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Abstract: Axenfeld-Rieger Syndrome (ARS) is a rare genetic disorder defined by ophthalmological abnormalities, frequently
accompanied by craniofacial and dental anomalies. Although mutations in the P/TX2 and FOXCI genes are commonly identified,
some patients do not receive molecular confirmation. This report describes a clinically compelling case of ARS with a typical
phenotype but negative genetic testing. A 10-year-old male demonstrated physical abnormalities from early childhood and underwent
multiple medical evaluations without a definitive diagnosis. He experienced difficulty and discomfort during mastication following the
exfoliation of his deciduous teeth. Physical examination revealed short stature and ophthalmologic abnormalities, including strabismus
and early-onset cataracts requiring bilateral phacoemulsification with intraocular lens implantation, as well as craniofacial and dental
anomalies. Chromosomal microarray analysis identified inherited duplications in 4q26 and 7q31.2, but no pathogenic variants were
detected. The diagnosis of ARS was established based on the characteristic phenotype. The patient remains under multidisciplinary
care, receives orthodontic treatment, and continues regular ophthalmological monitoring. The recent onset of cataracts highlights the
progressive nature of ocular involvement in ARS. Although molecular testing is essential for ARS, a subset of clinically diagnosed
cases remains genetically unresolved. Advances in high-resolution and integrative genomic technologies are expected to improve
diagnostic yield in these patients.
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Introduction

Axenfeld-Rieger syndrome (ARS) is a developmental disorder that primarily affects the anterior segment of the eye and
results from abnormal migration of neural crest cells. This condition is characterized by anterior segment dysgenesis,
including posterior embryotoxon, iris hypoplasia, and corectopia. Approximately 50% of affected individuals develop
glaucoma during their lifetime. '

The earliest description of these ocular abnormalities dates to 1920, when the German ophthalmologist Theodor
Axenfeld identified an ocular anomaly. Specifically, he noted a white line on the posterior corneal surface near the
limbus, with tissue strands extending from the peripheral iris. This alteration was called “posterior corneal embryotoxon”
and later became known as Axenfeld anomaly.?

Subsequently, between 1934 and 1935, Austrian ophthalmologist Herwig Rieger reported cases with similar anterior
segment abnormalities. These cases also showed additional iris alterations, such as hypoplasia, polycoria, and
corectopia.”> ® Initially, these findings were described as dysgenesis mesodermalis iridis et corneae and later termed
Rieger anomaly.®” In addition to ocular findings, some affected individuals had craniofacial and dental defects, including
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hypodontia, enamel defects, and maxillary hypoplasia, which followed an autosomal dominant inheritance pattern. The
concurrence of ocular and craniofacial features subsequently led to the term Rieger syndrome.®®

Currently, these findings are classified under Axenfeld—Rieger syndrome (ARS; OMIM #180500), reflecting shared
features.”'® ARS is rare, with an estimated prevalence of about 1:200,000. This prevalence may vary depending on the
population studied and the diagnostic criteria used.'”

Clinically, ARS may also include craniofacial and dental abnormalities, such as hypodontia, enamel defects, and
maxillary hypoplasia.''"'? Genetically, the most common variants involve the paired-like homeodomain transcription factor
2 (PITX2) and forkhead box C1 (FOXCI) genes. Variants in PITX2 and FOXCI account for a substantial proportion of
cases; however, many patients remain without a definitive molecular diagnosis even after whole-exome sequencing (WES).
Recent evidence suggests that alterations in non-coding regulatory regions, especially enhancer elements controlling P/7X2
expression, may contribute to the phenotype but remain undetectable by standard genetic testing.'>*'*

Given the rarity and clinical and genetic heterogeneity of ARS, this report describes a clinically compelling case with
characteristic craniofacial, dental, and ophthalmologic findings but without identifiable pathogenic variants on chromo-
somal microarray analysis (CMA) or whole-exome sequencing (WES). The diagnosis was initially suspected during
dental evaluation based on distinctive craniofacial and dental features, highlighting the importance of phenotype-based
recognition in genetically unresolved cases.

Case Report

All procedures followed the principles of the Declaration of Helsinki. According to institutional guidelines of Faculdade
Sdo Leopoldo Mandic (Campinas, Brazil), formal ethics committee approval was not required for the publication of a
single case report. Written informed consent was obtained from the patient’s legal guardians, authorizing the publication
of clinical data and images while ensuring confidentiality.

