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Abstract: Neurofibromatosis type 1 is one of the most common genetic autosomal dominant disorders described, with a prevalence of
1 in 2000 to 1 in 3000 individuals. It is characterized by skin, nerves, and bone abnormalities. Non-related to NF1, hypospadias is
a displacement in the urethral opening which in the majority of patients has an idiopathic cause. Here, we describe a patient with
neurofibromatosis type 1, hypospadias, and unilateral cryptorchidism. The heterozygous variants c¢.6789 6792delTTAC, p.
(Tyr2264Thrfs*5) and c.140A>G, p.(Tyr47Cys) were found in the NF/ and NR5AI genes, respectively. This case contributes to the
phenotypical characterization of patients with NF1 but also with hypospadias caused by a mutation in the NR541 gene, which usually
leads to severe sex disorders.
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Introduction
Neurofibromatosis type 1 (NF1; OMIM 162200), a tumor predisposition syndrome,' is one of the most common
dominant-inheritance genetic disorders with an estimated prevalence of 1 in 2000 to 1 in 3000 individuals.>? It is
caused by mutations in the tumor-suppressor gene Neurofibromin 1 (NF1) located on chromosome 17, which encodes
neurofibromin, a negative regulator of the Ras/MAPK signaling pathway.' NF1 patients are characterized by skin, nerve,
and bone alterations that clinically are seen as cutaneous or plexiform benign Schwann cell tumors (neurofibromas), cafe-
au-lait macules (CALMs), Lisch nodules, gliomas, scoliosis, and pseudoar“throsis.“’5 Currently, more than 2800 genetic
variants, leading to NF1 have been identified in the NFI gene, the majority of which are loss-of-function mutations;”
about two-thirds of NFI variants are single-nucleotide substitutions, from which, the majority affects splicing (37%),
truncate the protein (nonsense, 27%) or are frameshift variants (30%).°

On the other hand, hypospadias, a non-NF1 related abnormal external genitalia development, is one of the most
common congenital anomalies in males with an approximate prevalence, in the United States, of 1 in 200 live births.”
This condition is defined by the incorrect position, displaced along the ventral side of the penis, of the urethral opening
caused during embryogenesis.® Depending on the position of the urethral opening, hypospadias can be classified as
proximal/severe (30% of cases) or distal/minor (70% of cases) if it is located on the posterior or anterior part of the penis,
respectively.” This condition may occur as an isolated defect, develop with other genital disorders, or be associated with
any of the more than 200 syndromes in which this condition has been described.’

Nevertheless, the genetic cause is only clearly identified in 30% of cases, which corresponds to a syndromic
association. Isolated cases of hypospadias usually are idiopathic,® however, variants in some genes have been reported
to cause isolated or associated hypospadias such as NR5AI, BMP4, BMP7, WTI, HOXA4, MAP3KI, MAMLDI,
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CYP11AI, AKRIC3, SRD5A2, and so on.” Here we report a Colombian male patient (karyotype 46, XY) with NF1 with
the variant c.6789 6792delTTAC, p.(Tyr2264Thrfs*5) in the NF/ gene and hypospadias with the variant ¢.140A>G, p.
(Tyr47Cys) in the NR5AI gene, the latter previously published in a patient with severe sex disorders.

Case Report
Ten-year-old male patient, first-born to non-related parents and delivered at term without complication. Both of his
parents were aged 20 at the time of birth. Hypospadias was noticed at birth and was corrected at 14 months of age. Motor
development was normal and the patient achieved all milestones except crawling. Language development was also
normal. His mother had scoliosis but not CALMs; his father and brother did not have CALMs either. No other family
history was reported.

