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An Unexpected Result in a Case of Gonadal Dysgenesis: Noonan Syndrome Caused by
RITI Mutation
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What is already known?

Noonan syndrome is a multisystemic rasopathy characterized by facial dysmorphism, short stature, and congenital heart defects. Male
gonadal involvement is typically restricted to cryptorchidism and impaired Sertoli cell function leading to subfertility. 46, XY gonadal
dysgenesis and ambiguous genitalia have not been previously reported in patients with Noonan syndrome spectrum.

What this study adds?

This report documents the first case of Noonan syndrome presenting with 46,XY partial gonadal dysgenesis and ambiguous genitalia. It
identifies the RIT! (c.136T>G) variant as a novel genetic etiology for Disorders of Sex Development (DSD). The study emphasizes
screening for Noonan syndrome in unexplained DSD cases, especially when cardiac or lymphatic abnormalities are present.

Abstract

Noonan syndrome occurs in approximately 1/1,000-1/2,500 live births and is caused by defects in the Ras/mitogen-activated protein kinase
pathway. Pubertal development includes syndrome-specific differences which may manifest as delayed puberty in both sexes, as well as
cryptorchidism and impaired gonadal function, especially in the males. However gonadal dysgenesis and disorders of sex development have
not been previously reported in the literature before. Our patient presented with ambiguous genitalia at two days of age. There was no
consanguinity between the parents. On physical examination, the external masculinisation score was 4. Laboratory tests were compatible
with gonadal dysgenesis. Echocardiography revealed pulmonary stenosis and a secundum atrial septal defect. Karyotype was 46 XY, SRY
(+) and no pathogenic variant was detected in the targeted gene sequencing panel for disorders of sex development. A targeted next-
generation seqeuencing (NGS) panel for Noonan syndrome was performed in the patient due to pulmonary stenosis and suggestive facial
appearance, identifying a pathogenic ¢.136 T>G variant in the R/T! gene. Noonan syndrome may cause gonadal dysfunction leading to
delayed puberty and infertility; however, gonadal dysgenesis and ambiguous genitalia have not been previously reported. Noonan syndrome
should be investigated in every patient with suggested clinical findings and affected gonadal functions.
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Introduction
Noonan syndrome is a relatively common genetic disorder characterized by multiple congenital anomalies with an estimated incidence of

1:1,000 to 1:2,500 live births (1).

Distinctive facial features include relative macrocephaly, hypertelorism, down-slanting palpebral fissures, ptosis, epicanthal folds, and low-
set ears. The spectrum of congenital heart defects includes pulmonary valve stenosis (PS, 50-60%), hypertrophic cardiomyopathy (20%) and
atrial septal defects (6—10%). Affected individuals may also exhibit short stature, cryptorchidism, bleeding diathesis, skeletal malformations,
developmental delay, lymphatic dysplasia, and ocular abnormalities (2,3).

It is an autosomal dominant disorder with variable expressivity, but most cases are sporadic (de novo). To date, nearly 20 genes have been
found to be implicated in Noonan syndrome. About 50% of patients with Noonan syndrome have a pathogenic variant in the protein tyrosine
phosphatase non-receptor type 11 (PTPN11) gene. Other common genes include SOS7 (10-20%), RAF'1 (3-17%), RIT1 (9%), and a group of
genes with a frequency of 1-5%, including SHOC2, RASA2, LZTR1, SPRED2, SOS2, CBL, KRAS, NRAS, MRAS, RRAS, BRAF, PPPICB,
A2MLI1, MAP2K1, and CDC42 (4).

There is limited published data on gonadal function and fertility in Noonan syndrome. Cryptorchidism, pubertal delay, and Sertoli cell
dysfunction in males are well-established clinical features, but gonadal dysgenesis has not yet been reported in the literature. In this report,
we describe a patient with partial gonadal dysgenesis, suggestive facial dysmorphism, who was diagnosed with Noonan syndrome associated
with a pathogenic variant in the RIT/ gene.

