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ABSTRACT

Background: Contiguous gene deletion in the short arm of chromosome 4 is linked to various neurodevelopmental disorders.
Methods: In this study, we conducted peripheral blood chromosome G-banding karyotyping and whole-exome sequencing
(WES) on a proband presenting with anal atresia, global developmental delay, lymphocytosis, and other multisystem anomalies.
Additionally, chromosome G-banding karyotyping was also carried out on the proband's parents and brother.

Results: The 7-month-old proband was found to have a 26.738 Mb 4p15.33-p14 deletion as identified by chromosome G-banding

karyotyping and WES.

Conclusion: We identified a patient with proximal 4p deletion syndrome by karyotype and WES analysis, which might ex-
plain some of his phenotypes. Our research enhances clinicians' knowledge of this rare condition, and offers valuable genetic
counseling to the affected family. Further research is necessary to identify the causative gene or critical region associated with

proximal 4p deletion syndrome.

1 | Introduction

Chromosome 4 is the fourth largest chromosome in human
cells, with a short arm spanning approximately 50 Mb and hous-
ing 379 genes (Hannes and Vermeesch 2008). The deletion syn-
drome affecting the short arm of chromosome 4 (4p syndrome)
involves deletions in the 4pl11-p16 region, categorized as either
short arm terminal deletions or proximal interstitial deletions.
Concurrent deletions from the 4pl16.3 region to the end of 4p
are associated with Wolf-Hirschhorn syndrome (WHS [MIM:
194190]). Compared to WHS, proximal 4p interstitial deletions
are rarer. Deletions in the 4pl5 region are centrally located,
with the smallest deletion region encompassing 4p15.2-p15.32

(Basinko et al. 2008). In this study, we investigated a male child
with global developmental delay, anal atresia and lymphocytosis
as the main symptoms, and a genetic analysis was done on him.

2 | Subjects and Methods

2.1 | Subjects

The clinical data of a patient with global development delay
and family were collected. Whole-blood samples were obtained

from the proband, his parents, brother, and their maternal
grandmother and stored at —20°C. The study was approved by
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the Institutional Ethics Committee of the Sichuan Provincial
Maternity and Child Health Care Hospital (protocol code:
202300911-225 and date: September 11, 2023).

2.2 | Methods

Chromosomal karyotyping and WES analysis were employed.

2.2.1 | Sampling

The advantages and limitations of chromosomal karyotyping
and WES were explained to the parents of the patient. After
obtaining their informed consent, 2 tubes of venous blood were
drawn from the patient and the parents. The parental specimens
were used for verification.

2.2.2 | Chromosomal Karyotype Analysis

The 0.5mL of peripheral blood was collected and subjected to
routine lymphocyte culture (BIOSCIENCES medium, Israel)
for 72h under sterile conditions. The harvested cells were then
sectioned, banded with Giemsa staining, and counted using the
MetaSystems Ikaros Chromosome Automated Scanning and
Analysis System (ZEISS, Germany). Twenty split phases were
counted, and five karyotypes were analyzed and described ac-
cording to the International System for Human Cytogenetic or
Cytogenomic Nomenclature 2020 (ISCN2020) standard.

2.2.3 | Whole Exome Sequencing

Genomic DNA was isolated from peripheral blood leukocytes
using the QIAamp DNA Blood Mini Kit (Diisseldorf, Germany)
and sent to Saifu Decoding (Beijing) Genetic Science and
Technology Co. The raw data obtained had a size greater than
10G and a Q30 score of at least 80%. For the bioinformatic anal-
ysis and variant screening process, the raw data was first con-
verted from .bcl files to .fastq files using bcl2fastq. Then, the
reads were aligned to the human reference genome GRCh38/
hg38 using BWA, Samtools, and Picard software. The result-
ing .bam files were locally realigned using the GATK software,
followed by duplicate sequence removal and variant detection.

The variant file (vcf) was annotated with Annovar. Pathogenic
variants sites were identified based on the following criteria: (1)
screening for variants in exonic regions and nonsynonymous
variants sites, (2) checking the carrier rate in databases such as
ExAC_EAS, ExAC_ALL, 1000Genomes, and gnomAD to en-
sure they are not commonly found in normal human popula-
tions or have a carrier rate of less than 5%, and (3) evaluating
the pathogenicity of variant loci using databases like dbSNP,
OMIM, HGMD, and ClinVar. (4) Protein function prediction was
conducted to assess the impact of gene variants using multiple
software tools including SIFT, Polyphen2, LRT, MutationTaster,
and FATHMM. The detection followed the ACMG classification
guidelines and considered the clinical phenotype of the patients.

