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Summary

Many patients with sickle cell anaemia (SCA)
are known to synthesize increased amounts of
foetal haecmoglobin (Hb F). In some situations,
the levels attained are so high that the course of
the disease is ameliorated since Hb F does not
participate in the polymerization process
characteristic of the sickling phenomenon. It
has also been reported that the simultancous
inheritance of an «-thalassaemia gene reduces
the severity of SCA. We have examined the
levels of Hb F in relation to the erythrocyte
indices and the coinheritance of the deletion
type a-thalassaemia in SCA  patients in
Nigeria. The concentration of Hb F in periph-
eral blood was measured by the alkali denatura-
tion technique of Betke er al. [15], whilst
erythrocyte indices were determined on a
Coulter S plus II counter. Alpha-thalassacmia
was detected by the restriction endonuclease
analysis of DNA obtained from peripheral
white blood cells (WBC) and nucleated red
cells using a-globin gene-specific probes.
The mean Hb F level in 130 SCA subjects
was 5.9 * 3.8% (range 0.9-16%). Males had
significantly lower levels than females. Hb
concentration, haematocrit, and Hb A, did not
differ in subjects with Hb F levels lower than
2% (Group I) when compared with those
whose Hb F levels were higher than 8% (Group
I1). The mean corpuscular volume (MCV) and
mean corpuscular haemoglobin (MCH) were
lower in Group I. Globin analysis in 30 of these
subjects showed that 20 had four, cight had
three, and two had two «-globin genes. The
mean Hb F level (6.4 £ 3.7%) in the four
alpha-gene group was significantly higher than
that in the three alpha-gene group (2.7 =+
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1.6%). These findings did not influence the
severity of the disease.

Résumé

Il arrive souvent que les patients atteint de
I'anémie du drépanocyte synthétisent des quan-
tités encore plus importantes d’hémoglobine
foetal. Parfois les niveaux atteints sont assez et
si ¢levés pour influer sur le cours de la maladie
puisque Hb F ne participe pas au processus de
polymérisation qui caractérise le phénoméne du
drépanocyte. Il a été également rapporté que
I'héritage simultané du géne de l'alpha thalas-
sémie réduit la sévérité du drépanocyte. Nous
avons examiné le rapport entre les niveau du
Hb F en relation aux indices d'érythrocyte et a la
présence du type ‘suppression’ d'alpha thalass-
¢mic dans les patients de I'anémie du drépano-
cyte au Nigéria. On a mesuré la concentration
du Hb F dans le sang périphérique en utilisant
la méthode de la dénaturation de Talkali de
Betke e al. [15] tandis que les indices d’erythro-
cyte ont ¢té déterminés sur un compteur
Coulter S plus 1. Nous avons détécté I'alpha
thalassémie par I'analyse de restriction d'endo-
nucléasc obtenu & partir du WBC péripherique
et des cellules rouges nucléés en utilisant les
sondes spécifiques des genes d’alpha globine.

Le niveau moyen de Hb F chez les 130 cas du
drépanocyte était de 5.9 + 3.8% (allant de 0.9 a
16%). Les niveaux étaient plus bas chez les
hommes. Il n'y avait pas de différence dans la
concentration d'Hb, de I'hématocrit et de I'Hb
A, quand on a comparé des cas aux niveaux de
Hb F audessous de 2% (Groupe 1) a ceux dont
les niveaux de Hb F étaient au-dessus de 8%
(Groupe II). Les MCV et MCH étaient plus bas
dans le groupe 1. L'analyse du géne de globine
des 30 de ces cas a donné les résultats suivants;
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20 d'entre eux avaient quatre génes d'alpha
globine, huit en avaient trois, ct deux en
avaient deux. Le niveau moyen d'Hb F (6.4 *
3.7%) dans le groupe de quatre génes d'alpha
globine était beaucoup plus €levé que celui du
groupe de trois génes d'alpha globine (2.7 *
1.6%). Ces données ni'influent pas sur la
sévérité de la maladie.

