Ann Med Res 2021;28(5):1038-43

Annals of Medical Research
DOI: 10.5455/annalsmedres.2021.03.201

Original Article

Investigation of causative genetic defects in patients with
primary immunodeficiency by next generation sequencing

Baran Erman’, Aylin Kont Ozhan?, @®Ali Demirhan?, @Nazan Tokmeci?,

Caner Aytekin*

Tugba Arikoglu?, Cigdem Aydogmus?,

'Institute of Child Health, Can Sucak Research Laboratory for Translational Immunology, Hacettepe University, Ankara, Turkey

’Department of Pediatrics, Division of Pediatric Allergy and Immunology, Mersin University Faculty of Medicine, Mersin, Turkey

SDepartment of Pediatric Allergy and Immunology, Basaksehir Cam and Sakura City Hospital, Istanbul, Tukey

‘Department of Pediatric Immunology, Dr. Sami Ulus Maternity and Childrens Health and Diseases Training and Research Hospital, Ankara, Turkey

Copyright@Author(s) - Available online at www.annalsmedres.org
Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Abstract

Aim: Inborn errors of immunity are rare diseases presented with a broad range of clinical symptoms. There are more than 450
causative genetic defects and the genetic diagnosis is very important for the patients. Use of next generation sequencing facilitated
the molecular and genetic identification of these diseases for last 10 years. We aimed to search disease-causing defects in patients
with primary immunodeficiencies (PIDs) by next generation sequencing.

Materials and Methods: The study included 12 PID patients without genetic diagnosis. We performed whole exome sequencing for
the investigation of genetic defects and Sanger sequencing for variant validation.

Results: We found seven different disease-causing mutations in 6 patients with a diagnosis rate of 50%. There were three known
pathogenic variants in CYBA, SBDS and RAG2 genes. We identified two additional new causative variants in NCF2 and SBDS genes
and two novel mutations in PGM3 and SAMD9IL genes.

Conclusion: The result revealed that NGS-based methods especially whole exome sequencing can be used efficiently for genetic

diagnosis of primary immunodeficiency diseases.
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INTRODUCTION

Inborn  errors of immunity (IE) or primary
immunodeficiencies (PIDs) are a congenital group of
disorders emerged by mutations in genes encoding
immune system components. The most common
clinical manifestations are susceptibility to infections,
malignancies, autoimmunity and allergy (1). To date,
more than 450 different genetic etiologies of PIDs
have been identified (2). Most of them are monogenic
disorders and inherited autosomal recessive. Primary
immunodeficiencies are rare disorders but the prevalence
of these diseases is relatively high in some countries like
Turkey due to frequent consanguineous marriages (3).
Therapeutic options for PIDs can be supportive treatment
of clinical symptoms or targeted pharmacological
approaches. However, for most PIDs, hematopoietic stem
cell transplantation (HSCT) or gene therapies are the only
definite treatment options (4).

Next generation sequencing (NGS) has been using
effectively for last ten years. That is high-throughput

sequencing technique which allows to determine the
nucleotide sequence of whole genome, whole exome
or a targeted nucleic acid region (5). Next generation
based methods allow rapid genetic diagnosis for different
congenital disorders like primary immunodeficiencies (6).
Hence, there is a growing number of newly identified PIDs
every year in the literature (2). Since there is a broad range
of clinical presentations and life-threatening infections
can emerge very early in life, rapid genetic diagnosis is
very important and may be life-saving forimmunodeficient
patients.

In this study, we used whole exome sequencing to search
genetic defects in patients with primary immunodeficiency.

MATERIALS and METHODS

Study population

Twelve genetically undiagnosed PID patients were
included in the study (a). The patients were diagnosed
as PID in different clinical immunology departments
according to their clinical and laboratory findings in
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accordance with the fulfilling criteria of the European
Society for Inmunodeficiencies (ESID) (7).

The study was approved by the Ethics Committee of
Hacettepe University (GO 20/407). Blood samples were
obtained in accordance with the Declaration of Helsinki.
Informed consent forms were provided from patients and
parents.

Sample preparation

Genomic DNA was isolated from peripheral blood using
the GenEx Blood, Cell, Tissue Kit (GeneAll Biotechnology).
DNA concentrations were determined on Qubit 2.0
Fluorometer (Thermo).

DNA enrichment, whole exome sequencing and data
analysis

Patient's DNA samples were enriched by The Nextera
Exome Kit (lllumina). Then, 150 base pair paired-end-
read sequencing was performed on Illumina NextSeq
550 system (lllumina). The raw data in BCL format was
converted to FASTQ by BCL2FASTQ (lllumina) software.
Aligment of the reads to human genome 19 (GRCh37/
Hg19) and variant calling were performed by Dragen
Joint Genotyping Pipeline v3.7.5 software (Illumina).
Finally, variant annotation was done with wANNOWAR
(Wang Genomics Lab.). Variants found in 1,000 Genome
Project, EXAC, and GnomAD databases with a minor allele
frequency of more than 0.01 were excluded, and the other
variants were filtered for rare nonsense, missense, and
indel changes within the exons and splice-site regions.

