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Epigenetic disruption meets
immune deficiency: a case
report of ICF syndrome
linked to DNMT3B mutation
Zaid Al Ali 1*, Khaled F. Al-Ali 1, Fatima Bader1, Nancy Alhalabiya1,
Deema Sous2 and Ayah Abulehia1*

1Medical Research Club, Faculty of Medicine, Al-Quds University, Jerusalem, Palestine, 2Department
of pediatrics, An-Najah National University, Ramallah, Palestine
Immunodeficiency, centromeric instability, and facial anomalies (ICF) syndrome

is a rare, autosomal recessive primary immunodeficiency, with fewer than 120

cases reported worldwide. ICF type 1 (ICF1) is the most prevalent subtype.

Despite its rarity, ICF1 presents a distinct set of clinical features that necessitate

increased awareness, particularly in populations with high rates of consanguinity.

This case presents a two-year-old Palestinian boy born to consanguineous

parents who presented with recurrent respiratory tract infections, facial

dysmorphisms, and hypogammaglobulinemia. A comprehensive immunologic

evaluation confirmed markedly reduced immunoglobulin levels consistent with

an antibody deficiency. Genetic testing identified a homozygous missense

mutation in DNMT3B (Arg826Cys), establishing the diagnosis. The patient was

started on intravenous immunoglobulin (IVIG) replacement therapy, which was

well tolerated and led to a noticeable reduction in infection frequency and an

overall clinical well-being improvement. While treatment remains supportive,

early recognition and immunologic management can significantly reduce

morbidity. This case highlights the importance of early diagnosis and

immunologic support in ICF1 syndrome, reinforces genotype–phenotype

correlations, and provides valuable insights from an underrepresented region

to improve global awareness, diagnosis, and care, being only the second

genetically confirmed case from Palestine.
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Introduction

ICF syndrome is an autosomal recessive primary

immunodeficiency that has been documented in approximately 120

patients worldwide (1, 2). It is characterized by profound immune

system dysfunction due to hypogammaglobulinemia, often resulting

in recurrent respiratory and gastrointestinal infections (2, 3).

Additionally, patients present with delayed developmental

milestones with various degrees of cognitive impairment and

characteristic facial dysmorphisms, such as hypertelorism,

epicanthic folds, low-positioned ears, and a flattened nasal bridge (3).

ICF syndrome is classified into five genetically different

subtypes (4). ICF1, the most common, accounts for about 60% of

cases and is caused by mutations in the DNMT3B gene. ICF2,

representing about 30% of cases, is associated with pathogenic

variants in ZBTB24. Less commonly, ICF3 and ICF4 are linked to

mutations in CDCA7 and HELLS, respectively. A minority of

patients lacking identifiable genetic alterations are categorized

under a provisional subtype known as ICFX (4).

The DNMT3B (DNA methyltransferase 3B) gene plays a crucial

role in the de novo DNA methylation during embryonic development,

particularly at the centromeric, pericentromeric, and subtelomeric

regions. This methylation maintains accurate transcription and

genomic stability. However, in cases of ICF1 syndrome, mutations in

the DNMT3B gene impair its catalytic activity, leading to widespread

DNA hypomethylation, causing chromosomal instability at

chromosomes 1, 9, and 16. In addition to its role in DNA

methylation, the DNMT3B gene also regulates the balance between

sense, antisense gene expression and alternative splicing. For example,

the failure to suppress the antisense transcript of CD27 results in its

downregulation, which decreases the formation of memory B cells and

adversely affects long-term immune defense (5).

In the Middle East, there have been twelve reported cases of ICF

syndrome: four in Lebanon, five in Saudi Arabia, one in Palestine,

and two in Iran (6). In conclusion, despite the typical presentation

of the syndrome, its rarity necessitates a high level of suspicion.

Reporting genetically confirmed cases, particularly from regions

with high rates of consanguinity, strengthens genotype–phenotype

correlations and raises awareness, aiding in earlier recognition and

management of the condition.
Clinical presentation

A male infant, born at term (38 weeks’ gestation) via an

uncomplicated vaginal delivery, with a birth weight of 2800 grams.

At four months of age, the patient’s mother first noticed feeding

intolerance and poor weight gain. Shortly after receiving routine

vaccinations at four months, he developed poor feeding and lethargy,

which required intravenous fluids for dehydration. Between four and

eight months of age, he experienced recurrent infections, some severe

enough to require hospitalization. During this time, he also had

repeated episodes of otitis media with prolonged unilateral ear

discharge, prompting multiple evaluations by the otolaryngology

team. Because of the frequency and severity of these infections, an
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immunological evaluation was performed at eight months of age,

revealing significant hypogammaglobulinemia, as shown in Table 1.

