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Case Report

PTPN11 and FLNA variants in a boy with ambiguous genitalia,
short stature, and non-specific dysmorphic features
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e Digenic variants of PT'PN11 and FLNA are possibly associated with ambiguous genitalia in boys
with Noonan syndrome.
o Whole-exome sequencing is a powerful tool for the diagnosis of patients with atypical disease

manifestations.

Abstract. Noonan syndrome is a congenital disorder characterized by distinctive facial appearance, congenital heart
defects, short stature, and skeletal dysplasia. Although boys with Noonan syndrome frequently exhibit cryptorchidism,
a mild form of 46,XY disorders of sex development (DSD), they barely manifest more severe genital abnormalities.
Here, we report a boy with ambiguous genitalia, short stature, and non-specific dysmorphic features. He had no
cardiac abnormalities or skeletal dysplasia. His score in the Noonan syndrome diagnostic criteria (36 of 157 points,
23%) was lower than the cutoff for diagnosis (50%). Whole-exome sequencing identified a de novo heterozygous variant
(c.922A>G: p.Asn308Asp) in PTPNI11 and a maternally inherited hemizygous variant (c.1439C>T: p.Pro480Leu)
in FLNA. The PTPN11 variant was a known causative mutation for Noonan syndrome. FLNA is a causative gene
for neurodevelopmental and skeletal abnormalities and has also been implicated in 46,XY DSD. The p.Pro480Leu
variant of FLNA was assessed as deleterious by in silico analyses. These results provide evidence that whole-exome
sequencing is a powerful tool for diagnosing patients with atypical disease manifestations. Furthermore, our data
suggest a possible role of digenic mutations as phenotypic modifiers of Noonan syndrome.
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Introduction

Noonan syndrome is a congenital disorder that
typically arises from monoallelic pathogenic variants
in the RAS/MAPK signaling genes including PTPN11
(1). Patients with Noonan syndrome characteristically
present with facial dysmorphologies, congenital heart
defects, short stature, and skeletal dysplasia to varying
degrees (2). In addition, boys with Noonan syndrome
frequently exhibit cryptorchidism, a mild form of 46,XY
disorders of sex development (DSD) (3), although
these individuals rarely manifest more severe genital
abnormalities such as hypospadias (4).

46,XY DSD is a multifactorial disorder caused
by genetic and environmental factors. To date, more
than 300 human genes have been implicated in
this condition (5). These genes include FLNA, an X
chromosomal gene that encodes a multifunctional
protein (NM_001110556). FLNA is known as a causative
gene for neurodevelopmental and skeletal abnormalities
(6). Rare variants in FLNA have been identified in a few
patients with 46,XY DSD without neuronal or skeletal
anomalies (7, 8).

Here, we report a boy who exhibited ambiguous
external genitalia, short stature, developmental delay,
and non-specific dysmorphologies. Whole-exome
sequencing (WES) identified a pathogenic PTPN11
variant that explains most of his clinical features and
arare variant in FLINA that may be associated with the
46,XY DSD phenotype.
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Case Presentation and Molecular Analysis

