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Abstract

Mastocytosis is an accumulation of clonal mast cells within tissues and it is most commonly
caused by an activating mutation in the KIT gene. In this study, we report a neonatal case who
presented with diffuse cutaneous mastocytosis (CM) at birth. In China, nine other cases of
neonatal-onset CM have been reported in the literature since 2006. In those cases, diffuse CM
and urticaria pigmentosa were the main symptoms, and mutations in exon |7 at codon 816 in KIT

were identified.

Keywords

Neonate, KIT gene, diffuse cutaneous mastocytosis, mast cell, serum tryptase, mastocytosis

Date received: 25 March 2020; accepted: 4 August 2020

Introduction

Mastocytosis is a heterogenecous group of
disorders characterized by the proliferation
and accumulation of mast cells in the skin
and other organs, including hematopoietic
organs.' Generally, childhood-onset masto-
cytosis is characterized by cutanecous
involvement, most commonly urticaria pig-
mentosa (UP, also called maculopapular
mastocytosis), mastocytoma, and, Iess
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frequently, diffuse cutaneous mastocytosis
(DCM).? Mastocytosis is a clonal disease
associated with mutations of the proto-
oncogene KIT in both adult-onset and pedi-
atric mastocytosis.® A mutation of codon
816 (exon 17) in the KIT gene has been
identified in 42% of children with mastocy-
tosis, whereas mutations in exons 8 to 11
(i.e., outside exon 17) have been observed
in 44% of cases.**

CM is a rare, severe variant that gener-
ally presents in the neonatal period, but the
prognosis remains unclear. Here, we pre-
sent a case of a neonate with characteristic
cutancous findings and discuss the clinical
phenotype and genetic mutation identified.
We also present a comprehensive review of
all cases of neonatal cutaneous mastocyto-
sis reported in China during the past
13 years.

Case report

The patient was a male infant who was the
second child of healthy parents. He was
born at 38 weeks of gestation with a birth
weight of 3190 g via spontaneous vaginal
delivery to a 3l-year-old mother after
an uncomplicated pregnancy. He has a
2-year-old healthy sister. The amniotic

fluid was contaminated when the child
was born, and the umbilical cord was
wrapped around the neck. The Apgar
score was 10 at 1 and 5 minutes. The neo-
nate presented with firm, waxy, red-brown,
indurated papules and plaques with discrete
necrotic areas and few scattered vesicles on
the skin of the scalp, face, trunk, extremi-
ties, palms, and soles at birth. Three hours
after birth, he was transferred from a local
hospital to our neonatal intensive care unit.

Physical examination revealed that the
whole skin surface was covered with firm,
waxy, red-brown, indurated papules and
plaques, with discrete necrotic areas
and few scattered vesicles (Figure 1).
Hepatosplenomegaly was evident. The
patient was given intensive care and skin
care after admission. Antibiotics were
administered for a suspected skin infection.
After a clinical diagnosis of cutaneous
mastocytosis, dexamethasone was given at
0.2 mg/kg per day for 1 week.

A laboratory work-up was carried out
and results showed that bone marrow cyto-
logic examination was negative and cere-
brospinal fluid examination was normal.
Color Doppler ultrasound of the liver and
spleen confirmed hepatosplenomegaly and
showed rough spots and enhanced echo.

Figure 1. (a) Indurated, red-brown, pachydermatous plaques scattered over the whole body. Note
abdominal distension due to hepatosplenomegaly. (b) Diffuse nodules and blood blisters were scattered over
the whole body at the second hospitalization 2 months after birth.
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Cardiac color Doppler ultrasound showed
that the patient had severe pulmonary
hypertension, the arterial duct was not
closed, and a sieve-type atrial septal defect
was evident. Chest computed tomography
(CT) indicated pneumonia with CT consol-
idation of the upper lobe part of the lungs
and local emphysema-like changes. The
upper lobe of the lungs and the bronchus
below it could not be clearly observed by
CT. Evaluation of a skin biopsy (Figure 2)
indicated that mast cells were diffusely
infiltrated in the whole layer of skin and

dermis. Toluidine blue dyeing was
positive. Immunohistochemistry showed
CD45+, CD30+, CD34—, MPO-,

CD43+, CD68+, CD117+, CD2+, BCL-2
individual+, and Ki-67 (3 to 5% +). With
the parents’ consent, peripheral blood was
drawn from the patient and the parents for
genetic testing. The disease-related region p.
D816V (2447A >T) in exon 17 of the KIT
gene was sequenced in peripheral blood of
the patient and his parents’ results were ver-
ified by Sanger sequencing. A mutation, p.
D816V (2447A >T) was identified in exon
17 of the KIT gene (Figure 3). Sanger
sequencing of the parents’ DNA showed
no mutation in this region.