Patient Description
A 2-day-old neonate presented with ambiguous genitalia, including a micropenis and penoscrotal hypospadias. The gonads were non-
palpable bilaterally and the External Masculinization Score (EMS) was 4. The stretched penile length was 0.8 cm (Figure 1A). Pelvic
ultrasonography (US) revealed bilateral, abdominally-located, nodular, fusiform, hypoechoic structures measuring 8x6 mm on the right and
9x5 mm on the left; no Miillerian structures were detected. Echocardiography performed due to a systolic murmur in the pulmonary area
revealed pulmonary vascular stenosis, multiple secundum atrial septal defects (ASD) and a mitral chordal anomaly.

At one month of age, laboratory tests revealed the following results: an FSH level of 22.4 mIU/mL, an LH level of 1.35 mIU/mL, and a total
testosterone level of 23.32 ng/dL. Karyotype analysis resulted in 46,XY. At 8 months of age, a human chorionic gonadotropin (hCG)
stimulation test resulted in a peak testosterone level of 104 ng/dL. The serum anti-Miillerian hormone (AMH) level was low (1.3 ng/mL:
reference range: 28.0-142.0). No pathogenic variants were identified in the androgen receptor (4R), NR5A41 or the sex determining region Y
(SRY) genes.

The patient was discussed by a multidisciplinary team consisting of the pediatric endocrinology, pediatric surgery, pediatric urology, child
and adolescent psychiatry, medical genetics, and medical ethics divisions at our institution. Consequently, it was decided to assign the male
gender and proceed bilateral orchidopexy and hypospadias repair. Topical dihydrotestosterone gel was initiated and administered for six
months. The stretched penile length increased from 0.8 cm to 4.0 cm.



At 8 years of age, physical examination revealed down-slanting palpebral fissures, and low-set ears. The patient’s height and the growth
velocity were within normal limits; however, genetic testing for Noonan syndrome was planned due to cryptorchidism, pulmonary stenosis,
and suggestive facial features. Since a comprehensive multigene sequencing panel could not be performed at that time, only PTPNI1
analysis was conducted, and no pathogenic variant was identified. On follow-up US examination, the left testicular volume was 0.165 mL,
and microlithiasis was observed in the suprascrotal location with an atrophic appearance. The right testis was not observed in the
inguinoscrotal region, however a suspicious structure containing an echogenic focus measuring 5.5 x 3.6 x 2.5 mm was observed in the
vicinity of the abdominal wall near the internal inguinal canal inner ring. Following reevaluation, a right orchiectomy was planned due to the
potential risk of malignancy in the atrophic gonad. It was decided to preserve the left gonad under close follow-up, given its partially
functional capacity. A right orchiectomy was subsequently performed; however, histopathological examination revealed an absence of
testicular tissue.

At 10 years of age, the left testicular volume was 4 mL, the right testicle was non-palpable and the stretched penile length was 4.5 cm.
Laboratory tests revealed an FSH level of 59 mIU/mL, an LH level of 7.5 mIU/mL, a total testosterone level of 58.8 ng/dL, an AMH level of
2.07 pmol/L (reference range: 78-781).

At 12 years of age, the patient developed bilateral lower extremity swelling, and lymphedema was confirmed by US. These findings
regressed spontaneously after six months. Following the increased availability of advanced molecular diagnostics, a comprehensive
multigene sequencing panel for Noonan syndrome was performed, which identified a pathogenic ¢.136T>G (p.Phe46Val) variant in the RIT
(Ras-like without CAAX1) gene (NM_001256820.2).

At the final follow-up visit at 15 years of age, the patient's body weight was 47.5 kg, height was 161 cm (-0.49 SDS), and body mass index
(BMI) was 18.3 kg/m? (-0.78 SDS) (Figure 1B). The left testicular volume was 12-15 mL, and pubarche was Tanner stage 4. The stretched
penile length was measured at 5.5 cm. Notably, while the left testis exhibited pubertal growth, the final volume of 12—15 mL remained
significantly below the expected adult volume. This suboptimal enlargement, coupled with extremely low AMH and markedly elevated FSH
levels, is consistent with partial gonadal dysgenesis and reflects restricted Sertoli cell mass and function.

