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HIGHLIGHTS

1. Critical Discoveries and Outcomes

* In terms of the etiological mechanism, it identifies FGFR2, FGFR3, and FGF10 as the core pathogenic
genes and clarifies the potential pathogenic mechanisms. Regarding clinical phenotypes, it systematically
summarizes the diverse manifestations of the disease. Additionally, by comparing genetic characteristics
with clinical symptoms, it points out the key differential features between lacrimo-auriculo-dento-digital
(LADD) syndrome and similar diseases such as aplasia of the lacrimal and the major salivary glands (ALSG)
and lethal lung developmental disorders (LLDD).

2. Methodological Innovations

* The combination of multi-dimensional phenotypic analysis and genetic testing enables a systematic review of
multi-system symptoms, explores the associations between gene mutation sites and phenotypes, and facilitates
improved diagnostic accuracy through disease differentiation.

3. Prospective Applications and Future Directions

* As a rare genetic disorder, LADD syndrome calls for in-depth exploration of the specific pathogenic
pathways of gene mutations. Animal models can be used to verify the regulatory mechanisms of key signaling
pathways, thereby providing a basis for the research and development of targeted therapies.

Abstract: LADD syndrome (lacrimo-auriculo-dento-digital syndrome, OMIM 149 730) is a rare autosomal

dominant genetic disorder, also known as Levy-Hollister syndrome. It is characterized by multi-organ
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abnormalities with interindividual variability. The core phenotypes involve multiple systems. In terms
of ocular manifestations, 71% of patients present with lacrimal gland hypoplasia/agenesis, 50% with
lacrimal punctum anomalies, and 71.4% with nasolacrimal duct obstruction; additional conditions
such as corneal disorders and glaucoma may also occur. Ear anomalies include "cup ear" deformity,
low-set ears, and hearing loss (affecting 59.1% of patients, mostly mild to moderate). Oral
manifestations encompass enamel hypoplasia, microdontia, and salivary gland hypoplasia—with
65.7% of patients experiencing xerostomia during childhood. Rarely, urogenital, neurological, or
pulmonary anomalies may develop. Pathogenically, the disease is caused by heterozygous mutations
in fibroblast growth factor receptor 2 (FGFR2, the most common causative gene, particularly the I1Ib
subtype), FGFR3, or FGF10, which disrupts the FGF signaling pathway. Differential diagnosis can be
performed based on phenotypic features and genetic testing. This study retrospectively analyzed
clinical cases to systemize the phenotypes and pathogenic mechanisms of LADD syndrome, thereby

deepening the understanding of its early diagnosis and future treatment strategies.
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Introduction

LADD (lacrimo-auriculo-dento-digital) syndrome
(OMIM, 149730) is a rare genetic disorder,
characterized by the abnormal development of
multiple organs and systems."! Its distinctive features
encompass lacrimal duct/gland hypoplasia or absence,
dysplasia of the lacrimal duct, salivary gland
hypoplasia, dental anomalies such as enamel
hypoplasia, congenital tooth loss, microscopic teeth,
and so on. It also abnormal ear morphology, hearing
loss, and skeletal dysplasia. A growing body of
literature suggests that certain patient populations may
exhibit facial dysmorphologies,
neurological impairments, and renal developmental

simultaneously

anomalies. The clinical phenotype of LADD syndrome
shows significant variability among individuals, as
well as notable racial and regional disparities.”!
Since Levy and Hollister first described this
syndrome, it has also been known as Levy-Hollister
syndrome (LHS).P"!

LADD syndrome is an autosomal dominant
disorder, characterized by significant phenotypic
variability. It is predominantly caused by heterozygous
mutations in the fibroblast growth factor receptor 2

(FGFR2), FGFR3, or FGF10 genes. This condition is
characterized by abnormalities in the FGFR signaling
pathway. Among these genes, FGFR2 is the most
frequently implicated pathogenic gene, with mutations
predominantly affecting subtype IlIb. Clinical reports
indicate that FGFR3 mutations are often associated
with mild skeletal phenotypes, such as brachydactyly.
Given the rarity of this disease and the incomplete
understanding of the genotype- phenotype correlation
in LADD syndrome, patients often encounter
significant challenges in obtaining an accurate
diagnosis and effective treatment during the early
stages of the disease. However, with the progress of
medical technology, particularly in genetic testing
methods, our understanding of LADD syndrome
continues to deepen, providing improved opportunities
for diagnosis and treatment.