Introduction

The sickle haemoglobin occurs in very high
frequencies across a wide belt in tropical Africa.
In Nigeria, heterozygote frequencies are as high
as 25% [1.2). while sickle cell anaemia (SCA)
is the commonest genetic disorder in the popu-
lation. The clinical manifestations have been
found to vary tremendously among the patients
[3] and this has led to attempts to unravel the
causes of this variation. Extrinsic and intrinsic
factors are known to ameliorate the severity of
SCA. The extrinsic factors include the social
class of the patient [4]. which in turn determines
the access to medical care, and the presence or
absence of infections, particularly malaria.
Several studies on the influence of intrinsic
factors on SCA have been reported. These
include the demonstration that very high levels
of foetal haecmoglobin lead to benign discase
among Saudi Arabians [5,6], in Southern India
[7], and also among Jamaicans [8]. Shurafa er al.
[9] reported that long survivors of SCA had sig-
nificantly higher foetal hacmoglobin levels than
short survivors. On the other hand, some studies
have not demonstrated such beneficial effects
[10,11]. Results of investigations into the influ-
ence of a-thalassaemia have been equally contro-
versial, with some showing amelioration [12,13],
whilst others could demonstrate no effect [14].
To examine the factors likely to affect the
variability of the clinical manifestations of SCA
in Nigeria, we determined the levels of foetal
hacmoglobin and alpha globin genotypes in
these patients. As far as we are aware, this is
the first definitive study in this region and our
findings form the basis of this report.

Subjects and methods

The 130 subjects were randomly selected from
the patients attending the paediatric and
haematology clinics. The diagnosis of SCA was

made by standard clinical and laboratory
studies. There were equal numbers of males
and females and the ages ranged from 2 to
30 years. Most had been studied for several
years, and the hacmatological parameters are
those taken in the steady state, and analysed by
a Coulter S plus counter. Foetal haemoglobin
was determined by the alkali denaturation tech-
nique [15] as modified by Pembrey [16]. The
cellular distribution of foetal haemoglobin
was assessed using the Kleihauer clution tech-
nique [17].

DNA Analysis

Alpha-thalassaemia was identified by restric-
tion endonuclease analysis of DNA. The DNA
was obtained from peripheral white and nu-
cleated red blood cells using phenol-chloroform-
isoamyl alcohol [18]. The DNA was digested
with Bam HI and Bgl 11 enzymes. The frag-
ments were separated by electrophoresis on
0.8% agarose gels and transferred onto nitro-
cellulose filters using the technique of Southern
[19]. This was followed by hybridization using
an alpha globin gene-specific probe labelled
with dCT*P. The filters were washed under
stringent conditions and subjected to auto-
radiography [20].

Results

The proportion of haemoglobin F (Hb F) in the
peripheral blood of SCA patients was found to
vary considerably. The frequency distribution is
shown in Fig. | and it is positively skewed. The
mean was 5.9 £ 3.8% with a range of 0.9-
16.7%. The mean values in males were signifi-
cantly lower than in females (Table 1). In all
cases, the cellular distribution of Hb F was
heterogeneous. The mean values of Hb F in
different age groups are shown in Table 2.
There was a slight decrease from 6.8%. in those
under 5 years of age, 10 5.0% in the age group
15-20 years, this was followed by a slight rise to
6.4% in those over 25 years. None of the
differences, however, reached statistical signifi-
cance. A comparison of the haematological
parameters was made between those subjects
(Group I) with low Hb F levels (< 2%) and
those (Group II) with higher levels (= 8%).
The groups had equal numbers of males and
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Fig. 1. Distribution of Hb F values in patients with
sickle cell anacmia.

Table 1. Percentage levels of Hb F in males and
females

n Mcan®* SD Range
Males 65 4.9 32 0.9-143
Females 65 6.2 3.2 1I1-16.7

*P < 0.05, between males and females.

Table 2. Percentage levels of Hb F in different
age groups

Age (years)

<5 510 10-15 1520 20-25 > 25

Mecan 6.8 5.7 5.5 5.2 5.0 6.4
SD 4.5 3.1 2.5 3.0 3.6 48

females, and the results are shown in Table 3.
The difference in MCV and MCH reached
statistical significance, however, due to logisti-
cal difficultics, only one quarter of those
studied had values for these parameters.

