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Abstract

Background Thalassemias are common inherited blood disorders that have been extensively studied in Asia. Thus far, data
on mutations of the HBB gene in Vietnamese patients with -thalassemia are limited to small studies.
Methods We recruited 696 p—thalassemia patients and carriers in southern Vietnam and analyzed for the HBB gene muta-

tions using Sanger sequencing technology.

Results We documented 27 types of known mutations and 10 types of novel variants on 737 alleles out of 1392 surveyed
alleles. The three most common mutations, which account for more than 34 of all mutant alleles, were ¢.79G> A (HbE),
c.124_127delTTCT, and c.52A > T. The novel variants were mainly located in 5’ untranslated region (c.-92delC and c.-
67A > G) and 3’ untranslated region (c.*4C>T, c.*116_*117insA, c.¥142 T>C, c.*156G > C, ¢.*176_*177insA, and
¢.*247 T > C), except for one in intron 2 (c.316-99 T > G) and one in exon 3 (c.385delG).

Conclusion We provide here a comprehensive mutation spectrum of the HBB gene in Southern Vietnam, which is crucial

for carrier screening and prenatal diagnosis in the future.
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Introduction

Thalassemias are the most common hereditary anemia
disorders which cause serious health problem in develop-
ing countries, especially in Mediterranean areas, Africa,
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Middle East, Indian areas, and Southeast Asia. The disease
is classified into two most common types according to the
mutations of a-globin chain (a-thalassemia) and p-globin
chain (B-thalassemia).The mutations result in an absence or
reduction of a-globin or f-globin protein synthesis, leading
to varied clinical aspects of thalassemia from blood trans-
fusion-dependent to no symptom. The majority of muta-
tions causing a-thalassemia are large deletions of one or
two a-globin genes [1], while the nucleotide substitutions,
frameshifts or minor deletions of the HBB gene causing
p-thalassemia are frequently reported [2-5]. In transfusion-
dependent cases, the clinical symptoms are fatigue, pale
skin, weakness, jaundice, splenomegaly, bone deformity,
iron loading, and growth retardation which require costly
treatment [6]. Genetic counseling and prenatal diagnosis
are principle methods to reduce the burden of health care
problems in severe thalassemia cases.

Vietnam is located in the Southeast Asia where both
B-thalassemia and hemoglobin (Hb) E are common. There
were two community-based surveys of thalassemia and
hemoglobinopathies on large individuals carrying out in the
southern area and central, which showed that the frequency
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of HbE was markedly variation, ranging from 1 to 36% [7,
8]. The frequency of f—thalassemia carrier varied from 1.5
to 25% depending on different ethnic groups [5]. Several
molecular based studies of the HBB gene mutations have
been carried out in Vietnamese patients with f—thalassemia
[4, 5, 9-11]. Most of these studies were performed on small
number of patients, ranging from 22 to 50 patients and their
families. In fact, Vo et al. analyzed on a large number of 244
patients in Northern Vietnam, but they screened for only 4
commonly known mutations [4]. Thus far, from all the above
studies, totally 10 types of HBB mutations have been docu-
mented in Vietnamese, namely c.-78A > G, c.45_46insG,
c.52A>T, ¢.79G> A, ¢c.79G>T, c.92+ 1G> T,
c.126_129delCTTT, c.216_217insA, c.287_288insA, and
¢.316-197C > T. We lack a large cohort study of HBB gene
mutations in -thalassemia patients and carriers in the Viet-
namese. Given that more than 943 mutations in the HBB
gene have been reported worldwide, we conducted the pre-
sent study to uncover a comprehensive spectrum of the HBB
gene mutations from 696 pf—thalassemia patients and carriers
in Southern Vietnam.

Materials and methods
Subjects

This study includes a total of 696 unrelated subjects in
Southern Vietnam who were referred to the Blood Trans-
fusion and Hematology Hospital at Ho Chi Minh City for
HBB gene mutational analyses and had positive results, from
February 2012 to April 2020. Subjects were suspected to
have B-thalassemia disorder based on a mean corpuscular
volume (MCV) < 80.0 fL. and/or mean corpuscular hemo-
globin (MCH) < 27 pg and HbA2 > 3.4%, after ruling out
iron deficiency and other causes of microcytic hypochromic
anemia. Because most specimens were from outside hos-
pitals, we did not have access to detailed clinical data and
treatment information. Before entry into the study, written
informed consents were given by all the participants or their
guardians. The protocol for this study was approved by the
Ethics Committee of Blood Transfusion and Hematology
Hospital at Ho Chi Minh City, Vietnam (approval number
0968/TMHH-HDDD).

