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Abstract

Purpose: Thalassemia carriage and hemoglobinopathies
are quite common disorders in Turkey, especially in the
Cukurova region, including Hatay province. Due to the
high case population and genetic diversity in our region,
this study aimed to investigate the genotype-phenotype
correlation in the HBB gene.

Materials and Methods: The data of patients who
applied to Hatay Mustafa Kemal University Medical
Genetics or Hematology Clinic between January 2010 and
November 2022 were evaluated retrospectively.

Results: A total of 40 (100%) cases, comprising 25
(62.5%) homozygous and 15 (37.5%) compound
heterozygous genotypes, were included in the study based
on the mutation profiles in the HBB gene. In the analysis
of the cases, it was seen that there were 17 different
variants and 22 distinct genotypes. The three most
common variants identified in this study were IVS-1-6
(I>C), IVS-I-1 (G>A), and IVS-1I-848 (C>A). Of the
cases with homozygous genotypes, 13 (52%) had the IVS-
1-6 (T>C) variant. The most frequent genotypes observed
in cases with compound heterozygous genotype were IVS-
-6 (I>C)/IVS-I-110 (G>A), IVSI-6 (T>C)/Hb
Knossos, and IVS-I-110 (G>A)/-101 C>T, each in 2
(13%) cases.

Conclusion: This study provides information on the
phenotypic characteristics of very rare genotypes. We
think that this information will be very beneficial,
especially for clinicians interested in prenatal diagnosis,
preimplantation genetic diagnosis, and postnatal genetic
counseling.

Keywords: Hemoglobinopathies, hemoglobin knossos,
genetic counseling

Oz

Amag: Talasemi tagtyicligt ve hemoglobinopatiler,
aralarinda Hatay ilininde bulundugu Cukurova bolgesi
basta olmak tlzere Turkiye'de oldukca yaygin gorilen
rahatsizliklardir. Bolgemizdeki vaka poptlasyonunun ve
genetik cesitliligin fazla olmasi nedeniyle bu ¢alisma HBB
genindeki  genotip-fenotip  korelasyonunu  arastirmayt
amaclamaktadir.

Gereg ve Yéntem: Hatay Mustafa Kemal Universitesi
Tibbi Genetik veya Hematoloji Klinigine Ocak 2010 ve
Kasim 2022 arasinda basvuran hastalarin  verileri
retrospektif olarak degerlendirildi.

Bulgular: Bu calismaya HBB genindeki mutasyon
profillerine gbre 251 (%062,5) homozigot ve 15’ (%37,5)
bitlesik heterozigot genotipten olusan toplam 40 (%100)
olgu dahil edildi. Olgularin analizinde 17 farkli varyant ve
22 farkli genotip oldugu gorildi. En sik saptanan tg
varyant IVS-I-6 (I>C), IVS-I-1 (G>A) ve IVS-II-848
(C>A) idi. Homozigot genotipli olgularin 13’tinde (%052)
IVS-1-6  (T>C) varyantt vardi Birlesik heterozigot
genotipli olgularda en sik gorilen genotipler, her biri 2
(%13) olguda gorulmek tuzere IVS-I-6 (I'>C)/IVS-I1-110
(G>A), IVSI-6 (I>C)/Hb Knossos ve IVS-I-110
(G>A)/-101 C>T seklindeydi.

Sonug: Bu calismada olduk¢a nadir gériilen genotiplerin
fenotipik 6zelliklerine dair bilgiler mevcuttur. Bu bilgilerin
Szellikle dogum 6ncesi tani, preimplantasyon genetik tant
ve dogum sonrast genetik danismanlikla ilgilenen
klinisyenler i¢in oldukea faydali olacagt goriisindeyiz.

