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Abstract

Background and Aim: Severe combined immunodeficiency (SCID) has been described as the most severe form of
primary immunodeficiency disorders (PID). The disease can be caused by mutations in more than 20 different
genes with prevalence of 1 in 50000 to 100000 live births. In the present study, we described the protein domain
position of variants in 14 main genes in patients with SCID. We also aimed to investigate the correlation between
the variant distribution of protein domains and its pathogenicity and clinical outcome of the variant. Materials and
Methods: Molecular genetic analysis including Sanger sequencing, targeted gene panel and whole exome
sequencing were performed on 50 patients with SCID. Moreover, protein domains characteristics were extracted
from different databases such as Uniprot and PDB and the reported mutations were obtained from HGMD and
ENSEMBL databases. Results: Our results showed that the mortality rate had a significant correlation with
severity of clinical manifestations in the patients (p-value=0.000). There was also a significant relationship
between the protein type and mutation severity (p-value=0.001) and severity of clinical manifestations (p-
value=0.025). However, there was no significant relationship between the mortality rate and occurrence of
mutations in different domains of proteins (p-value=0.304) and the severity of mutations (p-value= 0.586).
Conclusion: In severe genetic diseases such as SCID, mutations in related genes have affected the structure of the
protein enough to cause severe symptoms. However, there are differences in the pathogenicity of the mutations
based on their location on the protein domains. In order to determine these variations and predict the outcome of
mutations, it is necessary to use in silico and laboratory methods along with statistical and data mining tools to
track these minor differences.
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Introduction the actual number of PIDs cases is higher in the
populations with a high rate of consanguineous
marriage like Iran [2]. SCID disease commonly cause
severe and repeated infections by opportunistic
microorganisms, early onset skin rashes, cutaneous
complications, persistent diarrhea, pneumonitis, oral
candidiasis and failure to thrive (FTT) within the first
year of life [3, 4]. Without immune reconstitution,

Severe combined immunodeficiency (SCID)
comprises a heterogeneous group of primary
immunodeficiency disorders (PIDs) associated with
severe decline in T and/or B lymphocytes. The
overall prevalence of SCID varies between 1 in
50000-100000 live births worldwide [1]. However,
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patients with SCID rarely survive beyond 6-12
months [5]. However, they usually show a successful
response to allogeneic hematopoietic stem cell
transplantation (HSCT) [6]. Several contributing
genes to SCID have been described so far [7]. The
most common genes are CD3&/8/,, IL2RG, JAKS3,
DCLRELC, RAG1/ RAG2, ADA, PNP [8]. In Iran,
the disease shows an autosomal recessive hereditary
pattern in most of the cases. However, in populations
with low consanguineous marriage rates, the pattern
is mainly x-linked and most of the SCID cases are
boys with mutations in IL2RG gene [9].

Genetic variants can range from benign to
severely pathogenic. The prediction of novel variants
severity depends on various factors such as gene
conservation, known pathogenic mutations, and
protein-level annotations. The best known in silico
assessment tools include SIFT (sorting intolerant
from tolerant) [10], PolyPhen [11] and CADD
(combined annotation dependent depletion), though
the implication of recently introduced analysis
methods can provide more reliable results [12]. It can
be difficult to identify crucial residues for preserving
the domain's stability and function for some proteins
[13]. However, by evaluating the frequency of the
previously reported variants in particular domains,
one can realize which domains are commonly
correlated with disease severity. This information can
be of use in determining whether a particular variant
is pathogenic or benign [14].

In the present study, we evaluated the protein
domain distribution of SCID-causing mutations in 14
causal genes found in our patients’ cohort. Our main
goal was to study the correlation between mutations
in different protein domains of SCID genes and
severity of the disease.

Methods

Patients: The present study included 50 patients with
SCID whose diagnosis was established according to
the updated diagnostic criteria provided by the
European  Society  for Immunodeficiencies
(https://esid.org/Working-Parties/Registry/Diagnosis-
criteria) based on physical examination findings,
survey on infection history, thoracic radiology for
thymus gland detection, complete blood cell count
(CBC), lymphocyte transformation test (LTT) for
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analysis of the lymphocyte function, detection of
CD3,4,8,16,19,56 marker levels in blood and
determination of serum immunoglobulin level (15,
16). The clinical severity phenotype of patients with
SCID was defined by having 2 of the following
criteria: early-age onset of the symptoms (<1 month),
mortality (<1 year), absent CD3+ or CD4+ or CD8 T+
cells, development of opportunistic infections, and
development of severe infectious complications during
the course of the disease (sepsis, central nervous
system infections, osteomyelitis, and invasive bacterial
infection) [17]. This study has been approved by the
Ethics Committee of Pasteur Institute of Iran.