Laboratory examination showed an FSH level of 99.3 mIU/mL, an LH level of 57.1 mIU/mL, a testosterone level of 165 ng/dL, an AMH
level of 0.1 (reference range: 4-22) ng/mL. The patient is currently followed by the pediatric cardiology department due to pulmonary
stenosis and presents with no additional problems.

Matherials and Methods

Variant Classification and Bioinformatic Analysis

Targeted next-generation sequencing (NGS) was performed on genomic DNA isolated from peripheral blood samples. Target regions were
amplified using the QIAseq Targeted DNA Custom Panel (QIAGEN, Hilden, Germany), and the sequencing reaction was conducted on the
Illumina MiSeq system using compatible reagent kits. Bioinformatic analysis was conducted via the QIAGEN CLC Genomics Workbench
and QIAGEN Clinical Insight (QCI) Interpret (version 5.6.20200129) interfaces. The GRCh37/hgl19 assembly served as the human reference
genome. Variant annotation and interpretation were supported by the Ingenuity Knowledge Base, CADD (v1.4), and the Allele Frequency
Community database. Variant classification was performed in accordance with the standards and guidelines established by the American
College of Medical Genetics and Genomics (ACMG) and the Association for Molecular Pathology (AMP).

Results

Molecular analysis identified a heterozygous missense variant, c.136T>G (p.Phe46Val), in the R/ gene (NM_001256820.2). The variant
was identified with high confidence, exhibiting a sequencing depth of 700x and an allele frequency of 47.71%. According to American
College of Medical Genetics and Genomics (ACMG) guidelines, the variant was classified as 'pathogenic' based on the following criteria:
Evidence of Pathogenicity: The variant is recognized as a mutational hotspot and has been established in the literature as a recurrent cause of
Noonan syndrome (PS4). It is situated within a critical functional domain where a high density of other pathogenic variants has been
identified (PM1, PMS5).

Population and Functional Data: The variant is entirely absent from large population databases, including gnomAD (PM2). Multiple in silico
computational tools, including CADD v1.4, predict a deleterious impact on the protein product (PP3).

Literature and Clinical Correlation: The variant has been documented as occurring de novo in affected individuals (PS2, PM6) and is
supported by functional studies demonstrating its disruptive effect on the Ras/MAPK pathway (PS3). Furthermore, the variant is registered
as pathogenic in the ClinVar database (PP5).

Ethical considerations and informed consent

Written informed consent was obtained from both parents for the publication of this case report and any accompanying images. All clinical
investigations and genetic testing were performed in accordance with the principles of the Declaration of Helsinki guidelines.

Discussion

Our patient was presented to our department with disorders of sex development (DSD) and was diagnosed with gonadal dysgenesis. The
clinical features of Noonan syndrome had become more prominent with age. Partial gonadal dysgenesis is characterized by incomplete
testicular development and a variable degree of virilization of the external genitalia, ranging from a micropenis to female-appearing genitalia,
frequently presenting with a combination of Wolffian and Miillerian structures (5). Along with SRY, pathogenic variants in NR541 and
MAP3KI genes are the most common causes of 46,XY gonadal dysgenesis; however together they account for less than 40% of all non-
syndromic forms. Although the diagnostic rate has increased with modern genetic testing, the etiology remains unexplained in approximately
50% of cases (6,7).

RASopathies represent a group of disorders characterized by pathogenic variants in genes encoding components of the Ras/mitogen-
activated protein kinase (Ras/MAPK) pathway, with Noonan syndrome is the most prevalent. Noonan syndrome is a complex, multisystem
disorder exhibiting variable clinical severity. Gonadal dysfunction and subfertility are rarely investigated in these patients, and the underlying
mechanisms remain incompletely elucidated. Although the Ras/MAPK pathway plays a role in folliculogenesis in females, it is generally
accepted that female gonadal function and fertility are largely preserved (8). In males, cryptoorchidism is very common and has been
suggested as the primary cause of gonadal dysfunction (9). However, recent studies suggest that gonadal dysfunction may develop
independently of cryptoorchidism, indicating an intrinsic gonadal defect (10-12).

