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Abstract In order to determine the prevalence and
molecular basis of a-thalassemia (thal) among Filipi-
nos, a total of 2954 Filipinos in Taiwan were enrolled in
this study. A complete blood count was done for every
subject. Those with microcytosis (MCV less than
82.5 fl) were studied with hemoglobin (Hb) high-per-
formance liquid chromatography to determine the lev-
els of Hb A2 and Hb F, and with an enzyme immunoas-
say to determine plasma ferritin levels. Those who had
microcytosis and normal or low levels of Hb A2 and Hb
F were further studied with molecular methods for a-
globin gene mutations. We used Southern blot hybridi-
zation and/or the polymerase chain reaction to detect
Southeast Asian deletion, Filipino deletion, rightward
and leftward single a-globin gene deletions, and Hb
Constant Spring and Hb Quong Sze. Specific amplifica-
tion and direct DNA sequencing of the a2- and al-glo-
bin genes were carried out in apparent a-thal carriers
without any of the above-mentioned mutations. Our re-
sults showed that in Filipinos the prevalence of a-thal 1
was 5% (147 carriers) and that of a-thal 2 was 1.7% (49
carriers); two had Hb H disease. Among the a-thal 1
carriers, 89 had the Southeast Asian deletion and 58
had the Filipino deletion. Among the a-thal 2 carriers,
48 had a rightward deletion and one had a leftward del-
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etion. None had Hb Constant Spring or Hb Quong Sze.
Specific amplification and DNA sequencing in five ap-
parent a-thal carriers did not reveal mutations in the
2-kb region spanning the a2- and al-globin genes. The
molccular defects of a-thal in Filipinos were different
from. those in the neighboring ethnic groups. Elucida-
tion of the a-thal mutations in Filipinos is useful in the
genctic counseling and prenatal diagnosis of this com-
mon disease.
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Introduction

The a-globin gene cluster has been mapped to the tel-
ome ‘ic region of the short arm of chromosome 16. The
cluster is arranged in the order of 5'-¢{2-{1-pa-a2-al-
61-3". The whole cluster spans about 50 kb [4, 9]. The
two .x-globin genes have identical coding sequences and
their flanking regions have three stretches of sequence
homblogy. In addition, many Alu-repetitive sequences
are interspersed within the cluster [4]. These sequence
characteristics result in both homologous and illegiti-
mate recombination, which leads to various deletions in
the cluster. Illegitimate recombination results in both
Soutaeast Asian deletion (SEA) and Filipino deletion
(FIL), both removing the two a-globin genes and lead-
ing t5 a-thal 1 [3, 11, 16, 19, 24, 29]. Homologous re-
combination between the flanking regions of the two
a-glebin genes results in rightward or leftward deletion,
both removing one a-globin gene and leading to a-thal
2 [9, 11]. In addition to these deletions, nondeletional
defects involving the a2-globin gene (Hb Constant
Sprirg [Hb CS] and Hb Quong Sze [Hb QS)) are pres-
ent in Chinese and Southeast Asians [6, 13, 20}.
H>mozygous a-thal 1 causes Bart’s hemoglobin hy-
drops fetalis, and various obstetrical complications [23],
while compound heterozygous a-thal 1 and a-thal 2
causes Hb H disease. The Philippines is geographically
close to Taiwan. Migration of Filipinos within the




ing to previous reports on the ethnic Chinese living in
Taiwan, 3.5% are carriers of SEA, 0.17% of FIL, 0.6%
of -7, and 0.3% of -a*?[12, 15, 19]. Significant differ-
ences in prevalence and molecular defects of a-thal also
exist between the Philippines and Melanesia and re-
gions in Southeast Asia {3, 8, 25, 26]. a-Thal 1, which is
common in Filipinos, has never been reported in Mela-
nesians. On the other hand, the prevalence of a-thal 2
is generally higher in regions of Melanesia (up to 68% )
than in the Philippines [25, 26, 30).

SEA and FIL are common mutations in Southeast
Asian countries. Recent studies showed that the aver-
age carrier rate of a-thal 1 in Southeast Asians is 6%, a
figure comparable to this report [5, 7). Hb CS is a com-
mon nondeletional defect of a-thal in Southeast Asia,
especially in the Mekong River basin, in northeastern
Thailand and Laos, where its estimated prevalence is
6% [20]. Hb CS and Hb QS are also not uncommon in
southern China; a 0.88% prevalence rate for Hb CS
and a 0.17% rate for Hb QS were reported in Guangxi
province, close to northern Vietnam [13]. However,
these two mutations were not found in the Filipinos in
this study.

