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Introduction: Beta-thalassemia is a group of inherited hemolytic anemias and one of the
most common genetic disorders in Thailand. The clinical spectrum of beta-thalassemia disease
ranges from mild to severe clinical symptoms including mild beta-thalassemia intermedia (TI)
and severe beta-thalassemia major (TM).

Objective: This study aimed to determine the correlation between beta-globin gene (HBB)
mutations and their phenotypic manifestations by evaluating patients’ clinical characteristics,
transfusion requirements, growth and hematologic parameters, and hemoglobin typing among
pediatric patients treated at Phramongkutklao Hospital.

Materials and methods: Seventy beta-thalassemia patients, including 63 with beta-
thalassemia/hemoglobin E (HbE) and 7 with either homozygous or compound heterozygous
beta-thalassemia, were enrolled in this study. Their clinical presentation, growth parameters
and laboratory findings were reviewed and analyzed. The mean follow-up time was 10.52+5.62
years. Mutation analysis in each individual was performed using multiplex amplification refrac-
tory mutation system (M-ARMS), direct DNA sequencing of beta-globin gene and gap PCR
for 3.4 kb deletion detection.

Results: All 7 homozygous and compound heterozygous beta-thalassemia patients were clas-
sified in TM. Among 63 patients with beta-thalassemia/HbE, 58 were classified in TM and 4
were classified in TI. Mean age at diagnosis was 0.8+0.49 years for homozygous or compound
heterozygous beta-thalassemia and 3.43+3.5 years for beta-thalassemia/HbE. The most com-
mon HBB mutation was HBB:c.126_129delCTTT [codon 41/42 (-TCTT)] found in 34 alleles
(48.6%). The height for age was also lower in homozygous beta-thalassemia patients (<3rd
percentile) compared to compound heterozygous beta-thalassemia patients (25-50th percentile).
Conclusion: This study revealed a genotype—phenotype correlation of the most prevalent beta-
thalassemia in Thai children using diagnostic capacity in genotypic analysis of HBB mutation.
Our findings can provide a better prediction of clinical manifestation and severity by early
identification of the type of the HBB mutations.
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Introduction

Thalassemia is a group of inherited hemolytic anemias, including alpha-thalassemia
and beta-thalassemia, caused by reduced or absent synthesis of the globin chains of
hemoglobin (Hb), leading to imbalance of the globin chains. Beta-thalassemia is caused
by mutations in the beta-globin gene (HBB) on chromosome 11 which is characterized
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by reduction of the beta-globin chain. Hemoglobin E (HbE),
which is one the most common HBB gene mutations in
Southeast Asia, can present with either a hemoglobinopathy
or a thalassemic phenotype associated with diverse clinical
manifestations. The clinical diversity of beta-thalassemia
disease includes chronic hemolytic anemia, hepatospleno-
megaly, failure to thrive and other complications that can be
lethal during childhood if not treated appropriately.! The clini-
cal and hematological spectrum of beta-thalassemia disease
ranges from mild to clinically manifested conditions includ-
ing beta-thalassemia major and beta-thalassemia intermedia.
Therefore, determination of factors causing such a diverse
clinical presentation has clinical significance, and the reason
for such diversity is the variety of mutations.? The molecular
basis of beta thalassemia has been studied worldwide. Most
beta-thalassemia mutations are caused by point mutations,
small deletions or insertions within the coding regions and
the exon-intron junctions. In Thailand, the prevalence of beta-
thalassemia and HbE carriers were 3%—9% and 13%—-50%,
respectively.® At present, more than 30 different mutations
have been identified.* A number of studies revealed geno-
type—phenotype correlations of beta-thalassemia and beta-
thalassemia/HbE in various populations.>® The aim of our
study was to investigate phenotypic manifestations of these
mutations by studying their hematologic parameters, hemo-
globin typing, age at presentation, transfusion requirement,
age and height for age in both homozygous and compound
heterozygous forms of beta-thalassemia. Our data will show
the genotype—phenotype correlation of each mutation, includ-
ing laboratory biomarkers, and genetic profiles in patients
with beta-thalassemia and beta-thalassemia/HbE who were
followed up in Phramongkutklao Hospital, a tertiary care
center for thalassemia patients from all regions in Thailand.

