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ABSTRACT

Background: Thalassemia is one of the most common single gene disorders
worldwide with hundreds of mutations involving beta (B)-globin gene alone.
Nevertheless, each ethnic population has its own unique type of mutations. The
aim of this study is to characterize types of B-globin gene mutations among B-
thalassemia patients in a teaching hospital; Hospital Universiti Sains Malaysia,
Kubang Kerian, Kelantan, Malaysia.

Methods: Hematological profile for each patient was studied, and this was
followed by screening and characterizations of B-globin mutations using
multiplex amplification-refractory mutation system (ARMS)-PCR. In addition,
direct DNA sequencing was also performed for the selected number of samples.
Multiplex ARMS-PCR was carried out on 102 patient samples taken from three
different ethnic groups: Malays, Chinese and Thais.

Results: This study finding indicated that majority of the patients were found to
be heterozygous for Hb E (47.5%), heterozygous for B-thalassemia (31.3%) and
homozygous for Hb E (7.5%). Heterozygous Hb Malay and compound
heterozygous B-thalassemia/Hb E were observed at the equivalent frequency of
5.0%. Other genotypes include compound heterozygous B-thalassemia/ Hb
Malay and compound heterozygous Hb E/ Hb Malay. However, 22 cases remain
uncharacterized. Overall, 12 types of mutations were successfully identified
which were depicted as 16 different genotypes. Cd 26 (G-A) mutation was found
to be the most observed anomaly in this study.

Conclusion: In conclusion, together with complete red cell indices as well as
information on ethnic background, the multiplex ARMS-PCR can be an effective
tool in dissecting specific regional mutations of the B-globin gene particularly in
multi-ethnic populations of Malaysia.
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OZET

Arka plan: Talasemi, yalnizca beta (B)-globin genini igeren ylizlerce mutasyonla
dlinya ¢apinda en yaygin tek gen hastaliklarindan biridir. Bununla birlikte, her
etnik populasyonun kendine 6zgli mutasyon tipi vardir. Bu ¢alismanin amaci,
Hastane Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malezya’daki bir
egitim hastanesindeki B-talasemi hastalarinda B-globin gen mutasyonlarinin
tiplerini karakterize etmektir.

Yontemler: Her hasta icin hematolojik profil ¢aligildi ve bunu, multipleks
amplifikasyon-refrakter mutasyon sistemi (ARMS)-PCR kullanilarak B-globin
mutasyonlarinin taranmasi ve karakterizasyonlar takip etti. Ek olarak, segilen
ornek sayisi i¢in dogrudan DNA dizilimi de yapildi. Malaylar, Cinliler ve
Taylandlilar olmak Uzere Ug farkl etnik gruptan alinan 102 hasta numunesi
Gzerinde multipleks ARMS-PCR uygulandi.

Bulgular: Bu galisma bulgusu hastalarin gogunlugunun Hb E igin heterozigot
(%47,5), B-talasemi igin heterozigot (%31,3) ve Hb E ig¢in homozigot (%7,5)
oldugunu gostermistir. Heterozigot Hb Malay ve bilesik heterozigot B-
talasemi/Hb E, %5,0'lik esdeger frekansta gozlendi. Diger genotipler, bilesik
heterozigot B-talasemi/ Hb Malay ve bilesik heterozigot Hb E/ Hb Malay'i igerir.
Bununla birlikte, 22 vaka tanimlanmamistir. Genel olarak, 16 farkli genotip olarak
gosterilen 12 tip mutasyon basariyla tanimlandi. Bu ¢calismada en ¢ok gézlenen
anomalinin Cd 26 (G-A) mutasyonu oldugu tespit edildi.

