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Molecular characterization of a rare TP63

variant associated with split-hand/split-foot
malformation 4 and incomplete penetrance:
disruption of the p63-Dlx signaling pathway

Jianlong Zhuang'", Yanging Li', Yu'e Chen?, Hegan Zhang?, Shufen Liu*, Manman Hu® and Chunnuan Chen*"

Abstract

Background Split-hand/foot malformation (SHFM) is a congenital disability characterized by the absence or
hypoplasia of the central ray of the hands and/or feet. This study reports a causative variant in the TP63 gene in a
Chinese family exhibiting limb anomalies associated with SHFM4,

Methods Enrolled in this study was a Chinese family with limb anomalies without any other clinical features.
Karyotype analysis and chromosomal microarray analysis (CMA) were conducted to identify chromosomal
abnormalities. Whole exome sequencing (WES) was utilized to investigate sequence variants, while RNA sequencing
assessed differentially expressed genes, with findings confirmed through quantitative PCR (gPCR).

Results Karyotype analysis and CMA revealed no chromosomal abnormalities in the family. Subsequently, WES
identified a rare heterozygous variant of NM_003722.5: ¢.956G > A (p.Arg319His) in the TP63 gene in the proband,
which was inherited from her father who also presented with limb deformities. However, both of the sister and
grandfather of the proband had the same variant but exhibited normal limb morphology. RNA sequencing results
demonstrated an increased expression level of TP63 and its downstream genes (PERP, CDH3, and DLX5) compared
with the controls, indicating an enrichment of cell adhesion molecules the differentially expressed genes in the
patient. However, significant differences were noted only for the CDH3 and DLX5 genes in gPCR analysis (p<0.05).

Conclusion This study identifies, for the first time, the TP63 gene variant c.956G > A (p.Arg319His) as a causative
factor for SHFM4 in Chinese individuals with incomplete penetrance. In addition, we hypothesize that the p.Arg319His
variant functions as a gain-of-function variant, leading to the upregulation of cell adhesion target genes. Such
upregulation then disrupts the p63-Dlx signaling pathway and causes AER stratification failure.
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Introduction

Split-hand/foot malformation (SHFM) is a congeni-
tal limb malformation characterized by the absence of
central rays in the autopod, presenting with syndactyly,
median clefts of the hands and feet, and aplasia and/or
hypoplasia of the phalanges, metacarpals, and metatar-
sals. Variants in several genes, including TP63, DLXS5,
DLX6, FGF8, FGFR1, WNT10B, and BHLHAY, have been
implicated as causative factors for SHFM [1-5]. Accord-
ing to the classification proposed by Umair and Hayat,
isolated SHFM is categorized as Type 1, which encom-
passes isolated hand and/or foot malformations (SHFM
Types 1 to 6). Conversely, Type 2 is associated with defi-
ciencies in the long bones (SHFLD Types 1 to 3) [6, 7].
The apical ectodermal ridge (AER) is a critical transient
signaling center for proximodistal growth and distal limb
development. Previous studies have suggested that gene
variants associated with SHFM may lead to dysregulation
of FGF8 within AER cells located in the central regions of
the hands and feet. This dysregulation may further dis-
rupt the Wnt-Bmp-Fgf signaling pathways in the AER,
contributing to the development of SHFM [1, 8].

The tumor protein p63 (TP63) gene contains 15 exons
located at chromosome 3q27, which plays an important
role in regulating epithelial, limb and craniofacial devel-
opment [9]. A previous study [10] noted that p63~/~
mouse model showed reduced FGF8 expression in the
AER, subsequently leading to split hand/foot malfor-
mation. Pathogenic variants within the TP63 gene are
classified into six TP63-related disorders, including anky-
loblepharon-ectodermal defects-cleft lip/palate (AEC)
syndrome, acro-dermo-ungual-lacrimal-tooth (ADULT)
syndrome, ectrodactyly, ectodermal dysplasia, cleft lip/
palate syndrome 3 (EEC3), limb-mammary syndrome
(LMS), split-hand/foot malformation type 4 (SHFM4),
isolated cleft lip/cleft palate [11].

In this report, we present a family with SHFM4 from
the Quanzhou region of Southeast China. Whole exome
sequencing (WES) identified a missense ¢.956G>A
(p-Arg319His) variant of TP63 gene. This variant, first
reported in Chinese individuals, demonstrates incom-
plete penetrance. Our findings offer valuable insights for
genetic counseling in clinical practice.

