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Gene analysis of seven cases of primary immunodeficiency
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Background: Primary immune deficiency diseases (PID) are a group of potentially serious disorders in
which inherited defects in the immune system lead to increased infections. This paper explores the clinical
characteristics and pathogenic gene mutation of PID.

Methods: The clinical data, clinical manifestations, and gene sequencing results of seven children were
analyzed.

Results: Among the seven children, six were male, and one was female, aged from 4 months to 13 years old.
All of them had a history of repeated infection and pneumonia. High throughput sequencing (NGS) showed
that the BTK gene of case 1 had ¢.1921¢ > t mutation; the BTK gene of case 2 had ¢.906-908del splice site
mutation; the BTK gene of case 3 had c¢.718delg mutation; the cybb gene of case 4 had ¢.469¢ > t mutation;
the IL2RG gene of case 5 had ¢.202g > A mutation; the STAT1 gene of case 6 had ¢.854a > G mutation; the
case 7 had c.718delg mutation. There was c.1154c > t mutation in the STAT1 gene. Cases 1, 3, 6 and 7 were
new mutations, and cases 2, 4, and 5 were inherited from mothers.

Conclusions: In clinical cases of children with recurrent infection, the immunologic index is abnormal, so
we need to be highly aware of the possibility of PID, and timely high-throughput sequencing is helpful for

the diagnosis.
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Introduction

Primary immune deficiency diseases (PID), also known as
congenital immune deficiency diseases, are diseases caused
by immune dysfunction due to genetic abnormalities of the
immune system or congenital immune system development
disorders, including primary B-cell defects, primary T-cell
defects, and primary combined immunodeficiency, and most
of them are single-gene genetic diseases (1-3). At present,
more than 350 kinds of PID related gene defects have been

found, which may lead to multiple clinical manifestations
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including repeated infection or opportunistic bacterial
infection, autoimmune and malignant tumor (4). With
the combination of basic research and clinical medicine,
potential immunological mechanism and genetic defects in
PID have been found gradually, which provides essential
support for the diagnosis, classification, and treatment
of diseases, and high-throughput sequencing (NGS)
technology provides an essential means for the diagnosis of
such diseases (5). In this study, we used NGS to sequence
the genes of suspected primary immunodeficiency patients
and their immediate relatives, to help diagnose and provide
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genetic counseling, and to deepen the understanding of
PID further.

Methods
Research object

From May 2017 to August 2018, 7 children with PID who
were hospitalized and diagnosed in pediatrics of Fuyang
People’s Hospital were selected as the study object. All
cases showed repeated infection, immunoglobulin, and
lymphocyte subsets were abnormal in varying degrees,
which need to be confirmed at the molecular genetic level

by the NGS method.

Research methods

Collect the clinical data of patients, including clinical
manifestations, laboratory tests, etc. 2 mL peripheral venous
blood of proband and lineal family were collected, and the
pathogenic genes were detected by the method of NGS,
but 2 of them were detected in the hospital. The family
members have approved this study of the children and the
medical ethics committee of the hospital.

Results

Among the seven children, six were male, and one was
female, aged 4 months, 1 year, 1 year, 9 months, 7 years,
10 years, and 13 years. Among them, 5 were X-linked
genetic diseases [including 3 X-linked agammaglobulinemias
(XLA), 1 X-linked chronic granulomatous disease (xcgd), 1
X-linked severe immunodeficiency disease (x-linked severe
com)]. Two cases of PID (STAT1 defect). All the parents
of the patients were not close relatives, and their mothers
were healthy during pregnancy, with 6 cases of full-term
delivery and 1 case of premature delivery. The clinical data,
laboratory examination, and gene test results of each case
are shown in 7able 1.

Clinical data

All the seven children had repeated high fever, which
showed different degrees and distinct parts of the infection.
Pulmonary infection was the most common. In addition to
pulmonary infection, 2 cases were characterized by digestive
system symptoms (1 case with recurrent diarrhea, 1 case
with chronic superficial gastritis, hepatobiliary dilatation,
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etc.); 1 case with nervous system symptoms; 1 case with
severe sepsis and multiple organ dysfunction.

