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Our previous studies have shown that iron is released
in a free (desferrioxamine-chelatable) form when eryth-
rocytes undergo oxidative stress (incubation with
oxidizing agents or aerobic incubation in buffer for
24-60 h (a model of rapid in vitro ageing)). The release is
accompanied by oxidative alterations of membrane
proteins as well as by the appearance of senescent
antigen, a signal for termination of old erythrocytes. In
hemolytic anemias by hereditary hemoglobin altera-
tions an accelerated removal of erythrocytes occurs. An
increased susceptibility to oxidative damage has been
reported in f-thalassemic erythrocytes. Therefore we
have investigated whether an increased iron level and
an increased susceptibility to iron release could be
observed in the erythrocytes from patients with §-
thalassemia. Erythrocytes from subjects with thalasse-
mia intermedia showed an extremely higher content
(0 time value) of free iron and methemoglobin as com-
pared to controls. An increase, although non-statisti-
cally-significant,was seen in erythrocytes from subjects
with thalassemia major. Upon aerobic incubation for
24 h the release of iron in f-thalassemic erythrocytes
was by far greater than in controls, with the exception of
thalassemia minor. When the individual values for free
iron content (0 time) seen in thalassemia major and
intermedia were plotted against the corresponding
values for HbF, a positive correlation (P < 0.001) was
observed. Also, a positive correlation (P <0.01) was

seen between the values for free iron release (24h
incubation) and the values for HbE. These resulis
suggest that the presence of HbF is a condition
favourable to iron release. Since in -thalassemia the
persistance of HbF is related to the lack or deficiency of
3 chains and therefore to the excess of « chains, the
observed correlation between free iron and HDbF, is
consistent with the hypothesis by others that excess of
«a chains represents a prooxidant factor.

Keywords: Erythrocytes, 3-thalassemia, oxidative stress,
iron release, foetal hemoglobin (HbF)

INTRODUCTION

As is known, erythrocytes undergo oxidative
modifications during their ageing in blood.™
Also it is known that a number of oxidative
alterations occur in erythrocytes incubated with
oxidants in vitro.'®! Similar modifications have
been found in erythrocytes with hereditary
abnormal hemoglobins. For instance fluorescent
phospholipids,lg] oxidized cysteinyl residues and
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high-molecular-weight aggregates in band 4.1
membrane protein’"” have been found in sickle
erythrocytes. Analogous alterations as well as
increased susceptibility to oxidative damage have
been reported in erythrocytes from patients
with f-thalassemia,"! hemoglobin KéIn'* and
glucose-6-phosphate  dehydrogenase  defici-
ency.”® What remains to be elucidated is the
source of oxidative stress in these erythrocytes.

As for B-thalassemic erythrocytes, recent stud-
ies seem to demonstrate that unbalance between
o and f chains plays a crucial role in producing
such an oxidative stress.t*'® As is known,
persistence of fetal hemoglobin (HbE a,,),
owing to absent or reduced synthesis of 3 chains
(and consequently of HbA,), is a feature of -
thalassemia. Because of the impossibility of
producing 3 chains at normal rate, staminal cells
substitute them with v chains (persistance of
HbF) and with § chains (slight increase in
HbA,). Therefore in B-thalassemia a marked
excess of a chains occurs and such excess pro-
bably represents the source of oxidative stress. In
fact it has been observed that isolated « chains
directly generate oxygen species.'7*¥ In addi-
tion, because of inherent instability of a chains,
damage to red cells by oxidative means may be
further potentiated by heme, or heme derived
iron, released from the excess of o chains.['®2!
Finally, in vitro sensitivity of o chains loaded®?
erythrocytes to exogenous oxidants correlates
with the amount of membrane bound hemoglobin
or heme iron. Also 3-thalassemic red cells show
evidence of elevated oxidative damage’?3*
and produce hydroxyl radicals when stimulated
with ascorbate.'*

Our previous studies”®?! have shown that
iron is released in a free form when mouse
erythrocytes are incubated with a number of
oxidizing agents, such as phenylhydrazine and
others. Iron is released from hemoglobin;*® the
release is accompanied by methemoglobin (Met-
Hb) formation and, under conditions of gluta-
thione (GSH) depletion, by lipid peroxidation
and hemolysis, too. A similar release of iron also

occurs™ during erythrocyte ageing, experimen-
tally induced by aerobic incubation of calf or
human erythrocytes in buffer for 24-60 h (a model
of rapid in vitro ageing). The release is accom-
panied®! by oxidative alterations of membrane
proteins as well as by the appearance of senescent
antigen, as measured by autologous IgG binding.
Intracellular chelation of the released iron by
chelators which enter erythrocytes, prevents both
membrane protein alterations and senescent anti-
gen formation. Increased amount of IgG with
antiband 3 specificity has been found in sickle
and hemoglobin Kéln erythrocytem] and prob-
ably even in A-thalassemic erythrocyte.®) We
therefore suggested the possibility that the release
of iron in a reactive form is a relevant factor in
membrane protein oxidation and consequent
generation of senescent antigen.