Anahtar kelimeler: Hemoglobinopatiler, hemoglobin
knossos, genetik danigmanlik.
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INTRODUCTION

Beta thalassemia (3-thal) is an inherited blood
disorder characterized by abnormal or reduced
production of hemoglobin (Hb). The severity of the
disease can vatry, ranging from severe anemia to
asymptomatic individuals!. The Hemoglobin Subunit
Beta (HBB) gene, located on chromosome 11, is
responsible for encoding the beta-globin chain of
hemoglobin. Mutations in this gene are the primary
cause of $3-thal, with over 350 mutations identified so
far?. These mutations are classified based on their
clinical severity, with 8* indicating milder mutations
that result in a relative reduction of B-globin
synthesis, and 8 indicating severe mutations that can
lead to the complete absence or inadequate of the B-
globin chain. Individuals who are homozygous or
compound heterozygous for [-thal mutations
clinically present as either B-thalassemia major (BTM)
or intermedia (BTT). BTM patients typically manifest
severe anemia and require regular blood transfusions
from an early age, while BTT patients present later in
life with mild to moderate anemia®>.

Turkey is one of the countries with a high prevalence
of thalassemia carriers and hemoglobinopathies,
particularly in the Cukurova region, which includes
Hatay province. It is estimated that there are
approximately 1.5 million thalassemia carriers in
Turkey*>. A significant portion of the population has
the thalassemia carrier, which emphasizes the
importance of awareness and screening programs.
Also, different regions in Turkey show diverse
frequencies of different B-thal genotypes. The
Cukurova region, where we are located, stands out
with a higher case population in terms of thalassemias
compared to other regions in Turkey®$. For example,
the B-thal carrier prevalence was found to be 13% in
the study conducted by Guvenc et al. in the Adana
province of Cukurova region, compared to the
expected prevalence of 2.1% for the entire
country®!0. Hatay province, where the study was
conducted, is located in the southwest of Turkey, and
is known for its various ethnic origins. Additionally,
the region has been affected by migration due to
wars, which can contribute to the emergence of new
genetic profiles!12,

In this study we aim to investigate the phenotypic
characteristics of the HBB genotypes in the Hatay
province, taking into consideration its unique
geographical location and the high frequency and
diversity of mutations. In this way, the phenotypic
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characteristics of the rare genotypes that we think we
will detect in our study have been revealed and we
think that they will contribute to the literature. We
also believe that our study results can be used in
genetic counseling, prenatal diagnosis, and patient
management.

MATERIALS AND METHODS

Study design

This study was conducted as a retrospective and
descriptive single-center laboratory archive review in
the Department of Medical Genetics and
Hematology, at the Hatay Mustafa Kemal University
between January 2010 and November 2022. Patients
with homozygous or compound heterozygous HBB
gene mutation were included in the study. All age and
gender groups were included in the study. Patients
with sickle cell disease (SCD) who had either
homozygous or compound heterozygous c.20A>T
mutations in the HBB gene were excluded from the
study. This exclusion is due to the severe clinical
course of SCD, which can complicate the analysis or
skew the results. Also, cases with homozygous HbC
and HbE diseases were excluded from the study.
After this study design, genotype information of a
total of 65 cases was obtained, and after the inclusion
criteria were applied, the data of 40 cases were
analyzed.

Demographic and medical data of the cases were
collected from our center records. Data collection
included patient age, gender, diagnosis, laboratory
data (hemogram and HPLC results), age at first blood
transfusion, history of splenectomy or splenomegaly,
disease initiation, serum ferritin level, genetic variants
in the HBB gene, and other complications. This study
was conducted in accordance with the ethical
principles set forth in the Declaration of Helsinki.
For this study, ethical approval was obtained from
the Clinical Research Ethics Committee of Hatay
Mustafa Kemal University with a decision dated
06.10.2022 and numbeted 05.

Hematological analysis

Complete blood counts of RBC, Hb, Hct, MCV,
MCH, and RDW parameters were performed for all
samples using an automatic hematology analyzer
(Mindray BC 6800). Hemoglobin electrophoresis was
performed using HPLC method with Biorad Variant
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1T autoanalyzer. Serum ferritin levels were measured
as ng/mL by immunoassay method.

DNA analysis

Genomic DNA was extracted from peripheral blood
leukocytes using an isolation kit (Macherey-Nagel
GmbH & Co. KG, Germany) according to the
manufacturer's protocol. All coding exons, introns, 3'
UTR, 5' UTR, and promoter regions of the HBB gene
(NM_000518.5) were amplified with appropriate
primers.