Materials and methods

Patient selection

Seventy beta-thalassemia patients who attended the Hematol-
ogy Clinic at the Department of Pediatrics, Phramongkutklao
Hospital, Bangkok, Thailand were enrolled in our study.
Written informed consent and assent forms were obtained
from all participants; for children, their parents or guardians
provided written informed consent prior to enrollment in the
study. The study protocol was approved by the Institutional
Review Board of Phramongkutklao Hospital and Phramon-
gkutklao College of Medicine, Bangkok, Thailand, and
followed the ethical principles of the Declaration of Helsinki
of 1975 and its revision. These patients include 63 with
beta-thalassemia/HbE and 7 with homozygous or compound

heterozygous beta-thalassemia. All patients were diagnosed
at 18 years of age or less. Patients with homozygous beta-
thalassemia and beta-thalassemia/HbE were clinically clas-
sified into severe transfusion dependent thalassemia major
and thalassemia intermedia based on criteria such as age at
presentation, average Hb level at the steady state and transfu-
sion frequency history, as previously described.” There were
45 males and 25 females aged 1.11-25.70 years (median age
15.4 years). A complete clinical history was recorded along
with blood transfusion events. Patients were also examined
for growth parameters.

Hematological and biochemical

parameters

Hematological analyses were carried out using Coulter
HMX Automated Hematology Analyzer (Beckman Coulter
Corporation, Brea, CA, USA). Hemoglobin profiles and fetal
hemoglobin (HbF) concentration were determined using
Capillary Electrophoresis (CE, Minicap system, Sebia, Parc
Technologique Leonard de Vinci, Evry Cedex, France), as
described.

Genetic analysis

After informed consent was obtained, a total of 70 peripheral
blood EDTA samples from all individuals were collected.
Genomic DNA was extracted from peripheral blood lympho-
cytes using a standard protocol. First, the HBB gene mutations
were characterized by multiplex amplification refractory
mutation system (M-ARMS) to detect seven common
mutations in Thailand including HBB:c.126_129delCTTT
[codon 41/42 (-TCTT)], HBB:c.52A>T [codon 17 (A>T)],
HBB:c.-78A>G [nt -28 (A>G)], HBB:c.316-197C>T [IVS-
[1-654 (C>T)], HBB:c.216_217insA [codon 71/72 (+A)],
HBB:c.92+1G>T [IVS-I-1 (G>T)] and HBB:¢c.92+5G>C
[IVS-I-5 (G>C)] as previously described.® Second, unknown
HBB gene mutations were further characterized by direct
DNA sequencing of all 3 exons and exon—intron junctions
to detect uncommon mutations according to protocols pre-
viously described elsewhere.’ Finally, uncharacterized beta-
thalassemia alleles by M-ARMS and sequencing methods
were subsequently screened by gap-PCR to detect 3.4 kb
deletion which was previously reported in Thai populations.'®

Statistical analysis

Baseline values of selected variables were calculated as the
mean, median, and average according to percentile. Dis-
tribution of the quantitative variables was analyzed using
Shapiro—Wilk test. Continuous variables were compared
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between two groups using the unpaired #-test for data with
a parametric distribution and the Mann—Whitney U-test for
non-parametric distribution. The chi-square test and Fisher
exact test were used to analyze the categorical variables for
data with a parametric distribution and non-parametric distri-
bution, respectively. Statistical Package for the Social Science
(SPSS) version 23 software (IBM Corporation, Armonk, NY,
USA) and p-values <0.05 was considered significant.

Results

Patient characteristics

A total of 70 patients were enrolled in our study, including
63 beta-thalassemia/HbE patients (41 boys and 22 girls) and
7 patients with either homozygous or compound heterozy-
gous beta-thalassemia (5 boys and 2 girls). The average age
at diagnosis was 0.810.49 years for homozygous or com-
pound heterozygous beta-thalassemia and 3.43%3.5 years
for beta-thalassemia/HbE. There were statistical significant
between two groups (p-value <0.001). The follow-up time
for patients was approximately 10.52+5.62 years with ranges
from 0.4-21.70 (median age 9.75 years). The splenectomy
was done for 5 beta-thalassemia patients (71.4%) and 15
beta-thalassemia/HbE patients (25%). There were statistical
significant between two groups (p-value 0.021). The regular
blood transfusion was approximately 11.8312.19 times/year
in beta-thalassemia disease and 9.67+4.03 times/year in beta-
thalassemia/HbE disease. There were no statistical significant
between two groups (p-value 0.281). The current average age,
height, weight and age at splenectomy are shown in Table 1.

