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ABSTRACT

We report a 15-year-old Malay girl who since the age of five required infrequent blood transfusions.
However over the past 10 years, her transfusion requirements increased due to symptomatic anaemia.
Currently, she has become transfusion dependent. Her peripheral blood film was consistent with severe
haemolytic anaemia and the H-inclusion test was negative. Her mother, who was 36-week pregnant, also
had features of haemolytic anaemia (haemoglobin, Hb: 8.5 g/dl) but in a milder form. Her father had
normal Hb level but raised red cell count. Both parents had negative H-inclusion test. Hb subtyping by
cation exchange high performance liquid chromatography and capillary electrophoresis only revealed
presence of Hb variant in the father and the daughter. The abnormal peak appeared at retention time 4.62
seconds (25.6%) and zone 7 (28.2%) in the father. Similar findings were observed in the daughter, but
with lesser values (retention time 4.58 seconds, 15.1% and zone 7, 19.1%). Multiplex Gap PCR revealed
that both of them were heterozygous for single a-globin gene deletion (or*). Further analysis of a;- and
ay-globin gene by DNA sequencing had confirmed they were heterozygous for Hb Q-Thailand, and
surprisingly, the daughter were also found to have heterozygous Hb Adana in a,-globin gene. The
inheritance of Hb Adana was then discovered when the mother was found to be heterozygous for a, Hb
Adana by Mutiplex ARMS PCR. Compound heterozygosity of Hb Q-Thailand and Hb Adana, which is a
highly unstable Hb variant, would explain the clinical phenotype that was manifested by the patient.
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INTRODUCTION

Alpha thalassaemia can either result
from deletions or point mutations of a-
globin gene, in which deletions is the
commoner mutation. The deletion defects
can be due to loss of one a-globin gene ('),
both a-globin genes in tandem (a”), and the
entire (-a-globin gene cluster.  These

deletional types lead to deficient or absent
synthesis of a-globin chain. Meanwhile, the
non-deletion defects (point mutations)
would generally produce the a-globin chain
variants of no clinical significance.
However, if the mutations involve critically
positioned amino-acid residues, they might
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generate the highly unstable haemoglobins
that can give rise to haemolytic anaemia.
Haemoglobin (Hb) Q-Thailand is an
a-globin chain variant that is caused by a
point mutation in codon 74 of the a;-globin
gene on chromosome 16p (GAC—CAC)
resulting in substitution of aspartic acid to
histidine (Asp—His). As the mutation is
invariably associated with a leftward single
a-globin gene deletion (-a*?), individuals
with heterozygous Hb Q-Thailand usually
show slight red cell microcytosis. The
carriers are always asymptomatic since the
Hb variant is stable and has normal oxygen
affinity. ) On the other hand, Hb Adana, is
one of the highly unstable a-globin chain
variants. It arises from point mutation of
codon 59 in og- or op-globin genes
(GGC—GAC) resulting in replacement of
glycine to aspartic acid (Gly—Asp). Most of
the highly unstable a-globin variants are
identified when they interact with other
alpha thalasaemia, typically causing Hb H
disease, or occasionally, a state similar to
beta thalassemia intermedia. B* In Hb
Adana, it is not only such interactions that
would influence the clinical phenotype, but

also the type of a-globin gene that is
mutated (either az- or ap-globin gene) and
the degree of protein instability in
polypeptide globin chain. ™34 To the best of
our knowledge, this is the first case of alpha
thalassaemia intermedia in Malaysia which
shows the interaction of heterozygous Hb Q-
Thailand with the rare a; Hb Adana.

CASE REPORT

The case is a 15-year-old Malay girl
who was known to receive occasional blood
transfusions since she was five years old.
Her condition had progressively worsened
over the past ten years, and in July 2012 she
became  transfusion  dependent.  On
examination, she appeared pale. The liver
and spleen were palpable, three finger
breaths below the respective costal margin.
Her 49-year-old father was asymptomatic
and had no known history of thalassaemia.
However, her 37-year-old mother who was
36-week pregnant had always experienced
anaemic symptoms during pregnancy. She
was also pale, but otherwise no obvious
abnormality was detected in other systems.

Table 1. Phenotype and genotype findings of the patient and her parents.

