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ABSTRACT

Introduction: Beta-thalassemia is characterized by absence or reduced synthesis of the f-globin. Carriers of f-thalas-
semia, typically have microcytic hypochromic anemia and elevated hemoglobin HbA, and normal HbF level. On the
other hand carriers of severe alpha-thalassemia also have similar CBC parameters to that of S-thalassemia with normal
HbA, level. Co-presence of mutations in the f-globin and delta-globin genes (point mutations or deletions) usually give
normal HbA, and elevated HbF level. We report a S-thal carrier with normal level of HbA, and increased level of HbF
who had a point mutation in CD39 on the beta-globin gene and a point mutation in CD27 on the J-globin gene named
Hb-Yialousa. Materials & Methods: An individual with low hematological indices, normal HbA, and elevated HbF
was referred to our center as routine premarital screening program. Mutations in the S-globin and J-globin genes were
screened using ARMS and sequencing methods. Results: The mutation in - and J-globin genes were identified as
CD39 and CD27 (HbYialousa) respectively. No point mutation or deletion in a-globin gene was identified. Discussion:
We showed that normal HBA, with elevated HbF level is due to co-inheritance of delta-globin gene mutation with mu-
tation in the f-globin gene. When screening for f-thalassemia, one has to either rule out presence of a-globin gene mu-

tation of mutation in the delta-globin gene.
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1. Introduction

f-Thalassemia is one of the most common single-gene
disorders with more than 400,000 new born affected per
year worldwide [1]. In Iran, premarital screening has
been in effect since 1997 to curve the birth of affected
children [2]. Couples are primarily screed for MCV,
MCH and HbA, levels.

p-globin gene cluster is located at the short arm of the
chromosome 11. The cluster contains five functional
genes (i.e., &, Ay, Gy, 0 and f-globin). They are expressed
in different stages of human development. Thalassemia is
an inherited disorder in which there is an abnormality in
one or more of the globin genes. f-thalassemia is the
result of decreased (f+ thalassemia) or complete absence
(8" thalassemia) of normal S-globin chain [3], depending
on the mutation in HBB gene.

More than 200 mutations in the beta-globin gene have
been identified to date [4]. The reduced f-globin output
leads to an excess of a-chains that precipitate in the red
cell precursors, inhibiting their normal function and sur-
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vival.

Usually carriers of S-thal have microcytic hypochro-
mic anemia (reduced mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCH) and elevated
hemoglobin HbA, level. The HbA, level is important to
distinguish between carriers of a-thal from the f-thal.
The human delta globin gene, HBD is one of the S-like
globin genes, expressed in adults at low level (usually
less than 3.5% of total Hb).

Coinheritance of J-globin gene (mutated J-globin gene)
with f-globin can reduce the HbA, level to that of nor-
mal level but MCV and MCH level are usually similar to
those of beta-thal carriers (personal observation). How-
ever, the HbF values are usually elevated above the nor-
mal level.

HbF is largely replaced by adult hemoglobin shortly
after birth with small amounts of the fetal molecule con-
tinuing to be produced through adulthood (less than 2%
of total hemoglobin on average).

Normal HbA, with reduced MCV and MCH are hall-
marks of a-thalassemia trait. Therefore, the above status
should be differentiated from a-thalassemia trait. This
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combination should be considered in couple when one
partner is carrier of S-thalassemia.

The HDF level is a quantitative trait influenced by
many loci inside or outside the f-globin gene cluster [5].
The switch from fetal to adult hemoglobin is usually in-
complete. There is residual fetal hemoglobin in adults,
which is restricted to a subset of erythrocytes called F
cells. F-cell levels are influenced by a sequence variant
(C > T) at position -158 upstream of the gamma-globin
gene, termed as Xmnl-Ggamma (GyXmnl) polymer-
phism [6].

We report a fS-thal carrier with normal level of HbA,
and increased level of HbF who had a point mutation in
CD39 on the beta-globin gene and a point mutation in
CD27 on the d-globin gene named Hb-Yialousa.

2. Materials and Method

A young couple suspected of being carrier of beta-tha-
lassemia, with abnormal hematological indices, was re-
ferred to our center for further characterization. A written
informed consent was signed by both individuals. The
hematological parameters of the couple and their parents
are shown in Table 1.

After obtaining 10 ml of peripheral blood in tubes
containing EDTA, genomic DNA was extracted from
leukocyte by salting out method [7]. Complete Blood
Count (CBC) was performed on an automated cell
counter (Sysmex k12; Sysmex Corporation, Kobe, Ja-
pan).

[-globin gene mutation was analyzed by ARMS method
for common HBB mutations in Iran [8].