As a result, IVIG therapy was initiated at that time.

Physical examination revealed dysmorphic features, including

epicanthic folds, frontal bossing, and a flat nasal bridge. Oral

examination demonstrated gingival swelling and absent upper

incisors. Developmental concerns were evident, with global

developmental delay noted. In view of the recurrent infections,

immunodeficiency, dysmorphic features, and developmental delay,

genetic testing was pursued at eight months of age. Whole-exome

sequencing identified a homozygous DNMT3B (Arg826Cys)

mutation, confirming the diagnosis of ICF syndrome type 1.

Therefore, The plan is to continue IVIG therapy monthly at a

dose of 400 mg/kg. Both parents were first cousins and

heterozygous carriers of the same mutation.

At two years of age, while receiving regular IVIG therapy, the

patient was admitted with a breakthrough febrile illness characterized

by a four-day history of high-grade fever (up to 39°C), tachypnea,

reduced oral intake, decreased activity, unilateral ear discharge, and

two episodes of non-bilious, non-bloody vomiting. On examination,

he appeared mildly dehydrated but was alert and interactive. Vital

signs revealed an oxygen saturation of 97%, heart rate of 136 beats per

minute, respiratory rate of 46 breaths per minute, and blood pressure

of 85/60 mmHg. Laboratory investigations demonstrated a markedly

elevated C-reactive protein level (98 mg/L), while blood, stool, and

urine cultures were negative. In light of his clinical presentation and

history of recurrent infections, a sepsis workup was undertaken. He

was treated empirically with intravenous piperacillin–tazobactam and

oral acyclovir for suspected viral gingivostomatitis, in addition to

intravenous fluids for dehydration and his scheduled IVIG infusion.

Developmentally, the child continued to exhibit global delays.

He achieved independent walking at approximately two years of age

and, at 26 months, had not yet developed meaningful words. His

developmental level was assessed to be consistent with that of a 9-

10-month-old infant. Audiologic evaluation remains inconclusive,

with auditory brainstem response testing pending. Neurological

examination revealed no meningeal signs; however, cranial

assessment raised concern for possible increased intracranial

pressure, prompting referral to neurosurgery.

Following initiation of regular IVIG therapy, his growth

trajectory gradually improved, with subsequent catch-up growth;

his current weight is 12 kg He continues to receive monthly IVIG at

a dose of 400 mg/kg and is regularly followed in immunology,

audiology, and speech therapy clinics. Immunoglobulin levels are

shown in Table 1, and a brief overview of the patient’s clinical

characteristics, investigations, and outcomes is in Table 2.

Patient perspective

The patient’s mother expressed great concern during her child’s

early progress. This was mainly due to recurring infections, feeding

issues, and delayed development without a clear diagnosis. She felt

relieved when the immunologic evaluation identified the underlying

condition and started IVIG therapy. She has seen noticeable

improvement in her child’s health and is thankful for finally
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understanding the cause of his symptoms. The family is dedicated

to ongoing follow-up and supportive care.
Discussion

ICF syndrome is still one of the rarest autosomal recessive

primary immunodeficiencies, with fewer than 120 cases

documented around the world. It comprises five genetically

distinct subtypes, with ICF1 (caused by DNMT3B mutations)

being the most common (4, 6). This case presents a two-year-old

male with ICF syndrome type 1, confirmed genetically by a

homozygous mutation in DNMT3B Arg826Cys. The clinical

presentation of the child lines up with the classical features of

ICF syndrome: dysmorphic facial characteristics (hypertelorism,

epicanthal folds, flat nasal bridge, and low-set ears), recurrent

infection, and severe hypogammaglobulinemia (7, 8).

The DNMT3B gene encodes a DNA methyltransferase that is

important for de novo adding methyl groups to CpG during

embryogenesis, especially in heterochromatic areas. When

DNMT3B loses its function, it stops methylation at satellite DNA

sequences, especially on chromosomes 1, 9, and 16. This process

makes the chromosomes unstable, which is a key sign of ICF1

syndrome (5). In addition, impaired methylation will consequently

affect the expression of numerous genes, including those essential for

immune response and development. DNMT3B deficiency impairs

CD27 expression by failing to silence antisense CD27 transcripts,

which affects the formation of memory B cells and leads to the

patient’s hypogammaglobulinemia and recurrent infections (5, 9).

