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Monogenic systemic lupus erythematosus
onset in a 13-year-old boy with Noonan like-
syndrome: a case report and literature review
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Abstract

Background Childhood systemic lupus erythematosus (cSLE) has been considered as a polygenic autoimmune
disease; however, a monogenic lupus-like phenotype is emerging with the recent recognition of several related novel
high-penetrance genetic variants. RASopathies, a group of disorders caused by mutations in the RAS/MAPK pathway,
have been recently described as a cause of monogenic lupus.

Case presentation We present a 13-year-old boy with Noonan-like syndrome with loose anagen hair who
developed a monogenic lupus. The renal biopsy confirmed a class Il lupus nephritis and identified the presence of
zebra bodies.

Conclusions RASopathies represent a cause of monogenic lupus. We report a new case of monogenic lupus in a
child with Noonan-like syndrome with loose anagen hair. Lupus nephritis which has never been described in this
context, may be part of the presentation. The presence of zebra bodies in SLE or RASopathies in unclear, but no other
known conditions (Fabry disease or drugs) were identified as the cause of zebra bodies in our patient.
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Background

Childhood systemic lupus erythematosus (cSLE) is a
chronic, life-threating, multi-system autoimmune disease
diagnosed in children under the age of 18 years [1]. Its
prevalence ranges from 3.3 to 24 per 100,000 children [2].
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Recent studies have reported that some of the muta-
tions causing RASopathies have also been related to
monogenic lupus [3]. One of these conditions is Noonan-
like syndrome with loose anagen hair. A dysregulation
of RAS signaling due to a recurrent missense variant in
SHOC?2 gene is responsible for this syndrome. The activa-
tion of the RAS/ MAPK pathway in immune cells leads
also to the development of autoimmune disorders such as
SLE [4].

We report a monogenic lupus case in a child with
Noonan-like syndrome with loose anagen hair.

Case presentation

A thirteen-year-old boy with a molecularly confirmed
diagnosis of Noonan-like syndrome with loose anagen
hair (SHOC2, c.4 A>@G, p.Ser2Gly) was admitted to our
hospital with a 2-week-history of polyarthritis, rash,
cytopenia, abdominal pain, malaise, and general weak-
ness. He had been evaluated at the emergency depart-
ment for swollen and painful ankles, associated with
abdominal pain, purpuric rash and microhematuria. An
initial diagnosis of Henoch-Schonlein Purpura was estab-
lished. However, due to the persistence of the symptoms
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he was finally admitted to our rheumatology division for
additional evaluation.

Laboratory tests revealed lymphopenia (lympho-
cyte count 660/puL), thrombocytopenia (platelet count
129,000/pL), non-hemolytic hypochromic anemia
(10,9 g/dL), elevated C reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR) (9,99 mg/dL and
28 mm/h, respectively). Low levels of complement (C3
73 mg/dL and C4 level 2 mg/dL) were present. Autoan-
tibody screening showed antinuclear antibodies (ANA)
with a titer of 1:2560 with a homogeneous pattern, anti-
dsDNA antibodies (1:640), anti-SSA/Ro (174 U/mL), and
a triple antiphospholipid antibody positivity (IgG anticar-
diolipin 34 GPLU/mL, IgG anti-B2-glycoprotein 27 U/
mL and positive lupus anticoagulant). A chest x-ray and
an echocardiogram were remarkable for pleural and peri-
cardial effusion without hemodynamic compromise. The
patient had a normal renal function; however, the urinal-
ysis revealed a 770 mg/ 24 h proteinuria with associated
microhematuria and leukocyturia. A renal biopsy pro-
vided evidence of a class III lupus nephritis according to
ISN/RPS 2003 classification (Fig. 1). In addition, enlarged
intralysosomal osmiophilic, lamellar and concentric
inclusions in podocytes resembling “zebra bodies” were

Fig. 1 Histology (PA.S. stain, magnification 40x): renal biopsy showed 14 glomeruli. In <50%, variable mesangial hypercellularity was present: focal/
segmental in A, mild in B and moderate in C.In A, a focus of endocapillary proliferation was observed (circle). Immunofluorescence (magnification 40x)
showed global positivity for IgG+++ (D), IgA++, C3++, Clg+++ (E), kappa light chain+++ and lambda light chain+++. IgM were negative. Electron
microscopy (F, magnification 2500x) highlighted many subendothelial deposits (arrows) and laminated zebra bodies in the cytoplasm of few podocytes

(rectangle)
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identified at the electron microscopy (Fig. 1F). No con-
genital cardiac disorders related to Noonan-like syn-
drome were observed.

