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SHORT COMMUNICATION
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� Sickle cell disease is an inherited autosomal recessive disorder of the b-globin chain. In Palestine
it is accompanied by a low level of Hb F (mean 5.14%) and a severe clinical presentation. In this
study, 59 Palestinian patients, homozygotes for Hb S were studied for their haplotype background.
Eight polymorphic sites in the b-globin gene cluster were examined. The Benin haplotype was pre-
dominant with a frequency of 88.1%, followed by a frequency of 5.1% for the Bantu haplotype.
One chromosome was found to carry the Cameroon haplotype (0.85%). Three atypical haplotypes
were also found (5.95%). Heterogeneity was observed in Hb F production, ranging between
1.5 and 17.0%, whereas the Gg ratio was homogeneous among all haplotypes with a normal
amount of about 41%. Our results are in agreement with previous reports of the Benin haplotype
origin in the Mediterranean.
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Hemoglobinopathies represent a major portion of all inherited diseases
worldwide. Inheritance of Hb S [b6(A3)Glu→Val, GAG>GTG]is the most
important of all inherited hemoglobinopathies because of its wide distribu-
tion, chronic course, and resistance to therapy (1). Sickle cell anemia is
caused by homozygosity for a mutation of adenine to thymine at position
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two of the sixth codon of the b-globin gene. The disease is characterized by
marked-to-modest anemia, recurrent vaso-occlusive episodes, and an
increased susceptibility to infection (2). Its clinical heterogeneity is due to
several factors such as Hb F levels, ratio of Gg chains to Ag chains, linked
mutations, bS haplotypes, coexistence of a-thalassemia (a-thal), and envi-
ronmental conditions (3). Disease expression can also be affected by other
parameters such as age, geographic location, time of year, and availability of
modern comprehensive medical care (4). With the advent of recombinant
DNA technology, the study of the Hb S mutation within the b-globin gene
cluster has contributed scientific knowledge to population genetics. The
sickle cell gene is linked to different DNA structures (polymorphic sites)
located within the b-like gene cluster and nearby flanking sequences. These
sites, when considered as a set, are called haplotypes (3). The b-like gene
cluster haplotypes have been used for the detection of gene flow, in prena-
tal diagnosis and in human evolutionary studies (5). Early investigations of
genetic variation within the b-globin gene cluster demonstrated that the Hb
S mutation appeared on a few different haplotype backgrounds, suggesting
a multiple origin of the Hb S mutation. Five distinct haplotypes, linked to
the bS mutation have been found and are known as the Benin, Bantu or
Central African Republic (CAR), Senegal, Cameroon, and Arabian–Indian
haplotypes (6). Apart from genetic interest, there is some evidence that spe-
cific haplotypes may affect the hematological and clinical expression of
sickle cell (SS) disease. In fact, the regulatory elements inherited with these
haplotypes affect Hb F expression (7). Patients who inherit a Senegal or
Arabian–Indian haplotype, associated with a C>T mutation at position −158
in the 5′ area of the Gg gene, tend to have higher Hb F levels than individu-
als with the other haplotypes, who do not have this polymorphism (8).

This study was undertaken to determine what b-globin gene cluster hap-
lotype(s) is(are) linked to the Hb S mutation in Palestinian patients with SS
disease of the entire West Bank region of Palestine, and thus trace the
origin of the Hb S mutation in this population. We studied 59 patients
(30 males, 29 females) with sickle cell anemia who came from different
Palestinian cities and were all followed at the National Centre for Blood
Diseases ‘HIPPOCRATES’, Rammallah, Palestine. The study was approved
by the ethics committee of HIPPOCRATES. A written informed consent was
obtained from each patient, before entering into the study.