Genetic diagnosis: The genetic examination was
carried out for the patients leading to molecular
diagnosis. Defects were explored in different SCID-
causing genes by Sanger sequencing, targeted gene
panel (TGP) and whole exome sequencing (WES) [15,
18]. The pathogenicity of disease variants was re-
assessed based on the wupdated guideline for
interpretation of molecular sequencing presented by
the American College of Medical Genetics and
Genomics (ACMG) considering the allele frequency in
the population database, immunological/functional
data, familial segregation and parental genotype
(https://mww.acmg.net/). Prediction tools like SIFT,
Polyphen and CADD were also used for prediction of
mutation pathogenicity. Finally, the frame shift,
nonsense, splice site and start losing mutations were
considered as severe and missense variants as mild
mutations. In order to find mutation distribution
template in the previously reported variants, mutation
histories were extracted from HGMD, ClinVar and
Ensemble as genomic databases. The mutation
severity was determined based on the effect of
mutation on sequence and structure of proteins. Frame
shift, nonsense, splicing and start loss mutations were
considered as severe while non-frame shift and
missense mutations as mild variants.

Distribution of founded mutations in protein
domains: In the present study, Uniprot
(https://www.uniprot.org/) and PDB

(https://www.rcsh.org/) database were used to find
protein structures and domains. Proteins were first
categorized into enzyme and receptor groups.
Enzymatic protein domains were further divided into
catalytic and non-catalytic groups. The catalytic
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domain contains the part of the protein that has the
active site of the enzyme. Receptor protein domains
were also divided into three categories: extracellular,
transmembrane and intracellular.

Statistical analysis:  Statistical analysis was
performed using a commercially available software
package (SPSS Statistics 22.0.0, SPSS, Chicago,
lllinois). A p-value of <0.05 was considered to be
statistically significant for all tests.

Results

Patients’ characteristics and genetic diagnosis:
Demographic, clinical and laboratory data related to
all 50 patients are presented in Tables 1, 2 and 3,
respectively. The clinical manifestations were severe
in 26 and mild in 24 patients. The characteristics of
the patients’ genetic mutations have been described
previously[15]. There were 44 different variants in
the patients, 17 variants were previously reported in
genomics  databases  (http://www.hgmd.cf.ac.uk,
https://asia.ensembl.org) and 27 variants were novel
variations. The pathogenic effect of the variants on
corresponding proteins was severe in 27 and mild in
23 patients.

Distribution of the mutations in protein domains:
As shown in figures 1 and 2, the mutations found in
the present study are distributed in different domains
of corresponding proteins. The gene mutations
reported in this study including novel mutations are
displayed alongside to previously reported mutations
in each domain of the corresponding proteins. The
frequency and distribution of variants in the protein
domains were compared between previous reports
and current study as displayed in Figure 3.
Correlation between pathogenicity of the variants
and their protein domain location: The results of
statistical analysis show that there is no significant
relationship between the occurrence of mutations in
different domains of the proteins and mortality rate
(x2=4.845, df=1, and p-value=0.304(. No significant
relationship was also found between the severity of
mutations and the mortality rate (x2=0.297, df=1, and
p-value=0.586) while mortality has a significant
correlation with severity of clinical manifestations;
people with mild clinical manifestations had higher
mortality rates  (¥2=29.095, df=1, and p-
value=0.000).
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The relationship between the mutation severity and
protein type was statistically significant. Mutations in
proteins with enzymatic activity were often more
severe than in receptor proteins (y2=12.013, df=1, and
p-value=0.001). The relationship between protein type
and the severity of clinical manifestations was also
found to be significant in a way that people with
mutations in genes with enzymatic activity displayed
more severe clinical symptoms than those with
mutations in receptor proteins (x2=5.024, df=1, and p-
value=0.025).

