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Abstract

Thalassemia syndrome, resulting from defective synthesis of globin chains, is the
most common genetic disorder in Thailand. o, -Thalassemia 1 occurs from deletion of
both of the duplicated o, -globin genes. o -Thalassemia 2 is the result of a deletion
leading to loss of one .-globin gene, classified either as leftward (4.2 kb) deletion or
rightward (3.7 kb) deletion; the latter is more common in Thai patients. Nondeletion o -
thalassemia, so far, is rare or absent in the Thai population. Studies of B - globin genz2
cluster in B-thalassemia using restriction endonuclease DNA polymorphisms reveal 17
different haplotypes. However, 80.3 %of 158 B -thalassemia chromosomes analysed
show two common haplotypes, +————— +and +— ———++. Point mutations and small
deletions or insertions in the nucleotide sequences are responsible for the molecular
defects of B -thalassemia. In contrast to B -thalassemias, a wide area of gene deletion
involving the AY -, 6 - and B -globin genes, resulting in (A Y 8§ B )°-thalassemia in
two unrelated families, have been identified. Hemoglobin (Hb) E and Hb Constant
Spring, the two most common abnormal globin variants, also behave like thalassemia.

Introduction

The thalassemias are a group of hereditary anemia characterized by decreased or
absent synthesis of one of the globin subunits of the hemoglobin molecule. This is the
most common genetic disorder in Thailand. Two major types are ¢ - and B - thalassemia.
In addition, two abnormal hemoglobins (Hb), Hb E and Hb Constant Spring, which
have the phenotypic expression of thalassemia are also found in this population. The
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Fig1. The arrangement of o.- and B -globin gene complex. For every gene, black boxes
represent coding regions (exons), white boxes represent intervening sequences
(introns, IVS) and hatched boxes are the 5’ and 3’ untranslated regions. The
number of the codons separated by each intron is also shown under the area of the
coding sequences.
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expression, RNA processing and splicing, and translation of the processed
mRNA is shown.
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frequency is 20-30%for 0. - thalassemia,3-9%for B -thalassemia, 13-50%for Hb E and at
least 4%for Hb Constant Spring. &8 -Thalassemia and hereditary persistence of fetal
hemoglobin (HPFH) are rarely found in the population.

Structure of Human Globin Genes

Hemoglobin is a tetramer that consists of two o -like and two B -like globin
subunits. These subunits are encoded by two clusters of genes. The o -gene complex is
clustered on the short arm of chromosome 167 in a 25 Kb (1 Kb =1000 base pair) region
consistingof 7, YZ , Yo, ®2and o 1 genes. The B -gene cluster is on the short arm
of chromosome 11%* in a 50 Kb region containing €, Gy , AY » YB » & and B genes.
Yz » Yo and YB are pseudogenes which have sequence homology with the active genes
but contain mutations that prevent their expression5 "7, The arrangement of human globin
genes is shown in Fig. 1. The o - globin loci are about 3.7 Kb apart and the embryonic -
globin gene is about 20 Kb 5’ to the o 2-gene8'9. The distance between the B-and & -
gene is about 7 Kb, and that between the § -and Ay-gene, 15Kb. The C'Y -gene is about §
Kb “‘upstream’” (5’ relative to start site of gene transcription) to the Ay -gene and thee-
gene which codes for the embryonic € chain lies 5’ to the GY -gene 71012 gach globin
gene is discontinuous in that there are 3 segments of DNA which encode for the
polypeptide chain (exons) separated by 2 non-coding intervening sequences (IVS or
introns)”. The intervening sequences are transcribed in the nucleus of erythroid
precursors so that the initial RNA transcript is a mosaic of exons and introns. Within the
nucleus, RNA splicing mechanism excises the intron and ligates the exons together
resulting in the mature mRNA molecule.

Consensus sequences at the boundaries of the coding and intervening sequences
are crucial for the accurate splicing mechanism. The IVS always begin with the
dinucleotide GT and end with an AG (called ‘‘Chambon rule”)l4'15 . Fig. 2 shows the
conserved sequences important for gene expression, RNA processing and translation bf
the processed mRNA. Promotor sequences at the 5’ end of globin gene are essential for
RNA polymerase binding and for accurate and efficient RNA transcription. However,
the .- and § -globin genes lack one of the promotor elements, the conserved CACCC
sequence, which is found duplicate in the R -globin genel6’”. Transcription occurs
beyond the DNA strand that corresponds to the 3’ end of RNA coding sequences.
Conserved sequences at the 3’ non-coding end of globin gene are responsible for
terminating RNA transcription and for the addition of adenosine to form the poly A
tractm.

