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Abstract

Background Isolated terminal 4935.2 microdeletion is an extremely rare copy number variant affecting people all
over the world. To date, researchers still have controversial opinions and results on its pathogenicity. Here, we aim
to present a Chinese pediatric patient with terminal 4935.2 microdeletion and use this case to clarify the underlying
genotype—phenotype correlation.

Methods A 17-year-old boy from Quanzhou, South China, was recruited as the main subject in this study. Karyotype
and single-nucleotide polymorphism (SNP) based microarray analysis were carried out to detect chromosomal abnor-
malities and copy number variants in this family. Trio whole exome sequencing (Trio-WES) was performed to investi-
gate the potential pathogenic variant in this family.

Results During observation, we identified abnormal clinical phenotypes including upper eyelid ptosis, motor
developmental delay, abnormal posturing, abnormality of coordination, attention deficit hyperactivity disorder,

and involuntary movements in the patient. SNP array analysis results confirmed a case of 2.0 Mb 4g35.2 microdeletion
and parental SNP array verification results indicated that the terminal 4g935.2 microdeletion was inherited from his
mother. No copy number variants were detected in his father. In addition, the trio-WES results demonstrated none

of pathogenic or likely pathogenic variants in the patient.

Conclusions This study brings a novel analysis of a case of 2.0 Mb terminal 4g35.2 microdeletion affecting a Chinese
individual. In addition, additional clinical symptoms such as upper eyelid ptosis and involuntary movements were
first reported to affect a patient with terminal 4g35.2 microdeletion, which may broaden the phenotype spectrum

of the condition.
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Introduction

In China, approximately 5.6% of the population suf-
fers congenital defects after birth, with chromosomal
abnormalities being the most common reason for birth
anomalies [1]. Karyotyping for long was considered as
a traditional chromosomal abnormality detection tool
with a low resolution. At present, chromosomal micro-
array analysis (CMA) can rapidly and effectively detect
most of chromosomal abnormalities including copy num-
ber variants (CNVs) and uniparental diploid/triploid and
has been proposed to be the first-tier genetic diagnostic
tool for patients with developmental disabilities or con-
genital diseases [2, 3]. Moreover, CMA technology has
been increasingly utilized in patients with developmen-
tal delay/intellectual disability (DD/ID), autism spectrum
disorders, and multiple congenital anomalies (MCA)
and indicated a higher rate of chromosomal defects in
patients diagnosed with DD/ID and MCA [4, 5]. In the
clinical practice, whole exome sequencing (WES) tech-
nology has been recommended as a sharp tool to inves-
tigate the additional sequence variants in patients with
unexplained CNVs [6, 7].

Terminal chromosome 4q35.2 deletion is an uncom-
mon event and typically manifests as developmental
delay, craniofacial anomalies, intellectual disability and
other dysmorphisms [8, 9]. Previous studies indicated
that the 4q33 region may be the crucial affected region
for 4q deletion syndrome and result in more severe clini-
cal features, while, patients with a more distal region of
4q34q35 may have a mild dysmorphic phenotype and
less impacting intellectual disabilities [10, 11]. The 4q35
microdeletion is rarer with few reports available and
exhibits obvious phenotypic heterogeneity. However,
researchers still have controversial opinions regarding its
pathogenicity.

In this study, both CM A and WES technology were car-
ried out to reveal the genetic etiology in a Chinese pedi-
atric patient with clinical phenotypes including upper
eyelid ptosis, motor developmental delay, abnormal
posturing, coordination abnormalities, attention deficit
hyperactivity disorder, and involuntary movements.