Several reports indicate that ICF syndrome may present with

minimal dysmorphic features, making early recognition challenging.

For example, a 2018 study investigating children with persistent
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hypogammaglobulinemia identified DNMT3B mutations in patients

who exhibited only mild facial dysmorphism and cytogenetic

abnormalities (10). Furthermore, a 2019 case report detailed a child

with a previously unreported DNMT3B variant who demonstrated

significant centromeric instability on cytogenetic testing, despite an

initial clinical evaluation that did not strongly indicate ICF syndrome

(11). These findings collectively emphasize the necessity for a thorough

assessment of unexplained hypogammaglobulinemia. Incorporating

chromosomal analysis alongside targeted genetic testing can help

ensure that ICF syndrome is considered and not overlooked in

children who lack the more classical phenotypic features.

Published literature documents only a limited number of ICF

syndrome cases from the Middle East. The most recent report by Joma

et al. (2025) described a Palestinian child with recurrent infections,

hypogammaglobulinemia, and craniofacial anomalies, in whomwhole-

exome sequencing identified a novel homozygous DNMT3B variant

(p.Arg826Cys) within the catalytic domain (6). Reporting additional

genetically confirmed cases from this region is important for improving

recognition of ICF syndrome, particularly in populations with high

rates of consanguinity. Such contributions help refine genotype–

phenotype correlations and support earlier consideration of ICF

syndrome in the evaluation of unexplained hypogammaglobulinemia.

Treatment of ICF syndrome primarily relies on IVIG

replacement therapy, often supplemented with prophylactic

antibiotics to reduce infectious complications (12). IVIG helps

correct the underlying antibody deficiency and lowers the

frequency and severity of recurrent infections. Reported survival

rates with IVIG-based supportive care range from 60% to 84%,

reflecting its clinical effectiveness. Despite this, some patients

continue to experience severe or life-threatening disease due to

persistent infections, immune dysregulation, or hematologic

malignancies. For individuals with profound immunodeficiency,
TABLE 1 Changes in immunoglobulin (Ig) levels according to the patient’s age.

Ig type 7 months 10 months 11 months 16 months 18 months 26 months

IgA <5 mg/dl* 10 mg/dl NR 8 mg/dl 3 mg/dl NR

IgG 21 mg/dl* 697 mg/dl 672 mg/dl 763 mg/dl 751 mg/dl 1085 mg/dl

IgM 1 mg/dl* 15 mg/dl NR 13 mg/dl 15 mg/dl NR
*Reference range: IgG (mg/dl): 5-<9 months: 164-588; 9-<15 months: 246-904; 15-<24 months: 313-1,170. IgA (mg/dl): 5-<9 months: 16-50; 9-<15 months: 27-66; 15-<24 months: 36-79. IgM
(mg/dl): 5-<9 months: 32-132; 9-<15 months: 40-143; 15-<24 months: 46-152.
TABLE 2 Summary of clinical characteristics, investigations, and health outcome of ICF syndrome patient.

Age/
timepoint

Key events Management/outcome

4 months
Feeding intolerance and poor weight gain noticed by mother; lethargy, poor feeding after
routine vaccination

IV fluids for dehydration; stabilized

4–8 months Recurrent infections,including otitis media Supportive care; hospitalizations as needed

8 months
Persistent infections, developmental delay, dysmorphic features; hypogammaglobulinemia; genetic testing
confirmed immunodeficiency, centromeric instability, and facial anomalies (ICF) syndrome type 1

Monthly IVIG (400 mg/kg) initiated; ongoing therapy

2 years
Breakthrough febrile illness on IVIG: fever, reduced intake, unilateral ear discharge, vomiting;
CRP elevated, cultures negative

Empiric IV antibiotics and oral acyclovir; IV fluids;
continued IVIG; improved

Current Developmental delays; growth monitoring
Continued monthly IVIG; follow-up in immunology,
audiology, and speech therapy; gradual catch-up
growth (now 12kg)
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allogeneic hematopoietic stem cell transplantation (HSCT) remains

the only intervention with curative potential (12).

For this patient, IVIG replacement therapy was initiated in response

to markedly reduced immunoglobulin levels identified at 8 months of

age. He received a fixed monthly dose of IVIG (approximately 400 mg/

kg for a 12-kg child), administered intravenously over 8 hours with

standard premedication. A two-week delay in accessing care required a

compensatory half-dose (2.5 g) to maintain therapeutic coverage. No

prophylactic antibiotics were given during this period.