PCR amplicons were sequenced using an ABI PRISM
BigDye Terminator Cycle Sequencing Ready reaction
kit (Applied Biosystems, Foster City, CA, USA).
Genetic sequence analysis was performed using CLC
Genomics Workbench (Qiagen). Hbvar, HGMD,
ClinVar, and ExAC databases were used to analyze
mutations. Allelic segregations were confirmed for
the compound heterozygous mutations.

Statistical analysis

The statistical analyses for this study wete performed
using IBM SPSS Software (Version 26.0 Armonk,
NY). Descriptive statistics were used to summarize
the data. Categorical data were expressed as numbers
(n) and percentages (%), and numerical data as
median and mean + standard deviation.

RESULTS

According to the mutation profile in the HBB gene, a
total of 40 (100%) cases were in the study, of which
25 (62.5%) were homozygous and 15 (37.5%) were
compound heterozygous mutations. The median age
was 21 years (min-max: 2-74 years) and 26 (65%)
cases were female. The majority of the study group
consisted of cases with BTT 18 (45%) and BTM 16
(40%) phenotypes. Among all the cases, 17 (42.5%)
had no transfusion history, 15 (37.5%) had regular
transfusions due to BTM, and 2 (5%) had regular
transfusions due to BTIL. Additionally, 6 (15%) cases
had intermittent transfusions due to BTI. Among all
the cases, 13 (32.5%) had splenomegaly, 8 (20%) had
undergone a splenectomy, and 2 (5%) cases had a
normal spleen volume. However, spleen information
was not available for 17 (42.5%) cases. Characteristic
and demographic features of the cases are presented
in Table 1.
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Table 1. Characteristic and demographic features of
the cases

Variable
Number of patients, n (%) 40 (%100)
Age, median (min-max) 21 (2-74)

Gender (M/F) 14 (%35) / 26

(%65)

Genotype (HBB mutation profile)

Homozygous 25 (%062.5)

Compound Heterozygous 15 (%37.5)
Phenotype or HPLC diagnosis

BTM 16 (%40)
BTI 18 (%045)
B-thal trait 4 (%10)
Silent 3-thal 2 (%5)

Transfusion and clinical course

BTM, regular transfusion 15 (%37.5)

BTI, no history of transfusion 10 (%25)
BTI, intermittent transfusion 6 (%15)
BTI, regular transfusion 2 (%05)
Clinically normal (one patient had 7 (%17.5)
ASCT due to BTM)

Spleen

Splenomegaly 13 (%32.5)
Splenectomized 8 (%20)
Normal 2 (%5)
Unknown 17 (%042.5)

HBB, Hemoglobin Subunit Beta; HPLC, high-performance liquid
chromatography; BTI, B-thalassemia intermedia; BTM, -
thalassemia major; ASCT, allogeneic stem cell transplantation.

A total of 22 different HBB genotypes accompanied
by 17 different variants were found in the cases
included in the study. The two most common
variants detected in this study were IVS-I-6 (T>C)
and IVS-I-1 (G>A) with frequencies of 41% and
10% respectively. Among cases with homozygous
HBB genotypes, the most common variants were
IVS-1-6 (T>C), IVS-I-1 (G>A), and IVS-11-848
(C>A), with frequencies of 52% (n:13), 12% (n:3),
and 8% (n:2), respectively. In addition to the three
most common variants, seven different variants were
detected in cases with homozygous HBB genotypes,
including IVS-I-5 (G>C), Codon 39 (C>T), IVS-11-1
(G>A), 5'UTR; +22 (G>A), S’UTR; +26 (T>C),
3'UTR +1536 (A>G), and -101 C>T. Among cases
with compound heterozygous HBB genotypes, the
most common genotypes wete IVS-1-6 (T>C)/IVS-
1-110 (G>A), IVS-1-6 (T>C)/Hb Knossos Codon 27
(G>T), and IVS-I-110 (G>A)/-101 C>T, each
occurring in 2 (13%) cases. Apart from the most
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common compound heterozygous genotypes, there
were nine different genotypes identified, each
occurring once in the remaining cases. The HBB
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Table 2. Characteristics of cases with homozygous A BB genotype

genotypes, hemoglobin electrophoresis data, clinical
and laboratory findings of the cases are shown in

Tables 2 and 3.