Laboratory test results

In case 1, case 2 and case 3, the immunoglobulin was
significantly decreased without the decrease of lymphocyte
subsets; in case 4, the immunoglobulin and lymphocyte
subsets were not significantly abnormal; in case 5 and
case 7, the immunoglobulin and lymphocyte subsets were
significantly decreased, which was consistent with the
severity of the clinical manifestations of the children; in case
6, the lymphocyte subsets were significantly decreased, and
the immunoglobulin was not abnormal.

Gene test results

The mutation of ¢.1921c > t was found in exon 19 of the
BTK gene in case 1 by NGS. The mutation resulted in the
mutation of amino acid of protein 641 encoded by the gene
from arginine to cysteine (p. arg641lcys). The mutation
was not detected in the family sequencing data. Case 2
had a deletion mutation (c.906-908del) in the BTK gene,
which resulted in the deletion of glycine at 303 (p.gly303x)
encoded by the gene, which was inherited from the mother
of the child. The mutation of c.718delg was found in exon
8 of the BTK gene in case 3. The mutation resulted in a
code shift mutation (p. glu240fs) at the 240 positions of
the protein encoded by the gene. The mutation was not
detected in the family sequencing data. In case 4, exon 5 of
cybb gene had ¢.469¢ > t mutation, which resulted in the
mutation of 157 amino acids of cybb protein from arginine
to termination codon (p.argl5x), resulting in a truncated
protein, which was inherited from the mother of the child.
The mutation of ¢.202g > A in exon 2 of the IL2RG gene
in case 5 resulted in the mutation of 68 amino acids of
the protein encoded by the gene from glutamate to lysine
(p-glu68lys), which originated from the mother of the child.
In case 6, the mutation of c.854a > G was found in exon
10 of the STAT1 gene, which resulted in the mutation of
285 amino acids of the protein encoded by the gene from
glutamic acid to aspartic acid (p.glu285asp). The mutation
of the disease was not detected in the family sequencing
data. In Example 7, c.1154¢ > t mutation was found in the
STAT'1 gene, which caused the amino acid at 385 positions
of the protein encoded by the gene to change from
threonine to methionine (p.thr385met). The sequencing
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Table 1 (continued)

CD4+ T (/uL) NK cells (/uL)

CD8+ T (/L)

IgA (g/L) IgM (g/L) 19G (g/L) CD3+ T (/uL)

Gender Age at onset Clinical features

Case

Anti-infective and anti-fungal
treatment, Shanghai blood
stem cell transplantation

therapy

CYBB c.469C>T p.Arg157X  Hemizygous XCGD

929.3

Male 4 months  Repeated pulmonary infection,
lung abscess, with diarrhea

P4

Death after giving up

treatment

XSCID

Hemizygous

IL2RG ¢.202G>A p. Glu68Lys

12.00}

Severe sepsis, multiple organ

Male 4 months
dysfunction

P5

Mixed PID (STAT1) Anti-infective and anti-

c.854A>G p. Glu285Asp

126.00 STAT1

13 years old Bronchiectasis, oral candida

Male

P6

fungal treatment, combined
with poor prognosis of

bronchiectasis

infection (thrush), body spasm,
malnutrition (severe), chronic

superficial gastritis, hepatic bile

duct dilatation, fistula

© Translational Pediatrics. All rights reserved.

Anti-infective and anti-fungal
treatment, standardized

PID (STAT1)

STAT1 ¢.1154C>T p. Thr385Met Mixed

38]

7 years old Bronchial pneumonia, fungal

Female

P7

infection (candida infection),

management of diabetes

diabetic ketoacidosis, otitis media

Zhu et al. Gene analysis of primary immunodeficiency

results of NGS are shown in Figure 1.

