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Abstract

Tatton-Brown-Rahman syndrome is an autosomal dominant overgrowth syndrome caused by 

pathogenic DNMT3A variants in the germline. Clinical findings of tall stature due to postnatal 

overgrowth, intellectual disability, and characteristic facial features are the most consistent 

findings observed in patients with Tatton-Brown-Rahman syndrome (TBRS). Since the syndrome 

was first described in 2014, an expanding spectrum of neuropsychiatric, musculoskeletal, 

neurological, and cardiovascular manifestations have been reported. However, most TBRS cases 

described in the literature are children with de novo DNMT3A variants, signaling a need to 

better characterize the phenotypes in adults. In this report, we describe a 34 year old referred 

to genetics for possible Marfan syndrome with aortic root dilatation, mitral valve prolapse and 

dilated cardiomyopathy, who was diagnosed with TBRS due to a heterozygous de novo DNMT3A 
variant. This represents the third reported TBRS case with aortic root dilation and the second 

with cardiomyopathy. Collectively, these data provide evidence for an association with aortic 

disease and cardiomyopathy, highlight the clinical overlap with Marfan syndrome, and suggest 

that cardiovascular surveillance into adulthood is indicated.
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INTRODUCTION

Tatton-Brown-Rahman syndrome is an autosomal dominant overgrowth condition caused 

by pathogenic germline variants in DNMT3A, which encodes a DNA methyltransferase 

responsible for de novo methylation during embryogenesis (Okano, Bell, Haber, & Li, 
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1999). Delineation of the Tatton-Brown-Rahman syndrome (TBRS) phenotype continues to 

evolve, but consistently includes intellectual disability, postnatal overgrowth manifesting as 

tall stature and increased head circumference, neuropsychiatric conditions, and coarse facial 

features consisting of a round or long face, thick horizontal eyebrows, deeply set eyes, and 

narrow palpebral fissures (Balci et al., 2020; Tatton-Brown et al., 2014). Other clinical 

findings include joint hypermobility, scoliosis, afebrile seizures, hypotonia, umbilical 

hernia and less frequently, cryptorchidism, ventriculomegaly, Chiari malformations and 

malignancies (Balci et al., 2020; Hollink et al., 2017; Sweeney et al., 2019; Tatton-Brown 

et al., 2018; Tenorio et al., 2019). Additionally, a spectrum of cardiovascular abnormalities 

have been described including septal defects, patent ductus arteriosus, patent foramen ovale, 

mitral and tricuspid valve dysfunction, aortic root dilatation, and cardiomyopathy (Balci et 

al., 2020; Shen et al., 2017; Tatton-Brown et al., 2018; Tenorio et al., 2019; Xin et al., 2017).

Fewer than 100 TBRS cases have been reported in the literature and the majority are 

children, signifying a need to further characterize the phenotype in adults (Balci et al., 2020; 

Tatton-Brown et al., 2018). Diagnosis of TBRS is critical to inform long-term management 

as some of the cardiovascular and neuropsychiatric manifestations, and malignancies, 

are age-dependent with variable onset. This report describes a 34 year old with dilated 

cardiomyopathy and aortic root dilatation diagnosed with TBRS in adulthood after referral 

to genetics for possible Marfan syndrome.

CLINICAL REPORT

This 34-year-old male patient was referred to our aortic and vascular genetics clinic for 

evaluation of Marfan syndrome due to aortic root dilatation, tall stature, and long fingers. 

He was the product of an uncomplicated full-term vaginal delivery, born to a 39-year-old 

gravida 2 mother and 49-year-old father. The pregnancy was unremarkable, including an 

amniocentesis that demonstrated a normal male karyotype. His birthweight was 3.94 kg 

(88th centile), length was 50.8 cm (68th centile) and head circumference was unknown. 

No medical complications were reported within the first year of life. Early developmental 

milestones were achieved on time until age 4 when psychostimulant medications were 

initiated for attention deficit hyperactivity symptoms; however, developmental delays, and 

behavioral and learning difficulties persisted. Subsequent brain MRI, EEG, karyotype, 

serum amino acids, urine organic acids, lactate, and thyroid function testing, did not reveal 

a diagnosis. At age 7, he was prescribed antiepileptic medication for suspicion of petit mal 

seizures.

This patient was first referred to a medical genetics clinic at 14 years old (75–90th centile 

weight; 95th centile height, 98th centile head circumference) for suspected Marfan syndrome 

due to joint hypermobility, tall stature, and echocardiographic evidence of mild aortic 

root dilatation (3.5 cm, Z=2.24) and mitral valve prolapse (Sluysmans & Colan, 2005). 