Allel Phenot | Sex Age Hb Ferritin HbA HbA2 HbF Clinical course
ype or m/ year g/dL ml/ng (%) (%) (%)
HPLC F) (min- (min- (min- (min- (min- (min-
max) max) max) max) max) max)
Tx
Regulatly: 2
M:3 Occasionally: 3
BTI 37.1 8.3 794 80 6.6 9
(n:10) F:7 (9-74) (6.7-9.8) (167-3683) (64.5-89.4) (6.2-7.1) (2.7-18.2) Spleen
Splenectomized: 3
Splenomegaly: 5
IVS-1-6 (T>C) Unknown: 2
(HBB:c.92+6T>C) Tx
M:1 Regularly: 3
BTM 233 8.5 1877 711 6.1 18.2
(n:3) F:2 (9-33) (7.9-9.6) (767-2824) (70.2-72) (6-6.3) (17.8-18.6) Spleen
Splenectomized: 2
Unknown: 1
Tx: Independent
BTI F 26 8.7 98 80,9 6.7 12.6 Splenomegaly
IVS-I-1 (G>A)
(HBB:c.92+1G>A) Tx: Regulatly
BTM M 2 8.3 1428 - - - Spleen: Unknown
Tx: Regularly
BTM M 21 9.2 1415 80 2.9 17 Splenectomized
Tx: Regularly
BTM F 5 6.5 761 - - 65.6 Splenomegaly
TVS-I1-848 (C>A)
(HBB:c.316-3C>A)
BTM M 16 14.3 2120 - - - ASCT
IVS-I-5 (G>C) BTM F 22 8.1 408 65.4 2.9 15.6 Tx: Regularly
(HBB:c.92+5G>C) Splenomegaly
Codon 39 (C>T) BTM F 18 8.1 - 94.2 2.9 1.9 Tx: Regularly
(HBB:c.118C>T) Splenomegaly
IVS-II-1 (G>A) BTI M 13 9.4 381 0.2 1 96.6 Tx: Independent
(HBB:c.315+1G>A) Spleen: Unknown
5'UTR; +22 (G>A) BTI F 21 8.8 32 85 6.5 8.3 Tx: Independent
(HBB:c.-29G>A) Splenomegaly
5'UTR;+26 (T>C) Silent F 39 13.3 46 95 2.5 0.2 Clinically normal
(HBB:c.-25T>C) §-thal
3'UTR +1536 (A>G) §-thal M 16 12.4 - 95 2.7 0.2 Clinically normal
(HBB:c.*62A>G) trait
-101 C>T §-thal F 17 11.6 31 82.2 4.7 6.4 Clinically normal

(HBB:c.-151C>T)

trait

HBB, Hemoglobin Subunit Beta; HPL.C, high-performance liquid chromatography; Hb, hemoglobin; BTI, 8-thalassemia intermedia; BTM,

B-thalassemia major; Tx, transfusion; ASCT, allogeneic stem cell transplantation.
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Table 3. Characteristics of cases with a compound heterozygous HBB genotype