Translation of the processed mRNA is on polyribosomes in the cytoplasm.
Initiation of translation starts at the codon AUG and terminates at codon UAA, UAG or
UGA. o.-and ¢ -Globin chains have 141 amino acids whereas 8-, § -, Y- and € -chains
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have 146 amino acids. In the normal individual, production of ¢ - and non ¢ -globin
chains is equalw. Gene deletions or point mutations in the nucleotide sequences necessary
for transcription, RNA processing and translation are found to be causes of thalassemic
diseases.

Alpha Thalassemia

Alpha thalassemia is most often due to gene deletion’®. A summary of deletions
in the a -globin gene cluster leading to 0.-thalassemia 1 and o -thalassemia 2 in Thai
population is shown in Fig. 3. 0.-Thalassemia 1 occurs from deletion of both of the
duplicated o -globin genes. The 5' start of the deletion ina- thalassemia 1 in Thais may
exist within the third exon of the Y -gene and the 3’ end of this deletion terminates
within the hypervariable region located at the 3’ end of the 0. -globin gene complex,
removing about 17.5 Kb of DNA from the ¢i-globin gene cluster?’ (--SEA in Fig. 3.).

Deletions of the 0. -globin complex that cause o -thalassemia 2 remove one ¢, -
globin gene, thus reducing the output from that chromosome by about one-half. Two
types of a-thalassemia 2 have been observed, one involving a deletion of 4.2 Kb of DNA
(leftward type, - 0.4'2) and another removing 3.7 Kb (rightward type, - a3'7)“; the latter
is more common in many populations including Thais?.

The 4 Kb 0 -globin duplication unit is shown to contain three highly conserved
X, Y and Z, homology blocks (Fig.3)6’22. Thus misaligned reciprocal recombination
between the duplicated 0.-globin genes can lead to a deletion of one of the two 0. -genes.
The- 0. *Zinvolves the X homology block 3’ to the Y0O. -gane on one chromosome and the
block 3’ to the 0. 2-gene on the other, whereas the - o 3-Tdefect results from either inter -
or intrachromosomal recombination between the two homologous Z segments23 . Higgs et
al. have shown that the point of crossover giving rise to the - o7 defect in Thais is located
within the homologous region 5’ to the third exon of the 0. -globin genes in Z segments,
of which the homology is more than 9997924, However, deletions that involve the
0.-thalassemial do not seem to occur between these highly homologous regions of DNA.

Non-deletion 0~thalassemia described in Mediterraneans and Saudi Arabians, so
far, is rare or absent in Thai populationzo. However, some 0. -globin chain variants can
have the thalassemia-like expression, for example Hb Suan-Dok which is the highly
unstable abnormal o -globin chain®*. Hb Constant Spring, the elongated o -chain
variant commonly found in Thailand, also has the o -thalassemia 2 like effect. This
abnormal globin occurs from the mutation of the termination codon in the 0. 2-gene,
from UAA to CAA, resulting in a longer mRNA which is translated to the next in-phase
terminator to give a globin with 172 rather than normal 141 amino acids’®?’. Hb
Constant Spring & mRNA is quantitatively reduced, which may reflect its instability,
thus resulting in minute amounts of Hb Constant Spring production. The other o.-chain
variant, Hb Mahidol (Q) is associated with the leftward deletion type of o.- thalassemia 2
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Fig.3 Summary of deletions in the o -globin gene cluster leading to o, -thalassemia in
Thailand. \~v represents the hypervariable region on the 0.-globin gene cluster.
The homology blocks, X, Y and Z, are shown under the physical map. The
extents of the deleted segments are shown by the black boxes and the hatched
boxes indicate the possible limit of deletion.
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Fig. 4 The polymorphic loci used to define the haplotype (a) and two common
haplotypes of the B -globin gene complex (b). + indicates that the enzyme cuts
at this site, — indicates that the enzyme does not cut at this site.
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which can lead to Hb H disease when it interacts with o.-thalassemia 1%,

In summary, four varieties of o -thalassemia can be defined depending on the
number of O.-globin gene deletion in the diploid genome. Thus deletion of 1, 2, 3 and 4
-globin genes results in O -thalassemia 2 (-0./ a0, ), @ -thalassemia 1(--/ oo ), Hb H
disease (--/-0.) and Hb Bart’s hydrops fetalis (--/--), respectively. Deletions of 1 or 2
a -genes do not give rise to clinical disease, whereas deletion of four 0. -genes leads to the
most severe form of thalassemia, Hb Bart’s hydrops fetalis, in which the fetus dies in
utero or soon after birth. Two genotypes of Hb H disease are commonly found in
Thailand: o -thalassemia 1/ o -thalassemia 2 (--/-o) and o -thalassemia 1/Hb
Constant Spring (--/ aSa ). Rare Hb H diseases can occur from the interaction between
o -thalassemia 1 and Hb Mahidol or Hb Suan-Dok.