Plasma homocysteine values were within normal limits. Molecular genetic testing was not 

performed and he did not meet clinical diagnostic criteria for Marfan syndrome based on 

Ghent-1 nosology (Paepe et al., 1996). Echocardiograms at 16 and 18 years demonstrated 

stable mitral valve prolapse and an unchanged aortic root diameter of 3.5 cm, which was 

within normal limits for his age, sex and body surface area (Z=1.84) (Sluysmans & Colan, 
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2005). The echocardiogram at age 18 did not show signs of cardiomyopathy based on the 

cardiologist’s interpretation and limited data reported (left ventricular ejection fraction of 

59% and fractional shortening of 26%). His electrocardiogram was unremarkable

He was suspected to have neurodevelopmental impairment in childhood, but was not 

formally evaluated until adulthood. He was enrolled in special education classes from 

adolescence through high school and attended a higher education institution for individuals 

with learning disabilities. Neuropsychiatric symptoms, including hallucinations, delusions, 

paranoia, sleeplessness, and lower extremity numbness, began at age 27, approximately 

three months after a closed head traumatic brain injury. CT and MRI imaging of the 

brain after the injury ruled out acute trauma. These symptoms of psychosis led to 

hospitalization and raised concern for schizophrenia, but resolved within one year and 

he was never formally diagnosed. Psychological testing at 31 years old demonstrated a full-

scale intelligence quotient (FSIQ) of 75 (5th centile). Adaptive behavior testing suggested 

mildly impaired functioning. He was diagnosed with autism spectrum disorder (borderline 

normal FSIQ without language impairment), impulse control disorder, and major depressive 

disorder.

A transthoracic echocardiogram at 34 years old incidentally revealed cardiomegaly during a 

hospitalization for an appendectomy. On that study, his aortic root measured 4.4 cm at the 

sinuses of Valsalva (Z=2.39–3.17) (Figure 1a) (Campens et al., 2014; Devereux et al., 2012). 

The diameter of his thoracic aorta was otherwise within normal limits. Formal cardiology 

evaluation and cardiac MRI findings were consistent with dilated cardiomyopathy: the left 

ventricle (LV) was severely dilated with a maximum end-diastolic diameter of 7.0 cm, and 

LV wall motion was globally depressed. The LV ejection fraction had decreased to 34% 

(Figure 1b). Three months later, he received an implantable cardioverter defibrillator.

These new cardiovascular findings prompted referral to our genetics clinic. At 34 years 

old, he was 6’7” (203.2 cm) and weighed 224 pounds (101.61 kg); notably, his mother 

and father were 5’6” and 5’11”, respectively. Clinical examination revealed a long face, tall 

forehead, deeply set eyes, prominent nasal bridge, thick horizontal eyebrows, and synophrys. 

The musculoskeletal exam was remarkable for long fingers with a positive wrist sign, long 

toes, long feet, pes planus, mild scoliosis, and joint hypermobility (Figure 2). He did not 

have ectopia lentis, although he had severe myopia with astigmatism. His systemic Marfan 

syndrome score was 5 based on revised Ghent-2 criteria (Loeys et al., 2010). The remainder 

of the physical exam was unremarkable for cutaneous findings, pectus deformities, easy 

bruising, high arched palate, and bifid uvula. He did not have a history of hypertension. 

His family history was negative for arterial aneurysms and dissections, cardiomyopathy, 

premature sudden death, congenital anomalies, neurodevelopmental disability, known 

genetic conditions, and consanguinity.

GENETIC TESTING

Clinical exome sequencing was ordered for the patient and his parents. A heterozygous 

DNMT3A de novo variant was identified in the proband, c.1904G>A, p. Arg635Gln 

(NM_175629.2) and met criteria for a likely pathogenic classification by ACMG-AMP 
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guidelines (PM6_strong, PS4_moderate [incorporated PP4], PP3, *PM2, *PP2) (Richards 

et al., 2015). The variant was observed in gnomAD v2.1.1 (2/188,710 alleles), but did 

not pass gnomAD quality filters. Because genes linked to hematopoietic clonal expansion, 

such as DNMT3A, have increased allele frequencies in population databases due to somatic 

mosaicism and the gnomAD variant calls were not deemed high quality, allele frequency 