Clinical phenotype

Eyes
Hypoplasia of lacrimal gland

Based on existing literature, it has been reported
that 71% of individuals diagnosed with LADD
syndrome present developmental anomalies of the
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lacrimal gland, making it one of the most common
phenotypes. The use of magnetic resonance imaging
(MRI)
assessment concerning abnormalities in size and

allows for effective visualization and
morphology, including dysplasia or the complete
absence of ducts or glandular tissues within this
structure. Approximately 40% of these patients self-
report subjective symptoms indicating reduced tear
production. Furthermore, a subgroup of patients
experiences a total lack of tear even during crying,
which thus requires the prolonged use of artificial
tears to relieve ocular discomfort. The insufficient
production of tears also increases the susceptibility of
certain patient populations to suffer from prolonged
periods of chronic keratoconjunctivitis.!* ")
Dysplasia of lacrimal duct

Congenital dysplasia of lacrimal duct has been
documented in the early literature and is one of the
most frequently reported ocular phenotypes.>'”!
Approximately 50% of patients with LADD syndrome
may show an abnormal number or location of lacrimal
punctum, with the absence of lacrimal punctum being
a more prevalent phenotype. Additionally, about
71.4% of patients may present with nasolacrimal duct
which
phenotype of congenital lacrimal duct dysplasia.”* In
this study, it was found that 46.15% (6/13) of sporadic

LADD syndrome patients reported in domestic and

obstruction, represents a more common

international literatures over the past two decades
exhibited nasolacrimal duct obstruction. This condition
was observed to have a higher prevalence compared to
the absence of lacrimal punctum (3/13), as shown in
Table 1. with LADD
congenital lacrimal duct dysplasia typically present
with  childhood-onset
accompanied by nasolacrimal duct obstruction or

Patients syndrome and

epiphora  symptoms. If
stenosis, the patient may exhibit manifestations of
dacryocystitis, such as recurrent purulent discharge.
Moreover, some patients may experience recurring
conjunctivitis.”'"""* Santo RO et al.l'" reported a case
of dacryocystocele in a 13-year-old female child,
which was attributed to concurrent nasolacrimal duct
obstruction and lacrimal punctum dysplasia.
Furthermore, it has been observed that some patients

may present with a lacrimal duct fistula, suggesting

that it could also be considered one of the phenotypic
manifestations associated with lacrimal duct dysplasia
in LADD syndrome.*"* It is noteworthy that the
presence of developmental defects in the lacrimal
gland can lead to mild symptoms of epiphora, even in
cases of lacrimal duct dysplasia. Therefore, relying
solely on ocular symptoms may potentially result in
misdiagnosis of congenital lacrimal duct dysplasia.
Others

The corneal abnormalities observed in patients
with LADD syndrome include corneal epithelial
erosion, neovascularization, and cornea thinning. The
primary underlying pathological mechanism is the
depletion of limbal stem cells, especially those
expressing cytokeratin K3. Limbal stem cells serve as
a source for the renewal and differentiation of corneal
epithelial cells. Insufficient tear secretion due to
lacrimal gland hypoplasia can exacerbate defects in
the corneal epithelium, promote neovascularization,

diminish sensation in affected individuals, and
potentially lead to corneal wulcers that impair
vision.[13-16]

The patient described by Tandon A et al!'”’ in
2014 presented with LADD syndrome along with
glaucoma, indicating that LADD syndrome may be a
potential contributing factor to corneal thinning and
the progression of glaucoma. This association could
be attributed
fibroblastic growth factor signaling pathway, which in

to gene mutations affecting the
turn may impact cellular proliferation and protein
synthesis. Furthermore, other ocular developmental
abnormalities documented in the literature include

[18-20] (21221 ocular hypertelorism,™
[15,24]

strabismus,
[15,23]

ptosis,

entropion, hypophasis, ophthalmoplegia,
microphthalmia, iris defects, etc. (Table 1-3). The
aforementioned factors have a substantial impact on

patients' visual acuity and daily functioning.

Ears

Ear morphological abnormalities, including

microtia, a low-set ear position, and a small, round
outer ear shape with a prominent upper edge,
commonly referred as “cup ear”, are frequently
documented phenotypic features in the literature on
LADD shown that

syndrome. Studies have
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approximately 70% of patients diagnosed with LADD

99

syndrome display the characteristic “cup ear
feature.l’) In this study, we conducted a statistical
analysis of 19 previously published family-based
cases over the past two decades. The findings revealed
that 12 of these cases presented with “cup ear”,
indicating a relatively high prevalence of this specific
ear morphological abnormality among individuals
diagnosed with LADD syndrome (see Table 2 and
Table 3 for detailed information).