Case presentation

The subject of this study is a male pediatric patient and
also the first child in his family. During the pregnancy,
threatened abortion occurred at 12 weeks, and he was
born at 7 months, with a weight of 1900 g. A special fist-
clenching posture was observed after birth according
to his parents’ description. Subsequently, motor devel-
opmental delay was diagnosed at his age of 2, without
obvious craniofacial malformation, except for a upper
eyelid ptosis. Involuntary movements, inability to con-
centrate, abnormal running posture, and obvious motor
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retardation were presented at the age of 4 and the boy
was subsequently motor developmental delay, abnormal
posturing, coordination issues, attention deficit hyper-
activity disorder, and involuntary movements were diag-
nosed. His EEG detection results came back normal
and the Wechsler Intelligence Scale for Children results
elicited an intelligence score of 73, which was at the bor-
derline of ID. In addition, the parents described that
learn disability was observed during his upbringing and
claimed that he seldom has communicated with others.
At present, the boy is 17 years old, with 173 cm in height
and 64 kg in weight. The parents claimed that involuntary
movements occur less frequently than in childhood, but
still happen occasionally.

Results

Karyotype analysis demonstrated a normal male
karyotype of 46, XY in the patient, and no chro-
mosomal abnormalities were identified in his par-
ents as well. SNP array detection demonstrated a
2.0 Mb deletion in the 4q35.2 region (arr[GRCh37
14q35.2(188,952,176-190,957,473) x 1) (Fig. 1), which
contained two OMIM genes: FRGI (MIM 601278) and
FRG2 (MIM 609032). According to the standards and
guidelines of American College of Medical Genetics
(ACMG) and ClinGen, the 4q35.2 microdeletion was
interpreted as variants of unknown significance (VOUS).
In addition, parental SNP array verification results indi-
cated that the CN'Vs was inherited from his mother.

The terminal 4q35.2 microdeletion region detected
during our clinical experiments was not found in the
DGV database. In addition, the 4q35.2 terminal region
did not cover the haploinsufficiency dosage-sensitive
gene or genome according to the ClinGen database. As
delineated in the DECIPHER database, three different
cases with smaller deletion regions were interpreted as
pathogenic/likely pathogenic variants (DECIPHER ID:
286,230, pathogenic; 331,349, likely pathogenic; 331,286,
likely pathogenic), while, a case with deletion fragment
similar to our case was classified as likely benign variant
(DECIPHER ID: 413,380).

To better understand our results, the clinical findings
and molecular analysis of isolated terminal 4q35.2 micro-
deletion reported in other similar studies were properly
reviewed and listed in Table 1. Furthermore, trio-WES
was carried out to investigate the additional sequence
variants in our patient. However, no pathogenic gene
variants that are relevant to his clinical phenotypes were
detected (Table 2). Additionally, seven variants were
screened out; those being inherited from his parents and
considerably relevant to partial clinical features affecting
the patient. Among them, the NM_000292: c.1828A>G
(p.T610A) variant in the PHKA2 gene was associated
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Fig. 1 SNP array detection results in the patient of our study. A The SNP array analysis result demonstrates a 2.0 Mb deletion in 4935.2 region (arr
[GRCh37]4935.2(188,952,176-190,957,473) x 1), the arrow indicates the deletion region. B In the deletion region, four protein code genes were
covered, including TRIMLT, TRIML2, FRGT and FRG2

Table 1 Clinical findings and molecular genetic analysis in patients with isolated CNVs of distal 4935.2 microdeletion (Literature

review)
References Age/Sex Deletion Size Inheritance Clinical features
Karaman etal.[12] 2years/F 4q35.2 204947 kb Parental Various facial dysmorphic features, developmental delay, postnatal

(Homozygous) growth retardation, intellectual disability, and seizures

Cuturiloetal. [13]  2years2months/M 4q34.1935.2 174 Mb De novo Tetralogy of Fallot, right aortic arch and facial dysmorphism
Pickardetal. [14]  NA 4q35.2 3.0 Mb NA Comorbid schizoaffective disorder and mild intellectual disability
Rossi et al. [15] 17years/F 4q34.1935.2 16435 Mb  De novo Developmental delay, learning disability, ADHD, primary amenor-

rhea, myopia, and minor facial dysmorphic features, clinodactyly
of the left and right fifth toes

