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Corresponding Author ABSTRACT

Ayca Kocaaga Aim: Hereditary spherocytosis (HS) is a prevalent cause of congenital hemolytic anemia in Northern

E-mail Europeans. It is characterized by spherocytes resulting from defects in the erythrocyte structural
0000-0003-0434-8445 membrane proteins spectrin and ankyrin. To date, more than five candidate genes, including ANK1,
SPTB, SPTA1, SLC4A1, and EPB42 have been linked to HS. Here, we aim to investigate the presence
of novel as well as known mutations in eight Turkish children with clinically suspected HS.

Material and Methods: We presented the clinical features of the patients and identified the causative
gene variants using targeted exome sequencing. Eight children who were clinically suspected of having
HS enrolled in this study. A family and medical history, clinical examination, relevant laboratory test
results, osmotic fragility test (OFT), and genetic results were evaluated.

Results: Six causative variants, including three ANK1 variants, two SPTB variants and one SLC4A1
variant were detected. All these mutations were novel variants. ANK1 and SPTB are the most common

OR;Cleli‘;%iz mutant genes in children with HS.
C Conclusion: This study expanded the mutation spectrum of ANK1, SPTB and SLC4A1. This is the first
Revision study to determine the genetic and clinical characteristics of children with HS in Turkey.
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Amag: Kalitsal sferositoz (HS), Kuzey Avrupalilarda konjenital hemolitik aneminin yaygin bir nedenidir.
Eritrosit yapisal membran proteinleri spektrin ve ankirin’deki kusurlardan kaynaklanan sferositlerle
karakterizedir. Bugiine kadar, ANK1, SPTB, SPTA1, SLC4A1 ve EPB42 dahil olmak lizere besten fazla
aday gen, HS ile iliskilendirilmistir. Burada, klinik olarak HS suiphesi olan sekiz Turk cocugunda bilinen
ve yeni mutasyonlarin varligini arastirmayi amagladik.

Gerec ve Yontemler: Hastalarin klinik 6zelliklerini sunduk ve hedeflenen ekzom dizilimi kullanarak
nedensel gen varyantlarini belirledik. Klinik olarak HS oldugundan slphelenilen sekiz ¢ocuk bu
calismaya alindi. Aile ve tibbi 6yk, klinik muayene, ilgili laboratuvar test sonuclari, ozmotik frajilite testi
ve genetik sonuglar degerlendirildi.

Bulgular: Ug ANK1 varyanti, iki SPTB varyanti ve bir SLC4A1 varyant dahil olmak (izere 6 nedensel
varyant tespit edildi. Blttiin bu mutasyonlar yeni varyantlardi. ANK1 ve SPTB, HS’li cocuklarda en sik
g6rilen mutant genlerdir.

Sonug: Bu calisma, ANK1, SPTB ve SLC4A1 genlerinin mutasyon spektrumunu genisletti. Bu,
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Identification of New Mutations in Children with Hereditary Spherocytosis

INTRODUCTION

Hereditary spherocytosis (HS) is a common cause of con-
genital hemolytic anemia in Europeans. The clinical char-
acteristics of HS include anemia, jaundice, reticulocytosis,
cholelithiasis, splenomegaly and increased osmotically
fragile in spherocytes. At present, the diagnosis of HS main-
ly relies on family history, clinical features, peripheral blood
smear results, and osmotic fragility tests (OFT) (1). In the
blood smears of HS patients, reticulocytes and spherocytes
may be present as spherical-shaped cells. HS is widespread
throughout the world, with a high prevalence in Northern
Europe and Northern America (2). There is no data on the
prevalence of HS in Turkish population.

HS is a genetic disorder in which both heredity and molec-
ular characteristics are heterogeneous. Genetic transmis-
sion is autosomal dominant (AD) trait in 75% of cases with
a de novo mutation (3). The pathogenic mutations ANK1
(ankyrin 1), SPTA1 (spectrin alpha chain), SPTB (spectrin
B chain), SLC4A1 (solute carrier family 4, anion exchanger,
member 1) and EPB42 (protein 4.2) genes are the major
causes of HS (4-6).The ANK1, SPTB, and SLC4A1 genes
are associated with AD traits, whereas SPTA1 and EPB42
genes are related to autosomal recessive traits (Table 1)
(5). The ANK1 gene variations are reportedly the most
common (~50%), followed by those in the SPTB (~20%) ,
SLC4A1 (15-20%), and SPTA1 (~5-10%) (7).