Furthermore, approximately 59.1% of patients
diagnosed with LADD syndrome experience varying
degrees of unilateral

including sensorineural deafness, conductive hearing
3-4,22

or bilateral hearing loss,

loss, and mixed hearing loss."***! The majority of

patients have mild to moderate hearing impairment,

while a minority suffer from severe hearing

18351 Tnner ear abnormalities are not a

[36]

impairment.|
common cause of hearing loss in LADD syndrome.
Azar et al®! reported on patient with LADD
syndrome who had inner ear malformations
characterized by semicircular canal dysplasia.
Meuschel-Wehner et al.””! described a 13-year-old
patient with LADD syndrome who exhibited bilateral
dilation of the wvestibular and semicircular canals,
leading to hearing impairment. In 2013, Moses JE et
al.l" reported a case of bilateral cochlear dysplasia, in
which the patient had a common cavity connecting the
vestibular and external semicircular canals, along with
the absence of an oval window. However, due to the
patient’s infancy, a detailed description of the hearing
impairment was limited. Hearing loss, regardless of its
can directly contribute to

underlying etiology,

developmental impairments in language and
communication skills, as well as have significant

negative impacts on social and mental health.

Mouth

The presence of LADD syndrome has a profound
impact on the oral health of patients, as evidenced by
the groundbreaking research conducted by Toumba et
al.,”® which provides a comprehensive characterization
of the associated oral and dental anomalies. To date,
the reported oral abnormalities encompass “nail
teeth”, dental enamel

deformities, microdontia,

1821391 With  enamel

hypoplasia, and tooth loss,'
hypoplasia being the most prevalent condition.*™ Oral
dysplasia not only affects the patient's appearance but
also impairs chewing function and speech articulation.
For instance, a study on oral health of patients with
LADD

development reduces the teeth’s resistance to acid

syndrome revealed that poor enamel
erosion and wear, thereby increasing the challenges
tooth

Moreover, inadequate dental cleaning which can be

associated with repair and treatment./*

attributed to decreased salivation and abnormal
enamel development, may contribute to persistent

dental caries, as frequently mentioned in literature.!**"!

Skeleton

Patients diagnosed with LADD syndrome present
a variety of skeletal abnormalities that primarily affect
the distal upper extremities, including polydactyly,
syndactyly, ectrodactyly, elongated phalanges, and
clinodactyly, which is characterized by lateral or
medial curvature of the fingers.”” The severity of
these deformities varies, ranging from the common
curvature of the fifth finger to the claw-like deformity
that results from a combination of hypodactylia and
clinodactyly. Short forearms, dysplasia of the wrist
and elbow joints, as well as radioulnar fusion, may
also be observed in these patients. Moreover, toe
abnormalities are often manifested as shortened distal
phalanges or syndactyly,***!*]
may exhibit cervical vertebrae fusion.!'?

and some patients
]

The atypical facial development seen in patients
with LADD syndrome is characterized by sunken
facial contours and mandibular protrusion.”® Carol
Anne Murdoch-Kinch et al!®! provided a compre-
hensive description of two cases of LADD syndrome,
which included characteristic features such as cup-
shaped ears and lacrimal duct fistula. Additionally,
imaging examinations revealed temporomandibular
joint dysplasia, a shortened mandibular ramus,
protrusion of the hyoid bone, and an enlarged
mandibular foramen. These findings significantly
influenced the patients' facial morphology.

Salivary gland
Among the pathological features of LADD
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syndrome, in addition to the abnormal development of
the lacrimal gland, the syndrome is frequently
accompanied by aberrant development of the parotid
gland and submandibular gland. In clinical
observations, unilateral or bilateral underdevelopment
of the salivary glands is commonly seen, often leading
to inadequate salivary secretion and dysphagia.
According to research statistics, approximately 65.7%
of patients with LADD syndrome have suffered from
persistent xerostomia since childhood.”! Due to a
significant reduction in saliva production, the oral
mucosa appears dry, and patients may exhibit the
“mirror tongue” phenomenon.” The loss of saliva's
cushioning effect, as well as its cleaning and
antibacterial functions, further increases patients'
susceptibility to severe periodontal disease and
significantly elevates the risk of dental caries.”*"! For
these individuals, it is recommended to consider the
lifelong use of saliva substitutes in conjunction with
topical fluoride therapy, strict dietary control, and
regular oral examinations as essential measures for
preventing premature tooth loss.*"!