Sample collection and DNA extraction

From each patient, we collected 2 mL of peripheral blood
with EDTA anticoagulant. DNA was extracted using the
GeneJET Genomic DNA Purification Kit (Thermo Sci-
entific, USA) and stored at 2—8 °C until use. DNA quan-
tity and purity were assessed using the NanoDrop™ 1000
(Thermo Scientific). DNA concentration was measured and
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DNA purity was calculated via the standard A260/280 and
A260/230 ratios.

Mutation analysis

HBB gene mutational analysis was performed at the Center
for Molecular Biomedicine, University of Medicine and
Pharmacy at Ho Chi Minh City or at Department of Molecu-
lar Cytogenetics, Ho Chi Minh City Blood Transfusion and
Hematology Hospital. The complete HBB gene was ampli-
fied with polymerase chain reaction (PCR) using Takara
TaqHotStart Polymerase (Takara Bio, Shiga, Japan). PCR
was done at an annealing temperature of 60 °C, in sepa-
rate 25 L reactions consisting of 1 X PCR Buffer, 1.5 mM
MgCl,, 200 uM each dNTP, 0.5U Taq Hot Start Polymer-
ase, 0.1 uM each forward and reverse primers, and 25-50 ng
of genomic DNA. The forward primer (5'-GGCTGAGGG
TTTGAAGTCCA -3') and reverse primer (5'-GCAGCC
TCACCTTCTTTCAT-3"), which covered the p—globin
gene region from c.-233 to ¢.*279, were designed based
on referenced genomic and coding sequences of the HBB
gene (NG_059281.1 and NM_000518.5). The 1936-bp PCR
products after amplification were purified with the Illus-
tra™ GFX™ PCR DNA and Gel Band Purification Kit (GE
Healthcare, USA) or with the ExoSAP-IT reagent (Thermo
Scientific, USA) and were sequenced and analyzed in both
sense and antisense directions using a Bigdye Terminator
v3.1 cycle sequencing kit (Thermo Scientific, USA). The
sequencing products were run on an ABI 3500 Genetic Ana-
lyzer (Applied Biosystems, USA). Mutations were analyzed
using SeqScape Software version 2.6 (Thermo Fisher, Scien-
tific, Waltham, MA, U.S.A) and compared with the reference
sequence of HBB.

Results

This study reported on 696 subjects who had mutation of the
HBB gene from detailed genetic analysis. The majority of
subjects were f—thalassemia carriers who had asymptomatic
or mild anemia with MCV < 80.0 fL and/or MCH < 27 pg.
In many cases, f—thalassemia status was suspected through
an examination for other diseases or a medical checkup.
Regarding ethnicity, in this cohort study, Kinh people
accounted for 89.51% (623 subjects), followed by Chi-
nese (7.61%, 53 subjects), Khmer and others ethnic groups
(2.88%, 20 subjects).

We detected 37 types of HBB mutations and novel
variants on 737 alleles out of 1392 surveyed alleles (696
subjects). Figure 1 and Table 1 show the distribution and
frequencies of these mutations and variants. In addition
to 27 mutation types that have been reported in the litera-
ture, there were 10 novel variants in Vietnamese probands.
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Fig. 1 Distribution of HBB gene mutations and variants detected in the study

The three most common mutations were ¢.79G > A (HbE),
c.124_127delTTCT, and c.52A > T which account for
33.65%, 23.47%, and 19.95%, respectively. Other recur-
rent mutations with less commonness were c.-78A > G
(3.39%), c.287_288insA (2.85%), ¢.92+1G>T (2.85%),
¢.216_217insA (2.17%), c.-100G > A (1.90%), c.*129 T> A
(1.76%), and ¢.316-197C > T (1.49%), accounting in total
for 16.41%. The 17 remaining types of reported mutation
were found in 4.61% (34/737) of mutated alleles. Among
these rare mutations, each of 10 mutations (c.-81A > G,
c.-11_-8delAAAC, c.48G> A, c.67G> A, c.251G > A,
c.364G>C, c410G> A, c.92+5G>C, c.*110 T>C, and
c.*132C>T) was detected in single cases.

We also detected 10 novel variants of HBB gene in 15
subjects. Among them, only one subject was at compound
heterozygous status, harboring the well-known mutant
allele ¢.79G > A in combination with the novel allele
c.*116_*117insA. The other 14 subjects solely carried novel
monoallelic variants. The novel variants were mainly located
in 5'UTR (c.-92delC and c.-67A > G) and 3'UTR after
stop codon (c.*4C>T, c.*116_*117insA, c¢.*142 T>C,
c.*¥156G > C, c.*176_*177insA, and c.*247 T > C). There
were one novel variant in intron 2 (¢.316-99 T > G) and one
in exon 3 (c.385delG).