However, the mutation profile of HS children has not been
well defined in the Turkish population to date. In this study,
we identified the causative gene variants in a group of Turk-
ish children with hereditary spherocytosis.

MATERIAL and METHODS

In this retrospective study, eight patients with hereditary
spherocytosis were evaluated. All were under age 18 at
diagnosis and were followed between October 2020 to
September 2022 by the Pediatric Hematology Department
of Eskisehir City Hospital (Turkey). Patient data were ana-
lyzed retrospectively from patient files and the computer
information system. Data gathered included clinical mani-

Table 1: Main features of the genes encoding the red cell
membrane proteins.

Gene Protein Location Inheritance
SPTA1 alpha spectrin 1922-923 Recessive
SPTB beta spectrin  14923-g24.1 Dominant
ANK1 ankyrin 8p11.2 Dominant
SLC4A1 band 3 17921-g22 Dominant
EPB42 protein 4.2 15g915-g21 Recessive

ANK1: ankyrin 1, SPTA1: spectrin alpha chain, SPTB: spectrin B
chain, SLC4A1: solute carrier family 4, anion exchanger, member
1 and EPB42: protein 4.2

festation of patients at admission, sex and gender, family
history, hematologic and biochemical data, ultrosonography
findings and complications.

HS was diagnosed on the basis of clinical history, physi-
cal examination, and laboratory test results, including com-
plete blood count, blood smear, reticulocyte count, bilirubin
concentration, positive osmotic fragility test, and abdominal
ultrasonography. All children were diagnosed as HS; four
patients were male and four were female. Informed consent
was obtained from the parents of all patients. The study was
approved by the ethics committee of Eskisehir Osmangazi
Medical Faculty (Protocol number: 2022-227) in accord-
ance with the Declaration of Helsinki. All procedures were
performed according to approved guidelines.

Genomic DNA purified from the patients’ peripheral blood
was performed using the QlAamp DNA Blood Midi Kit (Qia-
gen, Hilden, Germany) according to the manufacturer’s
instructions. The genomic DNA was sequenced on the lllu-
mina NovaSeq Platform using the Agilent SureSelect V5 kit
(Agilent, Santa Clara, CA, USA) at a mean depth of 100x.
Raw data were analyzed with the “QIAGEN Clinical Insight
(QCI) Interpret”, aligning to the GRCh37/hg19 human
genome.

Variant frequencies were subjected to dbSNP (www.ncbi.
nim.nih.gov/snp), 1000 Genomes (http://browser.1000ge-
nomes.org) and the Aggregation Consortium (ExAC, http://
exac.broadinstitute.org). Polyphen-2, SIFT and Mutation-
Taster software programs were used for pathogenicity pre-
diction. Moreover, the identified variants were evaluated in
Human Gene Mutation Database and Clinvar (http://www.
ncbi.nim.nih.gov/ clinvar). In addition, the pathogenicity of all
variants was classified according to the American College
of Medical Genetics and Genomics (ACMG) guidelines (8).

Used SPSS 15.0 for statistical analysis. Descriptive statis-
tics (frequency, percentage distribution, mean, median etc.)
were used for statistical analysis.

RESULTS

Demographic, clinical, and laboratory characteristics of the
patient with hereditary spherocytosis are shown in Table 2.
The median age at diagnosis was 7.6 (4.80) years old, and
four out of eight (50%) patients were male. Only one patient
had a positive family history (1/8; 12,5%). There was jaun-
dice in seven patients and anemia in all patients. Only one
patient had splenomegaly on abdominal ultrasound.