Sonug: Tam kirmizi hiicre indeksleri ve etnik gegmise iliskin bilgilerle birlikte
multipleks ARMS-PCR, o6zellikle Malezya'nin ¢ok etnikli populasyonlarinda B-
globin geninin spesifik bolgesel mutasyonlarini incelemede etkili bir arag olabilir.
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INTRODUCTION

Thalassemia hemoglobinopathies represent a major public health problem in
many areas around the world, which classically described to be concentrated in
tropical and subtropical countries (1). However, due to mobility and migration
flows, the prevalence of thalassemia is also found to be high in countries with
diverse ethnicity, high immigrant rate and in a society where consanguineous
marriage are still widely practise (2). The disease is believed to affect 300,000
children annually and predicted to reach 900,000 by the year 2025 (3,4). Itis well
established that the frequency and prevalence of thalassemia vary from one
country to another, even within different regions in a country. This scenario is
known as ethnic-specific, in which each ethnic has its own unique spectrum of -
thalassemia mutations (5). Despite hundreds of B-globin gene mutations that
have been described globally, fortunately only a few common mutations and
several rare variants occur in each population (6,7).

Malaysia is a multi-ethnic country with a population of over 30 million,
comprising of Malays (62%), 21% Chinese, 6% Indians and the remaining 1%
constitutes of other minority ethnics (8). It is estimated that about 4.5% of the
Malaysians are heterozygous for B-thalassemia, and carrier couples are at risk of
producing a thalassemia major offspring (9). As of 2017, there were 7,509
registered thalassaemia patients, with 35% of these patients were transfusion
dependent (10). In Malaysia, identifications and characterisations of pB-
thalassemia mutations have been systematically delineated since the mid-80s
and molecular diagnostic approach of the local populations is progressively being
studied and published (11- 14).

Geographically, Peninsular Malaysia shares its north border with Thailand,
south with Singapore and west maritime border with the Indonesia Island of
Sumatera. Kelantan state which is in the north-eastern corner of Peninsular
Malaysia is bordered by Narathiwat Province of Thailand. Unlike any other states,
it has most Malays populations (> 93%) (8). As such, inter-racial marriages with
the southern Thais are common and the criss-crosses border has existed as long
as history’s been recorded. The recent phylogenetic study has also revealed that
Malay Kelantan formed a distinct clade with genetical differences from the other
Malay sub-ethnics and with a limited link with populations from the Indonesian
archipelago (15).

For these reasons, it is fundamental to have effective strategies to understand
the spectrum of B-thalassaemia based on the current regional situation. It is also
imperative to know and understand different types of B-thalassaemia anomalies
occurring within the Kelantanese population so that a cost-effective approach
can be designed to characterize these mutations. This study reported screening
and compilation of B-globin mutations data in Kelantan which can be useful for
future health management to reduce the number of thalassemia major patients
in this region.

MATERIALS and METHODS

Patient Selection

This is a cross-sectional study, where a total of 102 patients attended Hospital
Universiti Sains Malaysia (HUSM); teaching hospital in Kubang Kerian, Kelantan,
Malaysia was enrolled in the period of January 2009 to December 2010. Subjects
were walk-in patients with various medical conditions that were found to have
abnormal blood cells, either by RBC indices or Hb electrophoresis, mostly with
MCV < 76 fL, MCH < 27 pg and Hb A2 > 2.9%. Two milliliters (2 mL) of peripheral
venous blood was collected with Ethylenediaminetetraacetic acid (EDTA) tube
after the informed consent was obtained from each individual. This study was
approved by the Human Research Ethics Committee, Universiti Sains Malaysia
(FWA Reg. No.: 00007718; IRB Reg. No.: IRBO0004494). The patient's ethnicity
was recorded to determine the sequence of the Multiplex amplification-
refractory mutation system (ARMS)-PCR test. The molecular tests were carried
out at the Institute for Medical Research (IMR), Malaysia.

DNA Extraction

The DNA was extracted using QlAamp DNA Mini Kits® (QIAGEN, Hilden,
Germany), according to the manufacturer’s instruction. The extracted genomic
DNA was used as a template and was kept at 4°C until further use. The amount
and purity of DNA were quantified using NanoDrop ND-1000 UV-VIS
Spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA). Mutation
Identification & Analysis - DNA Amplification Using Multiplex ARMS-PCR and
ARMS-PCR Twenty (20) different mutations within the B-globin gene were
detected using five sets of multiplex ARMS-PCR as previously described (12). Two
internal controls (861 bp and 493 bp) were used. All samples were analysed
simultaneously together with positive controls for a particular mutation.