Variant validation

All possible disease-causing variants obtained from NGS
data were validated by Sanger sequencing according to
standard methods as previously described (8).

RESULTS

Patients

Among PID patients enrolled in the study, three were
diagnosed as combined immunodeficiency (CID),
two were diagnosed as chronic granulomatous
disease (CGD) and two of them had severe congenital
neutropenia. The other clinical diagnoses were one
combined immunodeficiency (SCID), one hyper IgE
syndrome (combined immunodeficiency with associated
or syndromic features) and one ataxia pancytopenia
syndrome. Two patients have been following as possible
mendelian susceptibility to mycobacterial disease
(MSMD) due to mycobacterium tuberculosis infection and
intestinal granulomatous lesions in one and Salmonella
infection with hypogammaglobulinemia in the other.

The age distribution was ranged between two months
and 21 years. Gender of the five patients is female while
seven of them are male. Nine patients were born to
consanguineous parents (75%).

The clinical and laboratory findings of the patients are
given in Table 1.

Whole exome sequencing

We sequenced all 12 samples in a single run and the
entire study process including NGS library preparation,
exome sequencing, data analyses and variant validation
was completed in approximately three weeks. Sequence
analysis viewer tool (SAV, Illumina) showed that the
percentage of bases with a quality score of 30 or higher
was 95.7%. In the same quality check, we found the
number of clusters that passed lllumina's "Chastity filters"
96.4%.

Variant analyses

Exome sequencing revealed seven disease-causing
variants in 6 patients. All causative variants were found
in known PID genes (PGM3, SAMDIL, CYBA, NCF2, SBDS
and RAG?2). Of these 7 variants, three of them were known
pathogenic mutations in CYBA, SBDS and RAG2 genes.
Another two variants in NCF2 and SBDS genes are found
in dbSNP database but they are considered as new
likely disease-causing mutations. The other variants in
the PGM3 and SAMDIL genes are novel mutations. The
overall genetic diagnosis rate of the study is 50% (6/12).

We found a missense, homozygous, nonsynonymous
PGM3 variant in patient 1. This patient has hyper IgE
syndrome with severe atopy, viral infections and elevated
serum IgE level. The missense variant (c.G214A:p.G72S)
causes an amino acid change in codon 72. Another
variant in the same cDNA position (c.C214A:p.G72C) has
a reference SNP ID number (rs866671933). However,
there is no information about pathogenic significance.
The possible functional effects of the variant (c.G214A:p.
G72S) were deleterious and damaging in SIFT and
PolyPhen tools (SIFt score:0, PolyPhen score:1). In
addition, Combined Annotation Dependent Depletion
(CADD) score was 33. Glycine to serine change is located
in a conserved region of catalytic serine domain of the
protein. An identified missense mutation (p.Leu83Ser) in
this domain from the study by Atfa Sassi et al. reduces
catalytic activity and impaired protein function (9).
Thus, ¢.G214A:p.G72S variant is considered a novel
likely disease-causing mutation based on the respective
patient's clinical phenotype.

Patient 2 has been following with hydrocephaly,
cerebellar dysfunction, hypogammaglobulinemia and
pancytopenia. We detected a missense single nucleotide
variant (c.A2639C:p.H880P) leading to histidine-proline
change in position 880 of SAMDIL protein. SAMD9IL
deficiency is inherited as autosomal dominant and
causes ataxia pancytopenia syndrome in the patients.
The detected variant in our patient have not been reported
so far. However, Dong-Hui Chen et al. showed the other
nucleotide change (c.2640C>A, p.His880GIn) affecting the
same amino acid of the protein in a patient with ataxia-
pancytopenia syndrome (10). Moreover, SIFT prediction is
deleterious and the CADD score is 24.2. Consequently, this
novel mutation explains our patient's immunodeficiency.
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There were two CGD patients in our study (patient 3
and 4). Both were diagnosed after detection of impaired
oxidative burst according to dihydro rhodamine tests.
The first variant is a known mutation (c.G70A:p.G24R,
homozygous) in CYBA gene (11). The second variantin the
other CGD patient is a biallelic missense point mutation
(c.G233A:p.G78E) affecting NCF2 protein. We found this
variant in dbSNP database (rs137854519) but there is
no clinical interpretation in Gnomad, TopMed or ClinVar
databases. The prediction scores showed this variant
as causative (SIFT: 0.001, PolyPhen: 1, CADD: 32). Thus,
this is considered as a new disease-causing variant in a
known CGD gene.

We detected two different heterozygous variants in SBDS
gene in an eleven-year-old female patient (patient 8) who
has been following with severe congenital neutropenia for
last 10 years. The first variant (c.A184T:p.K62X) is found
in ClinVar database as likely pathogenic/pathogenic and
leads to a premature stop codon (12). The second one

is a missense variant (c.T578C:p.L193P) and its effect
is leucine to proline change in codon 193. This change
is located in RNA recognition motif domain (RRM) of
the protein (13). Mutations in SBDS gene are the main
reason for Shwachman-Diamond syndrome which is
resulted in congenital neutropenia (13). These compound
heterozygous SBDS mutations are compatible with the
patient's clinical phenotype.