Following initiation of IVIG therapy, IgG levels increased rapidly,

from 21mg/dL at 7 months to 697mg/dL at 10months, and remained

stable within the normal range for age (751 mg/dL at 18 months and

1085 mg/dL at 26 months), providing effective IgG-mediated

protection. IgA and IgM levels, however, remained persistently low,

consistent with the B-cell maturation defect characteristic of ICF

syndrome and reflecting the ongoing underlying immunodeficiency.

Although routine monitoring of IgA and IgM was limited by financial

constraints, the clinical response was evident, with a clear reduction in

the frequency and severity of infections as reported by the parents and

noted during monthly follow-up visits. These findings support the

effectiveness of IVIG therapy in improving humoral immunity in ICF

syndrome, even without adjunctive antibiotic prophylaxis.

This clinical course illustrates both the therapeutic value and the

inherent limitations of IVIG in ICF syndrome. While IVIG

effectively reduces infection burden, it does not correct the

underlying genetic and epigenetic defects. Consequently, long-

term multidisciplinary follow-up remains essential, including

continued neurodevelopmental monitoring given the variability in

cognitive outcomes associated with ICF1 (13).

This case illustrates that a thorough diagnostic process with regular

follow-ups can lead to a clear diagnosis and an effective treatment plan.

The identification of a homozygous DNMT3B variant was a significant

finding in the diagnosis, while ongoing monitoring of IgG levels and

infection history provided a reliable measure of the patient’s response

to therapy. However, important limitations persist. Financial and

logistical barriers prevented us from measuring IgA and IgM levels,

conducting detailed B-cell studies, or confirming centromeric

instability, which is a crucial diagnostic feature of classic ICF1.

Additionally, interruptions in care, such as delayed administration of

IVIG, may have affected the patient’s clinical course.

Furthermore, this case supports existing knowledge about ICF1

while offering new insights. The child’s symptoms and test results

align with those observed in similar cases, reinforcing the internal

validity of our findings. However, variations in physical features and

a strong early response to IVIG demonstrate that each case can be

unique. This case highlights the unpredictable nature of ICF1 and

emphasizes the importance of sharing experiences from different

contexts. Such data helps build a clearer understanding of how the

disease presents itself, thereby contributing to external validity.
Conclusion

In conclusion, this report broadens the clinical and genetic

characterization of ICF syndrome within an underrepresented
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region. The confirmed DNMT3B mutation and associated clinical

features contribute to strengthening genotype–phenotype correlations.

Early diagnosis and timely immunologic intervention remain central

to reducing morbidity and informing long-term management.

Continued reporting of genetically confirmed cases, supported by

expanding molecular diagnostic capabilities, will advance knowledge

of disease heterogeneity and improve patient outcomes worldwide.

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.

Ethics statement

Written informed consent was obtained from the minor(s)’

legal guardian/next of kin for the publication of any potentially

identifiable images or data included in this article. Written

informed consent was obtained from the participant/patient(s) for

the publication of this case report.

Author contributions

ZA: Writing – review & editing, Writing – original draft. KA:

Writing – review & editing, Writing – original draft. FB: Writing –

original draft, Writing – review & editing. NA: Writing – original

draft, Writing – review & editing. DS: Writing – original draft,

Writing – review & editing. AA: Writing – original draft,

Supervision, Writing – review & editing.

Funding

The author(s) declared that financial support was not received

for this work and/or its publication.

Conflict of interest

The authors declared that this work was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that generative AI was used in the

creation of this manuscript. We used QuillBot to check for

grammatical mistakes and refine sentences.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1742293
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ali et al. 10.3389/fimmu.2025.1742293
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Immunology 05
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Bemanian MH, Arshi S, Nabavi M, Vafaee-Shahi M, Fallahpour M, Shokri S,
et al. Immunodeficiency, centromeric region instability, and facial anomalies
syndrome (ICF) in a boy with variable c l inical and immunological
presentations. Iranian J Allergy Asthma Immunol . (2021) 20:249–54.
doi: 10.18502/ijaai.v20i2.6058

2. Kiaee F, Zaki-Dizaji M, Hafezi N, Almasi-Hashiani A, Hamedifar H, Sabzevari A,
et al. Clinical, immunologic and molecular spectrum of patients with
immunodeficiency, centromeric instability, and facial anomalies (ICF) syndrome: A
systematic review. Endocrine Metab Immune Disord - Drug Targets. (2020) 21:664–72.
doi: 10.2174/1871530320666200613204426