Youngsetal.[16]  12years/M 4q35.2 1.2 Mb NA Facial dysmorphic features, fifth finger clinodactyly, hyperflexible,
toe, malalignment, ADHD, aggressive behavior

Balikova etal.[17] ~ 7years/M 4q35.2 1.3 Mb Maternal Mild intellectual disability

Fuetal [18] Fetus 4q35.2 1.58 Mb NA Bilateral multicystic dysplastic kidneys

Xiao et al. [19] Fetus 4935.1935.2 4.5 Mb Maternal Fetal growth restriction without significant abnormalities

Riccardietal.[11]  39years/M 4q935.2 269.34kb  NA Crohn’s disease

Present study 17years/M 4q35.2 2.0 Mb Maternal Motor developmental delay, abnormal posturing, learning disabil-

ity, ADHD, involuntary movements, and upper eyelid ptosis

NA Not available; F Female; M Male; ADHD Attention deficit hyperactivity disorder

with an

X-linked recessive inheritance disease coming in the family elicited that the variant in PHKA2 was also

from his mother who has normal clinical features. In identified in the patient’s uncle who also exhibit normal
addition, further investigation of other male members clinical phenotypes.
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Table 2 Variants identified by whole exome sequencing in our subject

Gene RefGene Variants Mode of Genotype Asian frequency ACMG guidelines Original

inheritance

PHKA2 NM_000292 C.1828A>G XLR hem - VOUS Maternal
p.T610A

CDH2 NM_001792 c1471G>C AD het 0.0002 VOUS Maternal
pV491L

Cic NM_001386298 c.6058C>T AD het 0.0002 VOUS Paternal
p.P20205S

KAT6A NM_006766 C4825A>G AD het 0.0003 VOUS Paternal
p.M1609V

NALCN NM_052867 c.1587C>G ARAD het 0.0001 VOUS Maternal
p.C529W

crci NM_025099 c.2386-1G>A AR het 0.0007 LP Maternal

MANBA NM_005908 c280C>A AR het 0.0011 VOUS Maternal
p.Q94K

XLR X-linked recessive; AD Autosomal dominant; AR Autosomal recessive; VOUS Variants of unknown significance; LP Likely pathogenic; hem Hemizygote; het

Heterozygote

Discussion growth restriction was observed in the fetal period (in the

At present, the genotype—phenotype correlation of
4q35.2 microdeletion has not been fully understood,
despite the many efforts inside the scholarly community.
Chromosome 4q35.2 microdeletion is an uncommon
chromosomal abnormality with obvious phenotypic het-
erogeneity. As listed in Table 1, we reviewed 10 cases of
isolated 4q35.2 microdeletion and identified that in three
cases the gene was inherited from the mother directly
and two cases were de novo. In addition, evident pheno-
typic heterogeneity was observed in the patients, with the
most common affected features being facial dysmorphic
features (5/10), followed by intellectual disability (3/10),
developmental delay (3/10), attention deficit hyperactiv-
ity disorder (ADHD) (3/10), learning disabilities (2/10)
and fifth finger or toe clinodactyly (2/10).

Our subject underwent an assessment of intellectual
disability and obtained a borderline scores of 73, which
may possibly affect his mental development. A simi-
lar study conducted by Riccardi et al. [11] presented the
case of a patient who had a terminal deletion of 4q35.2
and also had a borderline IQ score, with duplication of
Xp22.11 and deletion of 13q34. It is noteworthy that the
clinical phenotypes of developmental delay, ADHD, and
learning disabilities observed in our patient have been
widely reported in cases with 4q35.2 microdeletion
detected in other research [12, 15, 16].