A 10-year-old male presented with difficulty and discomfort during mastication following exfoliation of the deciduous
teeth. His mother reported noticing physical changes since early childhood. Previous assessments by multiple specialists
did not yield a definitive diagnosis. The condition showed gradual progression, affecting facial, ocular, and dental
development. Anthropometric assessment indicated short stature. General physical examination revealed an overweight
status and a café-au-lait macule located near the left nipple. Craniofacial analysis identified multiple facial dysmorphisms,
including a left-sided Darwin’s tubercle, prominent forehead, flattened and widened nasal base, bulbous nasal tip, bilateral
epicanthal folds, telecanthus, double infraorbital folds, convergent strabismus, malar hypoplasia, and a predominance of the
upper third of the face relative to the middle and lower thirds (Figure 1a and b). Intraoral examination revealed an anterior
crossbite due to malocclusion (mandibular pseudo-prognathism), in association with oligodontia, microdontia, conical or
malformed teeth, pyramidal dental roots, enamel hypoplasia, and hyperplasia of the upper labial frenulum (Figure 1c and d).
Imaging studies, including frontal and lateral cephalometric radiographs, demonstrated hypoplasia of the nasal bone,
maxillary hypoplasia, and underdevelopment of the maxillary sinuses. Panoramic and periapical radiographs showed teeth
with pronounced root constriction and pseudotaurodontism (Figure 2a—c). The patient underwent comprehensive hormonal,
metabolic, and hematological evaluation, including assessment of serum growth hormone, total and ionized calcium,
phosphorus, magnesium, creatinine, alkaline phosphatase, insulin, fasting glucose, lipid profile, complete blood count,
parathyroid hormone, 1,25-dihydroxyvitamin D, thyroid-stimulating hormone, thyroxine, luteinizing hormone, follicle-
stimulating hormone, sex hormone-binding globulin, and urinary mineral metabolism. Laboratory results indicated
elevated magnesium and thyroxine levels, while all other parameters were within normal limits. Thyroid and scrotal
ultrasonography were unremarkable. Syndromic investigation using chromosomal microarray analysis (CMA) identified
two duplications: a 2.4 Mb duplication in 4q26 and a 70 Kb duplication in 7q31.2, both initially classified as variants of
uncertain significance (VUS). Parental segregation analysis revealed maternal inheritance of the first variant and paternal
inheritance of the second. Subsequent whole-exome sequencing (WES) did not detect any clinically significant variants.
Despite the absence of identifiable molecular alterations, the clinical presentation was consistent with ARS. The final
diagnosis was established based on the constellation of clinical and radiographic findings and the characteristic phenotypic
features. The patient continues to receive multidisciplinary care, including orthodontic treatment with a palatal expander
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Figure | Craniofacial and intraoral clinical characteristics. (a and b) Frontal and lateral facial photographs demonstrate craniofacial dysmorphisms including telecanthus, prominent
forehead, flattened nasal bridge with widened nasal base and bulbous nasal tip, and midface hypoplasia. (c and d) Intraoral examination shows oligodontia, microdontia, conical or
malformed teeth, enamel hypoplasia, and anterior crossbite associated with mandibular pseudo-prognathism, as well as hyperplasia of the upper labial frenulum.

and ongoing ophthalmological monitoring due to the risk of progressive ocular involvement. The recent development of
cataracts further supports the pattern of progressive ophthalmological manifestations associated with ARS.

Discussion
ARS is a congenital autosomal dominant genetic condition characterized by high penetrance and variable expressivity,
resulting from defects in the differentiation, development, or migration of neural crest cells.'®'"'* The clinical spectrum
includes anterior segment ocular dysgenesis and systemic manifestations involving craniofacial, dental, cardiac, and
neurological abnormalities.

Among the described ocular abnormalities are posterior embryotoxon, iris hypoplasia, polycoria, corectopia, anterior
synechiae, and a high risk of glaucoma progression, observed in approximately 50% of patients throughout their lives."'’
In addition to these structural abnormalities, other ophthalmologic findings such as strabismus and refractive errors have

also been reported.’"'® In the present case, the patient exhibited strabismus and developed early-onset bilateral cataracts
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Figure 2 Radiographic findings. (a) Frontal cephalometric radiograph demonstrating craniofacial alterations, including nasal bone hypoplasia and maxillary hypoplasia. (b)
Lateral cephalometric radiograph showing midfacial hypoplasia and altered maxillomandibular relationship. (c) Panoramic radiograph demonstrating oligodontia, microdontia,
and teeth with short, constricted roots compatible with pseudotaurodontism. Small white dots and bars visible in the cephalometric images correspond to positioning
markers generated by the radiographic equipment and do not represent anatomical structures.

requiring phacoemulsification with intraocular lens implantation. Although glaucoma had not been diagnosed at the time
of evaluation, the patient remains under regular ophthalmologic follow-up due to the known risk associated with ARS.

Beyond ocular involvement, individuals with ARS often exhibit facial dysmorphisms, including a wide and flat nasal
bridge, maxillary hypoplasia, malar flattening, and midface alterations, as well as dental anomalies such as microdontia,
hypodontia or oligodontia.'? Additional systemic manifestations may involve the musculoskeletal, neurological, auditory,
and endocrine systems.'®'* The patient in this case showed extensive overlap with the clinical spectrum of ARS,
including telecanthus, strabismus, short stature, bone alterations, and recently developed cataracts. Maxillofacial features
such as oligodontia, microdontia, short dental roots with apical narrowing, maxillary hypoplasia, and pseudoprognathism

were also present,'%!!

supporting strong phenotypic compatibility with ARS.