3. De Greef JC, Wang J, Balog J, Dunnen JTD, Frants RR, Straasheijm KR, et al.
Mutations in ZBTB24 are associated with immunodeficiency, centromeric instability,
and facial anomalies syndrome type 2. Am J Hum Genet. (2011) 88:796–804.
doi: 10.1016/j.ajhg.2011.04.018

4. Vukic M, Daxinger L. DNA methylation in disease: Immunodeficiency,
Centromeric instability, Facial anomalies syndrome. Essays Biochem. (2019) 63:773–
83. doi: 10.1042/ebc20190035

5. Gagliardi M, Strazzullo M, Matarazzo MR. DNMT3B functions: novel insights
from human disease. Front Cell Dev Biol. (2018) 6:140. doi: 10.3389/fcell.2018.00140

6. Joma R, Radwan S, Hannoun S, Hasson J, Aiesh BM. Immunodeficiency,
centromeric instability, and facial anomalies (ICF) syndrome identified by whole-
exome sequencing (WES): a case report from a developing country. Oxford Med Case
Rep. (2025) 6:483–5. doi: 10.1093/omcr/omaf079

7. Long Y, Wang C, Xiao J, Huang Y, Ling X, Huang C, et al. Case report: Novel
multi-exon homozygous deletion of ZBTB24 causes immunodeficiency, centromeric
instability, and facial anomalies syndrome 2. Front Immunol. (2025) 16:1517417.
doi: 10.3389/fimmu.2025.1517417

8. Thijssen PE, Ito Y, Grillo G, Wang J, Velasco G, Nitta H, et al. Mutations in
CDCA7 and HELLS cause immunodeficiency–centromeric instability–facial anomalies
syndrome. Nat Commun. (2015) 6:7870. doi: 10.1038/ncomms8870

9. Sterlin D, Velasco G, Moshous D, Touzot F, Mahlaoui N, Fischer A, et al. Genetic,
cellular and clinical features of ICF syndrome: a french national survey. J Clin Immunol.
(2016) 36:149–59. doi: 10.1007/s10875-016-0240-2

10. Alghamdi HA, Tashkandi SA, Alidrissi EM, Aledielah RD, AlSaidi KA, Alharbi
ES, et al. Three types of immunodeficiency, centromeric instability, and facial
anomalies (ICF) syndrome identified by whole-exome sequencing in saudi
hypogammaglobulinemia patients: clinical, molecular, and cytogenetic features. J
Clin Immunol. (2018) 38:847–53. doi: 10.1007/s10875-018-0569-9

11. Hu SC, Wang YB, Sun Q, Liu XR, Sun LL, Cui GM. Clinical and genetic
manifestations of immunodeficiency, centromeric instability, and facial anomalies
syndrome: a case report and literature review. Zhonghua er ke za zhi = Chin J
Pediatr. (2019) 57:55–9. doi: 10.3760/cma.j.issn.0578-1310.2019.01.013

12. Berghuis D, Mehyar LS, Abu-Arja R, Albert MH, Barnum JL, von Bernuth H, et al.
Allogeneic hematopoietic stem cell transplantation in immunodeficiency—Centromeric
instability—Facial dysmorphism (ICF) syndrome: an EBMT/ESID inborn errors working
party study. J Clin Immunol. (2024) 44:182. doi: 10.1007/s10875-024-01786-7

13. Verma A, Krishnan VP, Cecere F, D’Angelo E, Lullo V, Strazzullo M, et al. ICF1-
Syndrome-Associated DNMT3B Mutations Prevent De Novo Methylation at a Subset
of Imprinted Loci during iPSC Reprogramming. Biomolecules. (2023) 13:1717–7.
doi: 10.3390/biom13121717
frontiersin.org

https://doi.org/10.18502/ijaai.v20i2.6058
https://doi.org/10.2174/1871530320666200613204426
https://doi.org/10.1016/j.ajhg.2011.04.018
https://doi.org/10.1042/ebc20190035
https://doi.org/10.3389/fcell.2018.00140
https://doi.org/10.1093/omcr/omaf079
https://doi.org/10.3389/fimmu.2025.1517417
https://doi.org/10.1038/ncomms8870
https://doi.org/10.1007/s10875-016-0240-2
https://doi.org/10.1007/s10875-018-0569-9
https://doi.org/10.3760/cma.j.issn.0578-1310.2019.01.013
https://doi.org/10.1007/s10875-024-01786-7
https://doi.org/10.3390/biom13121717
https://doi.org/10.3389/fimmu.2025.1742293
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Epigenetic disruption meets immune deficiency: a case report of ICF syndrome linked to DNMT3B mutation
	Introduction
	Clinical presentation
	Patient perspective
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