Additionally, it is important to note that in the
majority of LADD

concurrent abnormal development of lacrimal and

syndrome cases, there is
salivary glands, resulting in the manifestation of
xerostomia and keratoconjunctivitis sicca from an
early age. It is crucial to differentiate this condition
from juvenile Sjogren's syndrome. Juvenile Sjogren's
syndrome is an autoimmune disease that affects
exocrine glands such as salivary and lacrimal glands.
The initial symptom often presents as recurrent parotid
gland swelling, which occurs more frequently than
persistent xerostomia and keratoconjunctivitis sicca.
Furthermore, a lip mucosal biopsy, along with the test
for autoantibodies like antinuclear antibody (ANA),
rheumatoid factor, or anti-SSA/SSB antibodies, holds

[20,42

significant diagnostic value. ] Especially in young

patients, precise identification of the aberrant
manifestations of other organs and tissues associated
with LADD syndrome, along with a comprehensive
assessment of the functional status and morphological
appearance of the affected exocrine glands, is

imperative to avoid misdiagnosis.

Others

In addition to the aforementioned symptoms,
LADD syndrome may also manifest with various
other congenital abnormalities. According to literature
reports, approximately 69.7% of individuals with
LADD syndrome exhibit a range of urogenital

renal
[3,43]

anomalies, including renal dysplasia,
arteriosclerosis, pyelectasis, and hydronephrosis.
Furthermore, a minority of patients may experience
concurrent complications such as recurrent urinary tract
infections, hypospadias, and vesicoureteral reflux.>**]

A small subset of patients may also present with
congenital staphyloschisis, epiglottic dysplasia, hiatal
hernia, and cleft lip and palate.”®* Additionally,
individuals with LADD syndrome may develop
neurosystemic disorders. In 2006, Inan UU et al.*”!
reported a LADD family in which multiple patients
were diagnosed with epilepsy (Table 2). In 2012, LT
Lim et al!" described a 5-year-old child who
exhibited ocular abnormalities including entropion,
keratopathy, hypophasis, and diffuse ophthalmoplegia,
alongside the typical symptoms of LADD syndrome,
such as low-set ear, microdontia, salivary gland
dysplasia, and short phalange. This provided new
insights into the ocular manifestations of LADD
Additionally, with  LADD

syndrome may also have pulmonary acinar hypoplasia

syndrome. patients

or bronchial abnormalities, which can be life-

. . 2
threatening in severe cases.”!

Pathogenic genes and genetic informa-
tion

Pathogenic genes

The pathogenic genes associated with LADD
syndrome primarily include FGF10, FGFR2 and
FGFR3. The fibroblast
encompasses a wide variety of proteins with diverse

growth factors family
bioactivities. These proteins can promote fibroblast

mitosis, mesodermal cell proliferation, and

angiogenesis. FGF signaling is mediated by
transmembrane tyrosine kinase receptors, which are
encoded by four independent genes (FGFR1-4). These
receptors are activated via heparan sulfate or Klotho-

dependent pathways to carry out their biological
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functions.>11:4]

Gene information

The FGF10 gene, also known as keratinocyte
growth factor 2 (KGF2),*) belongs to the FGF7
subfamily. It comprises a 627-base-pair full-length
cDNA sequence that encodes a single-stranded
polypeptide consisting of 208 amino acid residues.
There is extensive documentation highlighting the
crucial role of FGF10 in the morphogenesis of various
organs, such as the limbs, the bronchopulmonary
system, teeth, salivary glands, as well as in skin and
adipose tissue development. As a paracrine factor,
FGF10 effectively boosts FGFR2b signaling by
activating the extracellular, transmembrane, and
intracellular tyrosine kinase domains. The subsequent
activation stimulates cell proliferation and matrix
remodeling in glandular epithelial cell precursors.
Additionally, it initiates the morphogenesis of multiple
glands, including the lacrimal glands and salivary
glands. The study by Rohmann E et al.*"revealed a
familial case of LADD syndrome associated
with a mutation (¢.317G > T) in the FGF10 gene. In
this case, all patients exhibited abnormal lacrimal
gland development. Milunsky JM et al.”*! reported a
case involving a 3-year-old female patient who
underwent genetic testing. The test confirmed the
presence of a p.L156R missense mutation in the
FGF10 gene. This mutation causes an alteration of a
non-conserved amino acid, which may disrupt the
binding between FGF10 and FGFR2b, thereby
contributing to the development of the disease. In
another family discussed in this article, the proband
carried a nonsense mutation (FGF10: c.409A > T)
located in exon 2. This mutation is predicted to lead to
protein truncation by missing 73 amino acids.
Consequently, it affects the interaction site between
FGF10 and FGFR2b.