At five years old, the patient was diagnosed with thoracolumbar scoliosis. Thoracic and lumbar curves were flexible
and the Cobb angle was 14° and 23°, respectively. At six years old, he was diagnosed with neurofibromatosis type 1 due
to CALMs, freckling and neurofibromas. Magnetic resonance (MRI) of the spine revealed a lobulated mass in the right
L1-L2 neuroforamen, hyperintense on T2, and isointense on T1 compatible with a neurofibroma. Lower limbs panoramic
radiography showed pelvic tilt. Ophthalmologic analysis revealed hyperopic astigmatism in both eyes and otorhinolar-
yngology tests were normal. Follow up at seven years old, through spine panoramic radiography, showed spine curve
progression (thoracic and lumbar Cobb angle: 42° and 36°, respectively) with a sagittal vertical axis of 4 cm. Whole
exome sequencing (WES) in trio was performed. Approximately 214,000 exons from all encoded sequences were
enriched for consensus using genomic DNA fragments of >340,000 probes against the human genome. The sequencing
was performed on the Illumina HiSeq 4000, with subsequent validation by Sanger sequencing identifying the hetero-
zygous pathogenic (College of Medical Genetics and Genomics, ACMG criteria: pathogenic very strong, PVSI;
pathogenic moderate, PM2; pathogenic supporting, PP5) variant ¢.6789 6792delTTAC, p.(Tyr2264Thrfs*5) in the
NFI gene (OMIM: 613113); and the heterozygous probably pathogenic (ACMG criteria: pathogenic strong, PS3;
PMI1, PM2, PP2, PP3, PP5) variant ¢.140A>G, p.(Tyr47Cys) in the NR5AI gene (OMIM 184757).

These two variants were found in the patient and not in his parents and therefore, given that germline mosaicism is
possible but infrequent, they were probably de novo variants. Subsequent G-banded karyotype was normal (46, XY).
Protein interaction network performed in the STRING software (version 11.5) with NFI and genes associated with
hypospadias mentioned above, revealed that NF1 protein does not interact with any of the proteins coded by the other
genes and is unlikely that is causing the hypospadias. Furthermore, the protein coded by NR5A! interacts with the
products of the other genes used in the analysis such as WT1, CYP11Al, and HSD3B2 (Figure 1).

At eight years old, testicular ultrasound indicated unilateral left cryptorchidism. Total testosterone was 2.7 ng/dL,
Somatomedin-C 119 ng/mL, and dehydroepiandrosterone (DHEA) 9.9 pg/dL. Thyroid-stimulating hormone (TSH) and
free T4 were normal. Given the hypospadias, cryptorchidism, and low, although normal levels of testosterone, a low-dose
regimen (200mg) of testosterone undecanoate annually was initiated. Follow-up spine panoramic radiography showed an
increase in thoracic Cobb angle (49°) and decrease in lumbar angle (32°) and therefore, given the rapid progress of
scoliosis, surgery correction (Shilla procedure) was performed.

Physical examination at the current age (10 years old) showed freckling in the axillary and inguinal regions, shawl
and slightly hypoplastic scrotum (Figure 2) and more than one hundred CALMs ranging in size from 0.5 to 1.5 cm with
a generalized distribution, including palms of the hands and the soles of the feet. Scoliosis has improved (thoracic Cobb
angle of 35°), there have been no signs of hypertension, and a nuclear magnetic resonance of the brain revealed two
benign tumoral lesions without an apparent mass effect; the proband has had no symptoms indicating central or
peripheral nervous system involvement. Weight was 27 kg (9th percentile) and height was 140 cm (38th percentile).
He is currently in neurosurgery, neurology, endocrinology, urology, and ophthalmology follow-up with no complications.

Discussion

Neurofibromatosis type 1 (NF1) is a relatively common genetic disorder characterized by alterations in the skin, nerves, and
bone abnormalities. As a negative regulator of the Rass/MAPK signaling pathway, it is included in the set of disorders known
as RASopathies that also include Noonan syndrome, Costello syndrome, Legius syndrome, Noonan syndrome with multiple
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Figure | Functional protein association network using NF| gene and genes associated to hypospadias in the literature. Interaction score was set at high confidence (0.7).
Color lines between two nodes/proteins indicate a known interaction between proteins (pink: from curated databases; blue: experimentally determined), co-expression
(black) or a predicted interaction (light green: text mining).

lentigines, cardio-facio-cutaneous syndrome, capillary malformation—arteriovenous malformation syndrome and autosomal
dominant intellectual disability type 5.'° This pathway is involved in regulating the cell cycle and cellular growth, cell
differentiation, and senescence. Given that all of these disorders are caused by gain-of-function mutations in the same
pathway, overlapping clinical features are frequent.'' For instance, Legius syndrome, LEOPARD syndrome, and Noonan
syndrome can present several overlapping features with NF1; however, these disorders are rarely confused with NF1 due to
the presence of characteristic symptoms such as neurofibromas and Lisch nodules.” Our patient, given his age and the age-
dependent clinical manifestations of the disease, which usually presents as milder or incomplete NF1 phenotypes in young
individuals, only had CALMs, freckling in the axillary and inguinal regions, which allowed the diagnosis of NF1,'? and non-
dystrophic thoracolumbar scoliosis. The former was the symptom that confirm, without genetic testing, the diagnosis of NF1
as some cases with only CALMs and freckling might have another diagnosis like Legius syndrome.'*