Genotypic data

Excluding HbE mutation, 9 HBB gene mutations were
found. The most common HBB gene mutation was
HBB:c.126_129delCTTT [codon 41/42 (-TCTT)] found in
34 alleles (48.6%), followed by codon 17 (A>T)] found in

Table | Patient characteristics

16 alleles (22.8%), HBB:c.316-197C>T [ IVS-11-654 (C>T)]
found in 5 alleles (7.1%) and HBB:c.92+5G>C [IVS-I-5
(G>C)] found in 7 alleles (10%). Less common HBB gene
mutations included HBB:c.108C>A [codon 35 (C>A)],
HBB:c.216_217insA [codon 71/72 (+A)], HBB:c.59A>G
[codon 19 (A>G) or Hb Malay], HBB:c.92+1G>T [IVS-I-1
(G>T)], HBB:c.-78 A>G [Int -28 (A>G)], and 3.4 kb deletion,
accounting for 11.5% of all HBB gene mutations (Table 2). In
7 patients who were diagnosed beta-thalassemia disease, we
found 2 homozygous of HBB:c.126_129delCTTT, 2 homo-
zygous of HBB:¢c.52A>T and 3 compound heterozygous

Table 2 The distribution of beta-globin gene (HBB) mutations

Type of mutations Number of alleles,

n (%)
HBB:c.79G>A 63 (45)
[Codon 26 (G>A) or Hb E]
HBB:c.126_129delCTTT 34 (23.8)
[Codon 41/42 (-TCTT)]
HBB:c.52A>T 16 (11.2)
[Codon 17 (A>T)]
HBB:c.92+5G>C 7 (5)
[IVS-1-5 (G>C)]
HBB:c.316-197C>T 5@3.5)
[IVS-1-654 (C>T)]
HBB:c.|08C>A 4(28)
[codon 35 (C>A)]
HBB:c.216_217insA 2(1.4)
[codon 71/72 (+A)]
HBB:c.92+1G>T 4(2.8)
[IVS-I-1(G>T)]
3.4 kb deletion 2(1.4)
HBB:c.59A>G 1(0.7)
[codon 19 (A>G) or Hb Malay]
HBB:c.2T>G 1(0.7)
[initial codon (ATG>AGG)]
HBB:c.-78A>G 1(0.7)
[nt -28 (A>G)]
Total 140 (100)

Patient characteristics Homozygous/compound heterozygous Beta-thalassemia/HbE, p-value
beta-thalassemia major, n = 7 (%) n =63 (%)
Sex (%)
Male 5(71.4) 41 (65.1) 1.000
Female 2 (28.6) 22 (34.9)
Age at onset of anemia (years) 0.8+£0.49 343435 < 0.001*
Age at present (years) 14.6115.13 13.64+5.96 0.681
Weight (kg) 42.09+17.55 37.83%17.29 0.540
Height (cm) 144121.46 141.65+25.31 0.814
Blood transfusion required (per year) 11.83+2.19 9.67+4.03 0.281
Splenectomy (no. of patients) (%) 5(71.4) 15 (25.0) 0.021*
Age at splenectomy (years) 5.3+1.3 7.4£2.5 0.251

Notes: Data shown as meantSD or number (%). p-value from the t-test or chi-square test for data with a parametric distribution and the Mann—Whitney U-test or Fisher

exact test for non-parametric distribution. p<0.05 = statistically significant.
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of HBB:c.126_129delCTTT and HBB:c.92+5G>C,
HBB:c.216_217insA and HBB:c.108C>A and
HBB:c.126_129delCTTT and HBB:c.2T>G [initial codon
(ATG>AGQG)], respectively.