To date, researchers still have controversial opinions on
the pathogenicity of small deletions on the long arm of
distal chromosome 4. A recent prenatal study [19] sug-
gested that the 4q subtelomeric region deletion is a famil-
ial variation and indicated that the 4q35.1g35.2 region
single-copy deletion would not cause obvious congenital
defects or intellectual disability. On the other hand, fetal

studies cases), so it cannot be ruled out that intellectual
disability may occur during in childhood and after birth.
In addition, another similar study conducted by Akbas
et al. [20] demonstrated a case of 2.449Mb terminal
4q35.2 microdeletion in a fetus with growth retardation,
also associated with 4p16.3 deletion (size 130 kb without
covering the Wolf Hirschhorn critical region). Another
related study [21] elicited a 5.75 Mb interstitial deletion
in the 4q35.1q35.2 region in the mother and her two
daughters who had no remarkable phenotypic defects.
In our case, the 4q35.2 microdeletion in the patient was
inherited from his mother (who did not have abnormal
clinical features), which indicates incomplete penetrance.

In the present study, the patient harbour a terminal
4q35.2 deletion that covering FRG1 and FRG2 genes.
FRGI located closely to an integral number of tandem
3.3-kb repeats, termed D4Z4, which was commonly
deleted in most patients with facioscapulohumeral
muscular dystrophy (FSHD). FSHD is associated with
contraction of the D4Z4 macro satellite repeat, of the
unaffected individuals, the D474 array consists of 11 to
150 repeat units, while, the FSHD patients have D474
repeat units from 1 to 10, due to over-expression of
FRG1 [22, 23]. FSHD is a progressive skeletal muscle
disorder with a highly variable phenotype and incom-
plete penetrance, typical manifest as striking asymme-
try of muscle involvement from side to side and sparing
of bulbar extraocular and respiratory muscles [24]. In
addition, a previous study indicate that FRGI appears
to be the candidate gene for penetrance and severity of
ESHD [11]. Moreover, a previous study [25] suggested
that the penetrance of the FSHD was significantly
greater for males (95%) than for females (69%). In our



Zhuang et al. Molecular Cytogenetics (2023) 16:18

case study, more work need to be done to investigate
the repeat units of D4Z4 to determine whether the
FSHD would be diagnosed in the patient.

WES technology was used to investigate the addi-
tional variant in our patient. No pathogenic variant was
detected by WES. However, a NM_000292: c.1828A > G
(p.T610A) variant in PHKA2 gene was observed in
the patient and associated with an X-linked reces-
sive inheritance disease coming from the mother side.
PHKA2 gene mutations can often cause deficiencies
of hepatic phosphorylase kinase activity and result in
glycogen storage disease type IXa, with typical clinical
symptoms involving combinations of hypoglycaemia,
hepatosplenomegaly, short stature, hepatopathy, weak-
ness, fatigue, and motor delay [26, 27]. However, our
patient did not have most of these relevant features,
except for motor developmental delay. In addition, the
PHKA?2 gene variant was also identified in the patient’s
uncle, who manifest normal clinical phenotypes. Thus,
we believe that the ¢.1828A > G (p.T610A) variant in the
PHKA?2 gene identified in our patient may not responsi-
ble for his clinical anomalies.

To our best knowledge, there have been no reports
about patients with 4q35.2 microdeletion that led
to the clinical features of involuntary movements
and upper eyelid ptosis. We believe both of the involun-
tary movements and upper eyelid ptosis in the patient
may ascribe to the 4¢35.2 microdeletion.

In conclusion, our study is a novel analysis of a case
of 2.0 Mb 4q35.2 microdeletion in a Chinese pediatric
patient. Both of the clinical symptoms of upper eyelid
ptosis and involuntary movements were first identi-
fied in a patient with 4q35.2 microdeletion, which may
broadened the phenotype spectrum of this genetic
syndrome.

Acknowledgements

We wish to express our appreciation to Fujian Provincial Health Commission
and Quanzhou Science and Technology Bureau for funding this work and to
the patients and their guardians who agreed to participated in this study.

Author contributions

JZ designed and wrote the study; SL, XC and YJ performed genetic consulta-
tions and recruited the participants; JZ, YJ and CC modified and proofread the
paper. All authors approved the final article.