Based on domains of enzymatic proteins, there is no
significant relationship between mutation severity in
different domains of enzymatic mutation (y2=3.601,
df=1, and p-value=0.058) and receptor proteins
(x2=1.702, df=1, and p-value=0.762) meaning that the
occurrence of mutations in these domains does not
cause a change in the severity of the mutation. This
lack of relationship is also true about the severity of
clinical manifestations as well; no significant
correlation exists between the severity of clinical
manifestations and the enzymatic protein domains
(x2=1.298, df=1, and p-value=0.255) and receptor
protein domains (y2=1.664, df=1, and p-value=0.197).

Table 1. Demographic data of the patients with SCID

Demographic Features Number
Male, number (%) 29 (50)
Gender Female, number (%) 21 (50)
Age of Onset (Month) 4.5.00 (0.00-94)

Age of Diagnosis (Month) 5.00 (1.00-105)

Diagnostic Delay (Month) 3.50 (0.00-10.00)

Dead/Alive 38/50

Table 2. Clinical characteristics of the patients with
SCID

Clinical Characteristics Number (%)
Pneumonia, Number 17 (34%)
BCG-Osis, Number 14 (28%)
Oral candidiasis, Number 12 (24%)
FTT (Failure to thrive), Number 11 (22%)
Diarrhea, Number 19 (38%)
Skin infection, Number 5 (10%)
Hives, Number 2(4)
Rash, Number 1 (2%)
Otitis, Number 2 (4%)
Urinary Tract Infections, Number 2 (4%)
Fever, Number 23 (46%)
LAP (Lymphadenopathy), Number 11 (22%)
Hepatomegaly, Number 12 (24%)
Splenomegaly, Number 7 (14%)
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Table 3. Laboratory features of the patients with SCID

Title Mean (Range)
CBC Test Results
WBC(cell/ul) 5754.00 (2560-22305)
Neut % 42.00 (17.50-68.75)
Neut count 4145.00 (499.00-8778.0000)
Lymph % 27.05 (3.27-48.17)
Lymphocyte Count (%)  2197.62 (235.00-6850.88)
CD-markers
CD3% 21.00 (0.00-62.75)
CD3 count 162.19 (0.00-3469.99)
CD4% 8.00 (0.00-38.71)
CD4 count 57.71 (0.00-1951.94)
CD8% 3.35 (0.00-38.90)
CD8 count 57.02 (0.00-2657.56)
CD16-56% 17.34 (0.31-45.50)
CD16 — 56 count 261.78 (2.90-1893.47)
CD19% 1.35 (0.14-78.80)
CD19 count 787.11 (1.15-4180.80)
Serum levels of Immunoglobulins
19G(mg/dl) 316.00 (36.50-800.00)
IgM(mg/dl) 56.00 (1.50-205.50)
IgA(mg/dI) 5.50 (0.50-237.00)
IgE(1U/ml) 23.70 (0.02-231.55)
IL2RG CD3E
E284X* y303X
G268R R285Q s308X -
MIT M270R| |R289X Qazax W59X
MI1I G278W| |L293Q T325% E70X~ IVS2 ds +1G=C
M1V V279N K294X L58H fs X76* (3) || IVS6 as -2A=C Il'\-’S'f ds+2T>CI
|
1 23 | 262 283 369 1 23 126 153 207
Q6IV (s X79%  Y105C YI125N L146P L172P YI189X R226C S238N
E68G Y91X S108P Q26X Q149X WI74X WI193X F227C W240R
Y69X Y91C E1I0X QI31P L151P WI174X WI197X L230P W240C
W74G Y94X  Gl114D Q131X VIS2A CI82R S201X C231R S2411 IL17RA
W74C K9BE Cl15R L132F I153N CI82Y L207X C231Y W246X
Q81X K98X Q16X Q133X 4156V L183X Q216X C231S
N84L QI00X Q118X D134V P157S L183S Y219N G232R
Y89X* Cl02R 1119X RI136P L162H E184X R222C Q235X Signal
¥:89C (;102'1' HI123P Q141X L162R HI85R R224W W237R Peptide Extracellular
Y90X V105X L124P Q144P 1172Q QI88X R226H W237X 1 33 320 341 266
IL7RA
8221 C74Y R206X IVS1 as -2A-G
G28R ClI8Y Y¥212X [IVS1 aa-2A>T
S44R L128X W217X IVS2ds +2T=A CD3D
SS1X* P132H S218N  IVS3 ds +288G=A R68X
L55Q P132S W220C C93X IVS2 ds +5G=A
T66I 1138V ES3X* IVS2 as -2A=>G
1 I
Si 1 Signal
A N e o
1 21 239 265 459 1 21 105 126 171
1244T IVS6 as -387G=A
1356V IVS6 as -21A=T