This study was approved by the Institutional Ethics
Committee of the National Center for Child Health and
Development. Written informed consent was obtained
from the patient’s parents. The boy was born at 35 wk and
six days of gestation after an uncomplicated pregnancy.
He was the first child of a non-consanguineous Japanese
couple. His body size at birth was within the normal
range [(height, 45 cm (1.9 SD); weight 2,172 g (1.6
SD); and head circumference, 31 cm (-1.3 SD)]. He had
no family history of Noonan syndrome or DSD. At birth,
he showed severe micropenis (14 mm, reference range:
25-39 mm) and hypospadias with a urethral opening
at the perineal part of the penis, together with chordee,
bifid scrotum, and cryptorchidism (Fig. 1a). Magnetic
resonance imaging detected testes of 1-2 mL at the
bilateral inguinal region (Fig. 1a). A human chorionic
gonadotropin stimulation test on the 10th postnatal day
yielded a mild increase in testosterone levels (Table 1).
Endocrine evaluation at two months of age showed an
increased level of follicle-stimulating hormone and a
normal level of anti-Miillerian hormone (AMH), together
with significant gonadotropin responses to gonadotropin-
releasing hormone stimulation comparable to that in
pubertal children (Table 1). G-banding showed a normal
46,XY karyotype, and fluorescence in situ hybridization
detected a signal of SRY. Therefore, the patient was
diagnosed with syndromic 46,XY DSD of unknown
etiology and assigned to the male sex. He manifested
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Fig. 1. (a) Genital findings of the patient. The left panel shows ambiguous external genitalia with micropenis, hypospadias,
cryptorchidism, and bifid scrotum. The right panel is the result of magnetic resonance imaging showing bilateral
undescended testes at the inguinal regions. White arrows indicate the testes. (b) PTPN11 and FLNA variants
identified in the patient. The mutated nucleotides are indicated by asterisks. The positions of the variants in the
PTPN11 and FLNA proteins are indicated by thick arrows. PTP domain, protein tyrosine phosphatase domain;
SH2 domain, src-homology 2 domain; CH domain, calponin homology domain.
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growth failure from one month of age and thereafter
grew along the —3.0 or —3.5 SDS growth curves. During
the first year of life, his developmental milestones were
appropriate; he attained head control at three months of
corrected age and could walk alone at 1.2 yr of corrected
age. However, at 2 yr of age, he was noted to have mild
language delay. He underwent orchidopexy at 1.4 yr of
age and urethroplasty and chordee repair at 2.5 yr of age.

At 2.6 yr of age, the patient underwent systematic
clinical and genetic evaluations. His height was 79.7
cm (-3.2 SD), and his weight was 9.8 kg (—2.5 SD). His
motor development was almost equivalent to his age,
whereas he had a mild speech delay. Several physical
characteristics, such as sparse hair, wide-set eyes,
epicanthic folds, thin lips, and pectus carinatum, were
noted. Genomic DNA samples were obtained from the
patient and his parents. Microarray-based comparative
genomic hybridization ruled out pathogenic copy number
variations in the patient’s genome. WES using trio
samples was performed as described previously (9).
We searched for de novo variants, as well as rare (<
1% in the general population) damaging variants in
336 causative/candidate genes for 46,XY DSD (5) and
165 causative/candidate genes for growth failure (10).

Table 1. Endocrine data of the patient

As a result, we identified two de novo variants and one
damaging variant in 46,XY DSD causative genes (Table
2). First, a de novo heterozygous missense substitution
(c.922A>G: p.Asn308Asp) was detected in PTPN11
(Fig. 1b). This variant has previously been identified
in multiple patients with Noonan syndrome (11). The
variant was classified as “pathogenic” according to the
ACMG/AMP guidelines (PS1+PS2+PM1 + PM5 + PP1
+ PP2 + PP3 + PP4). Second, a de novo heterozygous
missense substitution (c.3706C>T, p.Arg1236Trp) was
identified in TAFIL, a testis-specific gene of unknown
function. This variant was assessed as “likely pathogenic”
(PS2 + PM2 + PP3). Lastly, a hemizygous missense
substitution (c.1439C>T, p.Pro480Leu) was identified in
FLNA (Fig. 1b). This variant was assessed as a “variant
of unknown significance (VUS)” (PM5 + PP1 + PP3)
according to the ACMG/AMP guidelines, and has been
submitted as a variant with “conflicting interpretations
of pathogenicity” in the ClinVar database (https:/www.
ncbi.nlm.nih.gov/clinvar/). The variant was assessed as
deleterious by in silico assays and had a low frequency in
the general population. The FLNA variant was shared
by the patient’s mother.

