemia in Thailand. Ann NY Acad Sci

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

RED BLOOD CELL VESICLES IN THALASSEMIA 237

1969; 165: 60-82.

Wasi P, Na-nakorn S, Pootrakul S. The alpha-
thalassemias. Clin Haematol 1974; 3: 383-410.
Wasi P. Hemoglobinopathies in Southeast Asia.
In : Bowman JE, ed. Distribution and evaluation
and evolution of the hemoglobin gene loci. New
York: Elsevier; 1983: 176-208.

Eldor A, Rachmilewitz EA. The hypercoagulable
state in thalassemia. Blood 2002; 99: 36-43.
Schrier SL, Rachmilewitz EA, Mohandas N. Cellu-
lar and membrane properties of alpha- and beta-
thalassemic erythrocytes are different. Blood 1989;
74: 2194-202.

Bunyaratvej A, Fucharoen S, Butthep P, Sae-ung
N, Kamchonwongpaisan S, Khuhapinant A. Altera-
tions and pathology of thalassemic red cells: Com-
parison between alpha- and beta-thalassemia.
Southeast Asian Trop Med Public Health 1995; 26
(Suppl): 257-60.

Advanti R, Rubin E, Mohandas N, Schrier SL. Oxi-
dative red blood cell membrane injury in the patho-
physiology of severe mouse f3-thalassemia. Blood
1992; 79: 1064-7.

Advanti R, Sorenson S, Shinar E, Lande W, Rach-
milewitz EA, Schrier SL. Characterization and com-
parison of the red blood cell membrane damage in
severe human o- and (-thalassemia. Blood 1992;
79: 1058-63.

Schrier SL, Mohandas N. Globin-chain specificity
of oxidation-induced changes in red blood cell
membrane properties. Blood 1992 ; 79 : 1586-92.
Shinar E, Rachmilewitz EA, Lux SE. Differing
erythrocyte membrane skeletal protein defects in
alpha- and beta-thalassemia. J Clin Invest 1989;
83: 404-10.

Fucharoen S, Winichagoon P. Hemoglobinopathies
in Southeast Asia; Molecular biology and clinical
medicine. Hemoglobin 1997; 21: 299-319.
Weatherall DJ. Pathophysiology of thalassemia.
Bailliere’s Clin Haematol 1998; 11: 127-46.

Rank BH, Moyer NL, Hebbe! RP. Vesiculation of
sickle erythrocytes during thermal stress. Blood
1988; 72: 1060-3.

Liu SC, Fairbanks G, Palek J. Spontaneous, rever-
sible protein cross-linking in the human erythrocyte
membrane. Temperature and the pH dependence.
Biochemistry 1977; 16: 4066-74.




238 P. LAMCHIAGDHASE et al. J Med Assoc Thai March 2004

vesicles vpuNnRpaumlus AR

w33Se anionme, mnt  Suidlen GAweEaTY Myt IRAT Seuwes anu*
s = - - 4 s
BAgnE  WIAAS, N gim @aan, mur, Indn wWantlyandag Usat

vesicles Ansurpudaradiinidoaunsingasanin Fawuldianinelumizundssniemsmesanad
ua:tﬁuﬁwmugﬁu’luuwdiﬂ Tumdnwnillésadun vesicles waafiiqrmwd (7 M), dihsdav-maadidienis
lsndlulnadu we (7 19), win-oaaddle/flalnatiu 3 lisahn (5 79) waznum-onaaddie/slalnadu 8
s (7 919) naunazmasmsnszauiiaiFaaummennuiou 486 C Tosliisinalelawms wuihnaumsnseau
UREVAININTEGU 5 U 3 WSasazDe vesicles ﬁtﬁw‘ﬁu’lunéumq 9 hiuansupgnildsddgneadd (p >
005) A uuiboazuas vesicles TpafigrmmwALazuT-ndasddie/Slulnatu 3 Lismhuuasdmhsaziannnian
Wanszdussansiouu 60 i udludlidnady 109 asnnfigadonszduug 30 i WafsurugRgummws,
wer-onaadidie/Flalnatu 8 lidmhuuazdnin muddy msdnmnildnsnumsiingsdurnsdnnu vesicles
tuithelsndlulnadu vy, wir-sdadide/dlalnatu 8 Lidaihn wazdnamdiannmsnszdushoanusouiio

- Ve - v g - . - - - . “ . -
WiguNUEHEuA WA LazdByRTITIIRUUEYU WS EMWIDUTAEAAUAIIATINLANANALTENIN Bavh- Las tweh-
RG]

AT - vesicles, onaadiile, Walolaum3
w3 dnSonind, dudln dewedhfly, 3030 Sauwsy,

wnend wne, gIn Gen, Tnin Wanilygndad
SANINBNAYIIUNNE Y 2547; 87: 233-238

* malryanTidumaniadiin,g anamaiamMIwwne,

** ENURUNETHMIIEE, ANIUIWNEAEAAINTWENUIR, N Inmasafing, nymw 4 10700




