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variant causing intellectual developmental
disorder with dysmorphic facies and ptosis
in a Chinese family
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Abstract

Background Intellectual developmental disorders with dysmorphic facies and ptosis (IDDDFP) are rare neurological
conditions caused by variants in the BRPF1 gene. They primarily manifest as intellectual disabilities (ID) alongside dis-
tinctive facial features, particularly ptosis and blepharophimosis. This study aimed to investigate the molecular etiol-
ogy and phenotype of the inaugural IDDDFP family documented in China.

Methods and results Clinical data were collected and validated through trio-based whole-exome sequencing

of DNA from the proband and her parents, complemented by quantitative polymerase chain reaction (qPCR). The
proband, a 10-month-old girl, presented with focal seizures and developmental delays. Notably, she exhibited facial
features similar to those of her mother and sister, including ptosis and blepharophimosis. Both the proband’s mother
and sister also had mild ID. Genetic testing identified BRPF1 deletion variants in all affected individuals, resulting

in exon 2-14 heterozygous deletion. The gPCR verification confirmed the wild-type BRPFT in the proband'’s father
and eldest sister. A review of 46 documented patients with BRPFT deficiency revealed that the primary clinical
manifestations encompassed varying degrees of ID alongside special facial features, skeletal deformities, and ocu-
lar abnormalities. However, epilepsy was found to be rare in this syndrome. The syndrome has variable phenotypic
features of neurodevelopmental disorders. Meanwhile, there seems to be a lack of correlation between phenotype
and genotype.

Conclusion Our findings broaden the genotypic and phenotypic spectrum of individuals with genetically patho-
genic variants of BRPF1. Moreover, they underscore the significance of recognizing ptosis and blepharophimosis
associated with ID or seizures as potential signs of BRPF1 variants.
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Background

Intellectual disability (ID) typically denotes significant
cognitive impairment compared to individuals of the
same age accompanied by apparent deficits in social
adaptability [1]. The etiology of ID is complex and exten-
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histone deacetylases, DNA methyltransferases, and
ATP-dependent helicases [3]. The BRPFI gene encodes
the bromodomain and plant homeodomain finger-con-
taining protein 1, a chromatin reader that facilitates the
histone acetylation process [4]. In 2017, two independ-
ent research teams concurrently discovered that defects
in BRPFI cause hereditary ID syndrome characterized
by identifiable features along with varying degrees of ID
severity (typically mild). These features may include facial
deformities, such as ptosis and blepharophimosis, skel-
etal deformities, and developmental delays [5, 6]. Con-
sequently, ID syndrome associated with heterozygous
variants in BRPFI and distinctive facial features was des-
ignated as an intellectual developmental disorder with
dysmorphic facies and ptosis (IDDDFP; OMIM#617333).
Fewer than 50 cases of IDDDFP have been reported,
highlighting the scarcity of essential research data
regarding the correlation between disease phenotypes
and genotypes [3, 5-13]. In this study, we present a case
involving a Chinese family exhibiting typical IDDDFP
features, with the proband also presenting with infantile
epilepsy and developmental delay. Genetic testing con-
firmed BRPF1 variants in all affected family members.

Materials and methods

Study participant

The proband was a 10-month-old female infant, the
mother’s fifth pregnancy, and the third delivery (Fig. 1;
two uninduced spontaneous miscarriages). The proband
was admitted to the hospital at 9 months of age owing
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to febrile convulsions. Patient medical history and clini-
cal data, such as physical examinations, auxiliary exam-
inations, imaging studies, and genetic testing, were
collected to enhance data accuracy. Informed consent
was obtained from the patient’s parents and approved by
the study’s hospital (2024-03).