Materials and methods

Subjects

In this study, a family with SHFM from Fujian province,
Southeast China was recruited. The proband, along with
his immediate family members, was recruited for further
genetic analysis. Following the acquisition of informed
consent, we conducted karyotype analysis, chromo-
somal microarray analysis, and whole exome sequencing.
Approval for the study was granted by the Institutional
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Ethics Committee of Quanzhou Women’s and Children’s
Hospital (Approval No. 2020No.31).

Karyotype analysis

Approximately 10 ml amniotic fluid in the fetus and
2 ml peripheral blood in each family member were col-
lected for karyotype analysis. According to our previous
reported protocol [12], the cultured peripheral blood
lymphocytes cells and amniotic fluid cells were harvested
using the Sinochrome Chromprepll automatic chromo-
some harvesting system (Shanghai Lechen Biotechnology
Co., Ltd.).

Chromosomal microarray analysis
A total of 10 mL of amniotic fluid was obtained from
the fetus, along with 3 to 5 mL of peripheral blood from
each family member, for the purpose of chromosomal
microarray analysis and whole exome sequencing. The
extraction of genomic DNA from both the amniotic fluid
and peripheral blood samples was performed using the
QIAamp DNA Blood Kit (QIAGEN, Germany).
According to the protocol described previously [13],
chromosomal microarray analysis was carried out using
single-nucleotide polymorphism based Affymetrix Cyto-
scan 750 K chip (Life Technologies, American) to detect
single-nucleotide polymorphism and copy number vari-
ants (CNVs). Data analysis was performed utilizing the
Genotyping Console and Chromosome Analysis Suite
Software. The pathogenicity of the identified CNVs was
assessed using several databases, including the Database
of Genomic Variants (DGV), Online Mendelian Inheri-
tance in Man (OMIM), DECIPHER and PubMed. Sub-
sequently, the CN'Vs were classified as pathogenic, likely
pathogenic, variants of uncertain significance, likely
benign, or benign, in accordance with the standards and
guidelines set forth by the American College of Medical
Genetics (ACMG) and the Clinical Genome Resource
(ClinGen) [14].

Whole exome sequencing

The genomics DNA of the fetus and the other family
members were further subjected to WES analysis. The
[lumina HiSeq 2500 platform (Illumina, San Diego, CA,
USA) was used for whole exome sequencing. The pro-
cedure involved several steps, including DNA quanti-
fication, DNA shearing, library preparation of targeted
regions, and quantification of the sequencing librar-
ies. Data analysis was conducted in accordance with the
methodologies outlined in our previous study [15]. This
analysis included variant calling, annotation and vari-
ant screening. To identify minor allele frequencies for
all known variants, we utilized several established data-
bases, including dbSNP, the 1000 Genomes Project, the
Exome Aggregation Consortium, and the Exome Variant
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Server. Variants were selected based on a comprehensive
evaluation that integrated clinical information from the
proband with the aforementioned annotated data, with
particular emphasis placed on de novo variants, com-
pound heterozygotes, homozygotes, and hemizygotes.
Detected candidate variants were classified as patho-
genic, likely pathogenic, variants of uncertain signifi-
cance, likely benign, or benign according to the ACMG
guidelines [16].

RNA sequencing

The total RNA was extracted from the patient (n=1)
and three age matched controls (n =3, without any birth
defects), using fetal aborted tissue according to the
instruction manual of the Trizol reagent (Life technolo-
gies, California, USA). The concentration and purity of
the extracted RNA were measured using NanoDrop
2000 (Thermo Fisher Scientific, Wilmington, DE). RNA
integrity was assessed using the RNA Nano 6000 assay
kit of the Agilent Bioanalyzer 2100 system (Agilent Tech-
nologies, CA, USA). A total of 1 ug RNA per sample was
used as input material for the RNA sample preparations.
Sequencing libraries were generated using the Hieff NGS
Ulitma Dual-mode mRNA Library Prep Kit for Illumina
(Yeasen Biotechnology (Shanghai) Co., Ltd.) following
manufacture’s recommendations, and index codes were
added to attribute sequences to each sample. The librar-
ies were sequenced on an Illumina NovaSeq platform to
generatel50 bp paired-end reads, in accordance with the
manufacturer’s instructions.