Hematological data were obtained by standard methods: complete
blood counts and red blood cell (RBC) indices were measured on a Sysmex
K × 21 counter (Kobe, Japan). We used electrophoresis on cellulose acetate
gel at pH 8.6 to separate each hemoglobin (Hb) fraction and detect Hb
variants. The presence of Hb S was confirmed by electrophoresis (acid pH)
(9). The Gg polypeptide chains were determined by high-performance liquid
chromatography (HPLC) (10). The presence of the sickle cell mutation was

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
H
E
A
L
-
L
i
n
k
 
C
o
n
s
o
r
t
i
u
m
]
 
A
t
:
 
1
8
:
2
6
 
2
 
M
a
y
 
2
0
0
9



bS-Globin Haplotypes in Palestine 145

confirmed by polymerase chain reaction (PCR), followed by digestion with
the restriction enzyme Ddel (11). DNA was isolated from peripheral blood
leukocytes using the QIA amp Blood Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s recommendations and kept at −20°C until
analyzed. Haplotype analysis was done as described earlier (12), using eight
restriction sites: HindII 5′ to the e gene, XmnI 5′ to the Gg gene, HindIII
within IVS-II of the Gg and Ag genes, HindII 3′ to yb gene, RsaI 5′ to the
b gene, AvaII for IVS-II of the b gene, and HinfI 3′ to the b gene. The ampli-
fied DNA was digested with the appropriate restriction enzyme (according
to the recommendations of the supplier), and the digestion products were
separated on a 2% agarose gel and visualized after ethidium bromide stain-
ing under ultraviolet light.

Moderate anemia (mean Hb 8.4 ± 1.09 g/dL) was observed in the results
of the hematological data of SS patients. Mean corpuscular volume (MCV)
and mean corpuscular Hb (MCH) values were within normal limits. Hb F
levels ranged from 1.5 to 17.0%, with an average value of 5.14% in all patients.
The b gene cluster haplotypes of 118 bS chromosomes from 59 patients with
SS disease were determined (Table 1). No Senegal or Arabian–Indian haplo-
types were found in the population studied. The Benin haplotype (Ben) was
largely predominant (88.1%), followed by the Bantu (5.1%) and Cameroon
(Cam) (0.85%) haplotypes. Seven chromosomes had atypical haplotypes, four
(3.4%) had [+−−−−+++], two (1.7%) had [+−−−−++ −], and one (0.85%)
had [− −++ −+− +]. Forty-nine patients were homozygous for the Benin haplo-
type (Ben/Ben) (83.0%), followed by the Benin haplotype in combination
with an atypical haplotype (8.5%). The haplotype backgrounds in the
remaining patients were as follows: two (3.4%) Bantu/Bantu, one (1.7%)
Ben/Bantu, one (1.7%) Bantu/atypical Bantu A2 [+−−−−+++], and one
(1.7%) Cam/atypical Bantu A6a [− − −++ −+−+] haplotype.

Our findings are in agreement with similar studies in other countries of
the Mediterranean region (13–19). As shown in Table 2, the Benin haplo-
type is predominant, ranging from 73 to 100% in these countries.

TABLE 1 Frequencies of b-Globin Gene Cluster Haplotypes in SS Patients from Palestine

Haplotypes
5′e 

Hind II
5′Gg 

Xmn I

Gg 
Hind III

Ag 
Hind III

3′yb 
Hind II

5′b 
Rsa I

5′b 
Ava I

3′b 
Hinf I

Number of 
chromosomes 

(N) %

Benin − − − − + − + + 104 88.1
Bantu − − + − − + + + 6 5.1
Cameroon − − + + + − + − 1 0.85
Atypicals + − − − − + + + 4 3.4

+ − − − − + + − 2 1.7
− − + + − + − + 1 0.85

Total 118 100%
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Haplotype analysis is a powerful tool for the study of the origin and
evolution of structural gene mutations, such as that affecting the b-globin
chain (20). The association of specific haplotypes with a geographically
distinct population has provided information on the history and spread of
the sickle cell mutation (21). There are five major bS-globin gene cluster
haplotypes in the world: four in Africa (Senegal, Benin, Bantu or CAR, and
Cameroon) and one in Asia (Arabian–Indian). The Benin haplotype has
been reported to be associated with bS genes in Algeria, Tunisia, Egypt,
Jordan, Lebanon, Sicily, Greece, and Turkey (Table 2) (13–19). Historic data
from these countries indicate that the Benin-associated bS gene has traveled
from Central West Africa to North Africa and various Mediterranean
countries. Except for a brief report on six chromosomes from the West
Bank of Palestine (22), no comprehensive information about the haplotype
background of the sickle cell mutation in Palestine is available. In this study,
Benin was found to be the most frequent haplotype in patients with SS
disease in the West Bank of Palestine. The homozygous form of the Benin
haplotype accounts for 83% of all haplotypes, followed by the double
heterozygous form of Benin/atypical as the second most frequent haplo-
type (8.5%). The very high frequency of the Benin haplotype in our study
suggests that the bS mutation present in Palestine may have originated from
the Benin region and was brought to Palestine along the slave trade routes.
The Arab slave trade brought slaves into the Middle East from Africa as
house slaves. The Arab slave trade, based on Islamic law, followed the same
tradition of slavery within Africa. The sons and daughters of slaves were
emancipated and blended rapidly into the local society (23). These data are
consistent with the views of Kulozik et al. (24) and Nagel (25), who sug-
gested that people from West Africa carrying the Benin bS haplotype had
migrated to North Africa, the Mediterranean, and the Southwestern part of
the Arabian Peninsula.