Trio-whole-exome sequencing

For trio-based whole-exome sequencing, peripheral
blood samples (3 mL) were collected from the patient
and her parents. Genomic DNA was then extracted from
these samples following the instructions provided by the
DNA extraction kit (Qiagen, Inc.). xGEN Exom Research
Panel v1.0 probe (IDT, Coralville, IA, USA) enriched
exomes encoding proteins. Subsequently, the genome was
sequenced using the second-generation high-throughput
sequencing platform NovaSeq 6000 (Illumina, San Diego,
CA). Fastp files were used to perform adapter trimming
and filter low-quality reads. Burrows—Wheeler Align-
ment version 0.7.9a (http://bio-bwa.sourceforge.net)
was used to align the GRCh/hg19 reference genome, and
Genome Analysis Toolkit software V3.5 (https://gatk.
broadinstitute.org/hc/en-us) was used to perform vari-
ant calling on single-nucleotide variants [14—16]. The fil-
tered variant annotations included databases such as the
dbSNP, 1000 Genomes Project, Exac, ESP, and gnomAD.
Prediction algorithms, including Provean, SIFT, Pol-
ypen2, MutationTaster, M-Cap, and Revel software pack-
ages, were used to assess the potential pathogenicity of
missense variants. Finally, all variants were evaluated for
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Fig. 1 Family diagram of the patient with intellectual disability. The red arrow indicates the proband
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pathogenicity according to the guidelines of the Ameri-
can College of Medical Genetics and Genomics (ACMG)
[17].

Quantitative real-time polymerase chain reaction

We conducted qPCR validation of the proband, her par-
ents, and two sisters. The qPCR samples were analyzed
using Takara SYBR Green reagent (Toyobo, Osaka,
Japan), with ALB genomic content as an endogenous
control for data normalization. The copy number was
calculated using the AACt method, while two normal
individual genomic DNA samples were employed as neg-
ative controls. Typically, the relative copy number of nor-
mal samples falls around 1 (normally ranging 0.8-1.2),
whereas the relative copy number of heterozygous BRPF1
exon deletion samples is approximately 0.5. Supplemen-
tary Table 1 lists the primer sequences.

Results

Clinical features

This case involved a 10-month-old female patient deliv-
ered through a full-term breech presentation at 39 weeks
of gestation. The child weighed 3600 g at birth, measured
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50 cm in length, and experienced no prenatal or perinatal
adverse events. At 8 months old, the child began expe-
riencing intermittent convulsions due to a high fever of
40 °C, occurring approximately every 2 h. During these
episodes, she exhibited confusion and right-sided staring,
lasting a few min before resolving spontaneously. Subse-
quently, owing to an escalation in seizure frequency, the
child was brought to our hospital. Shortly after admis-
sion, she experienced another convulsion characterized
by confusion, staring eyes, foaming at the mouth, and
limb twitching, lasting approximately 10 min. Physical
examination revealed instability while sitting, delayed
growth and development, and reduced limb muscle tone.
Facial features included ptosis of the left eyelid (Fig. 2).
Multiple seizures were captured during video electroen-
cephalogram (EEG) monitoring, exhibiting head turning
to the right, sluggish expression, and unresponsiveness
to stimuli. Synchronous EEG showed medium-high
amplitude slow spikes and polyspiny slow, complex
waves in the left lead, with the frequency and ampli-
tude gradually increasing (Fig. 3). Brain MRI showed no
abnormalities (Fig. 4). Treatment primarily involved oral
sodium valproate for antiepileptic therapy. At 2 months

Proband’s eldest sister
BRPFI -/-

Proband’s mother
BRPF1 +/-

Proband
BRPFI +/-

Proband’s second sister
BRPF1 +/-

Fig. 2 Facial features of the family. Affected family members show ptosis and blepharophimosis, and the facial features of the proband’s eldest

sister are significantly different from those of the affected members

Fig. 3 Video electroencephalography monitors the proband’s three seizures, with medium-high amplitude 2-3 Hz spike-slow and polyspiny-slow
complex waves on the left lead, with the frequency and amplitude gradually increasing



Liu et al. Egyptian Journal of Medical Human Genetics

(2024) 25:67

Page 4 of 11

Fig. 4 The proband’s cranial magnetic resonance imaging shows no structural abnormalities

of follow-up, the seizures ceased, effectively controlled by
medication.