The patient’s first total hospital admis-
sion time was 30 days. During this time,
he had a slight reduction in rash. Oral pred-
nisone treatment continued after discharge.
The patient was admitted again to the neo-
natal intensive care unit with main com-
plaints of dyspnea, convulsions, and rash;
he died 1 day later due to severe infection,
respiratory failure, and circulatory failure.

Discussion

Mastocytosis results from the clonal prolif-
eration of mast cells, which is caused by
occasional somatic activation of mutations
in the mast growth factor receptor c-Kit/
CDI117.>% KIT is a receptor for trypsin
kinase, which is mainly responsible for
mast cell growth, proliferation, and surviv-
al.” Previous studies have suggested that
mastocytosis in children is a benign and
self-limiting disease, and analysis of the lit-
erature shows that in 67% of cases in chil-
dren, the disease had partially or completely
regressed. In the remaining one-third of
patients, the condition may persist or prog-
ress. Mastocytosis has a varied clinical pre-
sentation, leading to different outcomes
depending on the mast cell burden and the
extent of tissue involvement.

Figure 2. (a) Immunohistochemical staining was positive for CD117/KIT. (b) Hematoxylin and eosin
staining demonstrating sheets of mast cells within the dermis (400x) indicative of cutaneous mastocytosis.
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Figure 3. Sequence diagrams for the patient and parents. Genetic testing revealed that the patient had a
heterozygous mutation in the KIT gene, c.2447A >T (p.D816V). No mutations of the KIT gene were found in

the parents.

Meni et al. reviewed 1747 cases pub-
lished between 1950 and April 2014 to clar-
ify the characteristics and course of
pediatric mastocytosis.® In that review, the
authors first confirmed the reversal of the
sex ratio in childhood disease compared
with adults, with a preponderance of male
patients in children (male:female ratio of
1.4:1). The review found that lesions
occurred before the age of 2 years in 90%
of cases, presenting as UP (75% of cases),
mastocytoma (20%), or DCM (5%). The
D816V mutation in the KIT gene was
detected in 34% of 215 tested patients.
Clinical regression (complete or partial)
occurred in 67% of cases and stabilization

occurred in 27%. However, 2.9% of
patients died of the disease.”

In the past 13 years, 10 cases (including
one pair of twins) of neonatal cutaneous
mastocytosis, with a male:female ratio of
3:2, were reported in mainland China.” '
Lesions presented as UP (1 case) or DCM
(9 cases); mastocytoma was not observed
(Table 1). Four patients were genetically
tested. The clinical manifestations of the
twins were DCM with the same genotypes;
both had a mutation (NM-000222) in exon
17:  ¢.2446-2447GA >TT  (p.D816F).
Another case was UP with genotype KIT-
D816V (+). The child we reported had

DCM and genotype NM-000222; exon 17,



Li et al.

Table I. Summary of clinical characteristics and laboratory results for neonatal mastocytosis cases

reported during the past |3 years in China.

Clinical symptoms Gene mutation

Case GA
(reference) Year Sex Age (weeks) BW (kg)
1° 2006 F 25 days Term

2'° 2009 M 33days Term 3.5
36 2010 F I5hours Term 3.1
4 2010 F 3 hours 40 3.25
5'2 2012 F 4 days Term

63 2014 M 2hours  Term

714 2016 F 4 days 36" 26
gx!4 2016 F 4 days 36" 245
9'5 2017 M Il months Term

10 (current 2019 M 3 hours 38 3.19

report)

Unknown

Unknown

Unknown

Unknown

Diffuse cutaneous
mastocytosis
Diffuse cutaneous
mastocytosis
Diffuse cutaneous
mastocytosis
Diffuse cutaneous
mastocytosis
Diffuse cutaneous
mastocytosis
Diffuse cutaneous
mastocytosis
Erythema bullous

nodule
Same as case 7

Not investigated
Not investigated
Not investigated
Not investigated
Not investigated
Not investigated
Exon 17: 2446-2447

GA>TT (p.D816F)
Same as in case 7

Urticaria pigmentosa KIT, D816V (+)
Diffuse cutaneous Exon 17; c2447A>T
mastocytosis (p.D816V)

GA, gestational age; BW, birth weight; F, female; M, male.
*Cases 7 and 8 are twins.

c.2447A>T (p.D816V) and died at 2
months of age. No studies have confirmed
the relevance of the KIT mutation site to
the outcome of mastocytosis.