3 | Results
3.1 | Phenotype of the Patient

A 7-month-old boy was hospitalized with a diagnosis of “Global
developmental delay.” He is the second child of young healthy
non-consanguineous parents whose first son was healthy. The
proband was delivered via caesarean section at 38 + 1 weeks due
to uterine scarring. At birth, he weighed 2910g (<25th percen-
tile), a birth length of 49.5cm (50th percentile) and a birth head
circumference of 33.5cm (50th percentile). On the first day of
life, the patient experienced post-feeding vomiting and was di-
agnosed with anal atresia. A bowel ultrasound and abdominal x-
ray indicated a low intestinal obstruction. Emergency anoplasty
was performed, and the patient was later discharged from the
pediatric surgery department. Intraoperatively, the pathological
biopsy revealed only smooth muscle tissue without any interos-
seous ganglion (Figure 1A). At 4-months-old, the patient was
diagnosed with “pneumonia” and hospitalized at another hos-
pital. Blood routine analysis showed high levels of leukocytes,
mainly elevated lymphocytes. The leukocyte count ranged
from 18.98 to 28.88x 10%/L (reference range: 5.0-14.2x10°/L),
while the lymphocyte count ranged from 11.17 to 20.15x 10°/L
(reference range: 2.8-10x10%/L). Additionally, the haemoglo-
bin levels were between 83 and 110g/L (reference range: 103-
138g/L). After receiving anti-infective treatment, the patient's
cough and other symptoms improved, but the leukocyte count
remained elevated for 3months. At the age of 7months, during
hospitalization, a physical examination revealed the following:
head circumference 40.5cm (<3th percentile), weight 7.2kg
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FIGURE 1 | (A) H&E staining, pathological report of the end of the rectum showing smooth muscle tissue in the figure, magnification x100;

(B) Wright-Giemsa staining, bone marrow cell morphology. Red arrows show naive lymphocytes, magnification x100.
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(<25th percentile), length 67cm (<25th percentile), hyper-
telorism, depressed nasal ridge, thick eyebrow, hypotonia and
patent ductus arteriosus. The patient's bone marrow aspiration
revealed 5% naive lymphocytes, although bone marrow flow cy-
tometry was not completed at that time. (Figure 1B).

At 8 months of age, the child exhibited delayed gross motor de-
velopment and language development. A child health care phy-
sician conducted a professional evaluation on him, the Gesell
developmental schedule indicated a developmental age of
3.1 months and a developmental quotient of 37, indicating severe
developmental delay.

3.2 | Genetic Results

Karyotypic analysis of chromosome G-banding in proband:
46,XY,del(4)(p15.33p14) (Figure 2A). Karyotypic analyses of
the parental and older brother's chromosomes were normal. A
comprehensive comparative analysis of WES reads revealed a
deletion of 26.738 Mb of heterozygosity, specifically identified as
seq[hg38]del(4)(p15.33p14) chr4:g.11,399,082_38,137,335del in
the samples. No additional single nucleotide variations were de-
tected in this specimen (Figure 2B). The ClinGen (https://www.
ncbi.nlm.nih.gov/projects/dbvar/clingen) dosage sensitivity
evaluation system was used to assess genes located within the
deletion region of 11,399,082-38,137,335 (Thaxton et al. 2021).

The UCSC Genome Browser (https://genome.ucsc.edu/) revealed
a total of 45 protein-coding genes at the deletion region, with 11
genes phenotypically associated with the OMIM database (https://
www.omim.org) (Table 1). Our molecular analyses show 10 genes
in this deleted region for our proband, BODILI, FBXL5, LDB2, etc,
have a pLI score of more than 0.9 (https://gnomad.broadinstitute.
org), and thus likely to have phenotypic effects (Table 2).

The observed depletion region does not encompass the known
causative gene or critical region for the established HI genomic
region. We did not find enough evidence to classify certain genes
and regions in 4p15.33-p14 as potentially disease-causing due to
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FIGURE 2 |
sequencing (WES), red part indicating the region of deletion.
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haploinsufficiency. A detailed evaluation of genomic content
was conducted using cases from published literature and public
databases (Maldziene et al. 2017; Di et al. 2023; Chen et al. 2013;
Liang et al. 2016; Park et al. 2020). According to the ACMG 2019
guidelines, this depletion region, with assigned point values re-
sulting in a final point value >0.99, is considered “pathogenic”
(Riggs et al. 2020).