The raw data, in fastq format, underwent initial pro-
cessing using custom perl scripts. Gene expression lev-
els were then estimated using the fragments per kilobase
of transcript per million fragments mapped (FPKM)
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method. In the case of samples with biological replicates,
differential expression analysis between two conditions/
groups was performed using DESeq2. DESeq2 employs
statistical algorithms based on the negative binomial
distribution to determine differential expression in digi-
tal gene expression data. To account for multiple test-
ing, the resulting P-values were adjusted using the
Benjamini and Hochberg’s approach to control the false
discovery rate. Genes with an adjusted P-value<0.01 &
Fold Change>2 found by DESeq2 were classified as dif-
ferentially expressed. For samples without biological
replicates, differential expression analysis between two
samples was conducted using edgeR. The FDR<0.01 &
Fold Change =2 was set as the threshold for significantly
differential expression.

Results

Subject information

A family from Quanzhou region Southeast China with
SHFM was recruited in this study (Fig. 1). The proband
(IV2) is a female who was born weighing 2900 g and mea-
suring 50 cm in height. At the time of the study, she is
4 years old and has reached normal developmental mile-
stones, albeit with limb deformities that include a wid-
ening gap between the index and middle fingers of her
right hand, as well as syndactyly and polydactyly in her
right foot (Fig. 2). Surgical intervention was performed
when she was 2 years old. As demonstrated in Fig. 1, the
proband’s father (III12), and other family members listed
in this pedigree (113, IV7) also exhibit limb deformities.
The proband’s father (III2) presents with widening gaps
between his index and middle fingers on both hands, in
addition to bipedal syndactyly and ectrodactyly. More-
over, individuals 113 and IV7 display syndactyly, although
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Fig. 1 Pedigree Information of the Enrolled Family. The arrow indicates the proband in the family. In this pedigree, 113, 112, IV2, IV3 and IV7 exhibited limb

abnormalities
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Fig. 2 Limb Anomalies Observed in the Proband (IV2). A-B: In the pro-
band, a noticeable widening of the gap between the index and middle
fingers of the right hand was observed, accompanied by normal phalan-
ges (E). Additionally, as shown in F, the right foot exhibited syndactyly
involving the first and second toes, along with polydactyly of the third
toe. Surgical intervention was performed on her right foot, with relevant
details provided in Cand D

no specific observations have been made regarding the
nature of their conditions. In contrast, the proband’s
sister, who is 5 years old, has achieved normal develop-
mental milestones and exhibits no significant limb defor-
mities. In the family’s third pregnancy, at a gestational age
of 25*% weeks, prenatal ultrasound examination revealed
that the fetus displayed various limb deformities, includ-
ing clefts in both hands and the left foot, as well as syn-
dactyly in the left hand and both feet. Ectrodactyly was
also noted in both hands and the right foot (Fig. 3). The
family chose to terminate the pregnancy, leading to the
delivery of a male infant who exhibited limb deformities
consistent with the findings from the prenatal ultrasound
examination (Fig. 3).
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Karyotype and chromosomal microarray analysis results
Karyotype analysis and SNP array analysis revealed no
evident chromosomal abnormalities or CN'Vs in the pro-
band, as well as in the fetus, the proband’s parents, and
her sister.

Whole exome sequencing detection results

WES technology was employed to investigate the genetic
etiology of limb deformities observed in this family. The
results of the trio-WES analysis identified a rare heterozy-
gous variant of NM_003722.5: ¢.956G > A (p.Arg319His)
in the TP63 gene of the proband, which was inherited
from her father who also had limb deformities. The
presence of this variant was further confirmed through
Sanger sequencing (Fig. 4). Notably, the fetus also har-
bored the NM_003722.5: c¢.956G > A (p.Arg319His) vari-
ant in the TP63 gene, which was associated with more
severe limb deformities. Interestingly, the proband’s
older sister (IV1) and grandfather (II1) also possessed
the same variant but displayed normal physical features.
Conversely, the proband’s uncle (III5) and cousin (IV6)
did not have the variant and exhibited normal character-
istics. The detected variant was absent from population
databases such as gnomAD and the 1000 genomes proj-
ect, indicating its potential pathogenicity. Computational
analyses suggested that this variant is likely to impact
protein structure and function (MetaSVM_score:0.955;
GERP++_RS:5.61). Moreover, no additional pathogenic
variants associated with related clinical phenotypes were
detected within this family. A high degree of conserva-
tion was observed for the TP63 variant across different
species (Fig. 5). The computer-aided software homology
modeling results indicated that the hydrogen bond con-
nection was changed following the variant, which could
potentially destabilize the protein (Fig. 5). According to
the ACMG guidelines, the c¢.956G > A (p.Arg319His) vari-
ant in the TP63 gene was interpreted as a likely patho-
genic variant (PM1, PS4_Supporting, PM2_Supporting,
PP1, PP3).