data were not considered as evidence for or against pathogenicity (Carlston et al., 2017). The 

p.Arg635Gln somatic variant was observed in 6 samples in the COSMIC database; 5 were 

hematopoietic neoplasms (Tate et al., 2019). Although the exome assay was not validated to 

detect mosaicism, the DNMT3A variant was observed in approximately 50% of the reads 

sequenced in our proband from a saliva specimen; additional tissues were not analyzed. No 

additional pathogenic, likely pathogenic, or variants of uncertain significance were identified 

in other genes, including established aortopathy and dilated cardiomyopathy genes (Jordan 

et al., 2021; Renard et al., 2018). Neither parent had TBRS features, and the chest CT of 

his father did not show evidence of cardiomyopathy or aortic disease. His two older paternal 

half-siblings were not reported to have TBRS features either.

DISCUSSION

This report describes a 34-year-old male with TBRS due to a de novo DNMT3A variant, 

p.Arg635Gln, who presented with dilated cardiomyopathy and aortic root dilatation, which 

ultimately led to his diagnosis. The p.Arg635Gln variant in the MTase domain was 

previously identified in another patient diagnosed with TBRS at 3 years old, but no 

cardiovascular findings were reported (Yokoi, Enomoto, Naruto, Kurosawa, & Higurashi, 

2020). Another de novo variant disrupting the same amino acid (p.Arg635Trp) was observed 

in a patient with autism spectrum disorder, but limited clinical features were reported (C 

Yuen et al., 2017; Jiang et al., 2013).

Although the number of adults with TBRS reported in the literature has exceeded 

20, minimal data describing phenotypic features through adulthood limits clinical 

recommendations to the pediatric population, particularly with respect to age-dependent 

manifestations (Tatton-Brown et al., 2018). Cardiovascular pathology has been described in 

more than 15 patients with TBRS, ranging from structural disease diagnosed early in life 

including atrial and ventricular septal defects, patent ductus arteriosus, patent foramen ovale, 

mitral and tricuspid valve dysfunction (with and without supraventricular tachycardia), to 

aortic root dilatation in two cases at 16 and 30 years and cardiomyopathy in a 41 year old 

(Hage et al., 2020; Kosaki, Terashima, Kubota, & Kosaki, 2017; Shen et al., 2017; Tatton-

Brown et al., 2018; Tenorio et al., 2019; Tlemsani et al., 2016; Xin et al., 2017). Before 

TBRS was described in 2014, a 14 year old with a complex phenotype that included TBRS 

features and dilated cardiomyopathy was found to harbor an 8.97 Mb de novo deletion 

of 2p23.3–24.3; although this region included more than 60 genes, DNMT3A was among 

them, suggesting that haploinsufficiency likely contributed to his phenotype (Shoukier et al., 

2012).

Careful phenotyping with consideration of variable expressivity and phenocopies will 

be important for evaluating cardiomyopathy and aortic disease associated with TBRS. 

Tenorio et. al. reported a case similar to our patient: a 30 year-old male with a 5.7 
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cm aortic root aneurysm referred to genetics for Marfan syndrome who was found to 

carry a DNMT3A de novo nonsense variant identified by exome sequencing (Tenorio et 

al., 2019). This patient’s father also had a dilated aortic root; thus, the authors posited 

that the proband’s aortic disease was unlikely related to the DNMT3A variant. However, 

thoracic aortic aneurysm and cardiomyopathy phenotypes are driven by a variety of genetic, 

clinical, and environmental factors. Nuances that can only be ascertained by clinical 

history and diagnostic imaging review may be necessary to differentiate phenocopies. 

For example, aneurysms involving different segments of the aorta often signify distinct 

etiologies. Acquisition of post-zygotic mutations at various developmental stages and 

gonadal mosaicism may contribute to variable expressivity and impact recurrence risk 

(Lemire, Gauthier, Soucy, & Delrue, 2017; Xin et al., 2017). Our patient’s variant appeared 

to be de novo in the germline, but analyses of other tissues were not pursued as results were 

unlikely to alter his medical management and recurrence risk was not a concern.