Cukurova Medical Journal

Allel 1 Allel 2 Phenot | Gender | Agey | Hb Ferritin | HbA | HbA2 HbF | Clinical course
ype or (M/F) ear g/dL | ml/ng (%) (%) (%)
HPLC
IVS-I-6 (T>C) IVS-1-110 BTM F 42 9.8 >1650 83.6 4 13.1 Tx:
(HBB:c.92+6T>C) (G>A)(HBB:c.93-21 RegulatlySplene
G>A) ctomizedNot
alive
BTM M 36 8.2 532 77.6 3 10.3 Tx:
RegularlySplene
ctomized
IVS-1-6 (T>C) Hb Knossos BTI F 8 6.6 254 91 5.4 2.1 Tx:
(HBB:c.92+6T>C) (HBB:c.82G>T) OccasionallySpl
cen: Unknown
BTI M 10 6.1 387 92.1 5.9 1 Tx:
OccasionallySpl
cen: Unknown
IVS-I-110 (G>A) -101 C>T(HBB:c.- BTI F 3 9.2 38 52.5 4.9 31.2 Tx:
(HBB:c.93-21G>A) 151C>T) IndependentSpl
enomegaly
BTI F 6 9.8 91 90 4.5 2 Tx:
IndependentSpl
cen: Unknown
IVS-1-6 (T>C) Codon 5 (-CT) BTM F 5 8.6 1190 - 2.6 26.8 Tx:
(HBB:c.92+6T>C) (HBB:c.17-18delCT) RegularlySpleen:
Unknown
IVS-1-6 (I'>C) IVS-1I-1 BTM M 10 7.1 2786 - - - Tx:
(HBB:c.92+6T>C) (G>A)(HBB:c.315+1G RegularlySpleen:
>A) Unknown
IVS-1-6 (T>C) IVS-11-727 (A>T) B-thal M 26 11.7 24 - - - Clinically
(HBB:c.92+6T>C) (HBB:c.316-124A>T) trait normal
IVS-I-1 (G>A) IVS 11-821 BTI F 24 10.7 72 - - - Tx:
(HBB:c.92+1G>A) (A>C)(HBB:c.316-30 OccasionallySpl
A>0) cen: Unknown
IVS-I-110 (G>A) Codon 39 (C>T) BTM F 12 10.7 1334 - - - Tx:
(HBB:c.93-21G>A) (HBB:c.118C>T) RegularlySpleen:
Unknown
IVS-II-1 (G>A) IVS-I-110 BTM M 7 7 1485 54.3 2.6 359 Tx:
(HBB:c.315+1G>A) | (G>A)(HBB:c.93- RegularlySpleno
21G>A) megaly
TVS-I1-848 (C>A) IVS-I-1 (G>A) BTM F 11 7.6 3749 12.1 3 - Tx:
(HBB:c.316-3C>A) (HBB:c.92+1G>A) RegulatlySpleno
megaly
IVS 11-821 (A>C) -101 C>T (HBB:c.- Silent 3- | F 29 12 20 - - - Clinically
(HBB:c.316-30A>C) [ 151C>T) thal normal
HbE(HBB:c.79 -101 C>T (HBB:c.- B-thal F 25 12.4 22 60.7 - - Clinically
G>A) 151C>T) trait normal

HBB, Hemoglobin Subunit Beta; HPLC, high-performance liquid chromatography; Hb, hemoglobin; Tx, transfusion; BTM, 8-thalassemia
major; BT1, 8-thalassemia intermedia.

DISCUSSION

In this study, we presented results of the genotype-
to-phenotype  relationship in  homozygous or
compound heterozygous HBB gene mutations in
Hatay. Our study contains significant information
that will contribute to the genotype-phenotype
correlation in B3-thal cases with the contribution of
the high case population and genetic diversity in our
region. We detected a total of 17 different HBB gene
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variants in 22 distinct genotypes. The most detected
HBB gene variants were IVS-1-6 (T>C) and IVS-I-1
(G>A).

In our study, the most common homozygous HBB
genotypes were IVS-I-6 (T>C) in 13 cases, IVS-I-1
(G>A) in 3 cases, and IVS-II-848 (C>A) in 2 cases.
Although the homozygous IVS-I-110 (G>A)
genotype is typically more common in our region and
country, this genotype was less frequent in our
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study®!3. Instead, IVS-I-6 (IT>C) was the most
common genotype, and this finding is similar to
previous research in Palestine and Israel'+16.
Differently, the presence of a transfusion history
among individuals with homozygous IVS-1-6 (T>C)
genotype in our study was 61%, which was lower than
the 81% reported in the Palestine study'®. In a
previous study on the homozygous IVS-I-1 (G>A)
genotype, which we detected with the second
frequency in our study, it was reported that the cases
were transfusion dependent!> However, in our study,
whereas two of the three homozygous IVS-I1-1
(G>A) genotypes had a history of regular
transfusion, one case was followed up independently
of transfusion. In our study, another common
homozygous IVS-11-848 (C>A) genotype is observed
quite rarely to our knowledge. In a previous study
involving 146 cases, the homozygous IVS-II-848
(C>A) genotype was found in only one case and was
reported as transfusion dependent!>!6, We identified
two cases with the homozygous IVS-11-848 (C>A)
genotype. These two cases exhibited the BTM
phenotype, and one of them had received an
allogeneic stem cell transplant. We think that one of
the most important findings of our study is related to
the clinical significance of the 5'UTR; +26 (IT>C)
variant. In a case, we discovered a homozygous
5'UTR; +26 (T>C) genotype, which is reported in the
ClinVar database as a variant of unknown
significance!”. Since the clinical and laboratory data
of our patient were completely normal,
interpreted this vatiant as a polymorphism.