Among 696 subjects with HBB gene mutation, 681 people
solely carried known mutations (97.84%). We could clas-
sify the 681 carriers of reported mutations into two groups:
640 with monoallelic mutations and 41 with biallelic muta-
tions (Table 2), accounting for 91.95% and 5.89% of the total
cohort, respectively. More specifically, Table 2 shows that
among 41 subjects with biallelic mutations, there were 28
who harbored at least one ¢.79G > A (HbE) allele.

Discussion

Thus far, reports on HBB gene mutations in Vietnamese are
limited in terms of sample size and technique used. The pre-
sent work is the largest study on 696 Vietnamese p—thalas-
semia patients and carriers who were confirmed to harbor
HBB gene mutations. Sequencing analysis using Sanger

method uncovered 27 types of well-known mutations and 10
novel variants. Among them, the three most common muta-
tions which account for more than 3 of all mutant alleles
were ¢.79G > A (HbE), c.124_127delTTCT, and c.52A > T.
The ¢.79G > A (HbE) mutation is the most common in Viet-
namese, consistent with previous studies [4, 5, 9, 10, 12].
The initial study on 23 p-thalassemia patients in North-
ern Vietnam using sequence analysis also mainly detected
c.79G > A, ¢.124_127delTTCT, and ¢.52A > T in addition
to an indigenous mutation to Vietnam, c.287_288insA [12].
Recently, a small report from 22 p—thalassemia patients in
Central Vietnam showed that the three mutations ¢.79G > A,
¢.52A>T, and ¢.124_127delTTCT accounted for 29.2%,
25.0%, and 18.8% of mutant alleles, respectively [9].
However, it should be noted that in Myanmar [13], Thai-
land [14], and China [15], the most common mutation was
c.124_127delTTCT, not ¢.79G > A like our population.

Other mutations were dispersed throughout the full length
of the HBB gene, from the promoter to 3'UTR after the stop
codon. For this broad spectrum, sequencing technique might
be most suitable for detecting all mutations or variants of
the HBB gene, while other PCR-based methods only detect
common mutations [5, 7, 10].

Gene sequencing was also able to detect 10 novel HBB
variants, of which 7 variants were found only once in single
individuals. Although the pathogenicity of each novel vari-
ant needs to be validated in functional study, we provide here
evidence suggesting that some variants might be pathogenic.
Among these novel variants, only the c.385delG was located
in coding region of the HBB gene, resulting in a frameshift
after codon 129 on exon 3 (p.Alal29fsGln). Within this
location, the ¢.383_385delAGG mutation has been recur-
rently reported in Japanese patients [16—18], supporting that
the ¢.385delG variant detected in our patient might be a
pathogenic mutation causative of f—thalassemia.

There were 2 novel variants located in the 5S'UTR region,
namely c.-92delC and c.-67A > G. At c.-92 site, the c.-
92C > G mutation has been reported in compound heterozy-
gous status with the ¢.92G > C on exon 1, which led to ane-
mia [19-21]. Moosa et al. further showed that the c.-92C > G
could create a putative binding site for transcription factor
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Table 1 Frc?quencies Of_HB B Location HGVS nomenclature Traditional name Number of  Ratio (%) Class
gene mutations and variants alleles
detected in the study
5'UTR c-122T>A Betant-72 (T>A) 2 0.27 Common
c.-100G> A Betant -50 (G>A) 14 1.90 Common
c.-92delC Beta nt -42delC 3 0.41 Novel
c.-83G>A Betant-33A>G 0.54 Reported
c.-81A>G Betant-31 (A>G) 1 0.14 Common
c.-78A>G Beta nt -28 (A>G) 25 3.39 Common
c.-67A>G Betant-17A>G 1 0.14 Novel
c.-11_-8delAAAC Beta nts 40—43 deleted 1 0.14 Common
Exon 1 c2T>G Initiation CD(T > G) 2 0.27 Common
c.34G>A Codon 11 (G>A) 2 0.27 Common
c48G>A Codon 15 (G>A) 1 0.14 Common
c.52A>T Codon 17 (A>T) 147 19.95 Common
c.67G>A Codon 22 (G>A) 1 0.14 Common
c.79G>A Codon 26 (G>A) 248 33.65 Common
c.79G>T Codon 26 (G->T) 3 0.41 Common
Exon2 c.124_127delTTCT Codons 41/42 (-TTCT) 173 23.47 Common
c.216_217insA Codons 71/72 (+A) 16 2.17 Common
c251G>A Codon 83 (G>A) 1 0.14 Common
¢.287_288insA Codon 95 (+A) 21 2.85 Common
Exon 3 c341 T>A Codon 113 (T>A) 8 1.09 Common
c.364G>C Codon 121 (G>C) 1 0.14 Common
¢.385delG Codon 128 (-G) 1 0.14 Novel
c410G> A Codon 136 (G>A) 1 0.14 Common
c.441_442insAC Codon 147 (+ AC) 2 0.27 Common
Intron 1 c92+1G>T IVS-I-1 (G>T) 21 2.85 Common
c.92+5G>C IVS-1-5 (G>C) 1 0.14 Common
Intron 2 c.316-99 T>G IVS-11I-752 (T>G) 1 0.14 Novel
c.316-197C>T IVS-11-654 (C>T) 11 1.49 Common
3'UTR c.*4C>T Betant 1478C>T 1 0.14 Novel
c.*110T>C Betant 1584 T>C 1 0.14 Common
c.*116_*117insA Beta nt 1590 (+A) 1 0.14 Novel
c*¥129T>A Betant 1603 T>A 13 1.76 Reported
c.*¥132C>T Betant 1606 C>T 1 0.14 Reported
c.*142T>C Betant 1616 T>C 1 0.14 Novel
c.*156G>C Betant 1630 G>C 3 0.41 Novel
c.*176_*177insA Beta nt 1650 (+A) 1 0.14 Novel
c.*¥247T>C Betant 1721 T>C 2 0.27 Novel
Total 737 100