The median red blood cell (RBC) count was 2.23 x 1012/L
and the median hemoglobin level was 8.57 g/dL. The medi-
an mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC) were 81.57 fL (normal range: 80-95),
29.65 pg (normal range: 27-31), and 36.76 g/L (normal
range: 32-36), respectively. The median reticulocyte count
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was 8.73% (normal range: 0.5%—2.5%) and the total biliru-
bin concentration was 5.35 mg/dL (normal value: 0.2-0.8).
The mean lactate dehydrogenase (LDH) value was 485
units/L (normal range: 140-280). Peripheral blood smears
demonstrated spherocytes and anisocytosis in all patients
except one patient (P3). An increase in erythrocyte osmotic
fragility was observed in five of the patients (5/8; 67.5%).

The genetic result was not detected in two patients (2/8;
25%). In total, six different heterozygous new variants were
identified including ANK1 (three variants), SPTB (two vari-
ants) and SLC4A1 (one variant) genes (Table 3). Two novel
variants result in a premature terminator codon in the cod-
ing sequence of ANK1 (c.3022G>T and ¢.4022C>A) and
they have been suggested as deleterious. The other vari-

Table 2: The clinical and laboratory features of the Turkish children with HS.

Patients P1 P2 P3 P4 P5 P6 P7 P8
Gender F M M M M F F F
Age 6y 7y 15y 4y 3y 12y 12y 2y
Family history - - - - - - - +
Jaundice + + + + + + - +
Anemia + + + + + + + +
Splenomegaly - - + - - - - -
LAB TESTS

Rbc (x10'2/L) 1.96 1.92 2.48 1.8 2.16 3.2 2.4 1.94
Hemoglobin (g/dl) 7.6 8.4 9.5 8.2 7.3 10.4 7.8 9.4
MCV (fL) 72.8 80.2 82.5 70.6 89.4 94.4 91.5 71.2
MCH (pg) 235 30.6 29.4 28.7 34.0 32.7 27.8 30.5
MCHC (g/L) 35.5 37.4 37.0 36.3 35.8 36.6 38.2 37.3
Reticulocytes (%) 4.6 3.85 8.63 5.76 8.15 12.42 14.65 11.82
Total bilirubin (mg/dL) 5.8 4.0 3.9 4.2 4.8 9.8 5.6 4.7
LDH (U/L) 361 472 346 355 1400 256 308 389
Spherocytes on the peripheral blood smears + + - + + + + +
Increased Osmotic Fragility - + + NA + + + -

M: Male, F: Female, HS: Hereditary spherocytosis, LDH: Lactate dehydrogenase, MCH: Mean corpuscular hemoglobin, MCHC: Mean
corpuscular hemoglobin concentration, MCV: Mean corpuscular volume, RBC: red blood cell, NA: Not available, y: Year(s), +: Present,

—: Absent.

Table 3: Mutations analyzed by targeted exome sequencing in the children with HS.

Mutati

on

Patients Gene Exon cDNA Protein Type Novelty SIFT  Polyphen2 Mutationtaster ACMG
P1 ANK1 27 ¢.3022G>T p.Glu1008Ter nonsense Novel damaging - disease causing L|kely.
pathogenic
P2 ANK1 33 ¢.4022C>A p.Ser1341Ter nonsense Novel damaging - disease causing leely.
pathogenic
P3 SPTB 22 ¢.4550T>G p.Met1517Arg missense Novel damaging probaply disease causing pnggrtam
damaging Significance
P4 SPTB 13 ¢.2386C>T p.Arg796Cys missense Novel damaging probaply disease causing leely.
damaging pathogenic
P5 - - - - - - - - - -
P6 - - - - - - - - - -
. . probably . . Likely
P7 SLC4A1 13 ¢.1486T>C p.Trp496Arg missense Novel damaging . disease causing .
damaging pathogenic
P8 ANK1 17 ¢.1912C>T p.Pro605Ser missense Novel damaging probal?ly disease causing leely.
damaging pathogenic

ACMG: American College of Medical Genetics and Genomics, SIFT: Sorting Intolerant From Tolerant.
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ants in SPTB, SLC4A1 and ANK1 were missense mutations
that resulted in an amino acid change (Table 3). According
to the ACMG, all five detected novel variants were classified
as pathogenic, and one variant was rated as a variant of
unknown significance (VUS) (SPTB: ¢.4550T>G). None of
the detected variants have been previously reported in any
human gene mutation database. The details of the identi-
fied variants is given in Table 3. The mutation images of P2
(ANK1:c.4022C> A) and P3 (SPTB: ¢.4550T>G) patients
are given in Figure 1.