In adults, the KIT D816V allele load in
peripheral blood is associated with serum
tryptase level.!”'® Recent studies have
shown that identifying and quantifying
KIT D816V mutations in adult peripheral
blood is not only of diagnostic impor-
tance'”?” but it can also determine mast
cell burden, permit monitoring,?' and be
used to assess the response to treatment.'®

Carter et al.*? evaluated data on 65 chil-
dren with mastocytosis, some of whom were
shown to have systemic disease. They cor-
related KIT mutation status with clinical
manifestations, serum tryptase levels, and
bone marrow histopathology. In the
study, they found no KI7 D816V mutations
(100% specificity) in peripheral blood of

children with cutaneous disease. However,
the KIT D816V mutation was present in
peripheral blood of patients with systemic
or likely systemic disease (sensitivity of
85.2%).%

Four children diagnosed with systemic
mastocytosis by bone marrow biopsy had
low mast cell burden, splenomegaly that
subsided, and serum tryptase levels that
decreased over time; the allele-specific
quantitative PCR (ASqPCR) value was
negative. These results are consistent with
those of a previous study.”> The children
no longer need daily medication, the skin
lesions have gradually cleared, and serum
tryptase level is significantly reduced, indi-
cating that the mast cell burden is also
decreasing. Therefore, if there is a clinical
manifestation of organomegaly in children
with cutaneous mastocytosis and a positive
peripheral blood ASqPCR test, there is a
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high possibility of systemic discase.
However, the onset of CM in children, espe-
cially in neonates, lacks long-term and
large-scale follow-up studies to date. The
study of prognostic-related factors of
neonatal-onset CM will be the focus of
future work.

DCM should be differentiated from
maculopapular cutaneous mastocytosis
(UP) and solitary cutaneous mastocytoma.
DCM is characterized by the infiltration of
most or all skin mast cells, rather than dis-
crete lesions of other forms of skin masto-
cytosis. The skin thickness is typically
increased, with color ranging from yellow-
brown to red, and bullous eruptions may
occur.>* Maculopapular cutaneous masto-
cytosis presents with pruritic, yellow-tan
to reddish-brown macules/papules on the
trunk and proximal extremities; in solitary
cutaneous mastocytoma, pruritus s
variable.

Many high-risk factors trigger DCM,
including medications, foods, emotional
stressors, temperature changes, dry skin,
infections and trauma to lesions, lukewarm
baths, and use of emollients.>> There is no
cure for cutaneous mastocytosis. Treatment
focuses on avoiding triggers and treating
mast cell mediators. Both Hl and H2
antagonists can be used to treat flushing
and itching in patients with DCM. Topical
use of creams containing cromolyn sodium
may also help relieve these symptoms.*® H2
antagonists and oral mast cell stabilizers
(such as cromolyn sodium) can be used to
reduce gastrointestinal symptoms associat-
ed with the disease. Symptoms of allergic
reactions require administration of adrena-
line.*®> Oral corticosteroids can be used to
treat severe skin lesions, but long-term use
is not recommended. In our case, dexa-
methasone was given at 0.2 mg/kg per day
for 1 week. Oral prednisone treatment con-
tinued after discharge for about 1 month.
However, there are currently no dosing
guidelines for the treatment of neonatal

DCM. With the clarification of gene muta-
tion sites by genetic testing, targeted thera-
py can be adopted for the mutation sites,
and inhibiting the activation of the mutated
KIT protein may become a new type of
treatment.

In summary, neonatal mastocytosis is
rare, making it difficult to diagnose and to
determine whether a neonate has systemic
disease. In addition to the skin manifesta-
tions of neonatal mastocytosis, other symp-
toms may be atypical. Combining the
results of KIT mutation analysis, serum
tryptase levels, and bone marrow biopsy,
if necessary, may help us to determine
whether a patient has systemic mastocyto-
sis. It may be useful to correlate outcomes
with KIT mutations to determine whether
some types of mutations are linked to a
better or worse prognosis in neonates with
mastocytosis. Further studies should focus
on this aspect in neonates to understand the
pathophysiology of mastocytosis and define
appropriate  follow-up and treatment
methods.
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