RNA sequencing detection results

In order to further reveal the potential pathogenic mech-
anism of SHFM4 associated with rare TP63 variants, we
collected fetal skeletal muscle abortion tissues for RNA
sequencing. The RNA sequencing results revealed that
1,251 genes exhibited significant differential expres-
sion when compared to the control group. Notably, we
observed a marked upregulation of TP63 expression
in the patient carrying the TP63 variants. In addition,
in accordance with existing literature on the molecular
mechanisms underlying TP63 deficiency and its role in
SHFM4, several downstream genes of TP63—including
PERP, CDH3, and DLX5—were also found to be upreg-
ulated (Table 1). Subsequent quantitative PCR (qPCR)
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Fig. 3 Ultrasound Abnormalities Observed in the Fetus. A: The ultrasound examination of the fetus revealed the presence of split and ectrodactyly in
both hands, as well as syndactyly in the left hand. Additionally, similar split and syndactyly were noted in both feet, with ectrodactyly occurring solely in
the right foot. B: The limb anomalies observed in the fetus following induction were consistent with the previously obtained ultrasound findings
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Fig. 4 Results of Whole Exome Sequencing and Sanger Sequencing in the Enrolled Family. A: Whole exome sequencing identified a c956G>A
(p.Arg319His) variant in the TP63 gene of the proband, which was verified by Sanger sequencing (B). Parental Sanger sequencing results indicated the
variant in TP63 gene was inherited from the father (D), but it was absent in the proband’s mother (C). In addition, the c.956G > A (p.Arg319His) variant in

the TP63 gene was also detected in the fetus (E) and the proband’s older sister (F)

analysis demonstrated significant differences in the
expression levels of CDH3 and DLX5 when compared
to controls; however, no significant differences were
observed for TP63 and PERP (Fig. 6).

Further analyses of gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) were
conducted on the differentially expressed genes. As
delineated in Fig. 6, the GO analysis results of the dif-
ferentially expressed genes were consistent with those of
RNA samples obtained from skeletal muscle, which are
associated with molecular function (structural constitu-
ent of muscle, muscle alpha-actinin binding and actinin
binding), biological process (muscle organ development,

muscle contraction, skeletal muscle tissue develop-
ment and mvofibril assembly) and cellular component
(myofibril, sarcomere, obsolete contractile fiber part, M
band, I band, troponin complex, contractile fiber and A
band). In addition, KEGG analysis results indicated that
a significant number of differentially expressed genes are
enriched in various signaling pathways, including the
PI3K-Akt signaling pathway, cAMP signaling pathway,
MAPK signaling pathway, and pathways related to cell
adhesion molecules, among others.
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Fig. 5 Bioinformatics Analysis of the Detected Variant in the TP63 Gene. A: The c.956G > A (p.Arg319His) variant is situated within the P53 DNA-binding
domain. B: Bioinformatic predictions regarding the subcellular localization of the TP63 gene suggest that it is primarily found in the cell nucleus. C: A high
level of conservation was observed for the detected variant of the TP63 across different species. D, E, F: Prior to the variant, Arg319 formed hydrogen
bonds with Tyr231, Glu239, and Met316. However, following the variant, His319 interacts through hydrogen bonds with His230 and Met316, potentially

affecting protein stability

Table 1 The dysregulated genes associated with TP63 variants

Genes mRNA expression p value Log2FC Regulated
Control 1 Control 2 Control 3 Patient

TP63 5.967392 6.007119 7.322112 48424246 1.25E-10 2982539165 up

PERP 0.880717 0.166465 2325963 474396118 241E-11 8.369835839 up

CDH3 0.250423 0.196128 0.615285 18.383955 791E-05 4849359762 up

DLX5 0.796084 0.275651 1.363152 59.041502 2.27E-08 5.813319306 up

Discussion ¢.956G > A (p.Arg319His), in the TP63 gene, associated

The increasing application of chromosome microarray
analysis in prenatal diagnosis has facilitated clear genetic
diagnosis for a growing number of fetuses. Neverthe-
less, approximately half of these cases remain undiag-
nosed. The WES technology demonstrates significant
advantages in identifying sequence variants and has
been proposed for application in prenatal genetic etiol-
ogy diagnosis, particularly for fetuses exhibiting ultra-
sonic structural abnormalities. In the present study, WES
was performed on a family with limb anomalies, leading
to the first reported identification of a missense variant,

with SHFEM4 and exhibiting variable penetrance.