Hematologic and genotypic data

For beta-thalassemia/HbE, the data of 63 patients showed
RBC count, hematocrit, and erythrocyte indices (MCV, MCH,
MCHC) were decreased at first initial diagnosis, as shown in
Table 3. The pattern of fetal hemoglobin was similar for each
mutation except for Hb Malay, for which Hb F was 15.9%.
For homozygous/compound heterozygous beta-thalassemia
diseases, there were no differences in erythrocyte indices and
fetal hemoglobin between two groups.

Genotypic and phenotypic correlation

The genotype and phenotype correlation was studied in
our patients. All homozygous and compound heterozygous
beta-thalassemia patients were in thalassemia major. Sixty-
three beta-thalassemia/HbE patients were classified in 58
thalassemia major and 4 thalassemia intermedia (Table 3).
The HBB:c.126_129delCTTT mutation was noted in 27
beta-thalassemia/HbE patients which was divided into 26
thalassemia major patients and 1 thalassemia intermedia
patient. Interestingly, one thalassemia intermedia patient
had hemoglobin F 20.8%, which was lower than the aver-
age numbers of thalassemia major patients (46.31123.82%).
Further evaluation on this thalassemia intermedia patient also
found concomitant alpha-globin gene mutation (Hemoglo-
bin Constant Spring, Hb CS) which could explain the lower
hemoglobin F level and less severe clinical symptoms in this
patient. The HBB:¢.92+1G>T mutation was found in 4 beta-
thalassemia/HbE patients: 3 thalassemia major patients and 1
thalassemia intermedia patient. The 3.4 kb deletion was found
in 2 beta-thalassemia/Hb E patients and both of them had
clinical severity as thalassemia major. The HBB:c.-78A>G
and HBB:c.59A>G were identified and both patients were
classified as thalassemia intermedia.

The heights for age were also lower in homozygous
beta-thalassemia patients (<3rd percentile) compared to
compound heterozygous beta-thalassemia patients (25-50th
percentile). Comparisons of height for age in beta-thalas-
semia/HbE patients among different /BB gene mutations
were performed and it was found that 14.3% (4 of 28) of
patients with HBB:c.126_129delCTTT; 16.7% (2 of 12)
of patients with HBB:c.52A>T; 16.6% (1 of 6) of patients
with HBB:¢.92+5G>C; and 20% (1 of 5) of patients with

HBB:c.316-197C>T had height for age lower than the 3rd
percentile (Figure 1).

Discussion
The present study revealed the distribution of the HBB gene
mutations causing beta-thalassemia along with a geno-
type—phenotype correlation in a Thai pediatrics population.
Beta-thalassemia/HDbE is the major thalassemia problem in
Thailand and can be associated with various clinical pheno-
types ranging from thalassemia intermedia to thalassemia
major. In our study, the numbers of beta-thalassemia/HbE
patients (90%) are higher than the number of homozygous/
compound heterozygous beta-thalassemia patients (10%).
Knowledge of the molecular basis of the HBB gene muta-
tions elucidates the diversity of clinical manifestations. Beta
(zero)-thalassemia apparently has a more severe clinical
presentation, causing thalassemia major in homozygous and
compound heterozygous states, whereas beta(+)-thalassemia
are observed as milder cases of thalassemia intermedia. !
Our findings are mainly in concordance with previous
reports.!? Hematologic and clinical presentation correlated
with the type of the mutation, confirming the fact that
the phenotypic presentation of each mutation is directly
related to its molecular basis. Besides the presence of the
HbE mutation, the present study demonstrated that the
HBB:c.126_129delCTTT mutation was the predominant
genotype (48.6%) in our population, which was compat-
ible with earlier findings."*'* The homozygous frameshift
HBB:c.126_129delCTTT mutation and the compound
heterozygosity of HBB:c.126_129delCTTT with either beta
(zero)-thalassemia (initiation codon mutation) or severe beta
(+)-thalassemia (HBB:c.92+5G>C) produces severe clini-
cal symptoms leading to thalassemia major. The remaining
beta-thalassemia patients were homozygous/compound het-
erozygous for the beta (zero)-thalassemia mutation, including
HBB:c.52A>T, HBB:c.216_217insA and HBB:c.108C>A
which also presented with severe thalassemia major phe-
notype. Patients with beta-thalassemia/HbE whose beta-
globin gene mutations were HBB:c.126_129delCTTT and
HBB:c.52A>T had the same genotypic pattern as beta
(zero)-thalassemia, and had severe clinical symptoms.
In a previous study, beta-thalassemia/HbE patients with
HBB:c.316-197C>T and HBB:c.92+5G>C had the same
genotypic pattern as beta(+)-thalassemia.'> However, this
study revealed that there were severe clinical symptoms
classified as thalassemia major, e.g. continued regular blood
transfusion and growth failure (height for age lower than 3rd
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Figure | Comparison of height for age in beta-thalassemia patients.