IVS4 ds +1G=A
IVS4 as -1G=A
IVSS as -2A=G

IVS7 ds +1G=A
IVS7 as -7TT=A

Figure 1. Mutation distribution in different domains of receptor proteins.

Black font: Previously reported mutations; Red font: Mutations found in the present study; *: novel mutations found in the present

study.
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RAG1 RAG2 MALT1 NHEJ1
L39IE  R404W L4540 W52IC R624C T73L E770L L836V CO0OX Reovsw | |Q4N  G95R Rosaspe
GI9ZE  R4IOE  E455L D339V S626X L732P E774X RS41Q Y9L2C qQoglp QL6X  LIZTX  pasap
coy R314W| | R394E RAIOW V4691° R559S N6SOL L732F R776Q RE4IW Y9I5X [991R G35V RMSX gp7sx W4I6L  Ap4soL
R108X AM324V| [ R194W(3) L41IP 4472V RS61C E669G R7TITH R776W N§S5I I956T  1992F R3G G157V Ap2gsR || L440N Ng7as
L136Q C328Y | |R96H  D429G R474S V580X R699Q HTSIL R77BQ Nssss WOSHX woosy- C4IW SIGIL  Pp30sA M43 Cy478T
R142% RINX | [R396L  V433M R474H S601P RE9IW RTS9C R778G 48570 E965X y1001X GHR* C178X waorx || 444M Qasox
W204R V33X | [R396C  M43ISV R47T4C C602W GTOOD RT64H R7TEW LS72X ROTIH zpiooey|] [D65Y  s1saxe C46W  Has1P
Q48X 3587 [ S401P  A444V S480G  HE1ZR R7TI6W RT64P VT79M LSSSR ROTIC RT3H  s2057 G4514 498X
A800 f K67+ €363V || T403P  R449L  LSO6P AG2IP E72IL R764C [794T WEPER F974L R7IC S206C W4SIR  Ms02V [V's3 ds +1GoC
CI3R R404E  R449S  G5164 R6M4H CT30F V768X LS20R Rs97X R9TSQ T7TN  R220W(3) Ad46ST
I I
e Bl on-Core,
[E = I =R | ;
1 21 176 008 1 2 352 s61 135 187
JAK3 ADA
MIV 7] W523IX G395 T y % .
T ASTDEL L2 RazzH R403H W G EG34K V7221  Y88EX S568C fs X13 Q3X R34S ASID PI0ML P126Q R142X | [R139Q RIS6C QI99P GIIGR GI3S PI74L M3LOT
HI7Q ASTP  PISIR C227G fs X49 R445X W509G E698X C759R L9105 K734V s N6l = P 2 |
GI6R fs X111 ASSP  DIGSE A207V EAS1C €565X K641X D707A 0766X 929X DEN GT-ﬂ.'! YOTC  L106Y V129N RI40W V1770 R21IC E2ITL Q246X R282Q A320v
Q39X VIOOC C193V  A385S EASIL £, x37| [RS77V R6S1W W709R RI7IX L4624 fs X518° HISD G74V R101Q L107P E139X* L152M A179D R21IH T2331 R2SIP S291L
QR fs X51 RIITC RITSX 539446 X16 * | Rss2w_P6s9S  TT4M R775H- 5568 F6sddel HI7P G74C RIGIL WLLTX GI40E RISGH DISIN‘VIIIF R1350 Q254X P297Q
= G20R R76W RI01W Q119X R142Q RISEL F186%° A215T R235W W264X L304R
1
Signal | Non-Core Si
i igual Non-Ci
Peptide Peptide o
1 2 521 i BT 47 ETE]
DCLRE1C
CHTA RFXANK ZAPT0
RIGOP DS2IN
MIT A8P Tesl GIISA TI34A PITIR H2S4L IVS3as AT-C |[VSeds 16on Ra6SH GRS
MIV $32C T71P SNI9X GLISR RI9IX $320C IVS3as 16T ||Ivs10 ds +1G>A Fo625 G102X R212X PG| [R46SC CE64R
Q7X S32F RSIX MIZIT GI35E V199X R383X IVSSds +1G=T ||V§1l ds +1G=C L1046V D121V [VS4 ds +1G=C RieoT | [AS0TV  MSTIL
G14V* H3SD T894 G126D DI6SN G2IIV S417C FS X422° IVSS ds +2T=A ||1vs11 ds +1007G=- N1038D IIJSS\I fs xs*-]nls'rx IVS4 ds +5G=4 R197W | [RE14C  IVST ds #121G=A
16T D37G L110R*TI34R D165V H228N IVS] ds +1G=T IVSS ds +5G-C 10824 I L195P 1VS6 ds +1G>T L317r | [S518RIVSI23s-11GoA
Non-Core | | SiE23l | Non Core Non-Core| | 5! INon.Core Signal
Peptide Peptide
390 oz I 7 414 714 1093 1 1 39 251 ]

