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Abstract

Autosomal-recessive immunodeficiency, centromeric instability, and facial anomalies (ICF) syndrome is
mainly determined by recurrent tract respiratory and gastrointestinal infections in early childhood due to
agammaglobulinemia. Most patients with ICF syndrome die of infection at a young age, usually in the first
or second decade of life. The leading cause of ICF disorders is mutations in genes whose products play a
role in DNA methylation. ICF syndrome is classified into two groups: type 1 (ICF1) patients have mutations
in the DNMT3B gene, and about half of type 2 (ICF2) patients have mutations in the ZBTB24 gene. In this
study, we report the case of a 34-year-old female of Iranian consanguineous parents, who was diagnosed at
one year of age with ICF-2 syndrome with recurrent infections, mental retardation, and a homozygous novel
mutation in the ZBTB24 gene.
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Introduction

Immunodeficiency, centromeric instabili-
ty, and facial anomalies (ICF [MIM 242860]) is
a scarce autosomal recessive genetic disease de-
scribed in the 1970s. Although the frequency
of both B and T lymphocytes is predominantly
normal in this rare disease, hypogammaglobulin-
emia or even agammaglobulinemia is observed
in most cases which finally bring about various
respiratory and gastrointestinal (GI) infections.
These mentioned infections might be lethal in
some patients, especially before adulthood (1-3).
The distinctive facial anomalies, including hy-
pertelorism, flat nasal bridge, low-set ears, mac-
roglossia, and epicanthal folds, are also among
the typical characteristics of this syndrome (4, 5).
Furthermore, centromeric instability is the most
notable hallmark of this disease. The juxtacentro-
meric heterochromatin of three chromosomes,
including 1, 9, and 16, are substantially under
condensed and multi-radial chromosome config-
urations involving these regions. These instabil-
ities result in DNA hypomethylation of classical
satellite-2 and satellite-3 repeats at the pericentro-
meric heterochromatin regions (1, 6).

In nearly half of patients diagnosed with ICE
which is categorized as type-1 ICF (ICF-1), mu-
tations in the highly conserved domain of DNA
methyltransferase 3B gene (DNMT3B [MIM
602900]) were detected. Besides, mutations in
this gene are only restricted to DNA hypometh-
ylation of satellite-2 and -3. DNMT3B, which is
located at 22q11.2, is a critical gene in de novo
DNA methylation (7-9).

The remainder of ICF cases that have identical
clinical manifestations but without any specific
mutations in DNMT3B are classified as type-2
ICF (ICF-2). Patients diagnosed with ICF-2 have
mutations in the ZBTB24 gene located at 6q21
(ZBTB24 [MIM 614069]). In these patients, in
addition to the DNA hypomethylation of satel-
lite-2 and -3 repeats, hypomethylation of a-sat-
ellite repeats is also observed. ZBTB24 gene en-
codes a protein that belongs to a large family of
transcription factors that has a major role in both
malignancy and hematopoietic development (10,
11).

Here, we describe a novel homozygous frameshift
insertion variant in the ZBTB24 gene (ICF-2) in
an Iranian female.

Case Presentation

We describe a 34-year-old female of the sec-
ond child of consanguineous parents (first cous-
ins) who have no family history of primary im-
munodeficiency. Her brother died due to severe
diarrhea at the age of 2 months. Her mother has
a history of abortion, and her aunt (mother-side)
died of uterus cancer. The patient has no family
history of autoimmunity. At eight months of age,
she presented with diarrhea, pneumonia, high fe-
ver, and severe cough. At the age of 1 year, she
was hospitalized due to severe diarrhea for the
first time. At this time, she was evaluated for im-
munologic investigations. Her immunological
workup revealed a decreased level of IgG, IgA,
and IgM. Then, she was treated with prophylac-
tic treatment and intravenous immunoglobulin
(IVIG) replacement.

Examination of the patient’s liver and spleen
was normal. Furthermore, she had a normal
vaccination history without any unexpected re-
action. During this period, the patient suffered
from Lower respiratory tract infections. One of
the main complaints of the patient was parox-
ysmal nocturnal dyspnea (PND) and sputum
cough. Until the age of 15 years, she was hospi-
talized six times due to pneumonia and sinusitis.
At this time, she underwent sinus surgery. When
she was 24 years old, she was referred due to re-
current pneumonia. At the age of 28 years, PCR
test for Cytomegalovirus, Enterovirus, Rotavirus,
and Norovirus in stool sample were performed
and the results were negative. By the age of 29
years, she had developed significant bronchiec-
tasis. Until this moment, she has been receiving
regular intravenous immunoglobulin (IVIG) re-
placement. Of note, she has a bird-like face, flat
nasal bridge, and strabismus. She also has men-
tal retardation. Genetic testing by whole-exome
sequencing (WES) was performed to investigate
the underlying genetic defect, and a homozygous
frameshift insertion variant exon 2:¢.795_796in-
sA of the ZBTB24 gene was identified as compati-
ble with the clinical and immunologic phenotype
of the proband. The laboratory and immunolog-
ical findings of the patient are presented in Table
1.