Globin gene analysis was performed in 30
randomly selected subjects with the results
shown in Table 4. The subjects with one alpha
genc deletion (a —/a a) had significantly
lower MCV, MCH and mean Hb F than those
with the normal complement of four alpha
globin genes (¢ Wa «). The other two
subjects homozygous for a-thalassaemia (« —/
a =) had even lower MCV (69.0 fl) and MCH
(21.1 pg) but the group was rather too small to
be included in Table 4 for comparison.

Discussion

The observations reported here show that the
levels of foctal haemoglobin are raised in SCA
patients in this population. The levels obtained
are similar to those in Jamaicans [5], black
Americans [21] and Brazilians [22], but are,
however, markedly lower than those observed
in Saudi Arabia and parts of India [23,24]. The
levels of Hb F observed in our subjects are not
very high and the foetal haemoglobin levels
observed may not affect the clinical severity of
their illness. Foetal haemoglobin does not
participate in the polymerization process that is
characteristic of the sickling phenomenon.
However, when there is a mixture with sickle
haemoglobin, Hb F must attain a critical level
for it to reduce polymerization by increasing the
minimal gelling concentration (MGC). This
happens in patients doubly heterozygous for the
sickle gene and the negro type of hereditary
persistence of foetal haemoglobin (HPFH).
Such combinations produce very mild symp-
toms, and have foctal haemoglobin concentra-

Table 3. Haematological parameters in high and low Hb F groups

Hb F (%) Hb (gdl) MCV* () MCH* (pg) Hb A; (%)
Group 1 <2 79 1.1 824 +62 267 +24 29 +07
Group 11 =8 8013 100840 336 %21 2.6 £0.7

P < 0.05.
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Table 4. Haematological paramcters and a-globin genotype

Genotype nt  Hb (%) MCV* () MCH* (pg) Hb F* (%) Hb A, (%)

a Wa « 18 7.6 +08 94 *+44 312117 6437 3211

a -/la a 10 7.8 1.4 867 %+ 44 28.5 + 2.6 b s 3.3+0.9
P < 0.05.

tExcludes two with « -/« —.

tions in the range 15-40%. The fact that a few
SCA patients whose foctal haemoglobin levels
reach beyond 15% are not separated in this
tudy reflects their very small numbers. The
heterogeneous distribution of Hb F in the cells
alse means that perhaps few cells are protected.
The lower levels of Hb F found in males
compared with {emales confirms the report of
Serjeant (8], although this difference was not
observed by Wood [25]. A higher Hb F level
would be expected if there was selective loss
through hacmolysis of cells with low amounts of
this haemoglobin. Since there is no evidence
that such a situation occurs preferentially in
females, this difference remains unexplained.

Our finding of a diminished amount of foetal
haemoglobin in sickle cell subjects with co-
existent a-thalassaemia agrees with those of
Higgs [13,26], however, Embury has reported
the opposite, i.e. a higher level of foetal
haemoglobin among patients with a-thalas-
saemia [12]. Another group has demonstrated
that patients with SCA and coexistent «-thalas-
saemia have reduced haemolysis [27]. This is
expected to lead to a reduced selection pressure
for cells with high foetal hacmoglobin levels
since the red blood cells may be expected to live
longer. This process can therefore explain the
reduced levels of Hb F recorded in patients with
coexistent a-thalassaemia. It is notable that
the Hb F levels and a-thalassaemia observed in
these patients modified some erythrocyte
indices (MCV and MCH). There is no indica-
tion that the level of Hb F is sufficiently raised
to modify the course of the discase in the
subjects studied.

Although the patients examined had co-
existent heterozygous a-thal-2 (« -/a «), a
larger number homozygous for a-thal-2
(a —/a =) need to be investigated to demon-
strate any meaningful effect on the severity of

the discase. The present findings form the basis
for further studies.
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