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ABSTRACT

Early diagnosis of disease is highly recommendedhi® treatment purposes by the
clinicians. Thalassemia is a genetic disorder whscinherited from the parents.
Thalassemia is classified into two groups alphdadsemia and beta thalassemia
depending upon the severity of the infants. Thehoad for early diagnosis of beta
Thalassamia which is currently used in some diagm&abs, for instances, current
direct and indirect mutation detection method. Rége most researchers haye
been discovered the latest or emerging methodspoove the technology in order
to minimize invasive methods that may be used asuéine procedure for th

future which is better than current methods, fatances, pre-implantation geneti

c
diagnosis and non-invasive prenatal diagnosis.ciaent methods, chorionic villi
sampling (CVS) and amniocentesis are used whetaa®imere biopsy is used for
pre-implantation genetic diagnosis. Hence, nonsiweaprenatal diagnosis can be
perfomed by using fetal cells which is found in ematl plasma such as
trophoblasts, erythrocytes and leucocytes. In amieh, emerging methods for
early diagnosis of beta thalassaemia minor are mafdr than current methods that

will minimize the risk and less invasive to theipats.
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1. INTRODUCTION

Thalassemia is a heterogeneous group of genetardéis of haemoglobin. The
causes of Thalassemia are due to impaired syntbkalpha and beta globin chains
of haemoglobin. Thalassemia is originated from ae&rword (thalassa’ means
sea), which was reported earlier mainly in the Nerdanean population. It was
discovered by Thomas Cooley, a paediatrician fromtrd@, USA in 1925.
Homozygous beta Thalassemia or Thalassemia majaiss known as Cooley
anaemia. There are two common types of Thalassdepanding upon the lack of
synthesis of globin chain such as alphg énd beta {) thalassemia. Alpha
thalassemia can be categorized on the basis atalliseverity into 4 types, for
example, Hb Bart’'s Hydrop’s fetalis syndrome, Hbidedse, Thalassemia trait and
silent carrier. Beta Thalassemia, was further dabsdfied into B-Thalassemia major,

B-Thalassemia intermediate and B-Thalassemia njifjor

I-Pathogenesis of Thalassemia

Thalassemia occurs due to genetic defects causedebgease or absence of
particular globin chain production. There are 4etymf genetic defects that can
cause Thalassemia, single nucleotide mutation, salsstitutions, and large deletion
within the alpha globin or beta globin clusters anskertion or deletion mutations
within the coding region of the mRNA. The singleclaotide mutation caused by
some interferes of messenger RNA (mRNA) productibat will decrease the

amount of mMRNA. Base substitutions can cause clsaingghe function of promoter,

RNA processing or mRNA translation as well as mpdif codon into nonsense
codon that could lead to premature terminationrahglation or substitution of an
incorrect amino acid. Thus, large deletion withhalpand beta globin clusters by
removing one or two gene can cause few changesgulation of the remaining

genes in the clusters. Lastly, the occurrence sértion or deletion mutation of
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globin chain may create frame shifts to preventtsgsis of complete normal globin
polypeptide. The molecular lesions in Thalassemegacamplex. The most common
cause of beta Thalassemia reported by point muatatioereas alpha Thalassemia

caused by gene deletiofy.

lI-Diagnosis of Thalassemia

Thalassemia patient can be diagnosed by examihs@plbod smear and measuring
of haemoglobin, haematocrit, red cell count, congpldood count (CBC) and red
cell indices[2]. This is followed by using Hb electrophoresis oghhiperformance
liquid chromatography for quantifying HBA2 if MCVhd MCHC as low2, 4, 5].If
HBAZ2 is more than 3.5%, patient may categoriseceuhe@ta Thalassemia trait, delta
beta Thalassemia and Hb Lepore trait. If HBA2 ssl¢han 3.5%, it is the alpha
Thalassemia trait and needs to perform further fi@stDNA analysis[3]. Other
special procedures can be performed by using npessremetry. Mass spectrometry
can be used to assess the mass of the globin dmaidstecting single amino acid
substitutions in the globin chain and identify wais haemoglobin moleculg§].