The FGFRs, which fall under the subclass of
receptor tyrosine kinases (RTKs), constitute a family
of proteins. Transcript alternative splicing of these
proteins generates a wide variety of isoforms.These
isoforms display specific binding affinities for distinct
fibroblast growth factors (FGFs) and are expressed in
diverse cellular environments. When FGFR bind to

FGFs, it triggers receptor dimerization, which in turn
initiates the phosphorylation of tyrosine kinase
domains within the cell. This activation involves RAS,

mitogen-activated  protein  kinases = (MAPKSs),
extracellular signal-regulated kinases (ERKSs), Src
family kinases (SFKs), and subsequent

phosphorylation events in the intracellular tyrosine
SFK, p38MAPKs,
and other

kinase domains. Moreover,
phospholipase Cy (PLCy),
pathways are also involved in these crucial signaling

signaling

cascades that regulate cellular processes such as
proliferation, differentiation, migration, and
homeostasis maintenance.!'” All FGFR mutations
identified so far in LADD syndrome are located
within the tyrosine kinase domains of FGFR2 or
FGFR3, specifically in loops that play a regulatory
role in controlling tyrosine kinase activity.

The FGFR2 gene is composed of 24 exons, and
the encoded FGFR2b protein gives rise to three
receptor subtypes: FGFR2-IIla, FGFR2-IIIb, and
FGFR2-IIIc. Upon binding to their respective ligands,
these isoforms form dimers and initiate downstream
signaling pathways as mentioned previously."”
LADD syndrome is associated with mutations in
FGFR2-IIIb, a specific receptor for FGF10. These
mutations lead to reduced tyrosine kinase activity,
decreased substrate phosphorylation, and an impaired
response in the MAPK signaling pathway. After
conducting genetic testing on five families affected by
LADD syndrome, Rohmann E et al.”*”! discovered a
heterozygous three-base deletion (D1947-AGA-1949)
on exon 16 of the FGFR2 gene within the Turkish
Ladd-IST family. This mutation results in an exchange
between highly conserved arginine residues within the
tyrosine kinase domain of FGFR2 and lysines.
Additionally, they observed a heterozygous mutation
(c.1882G > A) on exon 16 of the FGFR2 gene in both
Dutch's LADD-Nij family and UK's LADD-Le
family. This alteration is expected to substitute an
extensively conserved alanine residue within the
tyrosine kinase domain of FGFR2 with threonines.
FGFR2 mutations are frequently implicated in
Crouzon syndrome (OMIM:123500) and Pfeiffer
syndrome (OMIM:101600). These syndromes are
characterized by craniofacial abnormalities, with the
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mutations  predominantly  occurring in  the
immunoglobulin-like domains Illa and Illc of the
extracellular ligand-binding regions. It is crucial to
distinguish these conditions from LADD syndrome.
The FGFR3 geneis situated on chromosome 4p16.3
and spans a genomic region of more than 16.5 kb,
encompassing 19 exons. This gene encodes a highly
conserved protein composed of 806 amino acids,
which plays a pivotal role in fundamental cellular
processes, including cell proliferation, wound healing,
and angiogenesis. Similar to FGFR2, mutations in the
FGFR3 gene are more frequently associated with
skeletal growth disorders, such as thanatophoric
dysplasia types I and II (OMIM 187 600) and
achondroplasia (OMIM 100 800).*”) However, LADD
syndrome caused by FGFR3 mutations is not linked to
skeletal abnormalities. This difference may be due to
the distinct activation profiles generated by different
mutations. According to the existing literature, reports
have indicated a difference in the pathogenesis of
LADD syndrome between FGFR2 and FGFR3.

Mutations within FGFR2 are mainly located in its

Table4 Differential diagnosis essentials

activation loop, a region regulated by tyrosine kinase
activity. In contrast, mutations within FGFR3 are
primarily situated in the connecting loop of the

tyrosine kinase domain.[***4%

Differential diagnosis
Plasia of pacrimal and

syndrome, ALSG
ALSG represents a class of disorders primarily

salivary glands

characterized by hypoplasia of the lacrimal and
salivary glands. It has been suggested that LADD
syndrome and ALSG are allelic disorders that stem
from distinct types of FGF10 mutations, potentially
representing different manifestations of an underlying
common disorder.”” Both LADD syndrome and
ALSG can present with abnormal development of the
lacrimal and salivary glands. Nevertheless, LADD
syndrome demonstrates more complex clinical
manifestations, which serves as a distinguishing factor

between these two conditions (Table 4).