A SLE diagnosis, according to EULAR/ACR 2019 clas-
sification criteria, was established based on the pres-
ence of clinical (lymphopenia, thrombocytopenia, lupus
nephritis, arthritis, serositis) and immunological criteria
(positive ANA, anti-dsDNA, antiphospholipid antibod-
ies, lupus anticoagulant, and low complement).

The patient started treatment with methylprednisolone
pulses, 30 mg/Kg/day for 3 consecutive days, and after-
wards with prednisone at 2 mg/Kg/day; associated with
hydroxychloroquine (5 mg/Kg/day) and mycophenolate
mofetil (600 mg/m?/12 h). In addition, a primary throm-
boprophylaxis with acetylsalicylic acid (100 mg/day) was
also started due to the presence of a high-risk antiphos-
pholipid profile—triple positivity. A progressive clinical
and biochemical good response was observed.

The parents decided to continue follow-up in another
center. During a phone contact one year after discharge,
the parents reported no additional health issue while sig-
nificantly tapering treatment.

Discussion and conclusions

SLE is a chronic systemic autoimmune disease which
leads to inflammation and organ damage caused by
immune complex deposition. Classically, cSLE has been
considered as a polygenic autoimmune disease; however,
monogenic lupus-like phenotypes in children are emerg-
ing with the recent recognition of several related novel
high-penetrance genetic variants in the last decade [5].
This fact associated with the high degree of concordance
among monozygotic twins, supports the relevance of
genetic background in the childhood lupus pathogenesis
3,5, 6].

Currently, mutations in more than 50 different genes
related to complement (e.g. C1, C2, C4), type I interferon
(e.g. DNASE, RNASE, TREX, IFIH1, ADAR), self-toler-
ance (e.g. PRKCD, TNFSF13B) or RAS pathways (e.g.
PTPN11, SOSI, KRAS, SHOC2) have been considered
responsible for the development of monogenic lupus [3].

At least 20 genetic variants involved in the RAS/MAPK
pathway function, are included in a group of disorders
collectively defined as RASopathies. Facial dysmorphism,
cardiac disease, growth hormone deficiency, and cogni-
tive defects are the main clinical features of RASopathies
[7]. Pathogenic variant in SHOC2 gene, a scaffold protein
with an up-regulatory function on RAS/MAPK pathway,
leads to Noonan-like syndrome with loose anagen hair
which is characterized by facial feature and ectodermal
abnormalities (hair anomalies and hyperkeratotic skin
lesions) as distinguishing aspects [8]. In addition to these
manifestations, a link between Noonan-like syndrome
and autoimmune disorders (such as SLE, thyroiditis or
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hepatitis) has been postulated due to the role of RAS on
T cell maturation. This fact suggests that abnormal acti-
vation of the RAS/MAPK pathway may be a risk condi-
tion for the development of autoimmune diseases [4].

We report a 13-year-old-boy with a constitutional
SHOC?2 genetic variant (c.4 A>G, p.Ser2Gly) who devel-
oped a monogenic lupus. This is similar to what observed
in RASopathies and specifically in SHOC2-carrier
patients, which have a male prevalence and a median age
of SLE onset around their teens [3]. These data suggest
a distinctive underlying pathway on monogenic lupus
pathogenesis compared to the classical SLE.

A total of 12 patients with a Noonan syndrome and an
associated SLE diagnosis have been described in the liter-
ature to date. Of them, 4 patients carried a constitutional
SHOC?2 genetic variant, 2 patients a KRAS variant, 1
patient a PTPN11 variant and in the remaining 5 patients
no genetic variant was specified. Our patient represents
the fifth SHOC2-carrier with a diagnosis of monogenic
lupus [3, 9-12].