Funding

This research was Sponsored by the Fujian Provincial Health Technology
Project (n0.2020QNB045); the Key Project on the Integration of Indus-

try, Education and Research Collaborative Innovation of Fujian Province
(n0.2021YZ034011) and the Key Project on Science and Technology Program
of Fujian Health Commission (n0.2021ZD01002) and Quanzhou Science and
Technology Program of China (n0.2023NS068).

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Page 5 of 6

Declarations

Ethics approval and consent to participate

Ethics Committee approval was obtained from the Institutional Ethics Com-
mittee of Quanzhou Women's and Children’s Hospital for the commencement
of this study (2020No.31). All procedures performed involving human partici-
pants were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki declaration and

its later amendments or comparable ethical standards. Informed consent was
obtained from all subjects and/or guardian(s) involved in this study.

Consent for publication

We confirm that written informed consent was signed by the patient’s parents
for publishing their own and their children’s genetic data and relevant infor-
mation, and the written informed consent is available upon request.

Competing interests
The authors declare no competing interests.

Author details

"Prenatal Diagnosis Center, Quanzhou Women's and Children’s Hospital,
Quanzhou 362000, Fujian Province, People’s Republic of China. 2Department
of Neurology, The Second Affiliated Hospital of Fujian Medical University,
Quanzhou 362000, Fujian, People’s Republic of China.

Received: 16 May 2023 Accepted: 25 July 2023
Published online: 02 August 2023

References

1. Morris JK, Waters JJ, de Souza E. The population impact of screening for
Down syndrome: audit of 19 326 invasive diagnostic tests in England and
Wales in 2008. Prenat Diagn. 2012;32(6):596-601.

2. Miller DT, Adam MP, Aradhya S, et al. Consensus statement: chromo-
somal microarray is a first-tier clinical diagnostic test for individuals with
developmental disabilities or congenital anomalies. Am J Hum Genet.
2010;86(5):749-64.

3. Society for Maternal-Fetal Medicine (SMFM). Electronic address: pubs@
smfm.org, Dugoff L, Norton ME, Kuller JA. The use of chromosomal micro-
array for prenatal diagnosis [published correction appears in Am J Obstet
Gynecol. 2017 Feb;216(2):180]. Am J Obstet Gynecol. 2016;215(4):B2-B9

4. HuT, Zhang Z,Wang J, et al. Chromosomal aberrations in pediatric
patients with developmental delay/intellectual disability: a single-center
clinical investigation. Biomed Res Int. 2019;2019:9352581.

5. Jang W, KimY, Han E, et al. Chromosomal microarray analysis as a first-tier
clinical diagnostic test in patients with developmental delay/intel-
lectual disability, autism spectrum disorders, and multiple congenital
anomalies: a prospective multicenter study in Korea. Ann Lab Med.
2019;39(3):299-310.

6. Granata P, Cocciadiferro D, Zito A, et al. Whole exome sequencing in
16p13.11 microdeletion patients reveals new variants through deductive
and systems medicine approaches. Front Genet. 2022;13:798607.

7. QiaoY, Bagheri H, Tang F, et al. Exome sequencing identified a de novo
mutation of PURA gene in a patient with familial Xp22.31 microduplica-
tion. Eur J Med Genet. 2019;62(2):103-8.

8. Kuldeep CM, Khare AK, Garg A, Mittal A, Gupta L. Terminal 4q deletion
syndrome. Indian J Dermatol. 2012;57(3):222-4.

9. Strehle EM, Gruszfeld D, Schenk D, Mehta SG, Simonic |, Huang T.

The spectrum of 4g- syndrome illustrated by a case series. Gene.
2012;506(2):387-91.

10. Keeling SL, Lee-Jones L, Thompson P. Interstitial deletion 4932-34 with
ulnar deficiency: 4933 may be the critical region in 4g terminal deletion
syndrome. Am J Med Genet. 2001;99(2):94-8.

11. Riccardi F, Rivolta GF, Uliana V, et al. Cryptic 13q34 and 4g35.2 deletions in
an Italian family. Cytogenet Genome Res. 2015;147(1):24-30.