Hereditary spherocytosis (HS) is a hereditary hemolyt-
ic disease that is caused by encoding-gene mutations in
ANK1, SPTB, SLC4A1, EPB42, and SPTA1 genes (9). It
occurs with a higher incidence in the population of North-
ern Europe and Northern America (approximately 1:2000)
(10,11). Approximately 75% of HS cases can be inherited
as an autosomal dominant trait (12). HS caused by muta-
tions in ANK1, SPTB, and SLC4AT1 is inherited in an auto-
somal dominant manner, while the mutations in SPTA1 and
EPB42 is inherited in an autosomal recessive manner (9).
Genetic testing is critical both to confirm the diagnosis and
to provide genetic counseling. The phenotype of HS is het-
erogeneous, but typical symptoms include hemolysis, ane-
mia, jaundice, and splenomegaly. The diagnosis of HS is
based on having a family history, typical clinical features,
evaluation of biochemical markers of hemolysis, peripher-
al red blood cell morphology examination and a positive
erythrocyte osmotic fragility test (13). The advancement
of genetic molecular methods has recently allowed for the
definitive diagnosis of HS patients.

The application of next-generation sequencing (NGS)
has led to impressive progress in the diagnosis of genet-
ic diseases (14,15). NGS is an extremely important test in
the molecular diagnosis of HS in clinical practice, includ-
ing targeted exome sequencing (TES) and whole exome
sequencing (WES) (16). Previous studies have demonstrat-
ed the usefulness of the targeted NGS methods in investi-
gating the causal gene variants in patients with HS (17,18).
In the present study, we found six novel gene mutations in
children with HS. Targeted exome sequencing has identi-
fied 3 patients with an ANK1 gene mutation, two patients
with a SPTB gene mutation, and one patient with a SLC4A1
gene mutation. This study indicated that the most frequently
affected genes in Turkish children with HS were ANK1and
SPTB. This result is similar to previous results found in
American, European and Chinese populations (19-21). All
mutations are novel and unique, having not previously been
reported in a different population. We did not find any muta-
tions in the EPB42 and SPTA1 genes, which were thought
to be related to the sample size. Genetic studies on HS in
Turkey are very limited, and there are only descriptive stud-
ies including clinical pathological phenotypes (22, 23). To
our knowledge, this is the first report to describe the muta-
tional spectrum in Turkish children affected by HS.

The ANK1 gene encodes a protein called ankyrin-1, which is
found in the cytoplasmic membrane of red blood cells. This
protein interacts with transmembrane proteins to form the
membrane skeleton of cells (6,13). To date, more than 200
ANK1 gene mutations have been reported in HS patients.
The reported mutations included nonsense, missense, and
splicing mutations, small or gross deletions; and insertions
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Figure 1. The mutation images of P2 (ANK1:¢.4022C> A) and P3 (SPTB: ¢.4550T>@G) patients.
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(24).In this study, three novel mutations were identified in
ANK1, including two nonsense mutations (¢.3022G>T and
€.4022C>A) and one missense (c.1912C>T) mutation. They
were predicted as likely pathogenic by in silico protein pro-
grams. Based on the ACMG criteria, they were also catego-
rized as likely pathogenic (Table 3).

The SPTB gene, which encodes a- and 8 spectrin, is local-
ized on 14g23.3 and consists of 35 exons. These spectrin
proteins play a crucial role in the formation and stability of
the erythrocyte membrane (25). There are more than 40
reported mutations in the SPTB gene associated with HS
(26). The types of mutations include nonsense and mis-
sense mutations, splicing mutations, and small or gross
deletions, insertions or indels (27). In the present study,
we found two novel missense SPTB mutations (¢.4550T>G
and ¢.2386C>T) associated with HS. According to in silico
prediction tools, these novel variants were predicted as like-
ly pathogenic.