Manifestations Clinical Features Pathogenic Genes Identification Method
hypoplasia of the lacrimal and sali lands, ab 1
ALSG ypoplasia ot the ac.rlm and safivary glands, abnorma FGF10 seldom linked to bone abnormalities
development of lacrimal ducts
i h ical ifestati f
LLDD Insufficient respiratory function FGF10, TBX4 il o fjpted m_am estations o
LADD, gene sequencing
ithout the h lasia of the lacrimal
BORS hearing impairment, ear malformations, renal dysfunction ~ EYAI, SIX1 wit ouFt ¢ hypoplasia of the acr%ma
and salivary glands, gene sequencing
hypoplasia or aplasia of fingers and toes, multiple
pigmented skin lesions, dental hypoplasia, abnormal ) . . .
Itipl ted skin 1 5
ADULT development of lacrimal ducts, hypotrichosis, TP63 futhp € pigmented sXin fesions

abnormalities in joint bones as well as fingernails and

toenails

hypotrichosis, gene sequencing

Lethal lung developmental disorders, LLDD
LLDD is a rare neonatal disorder distinguished

by severe respiratory insufficiency, posing substantial

challenges in clinical management. The established
genetic causes include mutations in the FGF10 or

TBX4 genes.”" 1t is different from the pathogenesis
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of LADD syndrome. The pathogenic mechanism by
which FGF10 mutations lead to LLDD is attributed to
haploinsufficiency. However, this process also
requires additional genetic modifiers, such as non-
coding variants within regulatory elements."”")
Secondly, dyspnea associated with LADD syndrome,
resulting from alveolar dysplasia, has rarely been
documented in the literature and is not considered a
primary clinical manifestation. In summary, there are
notable differences between the two conditions in
terms of clinical

presentations and pathogenic

mechanisms.

Branchio-oto-renal syndrome, BORS

BORS syndrome is an autosomal dominant
genetic disorder, characterized by hearing impairment,
ear malformations, and renal dysfunction. The clinical
manifestations of BORS syndrome, such as hearing
loss, external ear deformities, and inner ear dysplasia,
exhibit substantial similarities to those seen in LADD
syndrome, which may potentially result in
misdiagnosis. The main pathogenic genes associated
with BORS syndrome include EYA1, SIX1, among
others. Genetic testing of patients can aid in achieving

. . [52-53
an accurate diagnosis.”*™”

Acro-dermato-ungual-lacrimal-tooth,
ADULT

ADULT syndrome is a rare ectodermal dysplasia
disorder that results from mutations in the TP63
gene.™ Clinical features include hypoplasia or aplasia
of fingers and toes, syndactyly of the toes, multiple
pigmented skin lesions, dental hypoplasia, abnormal
development of lacrimal ducts, hypotrichosis, as well
as abnormalities in the joint bones, fingernails, and
toenails.”*! Due to its phenotypic overlap with LADD
syndrome, achieving an accurate diagnosis can be
challenging. Nevertheless, genetic testing offers a
reliable approach for differential diagnosis.

Summary
The clinical manifestations of LADD syndrome

are diverse and multifaceted. As indicated by its
nomenclature, the primary distinguishing features

encompass lacrimal gland dysplasia or hypoplasia of
the lacrimal duct system, auricular malformations,
dental anomalies, and digital or pedal abnormalities.
These characteristics constitute a critical diagnostic
basis for identifying LADD syndrome. Additionally,
LADD exhibits
inheritance, and genetic screening through gene

syndrome autosomal dominant
sequencing serves as an indispensable diagnostic tool.

Due to the rarity of LADD syndrome, genetic
testing is currently restricted to a relatively small
cohort of patients, which impedes a comprehensive
investigation into its pathogenic mechanisms. Given
the complexity and significant variability in clinical
manifestations, future research should focus on
elucidating precise genotype-phenotype correlations.
This will lay a solid foundation for identifying
potential therapeutic targets by using animal models at
a later stage. Simultaneously, a global case registry
has been established to explore ethnic disparities and
optimize clinical management strategies. This
initiative is not only vital for the development of
personalized treatment plans but also shows great

promise for enhancing patients' quality of life.
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