Treatment and follow-up

Case 1, case 2 and case 3 were diagnosed as XLLA, and case
1 was treated with intravenous immunoglobulin regularly,
leaving half limb movement disorder; case 2 improved after
anti-infection and antifungal treatment, but complicated
with bronchiectasis, with poor prognosis; case 3 was
diagnosed earlier due to the high vigilance of our doctors,
with a better prognosis in the case of uncompleted and
severe infection, and now was treated with intravenous
immunoglobulin regularly. Case 4 was diagnosed as xcgd.
Infection control after anti-bacteria and anti-fungus
treatment were conducted. Hematopoietic stem cell
transplantation was conducted in Shanghai. At present, the
general situation is OK, and regular follow-up treatment is
in progress. Case 5 was diagnosed as XSCID, accompanied
by severe sepsis and multiple organ dysfunction. The
patient was admitted to the hospital for anti-infection and
support treatment and died after giving up treatment.
Case 6 was diagnosed as an immunodeficient disease
(STAT' deficiency) and was treated with anti-infective and
antifungal therapy after admission. Case 7 was diagnosed as
immune deficiency disease (STAT'1 deficiency) and type I
diabetes and was treated with anti-infective and antifungal
therapy after admission, standardized management of
diabetes, and follow-up treatment after discharge.

Discussion

PID is a rare genetic disease. The incidence of PID in
the United States is about 1/1,200 live births. At present,
there are different reports in China, but the diagnosis
rate is less than 5% (6). Since the discovery of X-linked
agammaglobulinemia in 1952, more than 350 gene defects
have been reported to cause PID (7). In addition to the
diseases as dangerous as SCID, the diseases also include
the susceptibility to opportunistic infection, persistent
inflammation, and severe organ-specific autoimmune
diseases. Without prompt diagnosis and treatment, it may
lead to chronic, dangerous, and often life-threatening
infection and/or life-threatening autoimmune diseases.
However, due to the wide variety of PID and the lack
of specificity, clinical diagnosis is difficult (8). With
the development of gene diagnosis technology, high-
throughput sequencing technology plays a vital role in the
early diagnosis and treatment of PID. In 2011, based on
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Figure 1 The BTK gene of case 1 has ¢.1921c > t mutation; the BTK gene of case 2 has ¢.906-908del splicing site mutation; the BTK gene
of case 3 has c.718delg mutation; the cybb gene of case 4 has c.469¢ > t mutation; the IL2RG gene of case 5 has ¢.202g > a mutation; the
STAT1 gene of case 7 has c.1154¢ > t mutation. The arrow shows the mutation site. The STAT1 gene of case 6 had ¢.854a > G mutation,

and the sequencing map was not obtained (the parents only provided the report sheet, and the sequencing map was lost).

modern gene diagnosis technology, the latest classification immunity; (II) combined immune deficiency; (III) immune
standard of Expert Committee of International Federation deficiency with antibody deficiency; (IV) immune regulation
of immunology divides PID into eight categories: (I) imbalance disease; (V) number and/or function defect
immune deficiency with abnormal cellular and/or humoral of congenital phagocytes; (VI) innate immunity. Disease
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defect; (VII) self-inflammatory disease; (VIII) complement
defect (9).