Parameter Normal Range Father Mother Daughter (patient)
(pregnant)

RBC (x10™/L) | 3.80-4.80 5.48 2.90 2.95

Hb (g/dL) 12.0-15.0 145 85 74

MCV (fL) 83.0-101.0 83.0 93.0 82.0

MCH (pg) 27.0-32.0 26.5 29.5 24.9

RDW (%) 11.6-14.0 14.3 25.2 20.0

a-globin ao/olor (00”3 ZRTY T (0% r0r) (oo *Z T

genotype

RBC: Red blood cell, Hb: Haemoglobin, MCV: Mean cell volume, MCH: Mean cell haemoglobin, RDW: Red blood cell distribution width

The haemogram from an automated
blood counter (Beckman Coulter DXH 800,
Beckman Coulter Inc., USA) showed that
the patient and her mother had anaemia, 7.4
g/dl and 8.5 g/dl respectively (Table 1). The
peripheral blood film of the patient was
consistent with severe haemolytic anaemia
(Figure 1), while in the mother a milder
form of haemolytic features were seen.

Blood count of her father showed typical
features of thalassaemia trait with normal
Hb level (14.5 g/dl), high red cell count and
hypochromia. All of them had negative H-
inclusion test. High performance liquid
chromatography (HPLC) wusing Biorad
Variant Haemoglobin  Testing System
(Hercules, USA) revealed presence of
abnormal peak in the patient and her father
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(Figure 2a). It appeared at retention time of
4.58-4.62 seconds with percentage of 19.1%
(patient) and 25.6% (father). Using Sebia
Capillarys (Sebia, France), the Hb variant
was also  detected by capillary
electrophoresis method as it appeared in
zone 7 (patient, 19.1% and father, 28.2%)
(Figure 2b). Hb electrophoresis using
automated agarose gel, Interlab G26
(Interlab, Italy) on alkaline pH (8.6) clearly
showed Hb variant that migrated anodal to
Hb A. No Hb variant was detected in the
mother using these three screening methods.

(a)

(b)

Figure 1. The peripheral blood film showed mark
anisopoikilocytosis and presence of target cells, tear drop cells and
few fragmented RBCs. There was increase erythropoiesis as shown
by raised polychromatic cells and presence of a few circulating
nucleated RBCs.

L A
Electrophoresis
Fractions % Ref. % Ref. g/dI
Hb A 784
X 1941
HbE 0.5
Hb A2 2.0

Figure 2. Hb subtyping of the patient: (a) HPLC showed abnormal peak (arrow) at retention time 4.58 seconds (15.1%). (b) Capillary

electrophoresis showed Hb variant (arrow) at zone 7 (19.1%).

DNA studies were performed on
extracted DNA. Multiplex GAP-PCR
capable of detecting single (-o*”, -a*%) and
double a-globin gene deletion (-4, - -
MED " __02%° and """ showed the presence
of a heterozygous single gene deletion (-o*?)
in both the father and index patient (Figure

3). DNA sequencing analysis of the

amplified o;- and op-globin gene of both
father and index confirmed that they had
point mutation (GAC—CAC; Asp—His) at
codon 74 of the ay-globin gene, indicating
that they were carriers of Hb Q-Thailand
(Figure 4). In addition the daughter also
inherited another point mutation in a,-globin
gene, the codon 59 mutation (GGC—GAC;
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Gly—Asp) Hb Adana (Figure 5). This
heterozygous inheritance of Hb Adana was
also discovered by Mutiplex ARMS PCR
which is able to detect the a-globin gene
point mutations [initiation codon

(ATG—GAC), codon 30 (AGAGQG), codon 35
(TCC—CCC), codon 125 (CTG—CCQG),
termination codon (TAA—CAA) and the
codon 59 mutation (GGC—GAC]. This
analysis revealed that the mother was a
carrier for o, Hb Adana.

Figure 3. Multiplex GAP-PCR showed lane 1: a, control, lane 2: -
o control, lane 3: -o*2 control, lane 4: --5 control, lane 5: -a®7/--
SEA control, lane 6: blank, lane 7: DNA from the patient and lane
M: hyperladder 1. From this analysis, the patient was heterozygous
single gene deletion (-a*?).

Hetero Codon 74 (GAC>CAC)

BCCGTGGCGCACGTGCACGACATGCCCAACGCG
Ala WVal Ala His WVal His Asp Met Pro Asn Ala

FCCGTGGCGCACGTGGACGACATGCCCAACGCG|
Ala WVal Ala His WVal Asp Asp Met Pro Asn Ala

FBCCGTGGCGCACGTGCACGACATGCCCAACGCG|
Ala WVal Ala His WVal His Asp Met Pro Asn Ala

AWM AN A

FCCGTGGCGCACGTGEACGACATGCCCAACGCG
Ala WVal Ala His WVal His Asp Met Pro Asn Ala

\wn s YA g

FPCCGTGGCGCACGTGEACGACATGCCCAACGCG
Ala Wal Ala His Wal His Asp Met Pro Asn Ala

Figure 4. Electropherogram of codon 74 in al-globln gene showed

a point mutation G>C (GAC—CAC; Asp—His; HBA1:c.223G>C)
in heterozygous state (red arrow).