The last genetic diagnosis of the study is a RAG2
deficiency in the patient (patient 12) with T- B- NK+ severe
combined immunodeficiency. We found a known variant
(c.104G>T: p.Gly35Val) which has been shown to cause
T- B- NK+ SCID (14). Moreover, the patient has an affected
twin brother suffering SCID. Then we showed the same
mutation in the brother by Sanger sequencing.

All detected variants in the patients and segregations in
the parents were validated by capillary sequencing and
the details of the variants are given in Table 2.

Table 2. Disease-causing variants detected in the study

Patient Gene Variant Aa change Type Hom/Het Sanger Validation
1 PGM3 c.G214A p.G72S Missense Hom Yes
2 SAMDIL c.A2639C p.H880P Missense Het Yes
8 CYBA ¢.GT0A p.G24R Missense Hom Yes
4 NCF2 ¢.G233A p.G78E Missense Hom Yes
8 SBDS C.A184T p-K62X Nonsense Het Yes
8 SBDS ¢.T578C p.L193P Missense Het Yes
12 RAG2 c.104G>T p.Gly35Val Missense Hom Yes

Aa: Amino acid Hom: Homozygous Het: Heterozygous

DISCUSSION

Primary immunodeficiency diseases have very
heterogeneous clinical presentations. Thus, genetic and
molecular characterization of the disease is crucial for
the patients. The use of NGS methods facilitates this
characterization by massive and rapid sequencing (15).
Here, we performed whole exome sequencing in 12 PID
patients and made genetic diagnosis in 6 of them.

Genetic diagnosis rate in PID patients by NGS based
methods vary according to different parameters of the
study such as consanguinity rate, disease population and
the type of the NGS application. For example, in the study
by Abolhassani et al. 76% the study population was coming
from consanguineous marriage and the genetic diagnosis
percentage was 78% (16). There are many studies
reflecting the efficiency of NGS use in PID patients in the
literature. Some of them included only a specific group
of primary immunodeficiency like SCID, CID or antibody
deficiencies (16-19). The study of Abolhassani et al.
included only combined immunodeficiency patients and
the results were highly satisfactory (16). However, Emily
Edwards et al. reported that whole exome sequencing

identifies pathogenic variants in only less than 20% of
patients with predominantly antibody deficiency (PAD)
(20). These studies included different number of patients
ranged between 15 and 696 and causative mutations
were found in between 15% and %78 of the patients (16-
19). For the studies conducted with different PID groups,
the diagnosis rate was between 15%- and 46% (21-24).
This ratio was 50% in our study which was performed
in a highly consanguineous population. Four of the six
diagnosed patients (67%) were born to consanguineous
parents.

Autosomal  recessive  inheritance in primary
immunodeficiency is common in consanguineous
communities like the particular regions of Turkey (3).
Unsurprisingly all identified variants in our study were
autosomal recessive inherited mutations except one
(SAMDOL variant).

Genetic variants determined in the study were found in
known PID genes. Of seven causative PID variants, four
homozygous, one heterozygous and two compound
heterozygous mutations were found in six patients. The
variants in RAG2, CYBA genes and one of the SBDS variant
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were identified in PID patients before (11,12,14). The NCF2
(rs137854519) and SBDS (rs1195681400) variants in the
patients with CGD and Shwachman-Diamond syndrome
had SNP identification numbers. However, pathogenicity
of these variants has not been defined before and these
are new disease-causing mutations based on the high
prediction tool scores and the respective patients’ clinical
phenotypes. We also identified two novel mutations
in PGM3 and SAMDIL genes leading to hyper IgE and
Shwachman-Diamond syndrome according to predictive
effects of the variants and compatibility with the clinical
features.

We could not find any causative variants in half of the
patients. The clinical diagnosis of these patients was three
combined immunodeficiency, two possible mendelian
susceptibility to mycobacterial disease (MSMD) and one
congenital neutropenia. Although the quality of the study
and the coverage of the targeted regions were really high,
undetermined genetic defects of the patients could be
located in uncovered or untargeted regions like promotor
regions or introns. Another reason for the undetermined
variants was copy number variations (CNVs). Due to the
length of the CNV, targeted NGS panels and WES could
not detect the variant because an exon generally does
not cover the entire CNV (15). In this case, whole genome
sequencing (WGS) may be applied because it is much
more useful than whole exome sequencing for detecting
CNVs (25). However, whole genome sequencing is more
expensive than WES and the data analysis obtained from
WGS is more complex and difficult (25). Thus, the use of
WGS may cause a longer diagnosis period for the patients.

LIMITATIONS

As the limitations of our study, we did not perform a proper
CNV analysis due to used methodology (whole exome
sequencing). Another limitation of the study is may be the
low number of the patients.

CONCLUSION

In conclusion, our results indicate that the percentage of
the genetic diagnosis is encouraging for the further studies
and whole exome sequencing is a useful method for a
rapid and true diagnosis in primary immunodeficiency.
Thus, we consider that NGS based methods can be
applied efficiently in clinical immunology departments of
our country.
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