DNA amplification was carried out in Eppendorf Mastercycler pro-S (Eppendorf
AG, Hamburg, Germany), using HotStarTag® Master Mix; (1X PCR Buffer, 1.5 mM
MgCl,, HotStarTag® DNA Polymerase and 200 uM of each dNTP) (Qiagen GmbH,
Hilden, Germany). For each PCR reaction, 100 ng of genomic DNA was used with
a final volume of 20 pL. The thermal cycling conditions were set-up as described
earlier (12). The resultant PCR products were electrophoresed with 3.0 %
Bioline™ Multipurpose Agarose gel in 1X TBE buffer, followed by 15 minutes
staining with Ethidium bromide (EtBr). The gel was visualized using
transilluminator (Vilber Lourmat, Marne-la-Vallée, France). Confirmation
methods: Reverse Dot-Blot Hybridization & Direct DNA Sequencing

Reverse Dot-Blot Hybridization

Commercially available reverse dot-blot hybridization of B-Globin StripAssay
SEA™ (ViennaLab Diagnostics GmbH, Vienna, Austria) which covers 22 different
types of mutations was used for mutation confirmations following the
manufacturer’s recommendations. Biotinylated primer products were detected
using streptavidin-alkaline phosphatase and colour substrates.

Direct DNA Sequencing

Direct DNA sequencing was carried out on 4 samples out of 76 subjects with
mutation detected by Multiplex ARMS-PCR: 1 sample with cd 26 mutation but
having moderate anemia and another 3 samples with mutations such as Poly A
(A-G) and IVS 1-1 (G-A) but not detectable using reverse dot-blot hybridization
technique. Direct DNA sequencing was also performed on 12 out of 26 subjects
without mutation detected by multiplex ARM-PCR. The 12 subjects were selected
because having HbA2 of 3.4% and above. The sequencing was performed by First
Base Laboratory Sdn. Bhd. (Selangor, Malaysia). The whole region of B-globin
gene was amplified by a set of primers namely 833/1338 and PAA Reverse that
generated a 2020 bp amplicon. The amplicon was subjected to sequencing by
primer walking using 5 sequence segments: 833/1338, PAA Reverse, CA, PCOR,
and PCO7 F. The oligonucleotide primers were synthesized by First Base
Laboratories (Selangor, Malaysia). Purification and sequencing were performed
by First Base Laboratories (Selangor, Malaysia). The sequencing data were
analysed using CLC Bio Main Workbench (Aarhus, Denmark). The sequence data
were compared to reference B-globin sequence (National Center for
Biotechnology Information, NCBI Reference Sequence: NM_000518) exported
from NCBI.

RESULTS

Multiplex and a single ARMS-PCR were used in this study to characterize B-
globin gene mutations in a small cohort of the Kelantanese population. A total of
102 suspected B-thalassemia and B-variant patients were selected based on their
hematological profiles (Table 1). Most of the patients enrolled were Malays
(91.2%), followed by seven Chinese (6.9%) and two Thais (2.0%) (Table 2).
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Table 1: Summary of Full Blood Counts and Hemoglobin Analysis

Parameter Value
No. of Subjects Enrolled (n) 102
No. of Ethnics (n) 3
Malays: 93
(91.2%)
Chinese: 7
(6.9%)
Thais: 2 (2.0%)
*Mean Hb (g/dL) 10.8+4.3
*Mean Red Blood Count (10%/L) 5.1+2.1
*Mean MCH (pg) 21.6+5.3
“Mean MCV (fL) 67.1+15.2
RDW (range - %) 11.8-35.5
Hb A2 (range - %) 2.1-8.1
Hb F (range - %) 0.3-79.2

*Mean t 2SD. Abbreviation: Hb: hemoglobin; MCH: mean
cell hemoglobin; MCV: mean cell volume; RDW: red cell
distribution width.