Family history

The proband’s father, aged 29 years, and eldest sister, aged
8 years, were asymptomatic. The mother, aged 24 years,
exhibited mild ID, with an IQ of 78 on the Wechsler
intelligence scale test, and displayed bilateral eyelid pto-
sis. Similarly, her sister, aged 6 years, also had mild ID,
with an IQ test score of 70, and presented with left eyelid
ptosis akin to the proband (Fig. 2). Furthermore, neither
the proband’s mother nor her sister showed clinical man-
ifestations of seizures, hypotonia, or global developmen-
tal delays.

Genetic studies

The proband and her parents underwent trio-based
whole-exome sequencing, revealing no other single-
nucleotide variants associated with seizures or ID. How-
ever, a heterozygous deletion of BRPFI (NM_001003694:
loss1; exon2-exonl4) was detected in the proband. The
mother carried this variant, while the father had the wild-
type variant (Fig. 5). This variant was rated as likely path-
ogenic based on the ACMG guidelines (PVS1+PM2).

qPCR validation

qPCR revealed that the relative copy number of exons
2—-14 of BRPF1 in the proband, her mother, and sister was
approximately 0.5. In contrast, those of her father and
eldest sister fell within the normal range. This suggests

that both the proband and her sister inherited the BRPFI
variant from their mother (Fig. 6).

Discussion

In this study, we report a case involving a Chinese family
exhibiting mild ID and facial dysmorphism. The proband,
a 10-month-old child, not only displayed facial dysmor-
phisms but also experienced focal seizures and develop-
mental delays. Genetic testing identified heterozygous
deletion variants of BRPF1 in the proband, her mother,
and her sister.

BRPF] variations are associated with IDDDFP, with
46 patients documented across 10 studies (Table 1).
The affected individuals typically present with varying
degrees of ID (98%, 44/45) and facial deformities, mainly
ptosis and blepharophimosis (72%, 32/44). Visual or ocu-
lar issues (64%, 25/39), such as strabismus, amblyopia,
or refractive error, are relatively common. Additionally,
some patients exhibit skeletal deformities (72%, 31/43),
including hand (brachydactyly and brachymetacarpia)
and foot (clubfoot or syndactyly) differences. However,
a minority of patients with IDDDFP experience seizures
(21%, 9/43) and structural brain abnormalities (50%,
10/20), often characterized by abnormal white matter
signals under MRI and corpus callosum thinning [3, 5—
13]. The affected family members in our report exhibited
typical facial dysmorphisms of IDDDEFP. Specifically, the
proband, mother, and sister exhibited facial features con-
sistent with hypoblepharoptosis. Owing to the proband’s
young age, an intelligence evaluation was not conducted.
However, both her mother and sister exhibited mild ID
without signs of developmental delay. While epilepsy is
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Fig. 5 Schematic diagram of exon deletions/duplications in the proband and parents based on next-generation sequencing results. The red dotted

lines indicate normal reference values

to the seizure characteristics in our proband, suggesting

the involvement of BRPFI in the mechanism of epilepsy

[10].

observed in a minority of patients with BRPFI defects,
onset typically occurs in childhood [5, 6, 10]. Notably,
only one case involving a 3-month-old infant with fever-

induced multiple seizures has been documented, similar
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Fig. 6 Quantitative polymerase chain reaction shows the BRPFT exon deletion in the proband, her parents, and two sisters. The red dotted lines

indicate normal reference values

The primary reported variants comprised frameshift
(47%, 16/34), nonsense (26%, 9/34), and three deletion
(9%) variants, suggesting haploinsufficiency of BRPFI as
a pathological mechanism [3, 5-13]. However, pheno-
typic variations exist among affected individuals within
the same family. For instance, in the family reported by
Pode-Shakked et al., all affected offspring exhibited ID
despite their mothers carrying the same variants with-
out showing cognitive impairments [3]. Similarly, in the
family reported by Mattioli et al., the patients’ offspring
exhibited agenesis of the corpus callosum and attention
deficit hyperactivity disorder; however, their mother
lacked such symptoms [6]. Including the family with ID
reported in this study, only the proband exhibited sei-
zures and developmental delay. This emphasizes that
BRPF1I defects have variable phenotypic characteristics in
neurodevelopmental disorders, suggesting no definitive
correlation between the BRPFI genotype and phenotype.
For clinical diagnosis, consideration should be given to
IDDDEP in patients with facial deformities, particularly
ptosis and blepharophimosis, alongside ID. However, the
differential diagnosis should also include Arboleda—Tham
syndrome (OMIM#616268) or Say—Barber—Biesecker—
Young—Simpson syndrome (OMIM#603736), stem-
ming from KAT6A or KAT6B gene defects, respectively.
Patients with KAT6A or KAT6B deficiency may exhibit
more severe neurodevelopmental disorders and multisys-
tem malformations [18, 19]. It is also worth noting that
CDK13 gene defects lead to congenital heart defects, dys-
morphic facial features, and intellectual developmental