Since the patient was found to carry a pathogenic

Reference value

Age at .
examgina tHon Hormone value of the patient Prepubertal b Pubertal
.. repubertal
(mini-puberty) (Tanner 3)
10d Testosterone (nmol/L)? Stimulated 6.4 No reference 5.1-6.9 17.4-24.7
2 mo LH IU/L)® Baseline 3.2 0.6—4.1 0-0.4 0.8-4.2
Peak 37.7 No reference 0.4-6 18.2-38.0
FSH IU/L)P Baseline 6.5 0.4-3.0 0.6-3.0 2.9-10.8
Peak 30.6 No reference 6.3-15.6 5.8-22.3
Testosterone (nmol/L)
Baseline (ELISA)P Baseline 5.1 0.7-7.6 0.5-0.8 2.4-4.2
AMH (pmol/L) Baseline 606 425-1,810 529-1,057 No reference

AMH, anti-Miillerian hormone. A human chorionic gonadotropin stimulation test (3000 IU/m?/dose [max. 5000 IU]
i.m. for three consecutive days; blood sampling on days one and four). PA GnRH stimulation test (100 pg/m? [max. 100

ug] bolus 1.v.; blood sampling at 0, 30, 60, 90, and 120 min).

Table 2. Rare variants identified in the patient

Gene Variant
M f ADD_ 1 Ami i
Name . oc.;le ° cDNA Protein Zygosity ¢ - 1000G_ ToMMo? gnomAD¢ Inheritance oino a(,:ld ¢
inheritance?® phred® all® conservation
PTPN11 Autosomal ¢.922A>G  p.Asn308Asp  Heterozygote 22.3 - - 1.2x10% De novo High
dominant
TAFIL Unknown  ¢.3706C>T p.Argl236Trp  Heterozygote 25.7 - - - De novo High
FLNA X-linked ¢.1439C>T  p.Pro480Leu Hemizygote 26.6 - - 7.5x10° Mother High

aMode of inheritance of the associated disease. PFunctional prediction using combined annotation-dependent depletion (CADD, https://cadd.
gs.washington.edu/). Scores above 20 are indicative of damaging effects. Allele frequency in the 1000 Genomes Project (https://www.genome.
gov/27528684/1000-genomes-project). 4Allele frequency in the Tohoku Medical Megabank Organization Database (ToMMo, https://www.megabank.
tohoku.ac.jp/). ¢Allele frequency in the Genome Aggregation Database (gnomAD, https:/gnomad.broadinstitute.org/). {Conservation of the amino
acid at the variant site across species: high, conserved from fish to humans; medium, conserved from mice to humans; and low, conserved only

among primates.
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variant in PTPN11, we re-examined his phenotype
focusing on the clinical features associated with Noonan
syndrome. He had some facial dysmorphologies, but
no Noonan syndrome-specific facial appearance
(Supplementary Table 1). Echocardiography and
electrocardiography ruled out congenital heart defects.
Consequently, his score on the diagnostic criteria of
Noonan syndrome (36 of 157 points, 23%) was lower
than the cutoff value for diagnosis (50%) (Supplementary
Table 1) (12).

We performed WES for a boy with ambiguous
external genitalia, short stature, and non-specific
dysmorphic features. We identified a de novo
p-Asn308Asp variant of PTPN11, a known causative
mutation for Noonan syndrome (1). Notably, the patient
lacked Noonan syndrome-specific features, such as
characteristic facial appearance, skeletal dysplasia, and
congenital heart defects (1). Consequently, the patient
had a low score in the diagnostic criteria of Noonan
syndrome (Supplementary Table 1) (12). Hence, he
was diagnosed with Noonan syndrome only after the
detection of the PTPN11 variant, although he exhibited
several non-specific dysmorphic features, such as short
stature, moderate hypertelorism, epicanthic folds, and
cryptorchidism, which are consistent with Noonan
syndrome (1). These results highlight the phenotypic
diversity of Noonan syndrome and provide evidence
that WES is useful for diagnosing patients with mild
or atypical phenotypes of congenital syndromes. On the
other hand, WES frequently identifies pathogenicity-
unknown variants. For example, our patient carried
a VUS in TAFIL (described below). Hence, WES
results need to be interpreted carefully during genetic
counseling.