The SLC4A1 (solute carrier family 4, anion exchanger, mem-
ber 1) gene contains 20 exons and encodes both erythroid
and kidney isoforms of anion exchanger 1. The N-terminal
40kDa domain is located in the cytoplasm and functions as
a binding site for the red cytoskeleton through its interac-
tions with transmembrane proteins (28). The C-terminal
domain contains the binding sites for carbonic anhydrase
Il and is responsible for anion exchange. Mutations in the
SLC4A1 gene have been linked to HS, ovalocytosis, and
renal tubular acidosis (29). Currently, more than 70 path-
ogenic SLC4A1 gene mutations have been identified in
HS (30). Here, we identified a novel missense (SLC4A1:
€.1486T>C; p. Trp496Arg) mutation in a child with HS. This
variant is absent in the public databases.

Herediter spheroctosis is genetically and phenotypical-
ly highly heterogeneous. In a study from the Netherlands,
SPTA1, ANK1, and SPTB, EPB42 ranked as the top four
genes with identified variants in patients with HS, respec-
tively (31). However, SPTA1 and EPB42 gene variants
were not found in our cohort group.

Anemia with varying degrees of increased reticulocyte
count was detected in all of our HS cases. The fact that
75% of our patients had MCHC> 36.0 g/l indicates that this
parameter is an effective factor in the diagnosis of HS in our
population. Spherocytes were detected in peripheral blood
smears of 87.5% of the patients. In this study, the osmot-
ic fragility test was significant in 5 of 8 patients (67.5%).
A parental history of HS was reported in only one of the
patients with HS (12.5%). Among the 8 subjects, only one
had splenomegaly (12.5%, Table 2).

The observed severity of clinical and laboratory findings
was similar to the extent that they could not be classified
according to gene variants. Therefore, we could not estab-

lish a significant genotype-phenotype correlation. It was not
possible to find a clear correlation, probably due to the small
sample size in this study.

This study reported on eight Turkish children with suspect-
ed clinical features of HS and identified six novel gene var-
iants (3 novel in ANK1, 2 novel in SPTB, and 1 novel in
SLC4A1) by targeted exome sequencing. Our study is the
first to use the TES approach for the genetic diagnosis of
Turkish children with HS. We clarified the mutational spec-
trum in patients with HS: ANK1 and SPTB genes are the
most common causes of HS in Turkish children. Our study
also broadens the spectrum of ANK1 and SPTB mutations
and provides valuable information about the genotyping of
HS in Turkish children. Future studies in larger study groups
are needed to detect the mutational diversity in Turkish chil-
dren with HS.

Acknowledgment

None.

Author Contributions

The idea of presenting the study to the literature and collecting the
data of the study: Ayca Kocaaga. Analysis of patient’s data, writing
of article and preparation of images: Ayca Kocaaga, Hatice Mine

o
o
=
3
)
=

Conflicts of Interest

Each author confirms that they do not have any conflict of interest.

Financial Support

There is no funding.

Ethical Approval

The study was approved by the ethics committee of Eskisehir
Osmangazi Medical Faculty in accordance with the Declaration of
Helsinki (Protocol number: 2022-227).

Review Process

After the blind peer-review process, it was found suitable for publi-
cation and accepted.

REFERENCES

Hugq S, Pietroni MA, Rahman H, Alam MT. Hereditary
spherocytosis. J Health Popul Nutr. 2010;28(1):107-9.

Bolton-Maggs PH, Stevens RF, Dodd NJ, Lamont G, Tittensor
P, King MJ. Guidelines for the diagnosis and management of
hereditary spherocytosis. Br J Haematol. 2004;126(4):455-74.
Hao L, Li S, Ma D, Chen S, Zhang B, Xiao D, Zhang J, Jiang
N, Jiang S, Ma J. Two novel ANK1 loss-of-function mutations in
Chinese families with hereditary spherocytosis. J Cell Mol Med.
2019 Jun;23(6):4454-4463.