Antenatal diagnosis is also used to detect patiegghetic mutatiofv].
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2. SYNTHESIS OF GLOBIN
Alterations in the sites of erythropoiesis are tedlato alterations in the type of
haemoglobin produced. The synthesis of haemoglobimaintained by two
multigene clusters on chromosome 16 which is emgpdif alpha like globin
whereas chromosome 11 encodes beta-like glof@h3he synthesis of globin
occurs in three stages, transcription, processingRNA and translation as shown
in figure 1. DNA polymerase enzyme is needed for the synth@séssingle strand
of RNA which is originated from DNA template. The@de sequence of RNA is
complementary to the base sequence of transcripfioa promoter will bind to the
RNA polymerase for the beginning of translation. Rkholecule assembled when
RNA polymerase move along the DNA strand in a 5 3o direction. The
transcription may proceed through exons and intl®RNA polymerase will be
isolated from the DNA strand when comes into cdntath chain terminating
sequence. RNA strands have been formed known asemger RNA (MRNA)8]
.This process is followed by the processing of mRiNAaddition of a cap structure
and poly-A-tail and by the removal of introns. Capucture is attached at 5’ end of
MRNA for beginning of translation. Polyadenylatisnneeded for stability of the
transcript and its transport to the cytoplasm. AAARsequence at the 3’ end alerts
the addition of poly-A tail about 20 bases dowretnerom the polyadenylation site.
The removal of introns and attached together ohexa the mRNA transcript are
prerequisite before mMRNA is transported from thelews to the cytoplagidy.
Translation takes place in ribosomes to synthesligopptide chain according to the
directions supplied by mRNA template. Messenger RNARNA), transfer RNA
(tRNA) and ribosomal RNA (rRNA) are involved in tegnthesis of polypepetides.
The DNA template will be transcribed into mMRNA wadransfer of genetic code
from the nucleus to the cytoplasm of erythroblaatsl regulate the sequence of
amino acids in the formation of polypeptide. tRNJys an important role where
specific amino acids transport from cytoplasm te #pecific locations (codons)
along mRNA strand. After translation process amutlsgsis of polypeptide chain by

ribosomes, it transform into globin chain. Globieng expression may alter during
4
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Figure 2: Number of patients with different types d& Thalassemia in seven
regions [12].

Statistical data of the number of patients withhal@nd beta Thalassemia in seven
regions are shown in figure 2. Beta Thalassemiahmsighest number in Asia and
South East Asia, reaching 32665 patients and 2p&®2nts Beta Thalassemia in
Eastern Mediterranean has higher number than Paeifjion about 9716 patients.
Alpha Thalassemia is also high in Asia region appnately 17708 patients,
followed by Pacific region were 8267 patients. &dm region has high number of
beta Thalassemia about 1520 patients, followed byercan and Europe region
about 534 and 498 patients. Alpha Thalassemia He@$otvest number in African,
with 11 patients and Eastern Mediterranean abgattient[9].

4. DIAGNOSTIC METHODS
Diagnosis of disease is a main challenge for chnis. It is always recommended
that early diagnostics is always better to staatinent and preventive measures for

disease.

I-Prenatal diagnosis

Prenatal diagnosis is a method used to monitor hucoaiples and either if these
patients have genetic disorder. It also helps theitetect the patient’s condition in
order to avoid any risk to a child affected witlves® haemoglobin disorder. It has
been 30 years of experience to develop a new methqatenatal diagnosis for

haemoglobin disorders on the basis of moleculalyaisaor amniocyte DNA since

1970s. There are four basic parameters of predetghosis for Thalassemia such as
6
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timely discovering of couples at risk for an affsttpregnancy, the description of
their disease causing mutation, acquire the fettkeral properly and examine the
genotype of the fetal DNA on the basis of paremtaltation. Nowadays, the

developments of early diagnostic are designed tamaisi been routinely used in many
countries for the current methods but the reseasched discovered the new
methods to diagnose and determine the haemoglolsiordér on a prenatal.