we

In our study, we obtained some results that we
believe are important in cases with compound
heterozygous genotypes. One of them is the IVS-I-1
(G>A)/IVS 11-821 (A>C) genotype. In the study of
Azimi et al.,, the IVS II-821 (A>C) variant was
defined as pathogenic despite its classification as both
likely benign and of unknown significance in the
ClinVar database!®. The case in our study had BTI
phenotype with intermittent transfusion, therefore
we think that the IVS II-821 (A>C) variant is
probably likely pathogenic. Since IVS-I-6 (T>C)
variant was found more frequently in our province,
clinical findings of rare genotypes with this variant
were reported in this study. We detected IVS-I-6
(T>C) and/with IVS-II-1 (G>A), Codon 5 (-CT),
IVS-1I-727 (A>T), and Hb Knossos variants. In a
previous study involving 52 cases, the IVS-1-6
(T>C)/IVS-II-1 (G>A) genotype was found in one
case, and the only reported clinical information was
anemial#. In another previous study involving 146
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cases, a case with the IVS-1-6 (T>C)/Codon 5 (-CT)
genotype was reported as transfusion dependent!s. In
our study, our cases with both IVS-II-1 (G>A) and
Codon 5 (-CT) genotypes along with IVS-1-6 (T>C)
were observed to have BTM phenotype and required
regular transfusions. However, a patient with the
IVS-I-6 (T>C)/IVS-1I-727 (A>T) genotype had a
completely normal phenotype in terms of clinical and
laboratory findings. Thus, we suggest that the IVS-11-
727 wvariant should also be considered as a
polymorphism. Additionally, to our knowledge, this
is the first article describing the phenotypic features
of the IVS-I-6 (T>C)/Hb Knossos genotype. The
two cases with this genotype were found to have BTT
phenotype and required intermittent transfusion.

There are some limitations in our study. Firstly, the
patients in this study did not have any results
regarding HBA gene deletions in terms of alpha
thalassemia. It is known that HBA gene deletions
affect the phenotypes in B-thal’®. However, in a series
of 270 cases of B-thal, Saha et al. reported that HBA
gene deletions in patients with B+/B0 genotype
improved the phenotype, but alpha gene deletions
alone could not explain the clinical severity in some
patients with B0-80 genotype®. Secondly, genotype
information of our patients regarding the changes in
the Krippel-like factor 1 (KLF1) gene and Xmnl
polymorphism, which are expected to affect the clinic
in B-thal patients, especially in sickle cell disease, were
not available. However, Kumar et al. reported that
KLF1 single nucleotide polymorphisms and Xmnl
polymorphism had no statistically significant
association with HbF levels and sickle cell disease-
related morbidities in a study including 180 sickle cell
patients?!. Finally, some phenotypic information was
missing in our study because some of our patients
were not followed up regulatly.

In conclusion, in this study, phenotypic
characteristics of 22 different HBB genotypes in a
total of 40 B-thal cases were investigated. To our
knowledge, this is the first study in which detailed
clinical findings for genotypes with compound
heterozygosity for Hb IVS-I-6(T>C)/Knossos and
homozygous 5'UTR; +26 (I>C). Additionally, this
study included information on the extremely rare
homozygous IVS-1I-848 (C>A) and compound
heterozygous IVS-I-1 (G>A)/IVS 1I-821 (A>C)
genotypes. These results suggest that the distribution
of HBB genotypes and their association with
transfusion history and clinical features can vary
between different populations and  regions.
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Therefore, we think that these genotype-phenotype
relationships reported in our study to benefit
clinicians during prenatal diagnosis, preimplantation
genetic diagnosis, postnatal genetic counseling, and
future studies.
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