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1 | INTRODUCTION

Noonan syndrome with multiple lentigines (NSML,
OMIM #151100), previously known as LEOPARD syn-
drome, is an autosomal dominant RASopathy caused
by pathogenic variants (PV) in the PTPN11 gene, which
codes for a protein tyrosine phosphatase nonreceptor type
11.' However, some studies have reported NSML patients
with PV in RAF1, BRAF, and MAP2K1.> Prevalence is
currently unknown, and only about 200 cases have been
reported worldwide. Other than NSML, the RASopathy
group includes Noonan Syndrome, Neurofibromatosis

Key Clinical Message

Noonan syndrome with multiple lentigines (NSML) is a rare RASopathy caused by
pathogenic variants (PV) predominantly in PTPN11 gene. We report a 54-year-old
male with apical hypertrophic cardiomyopathy, who was diagnosed with NSML
due to his short stature, multiple lentigines, winged neck, pectus excavatum, and
a heterozygous PV in PTPN11 c.836A > iG.

LEOPARD syndrome, Mexico, Noonan syndrome with multiple lentigines, PTPN11,

type 1, and Neurofibromatosis type 1-like syndrome. The
common pathophysiology is a Ras/mitogen-activated
protein kinase (MAPK) pathway dysregulation. They all
result in an overlapping phenotype, which includes facial
dysmorphism and cardiac and cutaneous manifestations.*
NSML phenotype is remarkable for multiple lentigines,
which present during infancy and increase in number by
puberty, heart disease (in 85%), short stature (in <50%),
sensorineural hearing deficit (in 20%), and mild intellec-
tual disability (in 30%).! The most commonly reported
heart disease in NSML is hypertrophic cardiomyopathy
(HCM) in 70%-80% of the cases and pulmonary valve
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stenosis in 25%.* Other less frequent manifestations in-
clude cryptorchidism, skeletal abnormalities, and café au
lait macules.

We report the first Mexican patient with a heterozy-
gous PV in PTPN11 and NSML in a 54-year-old male, con-
tributing to the genotype and phenotype of RASopathies
in the Mexican population. In addition, we highlight the
importance of suspecting a RASopathy in the context of
HCM when accompanied by short stature and syndromic
features, such as hypertelorism, downslanted palpebral
fissures, and low-set ears.

2 | CASE REPORT

We present the case of a 54-year-old Mexican man, born
to healthy nonconsanguineous parents from an unevent-
ful pregnancy. Strabismus was noted and was surgically
corrected at 2years of age. During infancy, multiple flat
brown macules became evident, located predominantly
in the face and trunk. Psychomotor development was
normal.

i

4 CHAMBERS

PERICARDIUM

At 50years of age, in perioperative studies for surgical
correction of umbilical and bilateral inguinal hernias, an
electrocardiogram (ECG) was found with T-wave inver-
sion in the leads 1, V1-V6 and increased voltage in pre-
cordial leads; this was complemented with a transthoracic
echocardiogram in which apical HCM was evidenced with
ventricular cavity with the morphology of ace of spades
and increased septal thickness at the apical level up to
21mm. In addition, a 24-h Holter showed ventricular ex-
trasystoles in 5.8% of the beats and 15 episodes of non-
sustained ventricular tachycardia of up to 13 beats with a
right bundle branch block morphology.

A cardiac magnetic resonance was performed
(Figure 1), consistent with apical HCM, with a left ventric-
ular ejection fraction of 55%, and late enhancement was
found in 16.6 g equivalent to fibrosis in 19.6% of the mass.
Based on the American Heart Association 5-year sudden
death calculator (6.25% risk), he was considered a candi-
date for implantable cardioverter defibrillator placement,
performed without complications at age 53.

Due to these findings, he was referred to the genet-
ics consult for the diagnostic approach of HCM. Physical