4 | Discussion

In 1965 Cooper and Hirschhorn reported the first case of a
human patient with a deletion at the end of the short arm of
chromosome 4 (4pl5.1-pter), leading to the identification of
Wolf-Hirschhorn Syndrome (WHS) (Battaglia, Carey, and
South 2015). Individuals with WHS typically present with dis-
tinct craniofacial abnormalities, including a high forehead,
broad nose, and cleft palate, often likened to a ‘Greek warrior
helmet’. These facial features can be detected prenatally through
ultrasound (Maymon et al. 2004; Friebe-Hoffmann et al. 2016).
Cytogenetically, terminal deletions of chromosome 4 are known
to be the primary cause of WHS, with an incidence rate ranging
from 1 in 25,000 to 50,000 (Battaglia, Carey, and South 2015).
The DECIPHER database (https://www.deciphergenomics.
org), has documented a total of 120 patients with 4p deletions
(Figure 3).

In contrast to WHS, the 4p proximal interstitial deletion (4p12-
pl6) is even rarer. The first documented case of this deletion on
chromosome 4's short arm dates back to 1977, showing varying
deletion regions (Di et al. 2023). To date, approximately 35 cases
of chromosome 4 interstitial deletion have been documented
globally. Between 2005 and 2017, an increasing number of in-
stances of proximal 4p deletion syndrome were identified. Most
of these cases were diagnosed using cytogenetic methods alone,
without molecular genetic analysis, and did not undergo a de-
tailed examination of the genes involved (Basinko et al. 2008;
Maldziene et al. 2017; Chen et al. 2013; Liang et al. 2016; South
et al. 2005; Moller et al. 2007; Makrythanasis et al. 2012).
Compared to other reported cases, our patient exhibits a larger
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Genetic results, (A) karyotypic analysis of chromosome G-banding, black arrow indicating the site of deletion; (B) Whole exome
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TABLE 2 | Genes have pLI scores more than 0.9 in the presented case.

Gene OMIM Gene Function pLI score
BODIL1 616,746 Component of the fork protection pathway 1
FBXL5 605,655 Function in phosphorylation-dependent ubiquitination 1
LCORL 611,799 Mediates methylation of (H3K27) 0.92
LDB2 603,450 As adapter molecules to allow assembly of 0.95
transcriptional regulatory complexes
SLIT2 603,746 Conserved roles in axon guidance and neuronal migration 1
DHX15 603,403 Nuclear ATP-dependent helicase, implicated in pre-mRNA splicing 1
PPARGCIA 604,517 Coactivator of nuclear receptors and other transcription 1
factors, involved in energy metabolism
STIM?2 610,841 Regulate calcium concentrations in the 0.96
cytosol and endoplasmic reticulum
RBPJ 147,183 Transcriptional regulator important in 1
the Notch signaling pathway
PCDH7 602,988 Thought to function in cell-cell recognition and adhesion 1
Abbreviations: H3K27, histone H3 (see 602,810) lys27; pLI, probability of loss-of-function intolerance.
UCSC Genome Browser on Human (GRCh38/hg38)
move |<<< << < > >> >>>|zoomin|15x 3x 10x base |zoomout 15x 3x 10x 100x
A guided tutorial is available for new users: | Start tutorial
Close | | Don't show again
multi-region | chrd:11,404,584-38,137,335 26,732,752 bp. [gene, chromosome range, search terms, help pages, see examp\‘ go | examples
32.3[134.1 B4q34. 36K

327
257517
248510

FIGURE 3 | Genomic locations of 36 deletions based on the results obtained in the DECIPHER databases. Patient 252,785 and Patient 289,558
deletions in locations close to our patient to our case. The annotation is based on GRCh38/hg38.

deletion region. However, there is limited understanding of the
genes that influence the 4p14p16.1 deletion phenotype. The ge-
netic cause of our patient was only identified post-delivery rather
than through prenatal diagnosis. Initially, due to financial con-
straints and the cost of analysis, the patient's family opted for
chromosome and WES analysis. When we recommended fur-
ther copy number variation (CNV)-seq verification of the abnor-
mal results, the patient's parents declined this examination due
to concerns about repeated blood draws.