Moreover, some researchers had discovered the hstesion of genetic diagnosis

for haemoglobin disorders such as pre-implantati@metic diagnosis and non-
invasive prenatal diagnosis which can contributén\some major advantages to the
patient with Thalassemia disease as WHI]. For current methods, chorionic villi

sampling (CVS) and amniocentesis are routinely fosethe detection of genetic

disorder. Chorionic villi sampling can be collectethen the patient is 10 to 12

weeks of pregnancy whereas amniocentesis can bectenl after 18 weeks of

pregnancy10].

lI- Current direct mutation detection methods

There are two types of current methods being donlea research lab such as current
direct and indirect mutation detection methods.rénir direct mutation detection
methods are type of tests used to detect speciftevk mutation in the population
group and mutation detection in carriers of betald$semid34, 35], for example,
Reverse dot blot and Amplification Refractory migatsystem (ARMS)12]. The
researchers have found reverse dot blot targetéd fon common mutation of a
peculiar ethnic in Thailand and cause some diffiesl to detect less common
mutation. Thus, they had created a reverse dotshiig for the 10 beta-Thalassemia
mutations, including beta-thalassaemic hemoglolatiops Hb E and Hb Malay that
has reported about ninety six percent of beta Blsalaia in Thailand and other strip
for six less common Thai mutation¥he second strip avoids require for more
technically challenging methods. They made multipbpies and identifiable beta
globin DNA like two shorter fragments that includd known Thai mutations in

order to keep from happening trouble involve widlt@ndary structure of amplified
7
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full-length target DNA [11]Reverse dot-blotting is a quick method, specific fo
identifying beta-Thalassemia mutations. Amplificati refractory mutation system
(ARMS) can be used to identify the presence of kaletions of the beta-globin
gene and doubt the truth of a very high HbA2 levies mutation is not discovered
by DGGE analysi§36, 37].

[1l- Current indirect mutation detection methods

Current indirect mutation detection methods arel useexamine for the presence of
genes regions to identify of sequence variatiorhiwieach region and specific for
unknown mutation after family studi¢34, 35], for instances, Denaturing Gradient
Gel Electrophoresis (DGGE) and denaturing High-étethnce Liquid
Chromatography (dHPLC). Some researchesigggest DGGE is better than
Polymerase chain reaction (PCR) amplified beta iglobNA since they had
encountered some problem with Allelic-specific ohgicleotide ASO probes.” PCR
amplified genomic DNA showed a very diverse speutrof beta Thalassemia in
Netherlands with the result about 20% of the bdtaldssemia mutation cannot be
identified with this problem. DGGE was preferreddahey made multiple copies
with certain regions of the beta globin gene. Big,tthey found out that it assign
several of these mutations to specific regionshef gene rapidly which they were
again amplified and sequenced promg®]. Denaturing high-performance liquid
chromatography (dHPLC) is a method that are appieeddentify of known and
unknown point mutations which is highly sensitivilnd dependable. Coupling
heteroduplex and primer extension analysis on #seskof dHPLC is highly specific
for beta-Thalassemia identificatiofi4, 15] Some researchers have developed
dHPLC where different compound with diverse in clcéer, identical alleles of
human beta globin (HBB) gene mutation and heterleduglution profile were
detected. Somehow, they also had developed by icamybdHPLC and multiplex
primer extension analysis for the genotyping of own disease causing mutations
in the HBB gengl16]. Another case in Southern Italy, the researchave lkdone this

by using dHPLC where direct sequence analysis wifized to identify common
8
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and rare mutations within beta globin gene. It eudntified beta globin gene
mutation if standard mutation detection methodefhito reveal the result. By this,
parental chromatography is dependataleause it is suitable for genetic screening of
prenatal and postnatal individual to diagnose bétassemifl7].