Since senescent antigen acts as a specific signal
for termination of old cells, and since in hemolytic
anemias by hereditary hemoglobin alterations
an accelerated removal of erythrocytes occurs,
we investigated whether an increased free iron
level and an increased susceptibility to iron
release could be observed in erythrocytes from
patients with these hemolytic diseases. In this
note we present the results obtained in §-thalas-
semia. The release of iron in possible experimental
models % of thalassemia is also presented.

MATERIALS AND METHODS

Patients studied Informed consent was ob-
tained from control subjects and patients.
Patients were from the Center for the Study of
Microcitemias, Ospedali Riuniti, Foggia, Italy.
Five patients with -thalassemia major (all sple-
nectomized), five patients with A-thalassemia
intermedia (one, R.A. — see Table I - splenecto-
mized) and five patients with [-thalassemia
minor (all non-splenectomized) were studied.
All the patients were adult and the diagnosis
of the various forms of thalassemia had
been performed in childhood and based on
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TABLE 1 HDbF, HbA,, HbA, total Hb content, MCV (mean cell volume), RBC (red blood cell) and hematocrit in 3-thalassemic

patients and controls

Patients  HbF (ayy2) HbA, (a6y) HbA Total Hb MCV (f}) RBC Hematocrit

(%) (%) (%) (g/dL) (10°/u) (%)
Thalassemia major CA. 5.4 2.0 92.6 8.9 85.7 322 27.6
CM. 253 18 729 9.8 90.0 3.40 30.6
S.G. 39 25 93.6 9.7 85.9 344 295
V.V. 109 1.8 87.3 9.2 82.0 3.62 29.7
B.P. 7.1 2.1 90.8 7.6 80.2 2.86 235

Mean+SEM 10.5+3.9 20+01 874+47 9.0+04 848+17 330401 282413
Thalessemia intermedia B.P. 92.5 29 46 7.1 75.7 322 24.4
CR. 20.6 53 74.1 7.8 79.5 347 27.6
FP* 75.0 32 13.2 9.5 74.7 410 312
RA. 11.9 4.6 83.5 72 72.7 3.52 25.6
CG. 17.0 6.2 76.8 6.3 69.5 3.28 22.8

Mean £ SEM  434416.7 44406 504+171 7.6+05 744417 3524015 263+14
Thalessemia minor PE 1.7 47 93.6 11.1 64.9 5.73 372
AlL. 1.6 42 94.2 11.1 61.8 5.51 34.0
B.A. nd. 46 95.4 99 58.4 5.39 314
M.V. nd. 44 95.6 9.5 56.5 545 30.8
B.A. nd. 57 94.3 10.6 56.1 6.09 342

Mean + SEM 47403 946+04 104104 595+17 5631012 335+1.1
Controls CR. nd. — — 11.3 812 4.50 36.6
LM. nd. — — 14.2 789 5.59 44.1
DM.P. nd. 2.8 97.2 12.5 88.0 443 39.0
C.A. 0.6 2.3 97.1 128 85.1 4.59 39.0
T.D. 0.5 2.6 96.9 12.9 89.1 4.39 39.1

Mean + SEM 26+0.1 971401 127+05 845+19 470+02 39.6+12

The thalassemia major samples (from splenectomized patients) were obtained prior to the next transfusion, typically 4 weeks after
the last transfusion. Out of the thalassemia intermedia patients, two (including the splenectomized one, R A.) required transfusion
at irregular intervals and none had been transfused 4-5 months prior to blood withdrawal.

*In this patient Hb Lepore (8.6%) was also present.
n.d.: not detectable.

electrophoretic analysis of hemoglobin, presence
of erythroblasts in peripheral blood and clinical
data. At the time of withdrawal the various
types of hemoglobin as well as the other
hematological parameters were as reported in
Table L.

The determination of the various types of
hemoglobin was performed using an automated
cation-exchange HPLC system (Diamat, Bio-Rad)
and three BIS-TRIS/phosphate buffers of in-
creasing ionic strength (Hemoglobin Dual Kit,
Bio-Rad).