Musculoskeletal disorders (8/11 patients) are the
most common manifestations in patients with RASopa-
thies. Moreover, other lupus clinical manifestations have
also been reported: pleuro-pericarditis (7/11 patients),
autoimmune cytopenia (6/11 patients) and rash (2/11
patients) [3]. Specifically, in SHOC2 carriers, serosi-
tis was the most frequent clinical manifestation (3/3
patients), followed by cytopenia (2/4 patients), polyar-
thritis (1/3 patients) and mucocutaneous disorders (1/3
patients). No neuropsychiatric or renal manifestations
have been previously reported [9-12]. Our patient onset
with thrombocytopenia, lymphopenia, polyarthritis of
the large and small joints and serositis (pleural and peri-
cardial effusion), which is similar to those described
above. However, a lupus nephritis in SHOC2 carriers has
not been previously reported.

Regarding immunologic parameters, 3 patients with a
SHOC2 variant were positive for ANA and anti-double
stranded-DNA (ds-DNA) antibodies, 1 was positive for
anti-Smith antibodies (anti-Sm) and one showed low lev-
els of complement - both C3 and C4 [9-12]. Our patient
showed ANA, anti-ds-DNA, anti-SSA/Ro positivity with
reduced levels of complement. Demographic characteris-
tics, EULAR/ACR 2019 SLE classification criteria, thera-
peutic strategy and response to the therapy were shown
in detail in Table 1.

As far as zebra bodies are concerned, this is the first
case to date which identify lamellar bodies in a patient
with a Noonan-like syndrome and lupus. This renal find-
ing is the result of a blockade of intralysosomal phos-
pholipid catabolism, which culminates in formation of
osmiophilic and lamellar inclusions in the lysosome of
podocytes. Generally, this condition appears in Fabry
disease, but also as a drug-induced condition related
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Table 1 Demographic characteristics, clinical and immunological parameters, therapeutic strategy, and response to the therapy

Simsek-Kiper etal., Bader- Hanayaet Ueharaetal,2018 Currently presented
2012 Meunieret al., 2017 patient
al,, 2013
Gender, age at onset (years) Male Male, 13 Male, 13 Male, 24 Male, 13
EULAR/ACR 2019 criteria
Fever NA NA NA NA YES
Hematologic Thrombocytopenia NO NO Leukopenia Leukopenia
Thrombocytopenia  Lymphopenia
Thrombocytopenia
Neuropsychiatric NA NO NO NO NO
Mucocutaneous NA NO NO Malar rash NO
Pleuritis NA Pericarditis ~ Pericarditis  Pericarditis Pleuritis and pericarditis
Articular NA Polyarthritis ~ NO NO Polyarthritis
Renal NO NO NO NO Class Il LN
Zebra bodies
ANA NA 1:800 1:640 1:2560 1:2560
Anti-ds-DNA NA 391U 871U >1:400 1:640
Anti-Smith NA Negative 149U Negative Negative
Low complement NA NO YES C342 mg/dL C373 mg/dL
C4 5 mg/dL C4 2 mg/dL
aPL and/or LA NA NO NO YES lgG aCl, IgG aB2GP, LA
Treatment NA HCQ, ASA GC GC HCQ, MMF, GC, ASA
Response NA Satisfactory  Satisfactory Satisfactory Satisfactory
(tapered in (tapered in
3m) 20m)

aB2GP, anti-B2-glycoprotein antibodies; aCL, anticardiolipin antibodies; ANA, antinuclear antibodies; aPL, antiphospholipid antibodies; ASA, acetylsalicylic acid; GC,
glucocorticoids; HCQ, hydroxychloroquine; LA, lupus anticoagulant; LN, lupus nephritis; NA, not available; m, months; MMF, mycophenolate mofetil

to chloroquine or amiodarone [13, 14]. However, our
patient was not under any of these conditions. A dys-
regulation in the RAS/MAPK pathway or SLE have been
related with the development of lysosomal storage disor-
ders [15, 16]. Therefore, our findings suggest that these
intralysosomal inclusions may also be present in the con-
text of a RASopathy condition.

In conclusion, we report a new case of monogenic
lupus in a 13-year-old male patient with Noonan-like
syndrome with loose anagen hair. A lupus onset in a
patient with dismorphic features should prompt genetic
analysis. RASopathies appear to be a rather frequent
cause of monogenic lupus. Notably, lupus nephritis
which have never been described in this context, may be
part of the presentation.
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