Discussion
In this study, we introduced a female who was
diagnosed with ICF-2 recently. She is the second
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Table 1. Laboratory and immunologic data of ICF case

Parameter Result
WBC (10A3/pL) 5100
Neutrophils (%) 44%
Lymphocyte (%) 49%
Platelets (10/3/pL) 185
HGB (g/dL) 13.6
ESR 1 h (mm/hr) 1
Creatinine (mg/dL) 0.8
(SGPT) ALT 32
(SGOT)AST 25
IgG (mg/dL) 120
IgG3 (mg/dL) 171
IgA (mg/dL) 12
IgM (mg/dL) <5
IgE (IU/mL) <5
CD3+ (%) 80%
CD4+ (%) 39%
CD8+ (%) 46%
CD20+ (%) 8.8%
CD16+ (%) 7.3%
NBT 98%
C3 128
C4 33
CH50 96
T3 177
T4 196

WBC, white blood cells; RBC, red blood cell;
HGB, hemoglobin; ESR, erythrocyte sedi-
mentation rate; BUN, Blood urea nitrogen

child of a consanguineous family, and her disease
was confirmed at the molecular and cytogenetic
level; the patient has a novel homozygous muta-
tion in the ZBTB24 gene. ZBTB24, also known
as PATZ2 and ZNF450, is a member of the large
family of transcriptional factors, which consists of
the BTB (bric-a-bric, tramtrack, broad complex)
domain, a DNA-binding A-T hook domain, and
eight C2H2 zinc finger domain. Previous studies
reported that ZBTB24 is highly expressed in naive
B cells. However, DNMT3B is considered as the
co-regulator of ZBTB24 during the B cell differ-
entiation stage. Therefore, any mutations in these
genes may have a consequence on immunoglob-
ulin production. These findings align with the
hypogammaglobulinemia phenomenon, which
is reported in most patients diagnosed with dif-
ferent ICF types, including our patient (10). Bone
morphogenic protein 2 (BMP-2), a member of

the transforming growth factor-beta (TGF-f) su-
perfamily and the most investigated research top-
ic in skeletal biology, induces cartilage and bone
formation. Regarding that, ZBTB24 is an essen-
tial factor in the BMP-2 signaling pathway; hence,
any defects in this gene results in skeletal disor-
ders and developmental delay (12, 13).

The ZBTB24 gene is highly expressed in the crit-
ical part of the brain's memory and learning sys-
tem. These findings may explain the high rate of
intellectual disability in patients with ICF2, in-
cluding walking, speaking, memory, and learn-
ing problems. Consistent with our patient neuro-
logical manifestation, she has a degree of mental
retardation, including defects in learning and
speaking (14).

As mentioned earlier, most ICF patients experi-
ence recurrent and prolonged infection, especial-
ly in their GI and respiratory tract, which caus-
es failure to thrive (FT'T) and bronchiectasis in
some cases. These complications are the results
of hypogammaglobulinemia (15). As described,
our patient experienced both pneumonia and se-
vere diarrhea due to her low levels of immuno-
globulins, resulting in several hospitalizations.
The decreased level of IgG, IgG subclasses, IgM,
and IgA, or a combination of them, are report-
ed in patients diagnosed with ICF (3). However,
all immunoglobulins’ levels in our patient were
diminished, which might be the primary reason
for the disease’s severity. Furthermore, in some
cases, the number of lymphocytes, neutrophils,
and platelets decrease in the second decade of
their life (16). In contrast, our patient’s neutro-
phil, lymphocyte, and platelets numbers did not
show a decrease. So, it might be concluded that
ICF disease has a broad spectrum of clinical man-
ifestations and laboratory data. Altogether, it is
suggested that genetic tests should be employed
for an exact diagnosis. Besides, ICF patients with-
out any specific mutation in two previous genes
might have mutations in another gene(s) that its
functions overlap with them. It is also possible
that these patients have mutations in genes reg-
ulated by DNMT3B or ZBTB24 (17). Due to sev-
eral immune system defects in ICF patients, most
of them usually die at a young age. Our patient,
like the case reported in Sathasivam et al., known
as the oldest survivor of the ICE is now well and
under IVIG treatment (18).
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For patients diagnosed with ICF, intravenous im-
munoglobulin (IVIG) replacement therapy and
antibiotics are prescribed commonly for lowering
the severity of the infections since they are the
leading cause of mortality among these popula-
tions (3, 5). In our patient, IVIG therapy started
at the early diagnosis and properly controlled the
respiratory and GI complications. Although some
patients undergo bone marrow transplantation
(BMT), it was unnecessary in our patient, based
on her physicians’ recommendations (3).
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