HGSV Human Genome Variation Society, UTR untranslated region

Egrl, which proves the crucial role of this site in 5S'UTR
region [21].

The other 6 novel variants located in 3'UTR region
after stop codon, including c¢.¥*4C>T, c.*116_%117insA,
c.*¥142 T>C, ¢.*156G > C, c.*176_*177insA, and
c.*247 T > C. Stability of HBB mRNA was heavily deter-
mined by the 3'UTR region, which was associated with 3’
end processing, polyadenylation, and mRNA capping [22].
The novel variant c.*4C > T was found in a 27-year-old
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male patient with mild anemia, without any additional
HBB or HBA gene mutations (data not shown). Next to
this site, there were 2 known mutations, namely c¢.*5G > A
and c.*6C > G [15, 23]. Moreover, the ¢.*6C > G mutation
has been shown to decrease stability of HBB mRNA which
explained for a patient with f—thalassemia intermedia [23].
Therefore, the c.*4C > T is more likely to be a causative
mutation explaining for our patient's mild anemia.
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Table 2 Biallelic mutations of the HBB gene

HGVS name Number

of patient

c.-78A>G/c.79G> A
c.-78A>G/c.124_127delTTCT
¢c.52A>T/c.52A>T (homozygous)
¢.52A>T/c.719G> A
c.52A>T/c92+1G>T
¢.52A>T/c.124_127delTTCT
¢.79G > A/c.79G> A (homozygous)
c.79G>A/c92+1G>T
c.79G>A/c.92+5G>C

¢.79G> A/c.124_127delTTCT
¢.79G> A/c.441_442insAC
c.124_127delTTCT/c.124_127delTTCT (homozygous)
c*110T>C/c.92+1G>T

Total

—_— N = 00 = = 00 ] = O\ = = W

~
sy

HGSV Human Genome Variation Society

The variant c.*116_117insA is located between the
polyadenylation A signal and the polyadenylation A cleav-
age sites, suggesting that this variant might interfere with
mRNA maturation. Within this location, the ¢c.*118A > G
mutation in combination with the ¢.118C > T mutation
was reported to be causative of B-thal intermedia in 2
children who were born to a p-thalassemia trait mother
with monoallelic ¢.118C > T mutation [22]. To the best of
our knowledge, mutation related to the positions of c.-67,
¢.316-99 and the others in 3'UTR in this study have not
been documented in literature.

It should also be noted that among “well-known” muta-
tions found in this study, a thalassemic behavior for some
mutations such as ¢.251G > A (Hb Pyrgos), c.410G > A
(Hb Hope), and ¢.364G > C (Hb D Punjab) has been still
argued. Therefore, clinical interpretation for these muta-
tions requires great precaution.

Limitations of this study are the lack of a-thalassemia
mutational information and detailed clinical data, which
make a genotype—phenotype analysis impossible in our
cohort population. More works are needed to overcome
this challenge. Moreover, Sanger sequencing is unable to
detect a large deletion of HBB gene, which may account
for 10% of p-thalassemia trait.

In conclusion, this study provides a comprehensive
mutation spectrum of the HBB gene in Southern Vietnam.
We believe that this is an important reference for further
studies to see if the mutation spectrum is distinct for dif-
ferent regions of Vietnam, which is crucial for carrier
screening and prenatal diagnosis in the future.
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