In general, out of 102 patients enrolled, mutation was detected in 80 cases; 75
cases by multiplex ARMS-PCR, 4 cases (heterozygous IVS 1-2 (T-C)) were detected
by direct sequencing and 1 case noted to have mutation Cd 26 and Cd 38 (ACC>-
CC) which has been detected by multiplex ARMS-PCR and direct sequencing,
respectively. In this study 12 types of B-globin gene mutation were detected; 67
were identified as carriers, six were found to be homozygous for Hb E and four
patients were identified as compound heterozygous Hb E/B-thalassemia (Table
2). Also, anomalies such as compound heterozygous B-thal / Hb Malay and Hb E/
Hb Malay recorded a single case and two cases respectively. However,
genotyping for 22 patients were not able to be resolved using this test algorithm.

Further analysis revealed that the most common B-gene mutation in our study
cohort was Cd 26 (G-A)/Hb E that reached almost half from the total mutations
characterized (Table 2). This was followed by mutations in IVS-I-5 (G-C) and
homozygous of Cd 26 (G-A) with the prevalence of 11.3% and 7.5% respectively.
The remaining top six of B-globin defects include Cd 19 (A-G), Cd 8/9 (+G) and IVS
1-2 (T-C) that recorded the equivalent occurrence of 5%. Other heterozygous
compounds such as Cd 26 (G-A), Cd 41/42 (-TCTT), CD 26 (GAG>AAG), CD 38
(ACC>-CC), as well as IVS 1-1 (G-T) and Cd 19 (A-G) were rarely found in our
cohort with cases of <2%.

Table 2: Distribution of B-globin Gene Mutations Detected among B-thalassaemia and B-variant Patients in HUSM

*Total #Prevalen
C“"i‘fa_l . Ethnicity number ce
Types of B mutation classification (n) (%)
HGVS nomenclature Hb level g/dl . hai Chine
(range) Malay Thais se
Cd 26 (G-A) HBB:c.79G>A thalassemia minor 9.8-11.4 38 38 47.5
-28 (A-G) HBB:c.-78A>G thalassemia minor 1 1.3
Cd 17 (A-T) HBB:c.52A>T thalassemia minor 2 2.5
Cd 41/42 (-TTCT) HBB:c.126_129delCTTT thalassemia minor 2 3 3.8
cd 8/9 (+G) HBB:c.27dupG thalassemia minor 4 4 5.0
VS 1-1 (G-T) HBB:c.92+1G>T thalassemia minor 0.8-11.8 1 1 1.3
thalassemia minor : ’ 4 4 5.0
HBB:c.92+2T>C
IVS 1-2 (T-C)
IVS 1-5 (G-C) HBB:c.92+5G>C thalassemia minor 9 9 11.3
IVS 2-654 (C-T) HBB:c.316-197C>T thalassemia minor 1 1 1.3
Cd 19 (A-G) HBB:c.59A>G thalassemia minor 4 4 5.0
HBB:c.126_129delCTTT /
HBB:.79G>A
Cd 41/42 (-TCTT) / Cd 26 (G-A) 1 1 1.3
thalassemia
intermedia to  6.5-10.0
major
Poly A (A-G) / Cd 26 (G-A) HBB:c.*111A>G/ HBB:c.79G>A 2 2 25
CD 38 (ACC>-CC) / Cd 26 (G-A) HBG2:c.115A>C/ HBB:c.79G>A 1 1 1.3
Compound 1 1 1.3
heterozygous B HBB:c.92+1G>T/ HBB:c.59A>G
thal/ Hb Malay  IVS 1-1 (G-T) / Cd 19 (A-G)
Cd 26 (G-A) / Cd 19 (A-G) HBB:c.79G>A/ HBB:c.59A>G 2 2 25
HBB:c.79G>A/ HBB:c.79G>A thalassemia 8.8-10.1 4 2 6 7.5
Cd 26 (G-A)/ Cd 26 (G-A) intermedia
Total 74 2 4 80 100

* Only samples that were successfully characterised were taken into considerations, i.e. (102 screening cases — 22 uncharacterised = 80 cases characterised)

# Based on overall 80 cases that were successfully characterized.
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The details analysis of the carrier’s status revealed that majority of the carriers
were traced to be heterozygous for Hb E (47.5%), with nearly one-third (30.5%)
of patients were carrying different variants of B-thalassemia traits and four
patients were identified to be heterozygous of Cd 19 (A-G) Hb Malay.