a-Thal is a worldwide problem. Significant differ-
ences in its prevalence and molecular defects exist
among different ethnic groups. During the past
20 years, more than | million refugees from Southeast
Asia have entered the United States and Europe [7]. A
better understanding of the a-thal characteristics in dif-
ferent ethnic groups is needed for the genetic counsel-
ing and prenatal diagnosis of this common disease.
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Abstract B-Thalassemia (thal) is a common single-
gene disease worldwide. However, the prevalence of 8-
thal and the spectrum of B-globin gene mutations in
Filipinos remain unclear. This study sought to answer
these two questions. A total of 2954 apparently healthy
Filipinos in Taiwan were recruited for a prevalence
study. A complete blood count was done in every sub-
ject. Those with microcytosis were studied with hemo-
globin (Hb) high-performance liquid chromatography
to determine the levels of Hb A, and Hb F. Twenty-
seven subjects had elevated levels of Hb A, (>4.0%).
These 27 suspected B-thal carriers and another 16 g-
thal major patients who were being treated in the Phil-
ippines were studied to determine the spectrum of -
globin gene mutations. Gap-PCR was used to detect
the Filipino deletion of B-thal, and direct sequencing
was used to detect point or small mutations in the g-
globin gene. All of the 27 suspected B-thal carriers had
one mutation in the B-globin gene, resulting in an over-
all prevalence of 0.9%. The spectrum of B-thal muta-
tions was similar in the carrier and patient groups.
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Analysis of the pooled identified seven different muta-
tions in the study population. The Filipino deletion was
the most common mutation, accounting for 45.8% (27/
59) cf the alleles, followed by codon 67 (=TG) (16 al-
leles;, and Hb E (11 alleles). These three mutations ac-
coun ed for 92% of the Filipino B-thal alleles. Elucida-
tion of the B-thal mutations in Filipinos is useful for the
genetic counseling and prenatal diagnosis of this dis-
ease.
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Introduction

B-Thalassemia (thal) is a common single-gene disease
worldwide [5, 25]. Except for some long-segment dele-
tions. most mutations resulting in B-thal involve a sin-
gle o several nucleotides of the B-globin gene [12, 14].
Up to now, about 200 different mutations have been
reported worldwide and each ethnic group has its own
common mutations {1, 3, 16, 18, 23].

B-Thal homozygotes require life-long blood transfu-
sion and iron chelation therapy for supportive treat-
ment unless bone marrow transplantation is performed,
whicl: can result in a permanent cure of the disease.
Early prenatal diagnosis using DNA analysis is the
most effective way to prevent new cases. National
screening programs have been shown to be effective in
reducing the incidence in the general population [25].
For such programs to be successful, information about
the prevalence and spectrum of the molecular defects
in a region or a country is needed [4, 7]. High preval-
ence rates of B-thal have been reported from many
countries in Southeast Asia [1, 9-11, 13, 17]. However,
there have been few reports of the prevalence and mo-
lecular spectrum of B-thal among Filipinos [8, 21]. This
study was designed to determine the prevalence and
molecular spectrum of 8- thal in Filipinos.




This study showed that Filipino deletion of the g-
globin gene was the most common B-thal mutation in
Filipinos. As reported previously, the 5’ deletion end
point is 4279 bp upstream of the mRNA cap site of the
B-globin gene and the 3’ deletion end point lies in a
region of the LINE-1 family of repetitive sequences
[24]. The deletion spans about 45 kb and the entire -
globin gene is deleted. Recognition of this defect is im-
portant because analysis of the other g-globin gene in a
B-thal carrier will not reveal any disease-causing muta-
tion. Although the exact deletion breakpoints have not
been defined, a rapid gap-PCR diagnosis is available
[24]. Since this mutation has a high prevalence in Filipi-
no B-thal. it should be screened for first. As reported
by Eng et al. [8), carricrs of the Filipino deletion had
higher levels of Hb F. :

Hb E is a very common hemoglobinopathy in South-
east Asia [9, 13]. In certain regions the prevalence is as
high as 40% [1, 20]. Although Hb E heterozygotes and
Hb E homozygotes are asymptomatic, compound het-
erozygotes for Hb E and B-thal usually have severe
symptoms and are blood transfusion dependent. Al-
though Hb E is still a common disorder among Filipi-
nos, its prevalence there is much lower than in the
neighboring countries [1, 9, 11, 20].

The spectrum of B-thal mutations in Filipinos is un-
like that of the neighboring ethnic groups. In Taiwan
and southern China, the two most common mutations
are codons 41/42 (= TCTT) frameshift and 1VS-11-654
(C—T) [16]. In Thailand, Singapore, Malaysia, and In-
donesia, the two most common mutations are 1VS-I-5
(G—C) and Hb E [I, 9, 10]. In the Filipinos in this
study, the IVS-11-654 (C—-T), codons 41/42 (-TCTT),
and 1VS-1-5 (G—C) mutations were rarely found. On
the other hand, the common Filipino mutations, i.e., B-
globin gene deletion and codon 67 (—TG), were also
rarely found in the neighboring countries [6]. In terms
of the B-thal mutation spectrum, the Philippines seems
quite different from other Southeast Asian countries.
Since only three common mutations accounted for 92%
of B-thal alieles in Filipinos, carrier screening and pre-
natal diagnosis of the disease would not be difficult.

During the past 20 years, more than one million
Southeast Asians have entered the United States and
Europe [2, 11]. A better understanding of the B-thal
characteristics in different ethnic groups will improve
the quality of genetic counseling and prenatal diagnosis
of this common disease.