12. Karaman Mercan T, Altiok Clark O, Erkal O, et al. Coexistence of a homozy-
gous chromosome 4g35.2 deletion and Hidden IQSEC2 pathogenic
variant in a child with intellectual disability. Cytogenet Genome Res.
2021;161(3-4):153-9.



Zhuang et al. Molecular Cytogenetics

20.

21.
22.

23.

24.

25.

26.

27.

(2023) 16:18

Cuturilo G, Menten B, Krstic A, et al. 4934.1-g35.2 deletion in a boy

with phenotype resembling 22q11.2 deletion syndrome. Eur J Pediatr.
2011;170(11):1465-70.

Pickard BS, Hollox EJ, Malloy MP, et al. A 4g35.2 subtelomeric deletion
identified in a screen of patients with co-morbid psychiatric iliness and
mental retardation. BMC Med Genet. 2004;5:21.

Rossi MR, DiMaio MS, Xiang B, et al. Clinical and genomic charac-
terization of distal duplications and deletions of chromosome 4q:

study of two cases and review of the literature. Am J Med Genet A.
2009;149A(12):2788-94.

Youngs EL, Henkhaus RS, Hellings JA, Butler MG. 12-year-old boy with a
4g35.2 microdeletion and involvement of MTNRTA, FAT1, and F11 genes.
Clin Dysmorphol. 2012;21(2):93-6.

Balikova I, Menten B, de Ravel T, et al. Subtelomeric imbalances in pheno-
typically normal individuals. Hum Mutat. 2007,28(10):958-67.

Fu F, Chen F, Li R, et al. Prenatal diagnosis of fetal multicystic dysplastic
kidney via high-resolution whole-genome array. Nephrol Dial Transplant.
2016;31(10):1693-8.

Xiao G, Qiu X, Zhou Y, Tan G, Shen Y. Prenatal diagnosis of a 45-Mb dele-
tion at chromosome 4g35.1935.2: case report and literature review. Mol
Cytogenet. 2021;14(1):53.

Akbas H, Cine N, Erdemoglu M, et al. Prenatal diagnosis of 4p and 4q
subtelomeric microdeletion in de novo ring chromosome 4. Case Rep
Obstet Gynecol. 2013;2013: 248050.

Yakut S, Clarck OA, Sanhal C, et al. A familial interstitial 4935 deletion with
no discernible clinical effects. Am J Med Genet A. 2015;167A(8):1836-41.
Gabellini D, D’Antona G, Moggio M, et al. Facioscapulohumeral muscular
dystrophy in mice overexpressing FRG1. Nature. 2006;439(7079):973-7.
Gabellini D, Green MR, Tupler R. Inappropriate gene activation in FSHD:

a repressor complex binds a chromosomal repeat deleted in dystrophic
muscle. Cell. 2002;110(3):339-48.

Schatzl T, Kaiser L, Deigner HP. Facioscapulohumeral muscular dystrophy:
genetics, gene activation and downstream signalling with regard

to recent therapeutic approaches: an update. Orphanet J Rare Dis.
2021;16(1):129.

Zatz M, Marie SK, Cerqueira A, Vainzof M, Pavanello RC, Passos-Bueno
MR. The facioscapulohumeral muscular dystrophy (FSHD1) gene affects

males more severely and more frequently than females. Am J Med Genet.

1998;77(2):155-61.

Beauchamp NJ, Dalton A, Ramaswami U, et al. Glycogen storage
disease type IX: high variability in clinical phenotype. Mol Genet Metab.
2007;92(1-2):88-99.

Fu J,Wang T, Xiao X. A novel PHKA2 mutation in a Chinese child with
glycogen storage disease type IXa: a case report and literature review.
BMC Med Genet. 2019;20(1):56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Identification of a novel isolated 4q35.2 microdeletion in a Chinese pediatric patient using chromosomal microarray analysis: a case report and literature review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Case presentation
	Results
	Discussion
	Acknowledgements
	References