If the data were stratified according to the ethnicity and based on the cases
that have been successfully characterized, half of the Chinese patients (4 out 2)
in this study were typed to be heterozygous Cd 17 (A-T), while a total of two
patients were found to have -28 (A-G) and Cd 41/42 (-TTCT). The latter mutation
was also observed in 2.7% (2 out of 74) in Malay ethnic. Meanwhile, both Thais
patients that were recruited in this study were identified as homozygous Cd 26
(G-A), which was also observed in Malays (5.4%, 4 out of 74). Furthermore, in
Malay ethnic, the two most common mutations of the B-globin gene were Cd 26
(G-A) and IVS 1-5 (G-C) with the prevalence of 47.5% and 11.3% respectively.
The remaining B-thalassemia trait and variants were observed in the range of
1.3-5.0%.

In addition, the B-Globin StripAssay SEA™ was also performed to confirm the
above Multiplex ARMS-PCR findings. The results showed 100% concordance
with the Multiplex ARMS-PCR (data not shown). Regarding 22 cases with no
mutation detected: the Hb level range between 10-11.3 g/dl and HbA2 level
range between 2.9-3.1%.

DISCUSSION

The reported prevalence of B-globin gene mutations varies considerably from
region to another and was found to be ethnic specific (5). As such, this study
was undertaken to characterize B-globin gene mutations in a selected cohort of
the Kelantan population, where most of its residence is Malay ethnic (8).
Furthermore, giving the geographical location of Kelantan itself, which is
bordered by Thailand, it is interesting to observe if there is any impact of gene
flow on the local spectrum of B-thalassemia mutations. This will provide useful
information regarding the frequency distribution of such mutations and
subsequently enabling better strategies for the management of the disease.

In this study, 102 walk-in HUSM patients suspected of having B-thalassemia
or its variants based on their hematological and hemoglobin profiles were
enrolled. Patients’ blood samples were molecularly characterised using
multiplex ARMS-PCR as previously described (12). Additionally, all these findings
were being validated using a commercially available test; B-globin strip. The
results were found to be 100% in agreement with each other. Direct DNA
sequencing was also performed on subjects with HbA2 of 3.4% and above.
Overall, 78% of the cases have been molecularly characterized. Twelve different
mutations were successfully identified which were distributed as 16 different
genotypes, either as single or as combinations of mutations. Multiplex ARMS-
PCR identified 10 of these mutations, while the other two anomalies were
discovered by direct sequencing. Genotyping for 22 patients were not able to be
resolved using this test algorithm. This can be explained by the specificity of the
primers used which only enable to detect a specific set of given mutations. After
this, any uncharacterized mutations should ideally be followed by the Multiplex
ligation-dependent probe amplification (MLPA) study on HBB and HBA genes for
the big deletion/duplication and gene dosage changes to exclude complex
thalassemia as well as next generation sequencing (NGS) technique. However,
given the cost of these techniques, mass screening of samples is usually not
favourable.

This study indicated that the most common B-globin mutation was
heterozygous Cd 26 (G-A) or also known as Hb E, occurring at the percentage of
47.5, with all carriers were from the Malay ethnic. This finding is consistent with
previous studies carried out nationally (12, 16). In addition, 7.5% of our cohort
was also identified to be homozygous for this genotype. In fact, homozygous Hb
E was the third most frequently observed genotype in our list after the IVS 1-5
(G-C). The Hb E disease in this study was traced to four Malays as well as to both
of our Thai patients. Given the geographical location of our cohort, it is
anticipated to observe this mutation sharing between Malay Kelantanese and
its neighbouring Thais. The previous study has shown that the mutation
spectrum of the Kelantan population was almost equivalent to those with the
Southern Thailand (17).