In our patient, mild aortic root dilatation (Z=2.24) and mitral valve prolapse were initially 

reported at 14 years old, but subsequent echocardiograms up to 18 years revealed normal 

aortic root dimensions when adjusted for body surface area (Z=1.84), which is particularly 

relevant for individuals with overgrowth syndromes. Imaging at 34 years incidentally led 

to the diagnosis of dilated cardiomyopathy and confirmed aortic root enlargement to 

4.4 cm (Z=2.39–3.17) (Figure 1). Notably, our patient exhibited several classic TBRS 

features, including neurodevelopmental disability (with borderline normal IQ), autism 

spectrum disorder, impulse control disorder, major depressive disorder, postnatal overgrowth 

evidenced by tall stature, and characteristic facial features. However, his tall stature, 

long fingers, aortic root aneurysm, mitral valve prolapse, scoliosis, pes planus and joint 

hypermobility, triggered clinical suspicion for Marfan syndrome, contributing to diagnostic 

confusion throughout his teen and young adult years.

Aberrant epigenetic regulation affecting DNA methylation and histone modifications 

drives pathogenesis in three overgrowth syndromes associated with aortopathy and 

cardiomyopathy: TBRS (DNMT3A), Sotos syndrome (NSD1) and Malan syndrome (NFIX). 

Aortic root aneurysms and Marfan-like musculoskeletal features have been reported in 

patients with all three syndromes and may be explained by crosstalk among the associated 

genes and the transforming growth factor β (TGF-β) signaling pathway, which plays a role 

in aortic aneurysm formation (Hood et al., 2016; Nimmakayalu et al., 2013; Oshima et 

al., 2017; Pezzani et al., 2020; Priolo et al., 2018; Tatton-Brown et al., 2018; Tenorio et 

al., 2019). Histone modifications mediated by histone methyltransferase NSD1 are required 

for DNMT3A localization and maintenance of DNA methylation (Weinberg et al., 2019). 

Nuclear factor-I transcription factors, including NFIX, were shown to form a nuclear 

complex with SMAD4 to regulate gene expression and are known to interact with SKI which 

regulates SMAD-dependent TGF-β signaling (Kretova et al., 2014; Tarapore et al., 1997). 

Further, TGF-β was shown to upregulate DNMT3A through SMAD3 signaling in dermal 

fibroblasts from patients with fibrotic disease (Dees et al., 2020). Conversely, knockdown 

of DNMT3A in trophoblasts activated TGF-β/Smad signaling and increased TGFBR1 

expression (Jia, Xie, Zhang, & Ying, 2020). In addition to aortic disease, cardiomyopathy 

has been reported in patients with TBRS and Sotos syndrome, and is linked to epigenetic 

dysregulation (Martinez, Belmont, Craigen, Taylor, & Jefferies, 2011; Saccucci et al., 2011). 
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Patients with dilated cardiomyopathy have altered DNA methylation patterns and other 

studies demonstrated a role for DNMT3A in cardiac remodeling and fibrosis (De Pauw 

et al., 2017; Gu et al., 2018; Meder et al., 2017). Finally, knockout of DNMT3A in 

human induced pluripotent stem cell derived cardiomyocytes led to decreased expression 

of contractile proteins and altered cell morphology (Madsen et al., 2020).

Findings of aortic root dilatation, mitral valve prolapse, and dilated cardiomyopathy in a 

34 year old with TBRS, contribute to the emerging cardiovascular phenotype. This report 

is the second in the literature to describe cardiomyopathy in a patient with TBRS due 

to a single nucleotide DNMT3A variant. Another patient with a complex phenotype that 

included TBRS features and dilated cardiomyopathy was found to have a multigene deletion 

encompassing DNMT3A. Aortic root dilation has been described in three patients with 

TBRS including ours. This emphasizes a need to consider TBRS in the differential diagnosis 

for patients with thoracic aortic disease, Marfan-associated musculoskeletal findings, and 

cardiomyopathy. Accordingly, modifications to multigene diagnostic panels or exome 

sequencing may be indicated as syndromic overgrowth genes are not included on standard 

aortopathy and cardiomyopathy multigene panels. This report highlights a possible role 

for DNMT3A and altered epigenetic regulation as drivers of aortic root dilatation and 

cardiomyopathy. Periodic surveillance should be considered after a baseline echocardiogram 

is obtained at the time of diagnosis as these phenotypes may present later in childhood or 

adulthood.
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Figure 1. 
Transthoracic echocardiogram and cardiac MRI. (a) Dilated aortic root and left ventricle 

via parasternal long axis view. (b) Cardiac MRI demonstrating a dilated aortic root and left 

ventricle with normal ascending aortic dimensions distally.
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Figure 2. 
Phenotypic features. (a) Long slender fingers; more impressive on the left. (b) Long toes 

with mild flexion contractures; more prominent on the left.
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