IV-Emerging detection methods

The examples of emerging detection methods are ipfiest Ligation-dependent
Probe Amplification (MLPA) and Real-time PCR. Mptéx ligation-dependent
probe amplification (MLPA) is an emerging detectimethod that are able to detect
duplicate number genomic variant within a targategion, designated replacement
for Southern blot analysis and FISH or second nweettoo gap-PCR in order to
examine known and unknown deletions that can caldea, beta or delta beta-
Thalassemia. MLPA is mainly on ligation of multigteobe-pairs combined across a
region of interest. The universal-tag PCR primeesused with quantitative PCR to
make multiple copies of all ligated probe pairs.tBig, it allows fragments analysis
of PCR productd18, 19]. The usage of PCR primers will be carrying out with
ligated probe pairs in PCR steps which are semmifaéive and permit to identify
deletions or duplications across the locus. Theaathges of MLPA is amenable,
well regulated and make your own oligonucleotidebgrpairs. The utilization of
probe pair with varies lengths, dissimilar tags #ndrescent labels can investigate
50 probe sets across a large region of intereser@ban that, commercially kits are
readily available for identifying copy number vditas across alpha and beta globin
gene clusters, for example: MRC-Holland and Ser{cdt is now available in most
diagnostic laboratories but it is not common foer@tal diagnosis. Real-time PCR
combine with microvolume rapid-cycle PCR with floaretry that will enable the
real-time fluorescent checking of the amplificaticeaction for measuring by the
quantity of PCR or describing the qualities of P@ducts or rapid investigate of
genotype, blocking the action of manipulating ofy-@ost-PCR sample. The
identifications potential sequences for investigai genotype applications such as

single nucleotide polymorphisms, utilizes the uséwm fluorescent probes which
9
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combine to near internal sequences within targgilified DNA, one of the cover
the regions expected to contain the mutat[@0s 21]

V-Pre-implantation genetic diagnosis

For pre-implantation genetic diagnosis, the mostioon genetic material currently
obtained from blastomere biopsy. Oocyte or zygadpdied can be performing for
genetic analysis. The example of pre-implantatieneagic diagnosis is Mini
sequencing or real-time PCR. This method is captbldiscover of the mutation
which is rapid and free from error. It is linked $ingle Nucleotide polymorphism
(SNPs) for the accuracy of the PGD. The amplifwmatof small DNA is more
productivity with minimum wasted effort than thedar fragment of DNA when
beginning from a single cell. Minisequencing istable for single cell PCR and
combined with microcapillary systems which are uBwddisease mutation analysis
and informative linked SNP22]. The methods that are used for genotyping single
cells for PGD with rapid and accurate result aralRene PCR with hybridization
probes. It is appropriate for PGD of Beta—thalassaénemoglobinopathies because
of minute size of the beta gene that allows mdimienotyping in some cages].

VI-Non-invasive prenatal diagnosis

Researchers have reported in their studies that tadlls such as trophoblasts,
erythrocytes and leucocytes can be found in mateeis [24, 25, 26].Beginning
from 1960s to 1990s, modus operandi was examinedht® separation of fetal
nucleated cells from maternal plasi2a, 28, 29]. The example of non-invasive
prenatal diagnosis is Matrix-assited laser desompitonization time of flight mass
spectrometry (MALDI-TOF MS) related to conventionhlomogenous Mass
EXTEND (hME) assay or a nucleotide specific singllele base extension reaction
(SABER) assay, possible for identifying of fetakslic alleles in maternal plasma
[30, 31, 32, 36Jand this application is being done to preventdbeurrence of the

fetal inheritance of the four most prevalence Seash Asian beta-Thalassemia
10
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mutations in at-risk pregnancies within 7 to 21tgtsn. Fetal haplotype analysis
related to single polymorphism joined beta-glolwous, HBB in maternal plasma is
capable to exhibit the result which is suitabledouples sharing identical mutations
[33]. Mass spectrophotometer is vulnerable to high wuutomated analysis.
Unfortunately, the disadvantages are complicatedhaondle and unaffordable to

purchase this automated analysis in some diagnastesearch laboratories.

CONCLUSION

Thalassemia is a genetic disorder which is inhgritem the parents. Thalassemia
can be classified into two such as alpha and Ibeltassemia depends on the severity
of the infants. Some infants cannot survive ifdtgevere thalassemia but some
infants may survive with asymptomatic (carrier)eifidare some lab diagnostics that
can be detect thalassemia by using different tegctes for early diagnosis such as
current method which is frequently used in the fabmy nowadays. Some
researchers had discovered the latest or emergatigoahs to improve the technology
in order to minimize invasive methods that may beduas routine procedure for the

future which is better than current methods.
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