An X, Mohandas N. Disorders of red cell membrane. Br J
Haematol. 2008;141(3):367-75.

—_

n

w

»

300

Med ) West Black Sea 2022;6(3): 296-301



Identification of New Mutations in Children with Hereditary Spherocytosis

10.

11.

12.

13.

14.

15.

16.

17.

Da Costa L, Galimand J, Fenneteau O, Mohandas N. Hereditary
spherocytosis, elliptocytosis, and other red cell membrane
disorders. Blood Rev. 2013;27(4):167-78.

Miraglia del Giudice E, Nobili B, Francese M, D’Urso L, lolascon
A, Eber S, Perrotta S. Clinical and molecular evaluation of
non-dominant hereditary spherocytosis. Br J Haematol. 2001
Jan;112(1):42-7.

He BJ, Liao L, Deng ZF, Tao YF, Xu YC, Lin FQ. Molecular
Genetic Mechanisms of Hereditary Spherocytosis: Current
Perspectives. Acta Haematol. 2018;139(1):60-6.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster
J, Grody WW, Hegde M, Lyon E, Spector E, Voelkerding K,
Rehm HL; ACMG Laboratory Quality Assurance Committee.
Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the Association
for Molecular Pathology. Genet Med. 2015 May;17(5):405-24.

Hughes MR, Anderson N, Maltby S, Wong J, Berberovic Z,
Birkenmeier CS, Haddon DJ, Garcha K, Flenniken A, Osborne
LR, Adamson SL, Rossant J, Peters LL, Minden MD, Paulson
RF, Wang C, Barber DL, McNagny KM, Stanford WL. A novel
ENU-generated truncation mutation lacking the spectrin-
binding and C-terminal regulatory domains of Ank1 models
severe hemolytic hereditary spherocytosis. Exp Hematol. 2011
Mar;39(3):305-20, 320.e1-2.

Eber S, Lux SE. Hereditary spherocytosis--defects in proteins
that connect the membrane skeleton to the lipid bilayer. Semin
Hematol. 2004;41(2):118-41.

Tse WT, Lux SE. Red blood cell membrane disorders. Br J
Haematol. 1999;104(1):2-13.

Gallagher PG, Ferriera JD. Molecular basis of erythrocyte
membrane disorders. Curr Opin Hematol. 1997;4(2):128-35.

Bianchi P, Fermo E, Vercellati C, Marcello AP, Porretti L,
Cortelezzi A, Barcellini W, Zanella A. Diagnostic power of
laboratory tests for hereditary spherocytosis: a comparison
study in 150 patients grouped according to molecular and
clinical characteristics. Haematologica. 2012 Apr;97(4):516-23.

Lohmann K, Klein C. Next generation sequencing and the future
of genetic diagnosis. Neurotherapeutics. 2014;11(4):699-707.

Buermans HP, den Dunnen JT. Next generation sequencing
technology: Advances and applications. Biochim Biophys Acta.
2014;1842(10):1932-41.

Choi HS, Choi Q, Kim JA, Im KO, Park SN, Park Y, Shin
HY, Kang HJ, Kook H, Kim SY, Kim SJ, Kim I, Kim JY, Kim
H, Park KD, Park KB, Park M, Park SK, Park ES, Park JA,
Park JE, Park JK, Baek HJ, Seo JH, Shim YJ, Ahn HS, Yoo
KH, Yoon HS, Won YW, Lee KS, Lee KC, Lee MJ, Lee SA,
Lee JA, Lee JM, Lee JH, Lee JW, Lim YT, Jung HJ, Chueh
HW, Choi EJ, Jung HL, Kim JH, Lee DS; Hereditary Hemolytic
Anemia Working Party of the Korean Society of Hematology.
Molecular diagnosis of hereditary spherocytosis by multi-gene
target sequencing in Korea: matching with osmotic fragility test
and presence of spherocyte. Orphanet J Rare Dis. 2019 May
23;14(1):114.