XLA is one of the most common types of primary
defects, also known as Bruton's disease, which is X-linked
recessive inheritance. It is mostly seen in male infants
and young children, and it is manifested as the decrease
or deletion of B cell number in blood circulation and
lymphoid tissue, the apparent decrease or deletion of
various immunoglobulin levels in serum, and the average
number and function of T cell (10-12). It is found that
the pathogenic gene of XLA is the Brunton's tyrosine
kinase (Btk) gene. The defect of this gene can cause the
synthesis obstacle of tyrosine kinase. The development
of B cells stops in the state of pro-B cells, resulting in
the decrease or even deletion of mature B cells (13).
At present, more than 800 mutations have been found in
Btk, including missense mutation, nonsense mutation,
insertion/deletion mutation, and splice site mutation (14,15).
In this study, the level of immunoglobulin, and the number
of B lymphocytes in peripheral blood of case 1, case 2 and
case 3 were significantly reduced, which was consistent
with the development of XLA. Sequencing results showed
that there were ¢.1921c > t-missense mutation, ¢.906-
908del deletion mutation and c.718delg mutation in the Btk
gene of three children, respectively. These mutation types
were known as XLA pathogenic variation, which could be
diagnosed as XLA. However, case 1 and case 3 of family
sequencing data did not detect the mutation gene carried by
the mother, which is inconsistent with the literature report.
The new mutation of the child comes from the parents'
gonad chimerism (sperm or egg) or spontaneous mutation
during the development of the fertilized egg, which may
be related to the external stimulation such as diet, emotion,
radioactive material contact history during pregnancy,
but the reason for the new mutation is still unknown—
indefinite determinism. According to the literature reports,
the ¢.1921¢ > t missense mutation in case 1 is located in
the protein kinase domain, causing p.arg641cys, Kobayashi
and Jin h reported two cases of XLA caused by c.arg1085 >
a missense mutation (16,17), and bioinformatics predicted
that the c¢.1921c > t mutation might cause disease so that
the mutation can be classified as “suspected pathogenic”
mutation. In case 2, the ¢.906-908del deletion mutation
predicted by Alamut function software may affect the
function of the protein domain. Gaspar HB also reported
that the mutation might lead to “gamma globulin
deficiency”, which is classified as “suspected pathogenic”
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mutation (18).

Chronic granulomatous disease (CGD) is a hereditary
primary immunodeficiency disease caused by functional
damage of NADPH oxidase complex in neutrophils and
monocytes (19). NADPH oxidase complex is composed
of membrane-binding proteins and cytoplasmic proteins.
When phagocytes are activated, these proteins cooperate to
produce ROS, which participates in the ordinary killing of
bacteria/fungi. The transmembrane glycoprotein gp91phox
is encoded by cybb on the X chromosome. It is a vital
part protein in the NADPH oxidase complex. The CGD
cases caused by mutations account for about two-thirds
of the total (20,21). The incidence in the United States is
(200,000-250,000), but it is not clear in China (22). Xcgd is
common in men. Except for women with X-chromosome
inactivation related diseases, women carriers have no
clinical symptoms (23). Repeated and severe infection is
the prominent manifestation of this disease. Pulmonary
lesions are common, and immunoglobulin and lymphocyte
classification are often standard. This test can be used to
distinguish from other primary immunodeficiency diseases
such as severe joint immunodeficiency, XLA, high IgM
syndrome, and high IgE syndrome. In this study, case 4
was diagnosed as “pneumonia and pulmonary abscess of
the newborn due to the hospitalization for shortness of
breath for 2 weeks”. After discharge, there were repeated
infections. The clinical symptoms and immunological tests
were consistent with xcgd. At the age of 4 months, the gene
sequencing ¢.469c > t mutation resulted in the nonsense
mutation of amino acid. The mutation did not belong to the
polymorphism site, and the frequency was very infrequent
in the population. Ariga e al. Reported that the mutation
was related to CGD (24), Ko et al. also reported a nonsense
mutation caused by c¢.469¢ > t (25) in 1996, so the site was
determined as a pathogenic mutation.