Globally, Hb E is found to cause one-half of all severe cases of B-thalassemia
(4). High frequency is reported mainly in Northeast Indial8 and in the Southeast
Asia region, particularly in the ‘Hb E triangle’ borders of Thailand, Cambodia,
and Vietnam where its prevalence can reach up to 50-60% (19).

Hb E allele (G > A), a base substitution of lysine for glutamic acid in cd 26, can
induce cryptic splice site, hence producing an abnormal messenger RNA splicing
process, resultant in the reduced rate of B-chain of Hb E (BE) synthesis (20). This
usually gives rise to a mild phenotype form of B-thalassemia. However, co-
inheritance of Hb E with other variants (o and B) have been shown to cause a
wide range of clinical syndromes with varying severity (1). This study has also
revealed of such interactions wherein a total of four cases of compound
heterozygous HbE / B-thal were recorded (prevalence of 5%). This includes
mutations with Cd 26 (G-A) & poly A (2 cases) and a single case for Cd 26 & Cd
41/42 (-TCTT) and Cd 26 & Cd 38 (ACC>-CC).

The second most frequently observed mutation in this study was
heterozygous IVS 1-5 (G-C) which accounted for just over 10% and was only
found in the Malay ethnic. This mutation together with Hb E (G-A) and Hb Malay
(A-G) have been shown to constitute > 73% of B-thalassemia in Malaysian
Malays (21). The change from G-C at nucleotide 5 of the IVS-1 greatly reduces
the efficiency of splicing of the normal 5' splicing site and combination with
other B-thalassemia polymorphisms will give rise to variable pathogenic
conditions (22). The IVS 1-5 mutation has also been reported to be common
elsewhere (23, 24). Interestingly, in Thailand, this polymorphism was found to
be four times higher in the southern Thais Muslim population compared to the
central region which was believed to be spilled over from Malaysia (25).

Other predominant mutations in this study include heterozygous Cd 19 (A-G)
Hb Malay, heterozygous Cd 8/9 (+G) and heterozygous IVS 1-2 (T-C) that were
observed an equivalent frequency of 5%. All these mutations were traced to
Malay patients. As stated earlier, Hb Malay is already established as one of the
most common anomalies observed in this ethnic (21). Furthermore, our data
also revealed different variants of Hb Malay namely compound heterozygous -
thal / Hb Malay and compound heterozygous Hb E / Hb Malay recorded at 1.3%
and 2.5% respectively. Other anomalies identified were the heterozygous Cd 8/9
(+G). This frameshift mutation is phenotypically expressed as a mild form in
heterozygous condition and chiefly associated with the Asian-Indians origin (26).
Locally, this mutation has also been described in a Kedayan individual (12).

Three mutations namely Cd 17 (A-T), -28 (A-G) and Cd 41/42 (-TTCT) were
observed in Chinese patients, with the mutation rates of 2.5%, 1.3%, and 3.8%,
respectively. This finding concurs well with the previously published data
related to the mutation spectrum in Chinese Malaysian (21, 27). Beyond this
study, the mentioned anomalies were also reported to be prevalent in Thailand
population and in certain parts of China (28, 29). This is expected as the Chinese
Malaysians were historically originated from the Southern regions of China (30).
Interestingly, although the genotypic of Cd 41/42 (-TTCT) is normally prominent
among the Chinese, yet we also noted that this mutation was also shared
between Malays and Chinese patients with double and a single case,
respectively. Likewise, Yatim and colleagues (2014) have also observed the same
in some of their Malay Penang patients (31). This demonstrates the
heterogeneity of B-thalassemia and its variants which may be attributed to the
assimilation of living in multi-ethnic society and miscegenation among the races.

CONCLUSION

We have successfully identified 12 different B-thalassemia mutations in the
selected Kelantanese cohort, and the findings were compared with the allelic
distribution in the general Malaysian population and outside. Our data have
explicitly shown how multiple genes can contribute to the complex genotypic
and phenotypic, rendering the importance of molecular diagnosis. This regional
mutation rate is beneficial for prognostic information for the establishment of
more specific and effective molecular characterisation, confirmation of
diagnosis, treatment, prenatal and counselling program for a specific
community.
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