In a longitudinal study by Ankarberg-Lindgren et al. (10) involving males with Noonan syndrome, it was observed that although testicular
volumes often reached normal range by adulthood, hormonal profiles remained atypical. Specifically, patients exhibited elevated levels of
FSH, LH, testosterone, and estradiol along with decreased AMH and inhibin B levels, compared to the reference population. Notably, no
significant hormonal differences were found between patients with and without cryptorchidism. These findings suggest that both Sertoli and
Leydig cell functions are impaired in Noonan syndrome, indicating that cryptorchidism is not the sole contributing factor to gonadal
dysfunction (10). While this study suggests a combined cell-type impairment, other authors argue that Sertoli cell function is predominantly
affected (9, 10). Consistent with this findings, our patient's left testis reached a volume of 12—15 mL; however, the markedly elevated FSH
and low AMH levels confirmed that this enlargement did not reflect adequate Sertoli cell function.

Similarly, Marcus et al. (11) evaluated patients with Noonan syndrome primarily harboring PTPN!1 or BRAF variants. While LH and
testosterone levels were generally within the normal range during puberty, an elevation in FSH levels and a reduction in inhibin B levels
were frequently observed. These findings suggest that in males with Noonan syndrome, gonadal dysfunction is specifically associated with
Sertoli cell impairment, whereas Leydig cell function is typically preserved (11). Furthermore, the authors suggested that any transiently



subnormal testosterone levels observed were likely attributable to delayed puberty rather than primary Leydig cell failure.

In another study, Moniez et al. (12) evaluated 37 patients with genetically confirmed Noonan syndrome. Their findings indicated that while
testosterone levels remained normal during the pubertal period—suggesting preserved Leydig cell function— the levels of AMH and inhibin
B were significantly lower than those in the general population. This led to the conclusion that Noonan syndrome is associated with Sertoli-
cell-specific primary testicular insufficiency. Furthermore, consistent with previous reports, no significant differences in AMH and inhibin B
levels were observed between cryptorchid and non-cryptorchid patients, reinforcing the theory that the underlying pathology is intrinsic to
the syndrome rather than secondary to testicular maldescent (12).

Overall, studies addressing gonadal function in Noonan syndrome remain limited, and the reported data exhibit notable inconsistencies.
Furthermore, the significant genetic heterogeneity of the syndrome results in distinct clinical phenotypes associated with different genotypes.
Pathogenic variants in less common genes, such as R/T/, may manifest with novel clinical findings that have yet to be fully characterized.
RIT1, located on chromosome 1¢22 and comprising of six exons, was first identified as a causative gene for Noonan syndrome in 2013 by
Aoki et al. (13). As a member of the RAS subfamily of GTPases, RIT1 protein shares over 50% sequence identity with RAS proteins.
Pathogenic variants in this gene lead to the aberrant activation of the ETS transcription factor ELK 1, which regulates critical cellular
processes such as cell growth, proliferation, apoptosis, and tissue remodeling (14). Furthermore, the RIT1 protein is involved in neuronal
differentiation and morphogenesis (15).

Functional studies using zebrafish embryos demonstrated that the introduction of mutant R/7/ mRNAs results in craniofacial abnormalities,
cardiac defects—such as incomplete cardiac looping and hypoplastic chambers—and elongated yolk sacs, recapitulating the biological
effects seen with variants in other RASopathy-associated genes (13). RIT variants account for approximately 5% of Noonan syndrome cases
(14). Phenotypically, these patients are characterized by a high incidence of congenital heart disease (94%), particularly hypertrophic
cardiomyopathy (71%) and pulmonary stenosis (65%), as well as lymphedema (15%) (16-18).