Acknowledgements This study was supported in part by grants
from the National Science Council (NSC87-2314-B002-338) and
the Department of Health of the Republic of China on Taiwan.

References

1. Abduliah WA, Jamaluddin NB, Kham SK, Tan JA (1996)
The spectrum of 8- thalassemia mutations in Malays in Singa-
pore and Kelantan. Southeast Asian J Trop Med Public
Health 27:164-168

10.

1.
12.

14.

15.

16.

17.

19.

20.

21.

22.

259

. Arderson HM, Ranney HM (1990) Southeast Asian, immi-

grents: the new thalassemias in Americans. Semin Hematol
27:239-246

. Baysal E, Carver MFH (1995) The 8- and &-thalassemia re-

poritory, 8th edn. Hemoglobin 19:213-236

. Besis P, Darbellay R, Extermann P (1993) Prevention of B-

thalassemia major and Hb Bart’s hydrops fetalis syndrome.
Semin Hematol 32:244-261

. Buan HF, Forget BG (1986) The thalassemias - clinical man-

ifestations. In: Bunn HF, Forget BG (eds) Hemoglobin: mo-
leealar, genetic and clinical aspects. Saunders, Philadelphia,
pp 322-379

. Dimovski AJ, Baysal E, Efremov DG, Prior JF, Raven JL,

Efremov GD, Huisman THIJ (1996) A large B-thalassemia
del:tion in a family of Indonesian-Malay descent. Hemoglo-
bin 20:377-392

- Embury SH (1995) Advances in the prenatal and molecular

dianosis of the hemoglobinopathics and thalassemias. He-
molobin 19:237-261

- Enyy B, Chui DHK, Saunderson J, Olivieri NF, Waye JS

(1923) Identification of two novel B"-thalassemia mutations, ,
in ¢ Filipino family: frameshift codon 67 (= TG) and a B-glo-
bin gene deletion. Hum Mutat 2:375-379

. Fucharoen S, Winichagoon P (1992) Thalassemia in South-

eas. Asia: problems and strategy for prevention and control.
Soitheast Asian J Trop Med Public Health 23:647-55
George E, Li HJ, Fe YJ, Reese AL, Baysal E, Cepreganova
B, Wilson JB, Gu LH, Nechtman JF, Stoming TA, et al.
(1992) Types of thalassemia among patients attending a large
uni/ersity clinic in Kuala Lumpur, Malaysia. Hemoglobin
16:51-66

Glader BE, Look KA (1996) Hematologic disorders in chil-
drea from Southeast Asia. Pediatr Hematol 43:665-681
Henthorn PS, Smithies O, Mager DL (1990) Molecutar analy-
sis of deletions in the human B-globin gene cluster: deletion
junctions and locations of breakpoints. Genomics 6:226-237

- Hill AV (1992) Molecular epidemiology of the thalassemias

(including haemoglobin E). Baillieres Clin Haematol 5:209—
238

Kazazian HH jr (1990) The thalassemia syndromes: molecu-
lar basis and prenatal diagnosis in 1990. Semin Hematol
27:209-228

Kazazian HH jr, Orkin SH, Antonarakis SE, Sexton JP,
Bochm CD, Goff SC, Waber PG (1984) Molecular character-
izat on of seven B-thalassemia mutations in Asian Indians.
EMBO J 3:393-396

Ko M, Xu XM (1998) Molecular study and prenatal diagno-
sis (f a- and B-thalassemias in Chinese. J Formos Med Assoc
97:5-15

Ko TM, Hsu PM, Chen CI, Hsieh FJ, Hsieh CY, Lee TY
(19¢9) Incidence study of heterozygous B-thalassemia in
northern Taiwan. ] Formos Med Assoc 88:678-681

- Ko'I'M, Tseng LH. Hsu PM, Guu IJ, Lin YW, Li SF, Lee TY,

Chuang SM (1997) Molecular characterization of B-thalas-
sem a in Taiwan and the identification of two new mutations.
Hemoglobin 21:131-142

Lorey F, Cunningham G, Shafer F, Lubin B, Vichinsky E
(1994) Universal screening for hemoglobinopathies using
high-performance liquid chromatography: clinical results of
2.2 1nillion screens. Eur J Hum Genet 2:262-271
Machusnata D, Gouri C, Swapan KD, Bhattacharya DK,
Geela T (1997) Molecular studies of haemoglobin-E in tribal
popiilations of Tripura. Lancet 349:1297

Motum PI, Kearney A, Hamilton TJ, Trent R (1993) Filipino
B" thalassaemia: a high Hb A, B° thalassaemia resulting from
a large deletion of the 5 B-globin gene region. J Med Genet
30:240-244

Ringelhann B, Szelenyi JG, Horanyi M, Svobodova M, Divo-
ky V, Indrak K, Hollan S, Marosi A, Laub M, Huisman THJ
(1993) Molecular characterization of B-thalassemia in Hunga-
ry. Hum Genet 92:385-387