disorder (OMIM#617360), which is accompanied by
facial features such as a wide eye distance, epicanthus,
ptosis, and ear deformities; different degrees of nervous
system abnormalities; and characteristics of congenital
heart disease with high penetrance [20].

BRPF1I, located in the p25.3 region of chromosome 3,
encodes the BRPF1 protein, comprising 1,214 amino
acids. This protein exhibits ubiquitous expression, par-
ticularly in the testis and spermatogonia, where it attains
the highest expression level [21]. Structurally, the BRPF1
protein comprises three main domains: a bromodomain,
a plant homeodomain finger, and a chromo/tudor-related
Pro-Trp-Trp-Pro (PWWP) motif [22]. Serving as a cru-
cial component of the KAT6A (also known as MOZ or
MYST3)/KAT6B (also known as MORF or MYST4) his-
tone acetyltransferase (HAT), the BRPF1 protein func-
tions as both a scaffolding subunit and transcriptional
regulator [23]. Notably, KAT6A and KAT6B defects can
result in neurodevelopmental disorder phenotypes simi-
lar to those observed in IDDDFP [24, 25]. Previous stud-
ies have shown that BRPF1 primarily controls H3K23
acetylation through KAT6A/KAT6B, thereby influenc-
ing epigenetic regulation and developmental programs
[26, 27]. In a study by Yan et al., BRPF1-deficient patients
with neurodevelopmental disorders exhibited disrupted
propionylation processes in addition to H3K23 acetyla-
tion regulation [10]. This finding suggests that BRPF1
deficiency may regulate the H3K23 acylation process
through KATS6, contributing to the pathogenesis of neu-
rodevelopmental disorders. The heterozygous deletion of
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exons 2—14 in BRPFI identified in our study impairs the
biological functions of the various domains of the BRPF1
protein.

Currently, no effective treatment is available for
IDDDEFP. However, research by Yan et al. suggested that
BRPFI variation contributes to H3K23 acylation defects.
They revealed that valproate, vorinostat, propionate, and
butyrate can enhance H3K23 acylation at the cellular
level. Specifically, propionate has been shown to enhance
H3K23 propionylation in embryonic fibroblasts in mouse
models [10]. Understanding these mechanisms and fur-
ther pharmacological studies may provide potential treat-
ment strategies for patients with IDDDFP. In addition,
patients with IDDDFP may be subjected to potential
social discrimination due to their ID and appearance, and
their quality of life is often low, necessitating special edu-
cation and psychological counseling.

Conclusions

In conclusion, we may be the first to report a Chinese
family affected by IDDDEFP, wherein the proband shares
similar facial features with her mother/sister and exhib-
its additional symptoms of seizures and developmental
delay. However, this study had limitations, primarily the
lack of more detailed clinical investigations of affected
family members and the need to expand variant verifi-
cation to other maternal relatives. Overall, IDDDEFP is a
phenotypically variable genetic disorder characterized
by ID and accompanied by ptosis, blepharophimosis, or
seizures. Genetic testing actively used to identify BRPFI
variants is crucial for guiding genetic counseling.
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IDDDFP  Intellectual developmental disorder with dysmorphic facies and
ptosis

D Intellectual disabilities

BRPF1 Bromodomain and plant homeodomain finger-containing protein
1

PCR Polymerase chain reaction
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PM2 Pathogenic moderate
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