The TP63 gene, which can be detected in a variety of
human and mouse tissues, including proliferating basal
cells of epithelial layers in the epidermis, cervix, uro-
thelium, and prostate [17], plays an important role in
regulating epithelial, limb and craniofacial development.
Variants within the TP63 gene are linked to six distinct
disorders [11]. Although the phenotypes of these diseases
overlap to a large extent, they all have their own char-
acteristics [18, 19]. The full-length p63 protein consists
of five functional domains: a transactivation domain, a
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Fig. 6 GO and KEGG Analysis of Differentially Expressed Genes. A: The volcano plot illustrates that a total of 1,251 genes exhibited significant expres-
sion differences when compared to the control group. B, C, D: The results of the GO analysis highlight the differential expression of genes across three
categories: molecular function, cellular component, and biological process, respectively. E: The KEGG analysis reveals the enriched signaling pathways as-
sociated with the differentially expressed genes. F: Quantitative PCR (qPCR) results indicate that the expression levels of CDH3 and DLX5 were significantly
upregulated compared to the controls, corroborating the findings from RNA sequencing (p < 0.05). Conversely, no significant differences were observed
for the TP63 and PERP genes (p>0.05). Asterisks indicate statistical significance: ***p <0.001; **p < 0.05
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DNA-binding domain, an oligomerization domain, a
sterile-alpha motif (SAM) domain, and a transactivation
inhibitory (TI) domain. Generally, the pattern of vari-
ants within the TP63 gene results in related but clinically
distinguishable syndromes, establishing a specific cor-
relation between TP63 alleles and these syndromes [20].
Causative variants located in the DNA-binding domain
of the TP63 gene are associated with EEC3 syndrome,
while the majority of variants situated in the SAM and
TI domains lead to the development of AEC syndrome
[18, 21]. Moreover, variants in ADULT syndrome, limb-
mammary syndrome, and SHFM4 are distinctive to
these respective syndromes [20]. Previous research has
identified four variants in the TP6 gene in patients with
SHFM4 and EEC3, all of which reside within the DNA-
binding domain. Among these, two SHFM4-associated
variants appear to be crucial for maintaining the struc-
tural integrity of the DNA-binding domain, whereas the
TP63 variants leading to EEC3 are situated at amino acid
residues that interact directly with DNA [22]. Further-
more, a previous study [23] indicated that the proteins
resulting from EEC and AEC variants exhibited reduced
transcriptional activity. Conversely, the proteins resulting
from SHFM variants demonstrated transcriptional activ-
ity on several skin-specific gene promoters. This finding
suggests an underlying regulatory feedback mechanism
for TP63 that connects transcriptional activity to the
modulation of protein homeostasis.

Despite that, in recent years, some studies revealed that
the same variants in the TP63 gene can result in distinct
disorders. For instance, research conducted by lanakiev
et al. [22] identified a ¢.673 C>T variant in the TP63
gene in a patient with SHFEM who exhibited isolated split
hands and feet. However, the same c.673 C>T variant
identified in a fetus from China was associated with EEC
syndrome [24]. Although SHFM4 and EEC syndrome
share similar limb abnormalities, EEC syndrome is
defined by additional clinical features, including cleft lip
and palate, lacrimal duct atresia, hypospadias, hypopig-
mentation, and anomalies of the teeth, hair, and nails
[25]. Moreover, the present study identifies a c.956G > A
(p-Arg319His) variant in the TP63 gene, which was first
reported by van Bokhoven H et al. [26] in a patient with
EEC syndrome. A subsequent study [27] identified the
same variants in a patient with ectrodactyly and syndac-
tyly in both feet, along with tooth shape abnormalities,
finally diagnosed as ELA (EEC/LM/ADULT) syndrome.
However, both our findings and previous reports [28]
indicate that patients with the c.956G>A variant may
solely exhibit isolated limb abnormalities characteristic
of SHEM4. The underlying genetic mechanisms account-
ing for divergent clinical phenotypes arising from the
same variants remain unclear, potentially implicating epi-
genetic factors or post-transcriptional modifications.
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EEC syndrome is characterized by reduced pene-
trance. Variants in the TP63 gene, specifically c.955 C>T
(p-Arg319Cys), have been associated with EEC syndrome
and SHFM, demonstrating this reduced penetrance [22,
29]. Additionally, a previous study [27] has identified
the c.956G > A (p.Arg319His) variant in the TP63 gene,
which is also associated with EEC syndrome and shows
a similar pattern of reduced penetrance. However, it is
important to note that there have been no reports sug-
gesting that patients carrying the p.Arg319His variant
leading to SHFM4 exhibit incomplete penetrance. In the
present study, we present the first identification of the
p-Arg319His variant in the TP63 gene within a Chinese
family, demonstrating its association with SHFM4 and
highlighting its incomplete penetrance.