Beta Thalassemia

In B -thalassemia, gene deletion does not appear to be the underlying
abnormality. It is a very heterogeneous disorder caused by many different defects in the
g -globin gene. Recombinant DNA technology has enabled a number of different
R-thalassemia genes to be cloned and sequenced. It has been found that point mutations
and small deletions or insertions in the nucleotide sequences are responsible for the
molecular defects of B -thalassemia 17,

Study of the R -globin gene cluster using sequence analysis of cloned DNA
fragments or restriction endonuclease DNA mapping has also revealed the common silent
or neutral variation in DNA. If two or more alleles are present at any given locus at
frequencies greater than 0.01, this is called DNA polymorphism. These nucleotide substi-
tutions may either introduce or remove cleavage sites for restriction endonucleases which
recognize specific DNA sequences. Thus each polymorphic site can either be present (+ )
or absent (—) in a particular chromosome. An ordered sequence of linked DNA
polymorphisms is called a haplotypezs'zg. Fig. 4 shows the polymorphic restriction
enzyme sites commonly used in haplotyping studies. A close association of DNA
polymorphism haplotypes and specific mutations has been reported by Orkin®.
However, the mutations are generally different in different ethnic groups even when the
DNA polymorphisms surrounding the  -globin gene are the same and one mutation can
be present on more than one haplotype (Table 1)28’30’31.

Study of the B-globin gene cluster in Thai B-thalassemic patients revealed 17
32

different haplotypes from 158 chromosomes™“. However, 80.3% of the chromosomes
analysed showed two common haplotypes, +————~— + and +————++ (Fig.4 and
Table 1). Three Indian patients, immigrants into Thailand, who have the + ————~— +

haplotype were found to have a deletion of 619 base pairs, starting in the IVS 2 of the
g-globin gene (Fig.5). This deletion has previously been reported with a high incidence
amongst Asian Indians who also have the same haplotyping data®®. In another study by
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Fukumaki et al. a patient who shares the same haplotype, +————— + , was found to
have a four-nucleotide deletion ‘in codons 41 and 42 of the B -globin gene”. This
deletion shifts the reading frame resulting in an in-phase terminator in codon 59.
The same mutation has been reported in Indian and Taiwan B-thalassemic patients who
have different haplotypes3°’33.

Cloning and sequencing analysis were also carried out in a patient who showed
the unique haplotype, —+—+——+ (Table 1). It was found that the 8 -globin gene had
a single nucleotide substitution producing a terminator codon at position 17*2. This
mutation was first reported in a Chinese B -thalassemic patient34. The other unique
haplotype, +—————— , was found to have a 3.4 Kb deletion of DNA including the
entire B ~globin gene (Fig.5). This deletion, and its associated haplotype, has not been
reported before and surprisingly the patient is a homozygote for the same haplotype32.

All mutations described above lead to Bo-thalassemia in which no R -globin
chain is synthesized. Work is in progress to identify the molecular defects of the other
patients with the common and rare haplotypes described in Table 1.

So far, the molecular defect leading to B*- thalassemia in Thailand has not been
identified. Abnormal transcription and splicing of RNA have been found to be
responsible for R *-thalassemia in many populations. However, Hb E, a R -globin
variant (g 26 8% ~%)commonly found in S.E. Asia, behaves as a mild 8 *-thalassemia.
It was found that the codon change GAG to AAG at position 26 activated an alternative
site for B E_ mRNA splicing at codan 25 (Fig. 6)3 s, Thus, in addition to normally spliced
mRNA, an abnormal mRNA was present which utilized this alternative site resulting in a
deletion of a portion of the first exon. This mechanism results in reduced 8 E mRNA36Y
and thus reduced synthesis of BE—globin chains’8 accounting for the B * _thalassemia
phenotype of Hb E.

Hb Lepore and & R-Thalassemias

Hemoglobin Lepore is another structural variant associated with the thalassemia
phenotype. The crossover event deletes the DNA between ¢ - and R -globin genes (Fig.5).
This will result in a SR -fusion gene which can produce a Sf -fusion chain or Hb
Lepore39. The abnormal globin chain is synthesized in a reduced amount leading to
the feature of B -thalassemia trait.

In §B -thalassemia, gene deletions of different extents including S - and B -
globin genes have been found to be acommon underlying molecular defect‘“).G Y (A YGB)O-
Thalassemia detected in two unrelated Thai families, who have an increased amount of
Hb F, also occur from gene deletions involving the AY-,G- and B -genes (Fig. 5)41.
However, non-deletion of the B -globin gene complex was also demonstrated in some
patients with increased Hb F (unpublished data). In these cases gene cloning and
sequencing are needed to define their molecular defects.
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Fig. 6 The alternative splice site for the BE-mRNA { * ) and the normal splice junction
(CAG YGTTGGT) at codon 30 of B-globin gene. (see text for details).
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