Erythrocyte incubation The erythrocytes were
prepared by centrifugation from heparinized
blood and washed three times with 0.123M
NaCl, 28mM sodium phosphate/potassium
phosphate buffer, pH 7.4, and resuspended in

the same buffer as a 50% (v/v) suspension. Iron
contamination was removed from the buffer
as previously described.” The incubation was
carried out aerobically for 24 h in the presence of
antibiotics (20 units penicillin and 20 pg strepto-
mycin/ml of buffer). At 0 time and at the end
of the incubation, samples were withdrawn for
the determination of free (desferrioxamine
(DFO)-chelatable) iron, Met-Hb,*! GSH?*"! and
hemolysis.?® Free iron was determined as a
DFO-iron complex (ferrioxamine) as previously
reported.”?®!

In separate experiments, erythrocytes from
normal subjects were incubated as above in the
presence of phenylhydrazine (5 mM) or methyl-
hydrazine (5.7 mM) for 2 h, and free iron, Met-Hb,
GSH and hemolysis were determined as above.
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«a and G chains were isolated from hemog-
lobin of normal subjects according to Bucci and
Fronticelli.l*!

RESULTS AND DISCUSSION

As shown in Table I, erythrocytes from subjects
with thalassemia intermedia showed an ex-
tremely higher content (0 time value) of free iron
as compared to controls. An increase (+92%),
although non-statistically-significant, was also
seen in erythrocytes from subjects with thalasse-
mia major (who were transfused monthly), while
essentially no increase was found in thalassemia
minor. Upon aerobic incubation for 24 h, a release
of iron was seen in all the erythrocytes, including
control (this latter result confirms our previous
data® on iron release in in vitro ageing of
normal erythrocytes). However, iron release in
erythrocytes with abnormal hemoglobins was
by far greater than in controls, with the excep-
tion of thalassemia minor. The highest values
were found in thalassemia intermedia, even if
in the latter, because of the high 0 time value,
the difference between 24h and 0 time values
was similar to that found in thalassemia
major. Methemoglobin content (0 time) and
formation (after 24 h incubation) were markedly
increased in erythrocytes with thalassemia
intermedia.

No significant differences were found in the
GSH content (0 time) or decrease (after incuba-
tion) in abnormal erythrocytes with respect to
controls, even if a tendency to a lower GSH con-
tent (0 time) was observed in thalassemia inter-
media and minor. The hemolysis observed after
the aerobic incubation was higher in thalassemia
intermedia, while in the other forms of thalasse-
mia was similar to that occurring in controls.

One patient (RA) of the thalassemia intermedia
group showed free iron values (0 time, 3.9;
incubation, 8.3) similar to those of controls, when
trasfused relatively recently (1.5 month). She
showed higher free iron levels (0 time 5.7;
incubation, 18.5) when transfused 2.5 months in
advance; and highest free iron levels (0 time, 10.7;
incubation, 12.4nmol/ml) when transfused 4.5
months in advance. In the latter case it can be
imagined that the erythrocytes are not mixed with
normal (transfused) cells and that the free iron
content is proper of the thalassemia intermedia
group.

As shown in Table I, the percentage of HbF was
highest in erythrocytes from subjects with thalas-
semia intermedia; it was increased, as compared
to controls, in erythrocytes with thalassemia
major, and to a much lesser extent (at least when
detectable) in thalassemia minor. This is in agree-
ment with the current knowledge. The higher
amount of HbF in thalassemia intermedia as

Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/20/11

TABLE Il Free iron (DFO-chelatable), methemoglobin (Met-Hb), glutathione (GSH) and hemolysis in -thalassemic erythro-
cytes at 0 time (real content) and after 24 h of aerobic incubation

Incubation time (h)  Free iron (nmol/ml) Met-Hb (nmol/ml)  GSH (nmol/ml) Hemolysis (%)

Controls 0 1.24+0.3 82+7 1388 213 1.5+0.1
24 62106 402 +59 155+42 54+0.8
Thalassemia major 0 23+0.7* 113 +28 1372 £ 120 1.3+05
24 13.0+20 599 + 54 147+ 44 3.1+05
Thalassemia intermedia 0 16.0+4.8 788 +235 855+ 111 1.5+£0.6
24 242 £5.1* 1376 + 88 320488 9.2 £71.2%%*
Thalassemia minor 0 1.7+£0.1 97 +25 967 +-59 1.1+0.1
24 57+12 486 +99 188 £15 39+1.1

The results are the means +SEM of 5 samples. Results are expressed as nmol/ml of incubation mixture, with the exception of
hemolysis.

*Not significantly different (0.10 > P > 0.05) from the respective control, 0 time value.