percentile). Both HBB:¢.92+5G>C and HBB:c.316-197C>T
were previously reported by transcriptional analysis which
revealed that these mutations caused alternative cryptic splic-
ing, resulting in severe beta(+)-thalassemia with only low
levels of normal beta-thalassemia mRNA.'*!7 In addition,
one of our beta-thalassemia/HbE patients who carries the
HBB:c.126_129delCTTT mutation presents with thalassemia
intermedia with concomitant alpha-globin gene mutation (Hb
CS), which was identified only by molecular analysis for the
Hb CS mutation. This could explain the less severe clinical
symptoms in this patient.

The clinical severity of beta-thalassemia can be
explained by at least 3 factors. The first factor is the type of
HBB gene mutations in which 97% (68 out of 70 patients)
of our patients had mutation-correlated clinical severity.
Only 2 patients with beta-thalassemia/HbE who carried
beta(zero)-thalassemia mutations, including 1 patient with
the HBB:c.126_129delCTTT mutation and 1 patient with
the HBB:c.92+1G>T mutation, presented with thalassemia
intermedia. The milder clinical phenotype in one of our
patients was explained by the second factor, which is the
co-inheritance of alpha-thalassemia. The alpha-globin gene
mutation reduces the synthesis of alpha-globin chains,
causing less imbalance of alpha/beta globin chains, which
is the main pathogenesis of thalassemia severity. The third
factor is the existence of other genetic modifiers which can
compensate for the lack of beta-globin chains. Further study
needs to define the genetic modification which interacts
with beta-thalassemia, to provide better understanding of

the process of the disease. Several methods can determine
beta-thalassemia mutations. This study revealed that using
M-ARMS to detect 7 common mutations in Chinese and
Southeast Asian populations, it was possible to detect 85.2%
of the alleles, as in previous reports.'® Since M-ARMS
can detect only a given set of mutations specific to the
primers employed, direct DNA sequencing is the next step
to identify various point mutations and small rearrange-
ments in the beta-globin gene; however, the disadvantage
of DNA sequencing is that large deletions of the gene are
undetectable. Thus, gap-PCR is the final step to detect the
3.4 kb deletion previously reported in Thai populations. '
A combination of these techniques could identify beta-
thalassemia mutations in all 140 alleles (100%) of pediatric
patients in our study. The 3.4 kb deletion was detected in
only 2 patients in our study. Those patients’ phenotype (3.4
kb deletion) was beta-thalassemia major major, diagnosed
since 1.6 years of age. This phenomenon can be explained
by several genetic factors, which may play roles in determin-
ing the variability of the disease. Our study shed some light
on a genotype—phenotype correlation and therefore on the
diagnostic capacity of genotypes of beta-thalassemia muta-
tions, especially in pediatric patients (Tables 2 and 3).This
may serve as a tool to predict clinical severity if detected
in early life. The correlation can help to broaden our under-
standing of genotypic and phenotypic diversity and varied
clinical presentation. This will help early intervention in
children at high risk and promote prevention by genetic
counseling. We believe that a prenatal diagnosis plan, or at
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least newborn screening for molecular markers, can lead to
better outcomes in developing countries with thalassemia
populations.

In conclusion, the present study revealed genotype and
phenotype correlations of the most prevalent beta-thalassemia
types in Thai children. According to our data, hematologi-
cal parameters and consequently the clinical presentation
are closely related to the type of the mutation. Our findings
can provide a better prediction of clinical manifestation
and severity by early identification of the type of the beta-
thalassemia mutations.
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