AER is the transitory major signaling center for proxi-
modistal growth and distal limb development [30].
Variants in genes associated with split-hand/split-foot
malformation (SHFM) have been implicated in the dys-
regulation of FGF8 within the central region of the AER.
This dysregulation can lead to the misexpression of sev-
eral downstream target genes, resulting in the failure of
AER stratification and, ultimately, the development of
SHFM [1]. Previous studies indicated that TP63 plays a
crucial role in forming AER and controlling AER func-
tions via transcriptional regulation of AER-restricted
target genes including DLX5, FGF8, SP6, SP8, and MSX1
[1]. The AER stratification failure caused by the inter-
ference of the p63-Dlx signaling pathway may be due
to the dysregulation of TP63 target genes related to cell
adhesion, such as PERP and CDH3 [1]. In this study, the
patient with TP63 variants exhibited an increased level
of TP63 mRNA. In addition, TP63 target genes related to
cell adhesion, specifically PERP and CDH3, were found
to be dysregulated, indicating further interference with
the p63-Dlx signaling pathway that contributes to AER
stratification failure. Results from KEGG analysis fur-
ther corroborated an enrichment of cell adhesion mol-
ecules in the patient’s samples. As illustrated in Table 1;
Fig. 6, the expression levels of TP63 and PERP genes
were significantly upregulated; however, qPCR validation
did not demonstrate a significant increase, potentially
due to limitations in the controls employed. It is well
known that FGF8 signaling is essential for AER induc-
tion and maintenance, and it is a direct target of TP63.
Additionally, a previous study [10] reported that p637/~
mouse model (loss-of-function) exhibited decreased
level of FGF8 in the AER, leading to the manifestation of
split hand/foot malformation. In contrast, the variant of
¢.956G > A (p.Arg319His) observed in this study showed
no significant difference in the expression level of FGF8
compared with the controls. Based on our findings, we
propose that the p.Arg319His variant in 7P63 gene may
up-regulate the cell adhesion target genes of PERP and
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CDH3, disrupting the p63-Dlx signaling pathway, which
ultimately results in the failure of AER stratification. This
mechanism may represent a significant pathogenic path-
way underlying the observed phenotypes in this study.

A previous study indicated that SHFM variants pro-
teins exhibit transcriptional activity on several skin-spe-
cific gene promoters. Furthermore, the DNA-binding
and sterile alpha motif (SAM) domain variants demon-
strate extended half-lives and accumulate in the skin
of patients with EEC and AEC syndromes in vitro [23].
Notably, the present study revealed an upregulation of
TP63 expression in a patient with a variant located in the
DNA-binding domain, suggesting a potential gain-of-
function mechanism—although this mechanism was not
conclusively determined in the current investigation. This
gain of function may be associated with the observed
extended half-lives of the variant proteins. Nevertheless,
additional research is required to further elucidate the
molecular mechanisms by which the TP63 variant con-
tributes to SHFM4.

In summary, our study is the first to identify the
c.956G > A (p.Arg319His) variant in the TP63 gene asso-
ciated with SHFM4 in Chinese individuals, emphasizing
the phenomenon of incomplete penetrance. Additionally,
we hypothesize that p.Arg319His in the TP63 gene may
result in gain-of-function effects, leading to the upregula-
tion of cell adhesion target genes. This dysregulation has
been shown to disrupt the p63-Dlx signaling pathway,
ultimately contributing to the failure of AER stratification
and the subsequent manifestation of SHFM4.
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