Seven chromosomes carried atypical haplotypes: four (3.4%) had [+−−−−
+++], two (1.7%) had [+−−−−++ −], and one (0.85%) had the [− −++ −+− +]

TABLE 2 The Distribution of Chromosomes Bearing the Benin Haplotype in the Mediterranean Basin

Country
Number of 

chromosomes Benin haplotype (%) Other haplotypes (%) References

Palestine 118 88.1 11.9 This study
Greece 82 96.4 36 (13)
Egypt 28 100.0 0.0 (14)
Jordan 20 80.0 20.0 (14)
Lebanon 100 73.0 27.0 (15)
Sicily 38 100.0 0.0 (16)
Tunisia 66 94.0 6.0 (17)
Algeria 20 100.0 0.0 (18)
Turkey 138 91.0 9.0 (19)
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haplotype pattern. The occurrence of the atypical haplotypes in heterozy-
gous combination with typical African haplotypes could be explained by a
recombination event or point mutation or gene conversion at the restric-
tion fragment length polymorphism (26). The atypical haplotypes reported
in our study were identical at the 3′ region, whereas the differences were in
the 5′ region. The [+−−−−+++] atypical haplotype was reported previously
by Srinivas et al. (27) as Bantu A2 based on the similarities of restriction
sites on the 5′ region of the b gene. The [+−−−−++−] atypical haplotype
differs from Bantu A2 in that it lacks the 3′b HinfI restriction site, and thus
reported here as Bantu A2c. The third atypical haplotype was similar to the
Bantu A6 atypical haplotype, but as the AvaII site for this particular atypical
haplotype was absent, it was designated as Bantu A6a (28). We can postulate
that the atypical haplotypes encountered in our study could have resulted
from a crossover close to the “hot spot” between the 5′ and 3′ portion from
a typical haplotype in the 5′ region. The relatively high frequency of the
Bantu A2 and Bantu A2c atypical haplotypes reported in our SS patients,
and their presence also in bA and b-thal chromosomes in the Palestinian
population (unpublished data), suggest that they represent a common
haplotype in our country. It is possible that they arose from a normal wild-
type chromosome that serves as the site (background) of two independent
mutations leading to two different chromosomes; one carrying the sickle
gene and the other the b-thal mutations.

The heterogeneity of Hb F expression in each patient (ranging from
1.5 to 17.0%) could not be explained solely by age difference and presum-
ably is under the control of other factors yet to be discovered. The high Hb
F level (17%), which was in a patient homozygous for the Benin haplotype,
is most probably due to his age (2 years). On the contrary, the Gg-globin
gene expression is remarkably homogeneous with a normal amount
approaching (41%). It has been suggested previously that a C>T mutation
at position −158 5′ to the Gg gene is associated with a high Gg-globin chain
ratio (8), as observed in Saudi Arabia (76.5%) (29) and Indian populations
(71.78%) (30). In our SS patients, characterized by the common bS Benin
haplotype with low Hb F production and a normal Gg-globin gene expres-
sion (41%), the XmnI site is absent. These data are similar to those reported
by Labie et al. (31) for the patients from Benin.

The coinheritance of a-thal has been proposed by several investigators
as a modifier of sickle cell disease (32). We did not study the role of a-thal
and its prevalence in our group of patients, because the background data
from our hospitals and laboratories indicated that it was a very rare disease
in Palestine.

In conclusion, the Benin haplotype is the most common haplotype in
SS patients in Palestine. It is associated with fairly low Hb F and Gg levels. Its
relation to the clinical expression of the disease remains to be evaluated.
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