Figure 2. Mutation distributions in different domains of enzyme proteins.
Black font: Previously reported mutations; Red font: Mutations found in the present study; *novel mutations found in the present

study.
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Figure 3. Frequency of mutations in different protein domains in the present study compared with previous reports
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Discussion

In the present study, an attempt was made to
investigate the mutation distribution in different
protein domains and their consequences in clinical
manifestations and survival prognosis of our patients
with SCID.

Regarding the protein domains affected by gene
mutations, genes with enzymatic roles such as ADA,
DCLREI1C, JAK3, RAG1, RAG2 and ZAP70 are
often mutated in catalytic or core enzyme domains,
while genes acting as receptors such as CD3D,
CD3E, IL7RA and IL2RG are often mutated in
ligand binding or extra cellular domains (figures 1
and 2). These findings were in line with our
expectations according to the HGMD
(http://wvww.hgmd.cf.ac.uk) and  Atlas-Genetics-
Oncology (http://atlasgeneticsoncology.org)
databases as well as the previous studies [19-22].

Investigation of mutations distribution in different
protein domains can help in pathogenicity
interpretation of the changes. Finding a mutation in a
domain with several previously reported pathogenic
mutations could be an indication of the mutation
pathogenicity, as most pathogenic mutations occur in
essential domains of proteins. On the other hand, one
way to find important protein domains is to look at
the domains with previously reported pathogenic
mutations [19-22].

It may be inferred that proteins with enzymatic
activity have a higher level of tolerance to missense
variants. Some of the missense variants may be
classified as SNPs and do not cause traceable clinical
complications. This may be due to the maintenance
of protein function despite conformational changes
caused by missense variants. On the other hand,
receptor proteins may be vulnerable to missense
variants, which might justify why missense variants
in  receptor genes cause noticeable clinical
complications. Although these variants may cause
minor changes in the structure of the receptor
protein, they may affect the protein function by
changing their specific functional conformation.

The same explanation may be applied in
interpreting the cause of increased severity of clinical
manifestations in patients with enzymatic genes
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mutations. Due to the higher frequency of missense
mutations in the receptor genes in the present study,
there may be some residual activity in these proteins.
This reduces the severity of manifestations in these
patients compared to the patients with mutations in
enzymatic genes because most of the mutations in
the enzymatic genes were severe and led to a
complete loss of function.

However, due to the small number of patients
studied in the present study, no definitive conclusion
can be drawn. In order to accurately investigate the
effect of different variants on the structure of
proteins, in silico studies are necessary considering
the biological conditions of the living environment,
the position of amino acids relative to each other and
the characteristics of amino acids around the
mutation.

Conclusion

Since prediction of mutation pathogenicity is a
critical step in genetic counseling, carrier detection,
and prenatal diagnosis, using appropriate and
different tools in interpreting these variants can
increase the accuracy and certainty of the conclusion.
One of the best tools in this field is to investigate in
which vital domain of the protein the mutation
occurred. This tool is also used in the ACMG
guidelines. However, in the present study, we
concluded that in addition to statistical studies, it is
necessary to conduct in silico studies to determine
the effect of mutation location on the disease severity
and outcome.
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