**Significantly different (P < 0.05) from the respective 0 time value, as measured with ¢-test for paired samples.

***Significantly different (P < 0.05) from the respective control, 24 h value.
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compared to thalassemia major was obviously
due tothe fact that in the latter all the subjects were
continously transfused. In spite of this, however,
in the latter subjects thalassemic erythrocytes
must have been present at the time of with-
drawal, as shown by the large increase in HbF as
compared to controls. This is the reason why the
thalassemia major samples were considered in
the following plots.

As shown in Figure 1, when the individual
values for free iron content (0 time) seen in
thalassemia major and intermedia were plotted
against the corresponding values for HbF, a
positive correlation (P <0.001) was observed
(Figure 1(A)). Also a positive correlation (P < 0.01)
was seen between the values for free iron
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FIGURE 1 (A) Correlation between free iron and HbF con-
tent in erythrocytes of § thalessemic patients (major and
intermedia). (B) Correlation between free iron release (24 h
incubation) and HbF content in erythrocytes of S-
thalassemic patients (major and intermedia).

release (24 h incubation) and the values for HbF
(Figure 1(B)). On the contrary, no correlation was
found between iron content or release on one
hand and Met-Hb content or formation on the
other (data not shown).

Since, as stated above, in (-thalassemia the
persistance of HDbF is related to the lack or
deficiency of 3 chains and therefore to the excess
of a chains, the observed correlation between free
iron and HDbF, is in agreement with the hypothesis
that excess of o chains represents a prooxidant
factor. This is probably due to the fact that «
chains are more prone to release iron in a free
form. In considering this, we carried out studies in
which isolated o and 3 chains were incubated
separately under aerobic conditions with the aim
of demonstrating an increased iron release from
o chains as compared to 3 chains. However, no
clear results were obtained because both isolated
chains, and especially o chain, precipitated to
some extent during the incubation, thus render-
ing difficult orimpossible freeiron determination.
Nevertheless HbF is considered an unstable
hemoglobin®! and therefore its persistance is
consistent with an increased iron release.

It has been shown that excess of unpaired o-
and (-globin chains interact with the membrane
skeleton of erythrocytes in 3- and a-thalassemia,
respectively.”’?® Also it has been shown®>*!
that incubation of normal erythrocytes with
phenylhydrazine or methylhydrazine induces
association of oxidized a- or 3-globin chains with
membrane skeleton, thus mimicking, at least in
part, the cytoskeletal alterations seen in 3- and a-
thalassemia, respectively. Table IIl shows that
incubation of normal erythrocytes with phenyl-
hydrazine or methylhydrazine also induces a
considerable release of iron and Met-Hb forma-
tion. Therefore iron release can be observed,
after aerobic incubation, in both models of
thalassemia, which reinforces the view that the
susceptibility to release iron in a free form is a
feature of erythrocytes in these hereditary hemo-
globin alterations. This is also true for the only
case of sickle cell anemia (HbSS) examined in
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TABLE IIl Free iron (DFO-chelatable), methemoglobin (Met-Hb), glutathione (GSH) and hemolysis in human erythrocytes

incubated with phenylhydrazine or with methylhydrazine

Incubation time (h)  “Free” iron (nmol/ml)  Met-Hb (nmol/ml) ~ GSH (nmol/ml)  Hemolysis (%)
Control 0 1.4+03 7711 896 £ 58 1.5+05
2 1.5+0.5 90+14 839 +£50 1.9+05
Phenylhydrazine 2 39.94+59 4380 +40 312459 1.0+0.1
Methylhydrazine 2 31.1£51 2862 +215 329478 12£03

Erythrocytes are incubated with phenylhydrazine (5 mM) or with methylhydrazine (5.7 mM) for 2h at 37°C. The results are the

means 3 SEM of 4-8 experiments.

which the erythrocyte content of free iron was
16 nmol/ml and the release after incubation was
38 nmol/ml.

Heme iron, non-heme iron and free iron were
found to be increased in inside-out membranes
from erythrocytes of HbSS, HbSC and splenecto-
mized [-thalassemic patients.?**4! In o-hemo-
globin chain loaded-erythrocytes, considered a
very interesting model of $-thalassemic cells,®!
membrane bound heme and iron were signifi-
cantly elevated and the cells were more suscep-
tible to lipid peroxidation, which could be
inhibited by entrapment of an iron chelator.

Our results confirm and extend these observa-
tions in that they demonstrate and offer the direct
measurement of iron in a free form. The markedly
increased level of free iron both in native cells and
after the oxidative stress imposed by the pro-
longed aerobic incubation may represent the
trigger for the oxidative damage seen in (-
thalassemic erythrocytes. It may also represent
the mechanism of formation of senescent cell
antigen, or any other membrane event responsible
for the early removal of erythrocytes from the
blood stream.
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