The patient exhibited ambiguous genitalia
with cryptorchidism and hypospadias. Of these,
cryptorchidism is a common feature of Noonan syndrome
observed in 40—80% of the cases (1, 4). Cryptorchidism
in Noonan syndrome is assumed to result from partial
Sertoli cell dysfunction due to the perturbed RAS/ERK
signaling (13) or reduced expression of INSL and other
genes involved in the testicular descent (14). The mildly
elevated gonadotropin levels of our patient are consistent
with partial gonadal dysfunction in Noonan syndrome
(13). However, hypospadias has rarely been documented
in boys with Noonan syndrome. For example, Athota
et al. reported that none of 221 male patients with
Noonan syndrome exhibited hypospadias, while 97 had
cryptorchidism (4). Ea et al. performed sequence analysis
for 293 male patients with isolated hypospadias and
identified no pathogenic mutations in PTPN11, except
for one VUS (5). Thus, the severe 46,XY DSD phenotype
of our patient including hypospadias cannot be explained
by the PTPN1 I variant alone. In this context, the patient
carried no additional de novo variants except for the
p.Arg1236Trp variant in TAF1L. The significance of this

TAF1L variant was unknown because this gene has not
been linked to human disorders. In addition, the patient
had no pathogenic variants in known causative genes
for 46,XY DSD, with the exception of the p.Pro480Leu
variant in FLNA. Loss-of-function variants of FLNA
have been causally associated with neurodevelopmental
and skeletal disorders (15, 16). Although 46,XY DSD
is not a common symptom of patients with FLNA
mutations, hypospadias and cryptorchidism have been
reported in a few cases (7, 8, 17). Importantly, Carrera-
Garcia et al. proposed that FLNA is involved in the
nuclear translocation and activation of the androgen
receptor (17). Hence, the p.Pro480Leu variant in our
patient may have caused his 46,XY DSD phenotype
by affecting the androgen signaling pathway. Indeed,
severe hypomasculinization of the patient under the
presence of normal levels of testosterone and AMH
is consistent with partial androgen insensitivity (18).
While he exhibited no neuronal or skeletal features
indicative of FLNA abnormalities, this may reflect the
broad phenotypic variations of FLNA mutations (17).
Notably, Tsai et al. reported a male patient with rare
variants in both PTPN11 and FLNA (p.Asp61Gly and
p.-Glu622Lys, respectively) (19). The patient manifested
a typical phenotype of Noonan syndrome together with
cryptorchidism and hypospadias. Tsai et al. confirmed
that the patient carried no pathogenic variants in other
DSD-associated genes. These results are consistent
with our findings and indicate that FLNA variants
can facilitate the development of 46,XY DSD in boys
with Noonan syndrome. However, since no in vitro
functional assays have been performed for p.Pro480Leu
and p.Glu622Lys, it remains uncertain whether these
variants affect the protein function of FLNA. Considering
that cryptorchidism and hypospadias are relatively
common multifactorial disorders, we cannot exclude
the possibility that these abnormalities in the patients
reported by us and Tsai et al. were caused by hitherto
unrecognized genetic or environmental factors. The
significance of FLNA variants in the etiology of 46,XY
DSD needs to be confirmed in future studies.

In summary, we report a boy with 46,XY DSD
and non-specific dysmorphic features, who carried rare
variants in PTPN11 and FLNA. The results of this study
provide evidence that WES is a powerful tool for diagnosis
of patients with atypical disease manifestations.
Furthermore, our data suggest a possible role of digenic
mutations as phenotypic modifiers of Noonan syndrome.
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