It has been reported that short stature is less common in individuals with R/T/ variants compared to other genetic causes of Noonan
syndrome (19). Consistent with the literature, our patient exhibited pulmonary stenosis and maintained a height within the normal range.
While pulmonary stenosis was detected in the neonatal period, lymphedema—a known feature of the RITI phenotype—developed at 12
years of age. Extremity and genital lymphedema are the most frequently reported types of postnatal lymphedema in Noonan syndrome; limb
lymphedema typically manifests between 3 and 55 years of age, with a median onset of 10 years (18). Although the patient did not initially
meet the full Van der Burgt diagnostic criteria, the subsequent development of lymphedema strengthened the clinical diagnosis of Noonan
syndrome. Interestingly, hypertrophic cardiomyopathy which is frequently associated with RI7/ pathogenic variants was not observed in our
case.

RITI gene is expressed in both the testes and ovaries (20). However, as with other genotypes of Noonan syndrome, a case presenting with
gonadal dysgenesis associated with a RIT'/ variant has not been previously reported in the literature. This novel association suggests that the
phenotypic spectrum of R/T/ may be broader than previously recognized, potentially encompassing early defects in gonadal morphogenesis.
Our patient presented with ambiguous genitalia at two days of age and was diagnosed with 46,XY partial gonadal dysgenesis. Notably, the
initial targeted gene sequencing panel for DSD did not identify a causative pathogenic variant. However, the subsequent identification of a
RITI variant—guided by suggestive facial features, pulmonary stenosis, and lymphedema—confirmed the diagnosis of Noonan syndrome.
The diagnosis of Noonan syndrome was likely delayed due to the absence of short stature and the predominance of DSD findings, which
initially overshadowed the syndromic presentation. Furthermore, the limited availability of comprehensive genetic testing at the time of
initial presentation contributed to this delay. While gonadal dysfunction, particularly involving Sertoli cells, is a recognized feature of
Noonan syndrome, true 46,XY gonadal dysgenesis as observed in our case has not been previously reported.

The RIT! variant may represent a novel genetic etiology for gonadal dysgenesis. The lack of prior reports is likely due to the relatively recent
identification of the RIT1 gene and the limited number of characterized cases. Given the clinical heterogeneity of Noonan syndrome, this
case highlights the importance of considering RASopathies in the differential diagnosis of unexplained 46,XY DSD, especially when
associated with cardiac or lymphatic abnormalities.

Study Limitations

A limitation of this study is that the identified R/7 variant has not been previously reported to present with such an expanded phenotype.
Although the clinical features strongly suggest that the R/7/ variant is the unifying cause of both Noonan syndrome and gonadal dysgenesis
in our patient, causality cannot be definitively established in the absence of functional assays. Additionally, while the initial targeted gene
sequencing panel for DSD was negative, the possibility of a "dual diagnosis" involving a second, cryptic genetic factor cannot be entirely
excluded without Whole Exome Sequencing (WES). However, the known expression of R/7 in gonadal tissues and the specificity of the
clinical findings strongly support our hypothesis.

Conclusion

In conclusion, we present a case of 46,XY partial gonadal dysgenesis and Noonan syndrome associated with a pathogenic R/7"/ variant. To
our knowledge, this represent the first documented case in the literature where Noonan syndrome is associated with true gonadal dysgenesis.
This finding suggests that the phenotypic spectrum of R/77 may be broader than previously recognized, potentially including defects in early
gonadal morphogenesis. Clinicians should consider RASopathies in the differential diagnosis of unexplained DSD, particularly when
associated with cardiac or lymphatic abnormalities. Further studies are warranted to elucidate the precise role of the Ras/MAPK pathway in
human gonadal development.
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Figure 1. Clinical Phenotype of the Patient

Figure 1A: Appearance of the external genitalia at one month of age, showing ambiguous features consistent with 46,XY partial gonadal
dysgenesis.

Figure 1B: Facial appearance at the final follow-up, demonstrating characteristic Noonan syndrome dysmorphism.
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