Homo Codon 59 (GGC>GAC)

CAGGTTAAGGGCCACGACAAGAAGGTGGCCGAC
Gin Val Lys Gly His Asp Lys Lys Val Ala Asp

-~

CAGGTTAAGGGCCACGACAAGAAGGTGGCCGAC
Gin Val Lys Gly His Asp Lys Lys Val Ala Asp

CAGGTTAAGGGCCACGACAAGAAGGTGGCCGAC
Gin Val Lys Gly His Asp Lys Lys Val Ala Asp

" il l A Anaalil A
| M\ﬂ( "N\/W 'u.""'-ﬁﬂ""'-.'ll Al Jﬂ( '-MMHM’"'J |

ZAGGTTAAGGG':CAIIZGACAAISAAGIBTGGC“C'AC
Gin Val Lys Gly His .Pv Lys Lys Val

RMMI\AMHM JﬂL N\/\ﬂfwm A

Figure 5. Electropherogram of codon 59 in a,-globin gene showed
a point mutation G>A (GGC—GAC; Gly—Asp; HGVS,
HBAZ2:¢.179G>A) in heterozygous state (red arrow). In this figure,
the mutation was depicted in homozygous state due to a2
deletion.

DISCUSSION

Patients with alpha thalassaemia
intermedia usually appear normal at birth
but often develop anaemia  and
splenomegaly by the end of the first year.
Their Hb levels are around 7-10 g/dl and
often require infrequent blood transfusion.
However, some patients might progress into
severe state especially among those with
non-deletional mutations.

HB H disease is the commonest
cause of alpha thalassaemia intermedia.
Commonly Hb H disease results from three
a-globin gene deletion (--/-a). Patients with
deletional Hb H disease rarely require blood
transfusion except during acute haemolytic
crisis induced by infections, pregnancy and
surgery. Alternatively, Hb H disease can
also result from the interaction between o°
deletion and non-deletional o thalassaemia (-
-/a'a or --/aa’) in which Hb H-Constant
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Spring (--/o“°a) is the most common form of
non-deletional Hb H disease. ®!

HB Constant Spring is able to be
presumptively identified by most of the
current screening methods and therefore
would prompt for further DNA study. Hb
Constant Spring is a termination codon
mutation defect (TAA—CAA) that leads to
a 31-residue extension of the expressed a-
globin  chain  variant. The clinical
manifestation of Hb H-Constant Spring is
more severe than deletional Hb H disease
because the former is related to unstability
of the variant that causes red cell membrane
damage. ® The phenotype is more evident
when the non-deletion defect interacts with
another non-deletional a-gene mutation
(a'o/a'o or o'o/aa') e.g. Hb Adana. Hb
Adana is relatively rare in Malaysia (0.14 to
3.7%) but quite common in Indonesia
(16%). ¥ Recently nine cases of double
heterozygous for non-deletional alpha
thalassaemia in trans to ap, Hb Adana were
reported among the Indonesian population.
The findings in this Indonesian study shows
that the heterogeneity of the clinical course
is dependent on both genetic and non-
genetic modifiers. "

Our case was compound
heterozygous for Hb Adana in o, gene and
Hb Q-Thailand (a"*"%a/-0**?"). The
diagnosis work out was quite challenging
since Hb Q-Thailand was the only possible
diagnosis after testing using the routine
screening assays. Since Hb Adana is
hyperunstable, it is thus not able to be
visualised by the routine screening
methods.” In fact the presence of Hb Adana
was able to be identified by DNA analysis of
the o, globin gene. The diagnosis of co-
inheritance of heterozygous Hb Adana
would have been easily missed in this
patient if the clinical history was not taken
into account. It is known that carriers for Hb
Q-Thailand are asymptomatic as seen in the
father. ' It was very unlikely that the

patient was only heterozygous Hb Q-
Thailand since she was transfusion
dependent. Therefore, it is always essential
to consider co-inheritance of hyperunstable
alpha Hb variant in a patient with alpha
thalassaemia intermedia. Definitive
diagnoses by DNA analysis including
parental studies are required as shown in this
case.
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