MLPA (multiplex ligation probe amplification) [9]
was performed using SALSA MLPA P102-B1 HBB and
HBA kits (MRC Holland, Amsterdam, the Netherlands)
according to manufacture protocol. Results were ana-
lyzed on ABI 3130XL Genetic Analyzer (Applied Bio-
systems, Foster City, CA, USA).

Primers used to sequences the J-globin gene in two
fragments were as follow:

o0l F: SCTGAGTCAAGACACACATGACAG3’, 92
R: 5’TGGTATGCATAATTTGAGTTGTTG3’,

03 F: S’AATATCCTGTCTTTCTCTCCCAAC3’, 54
R: 5’TAATTTCTGCTCTTTGGAGGTAGS3’.

The % and *y regulatory regions were sequenced us-
ing the following primers *y5’CACAGTACCTGCCAA-
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AGAACATTC3’, “5’GGCCTAAAACCACAGAGAGT-
3> and common primer as 5’TTGTCCTCCTCTGTG-
AAATGACC3’.

The J-globin gene was sequenced according to our
pervious method [10]. For investigating the coinheritance
of J- and f-globin gene mutations, both genes were se-
quenced by KBC (Kawsar Biotech Co., Tehran, Iran).
Alpha-globin genes mutation analysis was performed by
either gap-PCR for the detection of a(—a’”’, —a*?*, —a**)-
Med deletions [11] or by DNA sequencing. The a-globin
genes were sequenced using the following primers:

aseq-F: 5’GCTCCGCGCCAGCCAATGAG3’,

aseql-R: 5’CATGTGTGTCCCAGCTGCTGTC3".
aseq2-R: 5’ GAGAGGTCCTTGGTCTGAGACAG3’.

3. Results

To investigate the reason for normal HbA, and raised
HbF in the proposita, MLPA technique was used to
check for presence of any deletion covering both the J-
and S-globin genes (complete or partial). No deletion was
observed. The S-globin gene was sequenced and codon
39 (CD39) mutation was seen which also indicated pres-
ence of all or most of S-globin gene. Deletions in the
o-globin genes were checked using gap-PCR [11] and
MLPA. No deletion was seen. The a-globin genes were
sequenced. No point mutation was seen either. The pro-
moter regions for the *y and %y genes were sequenced for
finding any nucleotide changes which can explain raised
HbF level. No mutation was seen.

We then investigated mutation in the J-globin gene by
sequencing. A mutation was found at codon 27 (GCC >
TCC). This mutation had already been reported as HbY-
ialousa (Figure 1). Parental CBC parameters indicated a
trans inheritance in which the CD39 has been inherited
by her mother and the HbYialousashould have been in-
herited by the father since the mother had normal HbF.
We then sequenced maternal DNA for the J-globin gene
and it was shown that he was carrier of this mutation.

4. Discussion

Carriers of beta-thalassemia are usually characterized
by raised HbA, and low MCV and MCH. Borderline
HbA, and even normal HbA, beta-thal carriers have been
reported. Beta-thal carriers with normal HbA, could be
due to 6f, ydf or eyoft halassemia [12]. The ydf and

Table 1. Summary of hematological data in the proposita and her parents.

CBC data RBC 10'/1 MCV fl MCH pg Hb g/dl HbA, % HbF %

Proposita 5.7 67.7 20.6 11.8 2.4 6.2
Father 4.4 93.4 30.9 13.7 1.9 <15
Mother 49 65.9 224 103 53 <15
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Figure 1. §-yialousa point mutation in heterozygote form in the investigated subject.

particularly the &ydff usually have normal HbF level due
to deletion of gamma genes.

Coinheritance of d-and f-globin mutated alleles can
lower the HbA, to that of normal range and consequently
it can hinder proper diagnosis of beta-thal status. How-
ever, they usually are associated with raised HbF level.
Most forms of Jf-thal are deletional forms and Hb-
Lepore being the most common in our region (personal
observation). When ¢f-thal is the result of point mutation
then the mutated alleles can be co-inherited as trans or
most rarely in cis [13]. In our case it was shown to be in
trans. In these cases the fetus will inherit either the delta-
globin or the beta-gene mutation.

Our study showed that the reduced HbA, was due to
mutation in J-globin gene in the proposita. Since her
mother was beta-thal carrier and the father was normal
then she should have inherited the J-gene from the father
(hence in trans).

In our experience other forms of normal HbA, who are
carriers of beta-thal are carriers of Jf-, ydf or eydf. The
latter two are very rare in Iran [unpublished data]). The
op types are usually associated with raised HbF level but
the other two types usually have normal HbF which
makes the diagnosis even harder. In this case complete
analyses of alpha and beta-globin genes have to be con-
sidered.
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