The RAB28 gene encodes a protein that may regulate intracel-
lular transport and is associated with hereditary retinopathy.
The DTHDI gene is involved in the apoptotic pathway, while the

NKX3-2 gene plays a role in chondrogenic differentiation and reg-
ulation of signaling pathways, such as MAPK and BMP, and is as-
sociated with skeletal and tumoral disorders. The CC2D2A gene
islinked to primary cilia formation, the CP110-CEP290-CC2D2A
signaling pathway, and ciliopathies. Additionally, the QDPR gene
catalyzes the reduction of quinonoid dihydrobiopterin, which
is highly expressed in the brain. It is well established that Bi-
allelic Pathogenic variants cause hyperphenylalaninemia (BH4-
deficient, type C) (Zhu et al. 2024). The functions of the CLRN2
gene remain unclear, but it is thought to be involved in maintain-
ing the structure and function of stereocilia. Mouse studies have
linked it to deafness. The SLC34A2 gene codes for a protein that
transports phosphate in a sodium-dependent manner, playing a
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role in calcium and phosphorus metabolism. The TAPTI gene
influences primary cilia formation and variants it can disrupt
the Golgi apparatus, impacting axial bone development in mice.
The RBPJ gene is part of the RBPJ/DAPK3/UBE3A signaling
pathway, which modulates the Notch signaling pathway and has
been associated with epilepsy and neurodevelopmental disorders.
Variants in the SEPSECS gene have been linked to deafness and
neurodevelopmental issues. Conversely, the PROM1 gene, also
known as CDI133, has been implicated in various cancers and
is found on cancer stem cells in mixed-lineage leukemia (MLL)
and B cell acute lymphoblastic leukemia (B-ALL) (Glumac and
LeBeau 2018; Li et al. 2018; Godfrey et al. 2020).

Our patient was in close proximity to the site of deletion of case
2 reported by Chitayat et al. (1995). However, our patient did not
exhibit the severe skeletal deformities mentioned in the litera-
ture. There is a 25-year age difference between the two patients,
and many phenotypes may not yet manifest, necessitating long-
term follow-up observation.

Lymphocytosis persisted in our patient for over 4 months, neces-
sitating differentiation from lymphoproliferative disorders. Based
on a comprehensive medical history and physical examination,
the hematologist excluded recent infections such as Epstein-
Barr virus (EBV), cytomegalovirus (CMV), human immunode-
ficiency virus (HIV-1), Bordetella pertussis, among others (Devi
et al. 2022). It is noted that immature peripheral lymphocytes in
infants or young children and hematogone in the bone marrow
can resemble cells in lymphocytic leukemia, which can be dif-
ferentiated by flow cytometry. Unfortunately, the patient's family
declined this essential examination. Noninfectious reactive lym-
phocytosis is frequently triggered by drug hypersensitivity and
stress, both of which are not applicable to this patient. Although
a bone marrow examination at 7months of age revealed 5% naive
lymphocytes, there was insufficient evidence to indicate hema-
tologic malignancy (e.g., leukemia, etc.). It has been noted that
individuals with WHS may be at risk of developing combined
malignancies like neuroblastoma. The reasons behind the abnor-
mally high peripheral blood lymphocytes in our patient remain
unknown, warranting further evaluation by a hematologist using
techniques such as flow cytometry and cytogenetics.

Most individuals with proximal 4p interstitial deletion have de
novo variants, and familial inheritance is rare (Di et al. 2023).
Unlike the craniofacial anomalies seen in WHS, the craniofacial
anomalies observed in these patients are typically not prominent.
Detecting these anomalies solely through prenatal ultrasound
imaging can be challenging. A review of the literature identified
a single case in which thickening of the nuchal fold (NF) was
observed on prenatal ultrasound, and subsequently confirmed to
be 46,XX,del(4)(p15.1p15.32) through FISH analysis. The region
of the deletion was found to be 14.5Mb. (South et al. 2005). The
pathogenic variant on proximal 4p deletion syndrome, which
may indicate a true contiguous gene syndrome requiring further
research for confirmation, has not yet been identified.

5 | Conclusions

In this case study, a patient with de novo proximal 4p dele-
tion syndrome was diagnosed using chromosomal karyotype

analysis and WES. Furthermore, it remains unclear whether 4p
deletion syndrome correlates with anal atresia and persistent
lymphocyte elevation in our study; thus, additional evidence is
required to support this hypothesis. This case underscores the
variability of 4p deletion syndrome and emphasizes the neces-
sity for more clinical data to improve our understanding of gen-
otype—phenotype correlation.
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