Molecularly, ARS is classified into three subtypes: type 1 (associated with PITX2, 4q25), type 3 (associated with
FOXCI, 6p25.3), and type 2 (linked to the 13ql4 locus, which lacks a fully defined molecular basis).”'*'®!" PITX2
variants are more frequently associated with dental defects and umbilical anomalies, while FOXC/ variants are related to
auditory, cardiovascular, neurological, and skeletal alterations.'"'®!” The clinical features observed in this patient align

with profiles described for both genes.
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A subset of individuals exhibiting a phenotype consistent with ARS do not have detectable variants in PITX2 or
FOXC1.">'" For instance, Zhang et al (2021) identified 20 of 55 Chinese patients without variants in PITX2, FOXCI, or
other anterior segment dysgenesis genes, while White et al (2023) reported that two of ten patients with ARS lacked a defined
genetic diagnosis.'*'* Additional genes, including USP9X, CDK13, BCOR, and X-chromosome deletions involving HCCS
and AMELX, have been implicated in overlapping phenotypes.'” Recent research suggests that structural alterations and non-
coding regulatory mutations, particularly those affecting enhancers and chromatin interaction domains of P/7X2, can reduce
gene expression and result in typical ARS features, yet remain undetectable by CMA or WES.'®!'? Farris et al (2024)
described a balanced intrachromosomal rearrangement of chromosome 4 in a clinically compelling ARS1 patient, where
even comprehensive testing, including whole genome sequencing (WGS), initially failed to identify pathogenic variants.?’
The rearrangement disrupting PITX2 was detected only after advanced re-analysis.?’ Collectively, these findings demonstrate
that negative molecular results do not exclude ARS and that extended genomic strategies may be necessary in selected cases,
supporting the rationale for negative testing in clinically compatible individuals.

In our case, the identified 4926 duplication was observed only in the mother and is located outside the PITX2 (4q25)
locus. Consequently, there is no evidence that this duplication is related to the patient's phenotype. In the absence of
pathogenic variants in PITX2, FOXCI, or other associated genes, alternative mechanisms, including non-coding
regulatory variants, alterations in chromatin organization, and epigenetic mechanisms, remain plausible.

The differential diagnosis of ARS encompasses conditions presenting with similar craniofacial and ocular anomalies,
including 6p25 microdeletion syndrome, Alagille syndrome, De Hauwere syndrome, and oculodentodigital
dysplasia.'®'"?! Souzeau et al (2021) identified gene-specific patterns of facial dysmorphism in patients with FOXCI
and PITX2 variants, indicating that distinct facial features can facilitate clinical diagnosis, particularly when genetic
confirmation is not available.** In the present case, alternative pathologies were excluded, as none fully accounted for the
observed phenotype.

Beyond genetic testing, the evaluation of ARS should incorporate a thorough ophthalmological assessment and
additional examinations tailored to the clinical context, such as neurodevelopmental evaluation, echocardiography, brain
imaging, and hearing assessment.'® In this case, the patient underwent ophthalmological assessments, genetic testing,
serological analyses, and imaging studies, and continues to be monitored clinically following the onset of cataracts.

Although CMA and WES did not identify clinically relevant pathogenic variants in this case, the absence of
molecular confirmation does not preclude a diagnosis of ARS. The literature demonstrates that a subset of clinically well-
characterized patients lack a definitive genetic diagnosis, underscoring that, in many cases, the diagnostic process relies
on the integration of systemic, ocular, craniofacial, and dental findings.'>'*'® Recent studies indicate that structural
alterations and non-coding regulatory disruptions, particularly those involving enhancers and chromatin-interaction
domains of PITX2, as well as subtle complex rearrangements, may contribute to ARS but remain undetectable by
CMA or WES."®2° Therefore, the patient’s phenotype may result from variants not detectable by the tests performed.

The absence of definitive molecular confirmation, despite comprehensive evaluation with CMA and WES, limits this
case study. This limitation illustrates the current boundaries of diagnostic technologies, as certain ARS cases may involve
subtle structural variants, non-coding regulatory changes, or epigenetic mechanisms that conventional methods do not
detect.'®'®!” Recent investigations into whole-genome sequencing (WGS) and advanced genomic reanalyses indicate
that broader adoption of these techniques in clinical practice may, in the future, resolve cases that currently lack

molecular confirmation.?%>

Conclusion

Although sequencing technologies have advanced considerably, some cases of ARS do not reveal identifiable pathogenic
variants through conventional approaches. While PITX2 and FOXCI are most commonly implicated, other genes and
regulatory mechanisms have also been linked to overlapping phenotypes, highlighting the genetic heterogeneity of these
cases. However, a subset of patients continues to lack a defined molecular diagnosis, either due to technological
constraints or the presence of uncharacterized pathogenic mechanisms. As a result, the diagnosis of ARS continues to
depend, at least partially, on thorough clinical evaluation, especially when the phenotype is strongly indicative.
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