STAT1 is a cytoplasmic protein involved in signal
transduction from type I IFN (IFN-a and IFN-B) and
IFN-y. STAT1 gene mutation can cause autosomal
recessive, autosomal dominant, autosomal dominant,
autosomal dominant, autosomal dominant, and autosomal
dominant Unofficially 31C, Mycobacterium, autosomal
dominant (26). STAT protein is a family of transcription
factors that mediate cellular responses to cytokines and
growth factors. It was found that mutations of four STAT
family genes can cause autoimmune diseases. Homozygous
or complex heterozygous mutations of STAT1 result in
complete or partial deletion of STAT1 protein, which
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is related to the susceptibility of intracellular pathogens
to herpes infection. Chronic mucocutaneous candidiasis
(CMC) is common in patients with heterozygous STAT1
function acquisition (GoF) mutations, but it can also be
associated with a bacterial and viral infection, autoimmune
manifestations, lymphopenia, cerebral aneurysm, and
increased risk of tumor. Stat2 deficiency is related to the
selectivity and susceptibility of virus infection, while the loss
of function (LOF) mutation of STAT3 can lead to autosomal
dominant, hyper IgE syndrome (HIES). Lof mutation and
STAT3 GOF mutation of STATSb are related to diseases
characterized by autoimmune or allergic manifestations,
with an increased risk of infection. In particular, STATSb
deficiency leads to growth hormone (GH) insensitivity,
immune deficiency, diarrhea, and generalized eczema,
while STAT3 GOF mutation leads to autoimmune
hemocytopenia, lymphadenopathy, dwarfism, infection,
enteropathy and multiple organ autoimmunity (27).
STAT'1 heterozygous variation was detected in case 6 of
this study. The clinical manifestations were recurrent upper
and lower respiratory tract infection, recurrent thrush,
bronchiectasis since the age of 3 months (13 years old),
consistent with the characteristics of this disease. However,
no parents carrying this variation was detected in the family,
which may be a “new” variation. However, the mutation of
c.1145¢ > t in STAT1 detected in case 7 has been reported
to cause immune deficiency disease, which can be classified
as pathogenic mutation. However, in the past, this case
of a child caused CMC due to STAT'1; although there is
immune deficiency compared with this child, the clinical
symptoms are not entirely consistent. Moreover, this case of
a child with type I diabetes mellitus has not been reported
to directly cause I by STAT1 mutation. The relationship
between type I diabetes and STAT'1 mutation needs further
study (28).

Severe combined immune deficiency (SCID) is a group
of inherited diseases with thymus and lymphoid tissue
hypoplasia and IgE deficiency. The mechanism is that it
cannot produce humoral and cellular immune responses (29).
A variety of gene defects can cause it. Interleukin-2 receptor
(IL2RG) gene is an essential pathogenic gene. When the
y chain gene of IL2RG mutates, the development of T
cells lags behind the pro-T stage, and the development of
B cells and NK cells is blocked, which is usually inherited
by X-linked recessive way (30). Children with SCID are
easy to be infected with various pathogens, most of which
are otitis media, pneumonia, and skin infection, as well as

© Translational Pediatrics. All rights reserved.
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disseminated BCG infection. The main clinical feature
is that the age of onset is young; most of them are in 2—
7 months. The early clinical manifestations are not typical,
which can be manifested as eczema with local delay and
refractory, or severe infection, accompanied by long growth
retardation. Usually, the clinical manifestations are severe;
the infection is challenging to cure, repeated or conditional
pathogen infection, persistent diarrhea, dermatitis, and
thrush. In this study, 5 years and only 4 months later,
severe sepsis and multiple organ failure were the clinical
manifestations. Immunoglobulin level, cd3cd4cd8t cells,
NK cell count and B lymphocyte count was significantly
reduced. IL2RG gene had ¢.202g > a mutation. The
mutation of family sequencing originated from the mother
of the child, which can be confirmed as the disease. Also, it
has been reported that p. glu68lys mutation was detected
in severe combined immunodeficiency (31-33). However,
SCID can be caused by multiple gene mutations, so the
clinical significance of this mutation is still unclear.

Conclusions

Although PID has repeated and severe infection, most
of them are single-gene genetic diseases, which can be
found and treated early. The molecular genetic test of this
kind of disease can help children to be diagnosed as early
as possible and supply a good quality of life for children
through treatment and prevention. In this study, 7 cases
of PID diagnosed by gene detection were reported, which
enriched the database of PID gene mutation and deepened
the understanding of PID by clinicians.
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