The genetic variant ¢.6789 6792delTTAC, p.(Tyr2264Thrfs*5) found in this patient causes a frameshift by deleting
four nucleotides. It has been already reported in the ClinVar database and was first reported in 1995."* Subsequent
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Figure 2 7-year-old patient. (A) Multiple cafe-au-lait macules in trunk and upper extremities, and axillary freckling. (B) Whole spine X-ray revealing thoracic scoliosis with
right-sided curvature involving T7-T 12, approximate angle of 42°, without spinal rotation. (C) Shawl and slightly hypoplastic scrotum and glandular hypospadias.

clinical case reports and studies have also identified this variant, however, some are newborns with only one NF1 clinical
feature and some have additionally associated features, such as glomus tumors of the fingers and toes.'*'> Due to the
clinical variability (even in patients with the same variant causing the disease) and the incomplete penetrance in young
patients, data about genotype-phenotype correlation are crucial for possible complication forecast that allows proper
monitoring of the disease and also highlights the importance of genetic testing in NF1 patients, even if they already fulfill
the diagnosis of NF1 without genetic analysis. In this manner, this case provides data related to the range of clinical
manifestations that patients with this specific variant might develop.

More interesting in this case, was the isolated, non-NF1 related, hypospadias in which its cause in more than half of
patients is idiopathic.® The variant ¢.140A>G (pTyr47Cys) found in the NR54/ gene changed a tyrosine to cysteine
(missense) at 47 amino acid residue, and according to the guidelines of the College of Medical Genetics and Genomics
ACMG!' is classified as probably pathogenic. This gene is expressed exclusively in the adrenal cortex and steroidogenic
tissue. Its protein, named steroidogenic factor 1, is a transcription factor that is essential for sex determination and
formation of the primary steroidogenic tissues;'” more specifically, it is involved in pituitary stem cells differentiation to
the gonadotrope lineage, and mutations in this gene cause gonadotrope deficiency/impaired androgenization, leading
ultimately to testosterone deficiency, disorders of cell development, with or without adrenal failure, and in females, can
affect ovarian development and function.'® Some variants, however, have milder effects. For instance, NR541 has been
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explored in hypospadias with no other several sex development disorders.'® However, the identification of such variants
and to which region of the gene correspond is not clearly known to date.

The variant reported here in the NR5AI gene has been reported three times: in the LOVD database as a VUS variant;
in a patient with karyotype 46, XY with prenatal ultrasound diagnosis revealing female genitalia and, after birth,
laparotomy showed inguinal testes in the upper part of the inguinal channel;* and in an unpublished young patient
presented in the APAPU conference 2021 with sex disorders (not specified in the abstract) without adrenal dysfunction.
This variant is located in the DNA-binding domain part of the protein and is predicted to affect the DNA-binding
capacity of the protein it encoded given that the residue 47 is highly conserved between different species.’’ Given that
this variant has previously been associated with sex disorders, the reported phenotypes of other variants in this gene, that
our patient had altered adrenal function as measured by DHEA (9.9 pg/dL), although not total testosterone was altered,
low-regimen testosterone was initiated. No sex development disorders or clinical manifestations aside from hypospadias
and unilateral cryptorchidism have appeared in this young patient, which suggests that this variant has a milder
phenotype and is associated specifically with hypospadias, at least in this proband, and therefore although only has
been published once before, it seems other factors are influencing the clinical phenotypes seen in the carriers of these
variants. Follow-up for future sex disorders is required in the patient.

Conclusion

Here we report a patient with NF1 with scoliosis, CALMs, and freckling in the axillary and inguinal regions,
hypospadias, and unilateral cryptorchidism. The variants ¢.6789 6792delTTAC, p.(Tyr2264Thrfs*5) in the NF/ gene
and c.140A>G, p.(Tyr47Cys) in the NR5A41 gene were found. This study contributes to the knowledge of the variability
of clinical presentation of NF1 and the correlation with the variant described. Furthermore, we report a variant in the
NR5A41 gene, with a milder phenotype than described for other variants and even the same variant (although only
published once), and is associated specifically with hypospadias in this proband, revealing clinical heterogeneity,
although more patients with the variant are required to establish a genotype-phenotype correlation.
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