DELAYED ENHANCEMENT

DELAYED ENHANCEMENT DELAYED ENHANCEMENT

FIGURE 1 Cardiac MRI of a patient with Noonan syndrome with multiple lentigines. Apical hypertrophic heart disease. Abnormal
myocardial viability study in relation to fibrosis in a zone of hypertrophy. Diffuse late mesocardium basal anteroseptal, anterior and middle

anteroseptal, and apical and transmural strengthening of the apex. The late reinforcement adds 16.6 g, equivalent to 19.6% of the mass. Left
ventricular ejection fraction conserved 55%. Right ventricular ejection fraction conserved 61%. Presence of an apex aneurysm.
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examination was remarkable for short stature of 163cm
(height potential: 171.5cm), high anterior hairline,
downslanted palpebral fissures, hypertelorism, long de-
pressed philtrum, prominent nasolabial folds, low-set ears,
winged neck, pectus excavatum, wide-spaced nipples, and
multiple lentigines (Figure 2). NSML was suspected; there-
fore, a panel of genes associated with RASopathies using
next-generation sequencing was performed, finding a het-
erozygous pathogenic variant in PTPN11 ¢.836A>G (p.Tyr-
279Cys), confirmed with Sanger sequencing. Extension
studies were carried out on siblings and parents, which were
all negative, establishing that the variant is de novo. The
patient has no offspring. The evaluation of comorbidities
included an audiometry which revealed no hearing impair-
ment, and a spinal X-ray that showed accentuated lordosis.

3 | DISCUSSION

To our knowledge, this is the first case of NSML of
Mexican origin with a confirmatory molecular test and a
PV in PTPN11. Rodriguez Cruz et al.” reported a case of a
21-year-old patient with NSML phenotype and pulmonary
stenosis. Revollo-Guerra et al.® described a case of overlap
syndrome with NSML and neurofibromatosis.

FIGURE 2
Noonan syndrome with multiple

Mexican patient with

lentigines.
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The PV identified in the patient, PTPN11 c.836A>G, is
a missense mutation that produces a change in the pro-
tein from a tyrosine to a cysteine in the amino acid posi-
tion 279. It is located at exon 7 and was first described by
Tartaglia et al in 2001 in patients with Noonan syndrome
(NS)’ and was later associated with NSML syndrome by
Digilio et al.® It is considered a recurrent PV highly spe-
cific to NSML.’

The pathogenesis of NSML is due to neural crest cell
abnormalities since they give rise to melanocytes, spinal
autonomic ganglion cells, and Schwann cells of periph-
eral nerves. Also, they participate in the formation of the
structures derived from the arterial pole of the develop-
ing heart, the great arterial vessels, and their collateral
branches, as well as in their innervation and conduction
system.!

The molecular differences between NS and NSML
have been previously described.'®!! PTPN11 protein com-
prises three functional domains: N-SH2, C-SH2, and ty-
rosine phosphatase (PTP). The PVs associated with NS,
which are mostly located between the N-SH2 and protein
PTP domains, induce an elevated enzymatic activity and
increased RAS/ERK activation. In contrast, the NSML
PTPN11-PV are usually located at the PTP domain resi-
due, leading to a decrease in catalytic activity, and thus,
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a lower RAS/ERK activation.'? Also, studies in mice with
the PTPN11 c.836A>G variant have found a dominant
negative effect in other cell types.'

Our patient presented bilateral inguinal and umbilical
hernias. Although not considered part of the NSML spec-
trum, we found four cases of Noonan syndrome associated
with inguinal hernias."*™® Even though one out of four
men will develop a symptomatic inguinal hernia, recently
it was found that the PTPN11 protein is related to hernia
development along with PIK3R1, TGFBR1, CDC42, and
SOS1 proteins."’

Hypertrophic cardiomyopathy has a prevalence of one
out of 500 adults in the general population.'® However, it
is strongly associated with NSML,* present in up to 80%
of patients with this syndrome, the highest rate among
the RASopathies." ECG findings associated with HCM
are T-wave inversion and large precordial voltage (as seen
in our patient), ST depression, and pathologic Q waves,
among others.” Early diagnosis is critical since sudden
death associated with HCM is the main cause of mortality
in NSML. Studies have shown that defibrillator implan-
tation is successful in aborting life-threatening ventricu-
lar arrhythmia in HCM and is recommended as primary
prevention in high-risk patients.?! Another important co-
morbidity found in patients with PV in PTPNI1 is cancer,
predominantly hematologic neoplasias (such as juvenile
myelomonocytic leukemia and acute myeloid leukemia)
and solid tumors, including neuroblastoma and rhabdo-
myosarcoma. Jongmans et al found a 23% cumulative risk
for developing cancer of 23%, which is 3.5-fold higher
than the general population.*

Our report reinforces the importance of suspecting
NSML in cases presenting with HCM, short stature, and
lentigines. The molecular test can aid in the diagnosis of
specific RASopathies due to overlapping symptoms be-
tween them.
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