Wu Y, Liao L, Lin F. The diagnostic protocol for hereditary

spherocytosis-2021 update. J Clin Lab Anal. 2021;35(12):
€24034.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

Fermo E, Vercellati C, Marcello AP, Keskin EY, Perrotta S,
Zaninoni A, Brancaleoni V, Zanella A, Giannotta JA, Barcellini
W, Bianchi P. Targeted Next Generation Sequencing and
Diagnosis of Congenital Hemolytic Anemias: A Three Years
Experience Monocentric Study. Front Physiol. 2021 May
21;12:684569.

Wang R, Yang S, Xu M, Huang J, Liu H, Gu W, Zhang X.
Exome sequencing confirms molecular diagnoses in 38
Chinese families with hereditary spherocytosis. Sci China Life
Sci. 2018 Aug;61(8):947-953.

Sangerman J, Maksimova Y, Edelman EJ, Morrow JS, Forget
BG, Gallagher PG. Ankyrin-linked hereditary spherocytosis in
an African-American kindred. Am J Hematol. 2008;83(10):789-
94.

Bogustawska DM, Skulski M, Machnicka B, Potoczek S,
Kraszewski S, Kuliczkowski K, Sikorski AF. Identification of
a Novel Mutation of B-Spectrin in Hereditary Spherocytosis
Using Whole Exome Sequencing. Int J Mol Sci. 2021 Oct
12;22(20):11007.

Kilic MA, Ozdemir GN, Tahtakesen TN, Gokge M, Uysalol
EP, Bayram C, Aycicek A, Aydogan G. Clinical Features and
Outcome of Children With Hereditary Spherocytosis. J Pediatr
Hematol Oncol. 2022 Mar 1;44(2):e306-€309.

Konca C, Soker M, Tas MA, Yildinm R. Hereditary
spherocytosis: evaluation of 68 children. Indian J Hematol
Blood Transfus. 2015 Mar;31(1):127-32.

Wang D, Song L, Shen L, Zhang K, Lv Y, Gao M, Ma J,
Wan Y, Gai Z, Liu Y. Mutational Characteristics of Causative
Genes in Chinese Hereditary Spherocytosis Patients: a Report
on Fourteen Cases and a Review of the Literature. Front
Pharmacol. 2021 Jul 16;12:644352.

Li D. Role of Spectrin in Endocytosis. Cells. 2022;11(15).

Du Z, Luo G, Wang K, Bing Z, Pan S. Identification of a novel
heterozygous SPTB mutation by whole genome sequencing
in a Chinese patient with hereditary spherocytosis and atrial
septal defect: a case report. BMC Pediatr. 2021;21(1):291.

Park J, Jeong DC, Yoo J, Jang W, Chae H, Kim J, Kwon A, Choi
H, Lee JW, Chung NG, Kim M, Kim Y. Mutational characteristics
of ANK1 and SPTB genes in hereditary spherocytosis. Clin
Genet. 2016 Jul;90(1):69-78.

Sanchez-Lopez JY, Camacho-Torres AL, Ibarra B, Tintos
JA, Perea FJ. Analysis of the SLC4A1 gene in three Mexican
patients with hereditary spherocytosis: Report of a novel
mutation. Genet Mol Biol. 2010;33(1):9-11.

More TA, Kedar PS. Genotypic analysis of SLC4A1 A858D
mutation in Indian population associated with distal renal
tubular Acidosis (dRTA) coupled with hemolytic anemia. Gene.
2021; 769:145241.

Tang X, Guo X, Gao J. A Novel Compound Heterozygous
Mutation in SLC4A1 Gene Causing Severe Hereditary
Spherocytosis and Distal Renal Tubular Acidosis. Indian J
Pediatr. 2020;87(3):233-4.

van Vuren A, van der Zwaag B, Huisjes R, Lak N, Bierings
M, Gerritsen E, van Beers E, Bartels M, van Wijk R. The
Complexity of Genotype-Phenotype Correlations in Hereditary
Spherocytosis: A Cohort of 95 Patients: Genotype-Phenotype
Correlation in Hereditary Spherocytosis. Hemasphere. 2019
Aug 7;3(4):e276.

Med ) West Black Sea 2022;6(3): 296-301

301



