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Prolonged thrombocytopenia
in a neonate with Noonan
syndrome: a case report
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Abstract

We report a case of a Chinese neonate who was diagnosed with Noonan syndrome and had

persistent, self-limited thrombocytopenia. The neonate was admitted to the Neonatology

Department 20 minutes after birth because of respiratory distress. From birth until 2 months

of age, platelet values fluctuated between approximately 6 and 30� 109/L. There was no intra-

cranial hemorrhage. However, the child had a transient hypocalcemic seizure and fever. We

excluded thrombocytopenia caused by perinatal asphyxia, immune thrombocytopenia, fetoma-

ternal alloimmune thrombocytopenia, juvenile myelomonocytic leukemia, and chromosome 13,

18, and 21 trisomy syndromes. Despite treatment with anti-infective agents and transfusion of

platelets and immunoglobulin, the platelet count did not return to the normal range. Genetic

testing confirmed a PTPN11 gene mutation, which led to the diagnosis of Noonan syndrome. At 3

months of age, the platelet count gradually increased without intervention and returned to the

normal range by 6 months. We speculate that the thrombocytopenia in this case was closely

related to Noonan syndrome.
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Introduction

Noonan syndrome (NS) is a relatively

common autosomal dominant disease and

its incidence ranges from 1/1000 to 1/2500.1

The main clinical characteristics of NS

include facial dysmorphology, congenital

heart disease, delayed development, short
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stature, urinary tract malformations, and
bleeding diatheses. The diagnosis of NS is
currently based on clinical manifestations,
as proposed by Dutch clinicians in 1994.2

The characteristic facial dysmorphology
and musculoskeletal system features of NS
are essential for its diagnosis. Facial dys-
morphology is most common in infants
and becomes increasingly atypical with
growth.3 The most common features in
boys include cryptorchidism (90%) and
special facial features (86%). The most
common type of heart defect of NS is pul-
monary valve stenosis (67%).4

Among NS-associated genes, hemor-
rhagic tendency is more common in
PTPN11 gene mutations.5 Although there
is a relatively low platelet count, coagula-
tion factor activity and protein C have been
observed in patients with NS and PTPN11
gene mutations.5 Definitive diagnosis of
thrombocytopenia or coagulation disorder
is rarely established in NS. Prolonged
thrombocytopenia originating from the
neonatal period has been reported in several
cases, but most were preterm6 or small for
gestational age7 neonates. In one term
PTPN11 gene mutation-positive neonate
with NS, thrombocytopenia was definitively
induced by a fetomaternal alloimmune
reaction.8

We report here a term and macrosomic
neonate with NS and a PTPN11 gene muta-
tion. In this neonate, there was prolonged,
but fluctuating, thrombocytopenia. We also
suggest the possible genetic basis of NS.

Case report

CARE guidelines were followed for this
case report. We report a proband who
was a Chinese female infant. She was the
second child of healthy non-
consanguineous parents and presented to
our hospital with a history of persistent
thrombocytopenia 26 days after birth. The
details of this patient were de-identified so

that the identity of the patient could not be
ascertained. Therefore, signed patient con-
sent was not required. This study was
approved by the ethics committee of Qilu
Hospital. The neonate was born at 38 and
4/7 weeks’ gestation with Apgar scores of
10, 10, and 10 at 1, 5, and 10 minutes,
respectively. Her birth weight was 4500 g.
The neonate was transferred to another
hospital 20 minutes after birth because
of respiratory distress. Routine blood test-
ing the next day showed thrombocytopenia
(platelet count: 9� 109/L). Polyhydramnios
was diagnosed at 20 weeks of gestation and
increased nuchal translucency was noted on
ultrasonography. Prenatal screening
showed a low risk for trisomies 13, 18,
and 21. Platelet antigens (HPA1a, HPA5b,
and HPA15b) were negative in the mother,
father, and newborn.

On a physical examination (Figure 1),
the neonate was irritable with multiple skin-
folds and enlarged superficial lymph nodes.
The neonate had a dysmorphic face with a
high forehead, low-set posteriorly rotated
ears, a short, webbed neck, and a barrel
chest. A systolic cardiac murmur was aus-
cultated. A dysplastic aortic valve and an
atrial sept defect were observed on trans-
thoracic echocardiography. An abdominal
examination showed an enlarged liver and
spleen. The neonate had bilateral hyperflex-
ion of the wrist joints and hyperabduction
of the elbow joints.

Blood test results on day 27 of life were
as follows: white blood cell (WBC) count,
10.64� 109/L; neutrophils, 35.8%; lympho-
cytes, 40.1%; red blood cell (RBC) count,
3.93� 1012/L; hemoglobin, 106.0 g/L; and
platelet count, 27� 109/L. A peripheral
blood smear showed that the proportion
of poorly differentiated cells was 8% and
there were nucleated RBCs and thrombocy-
topenia. The procalcitonin level was 0.103
ng/mL (<0.1 ng/mL). Serology was nega-
tive for toxoplasma, rubella, cytomegalovi-
rus, and herpes simplex virus II infections.
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Because of the possibility of an infection

and immunodeficiency, the infant was

treated with anti-infective agents and an

infusion of gamma globulin and platelets.

Platelet transfusion was performed five

times within 2 months after birth. The

platelet level was not restored (30–

60� 109/L). The infant had a convulsion

on day 36 of life, and this was characterized

by sweating, crying, dysphoria, and a tran-

sient upward ocular gaze, followed by a

fever of 39.4�C and persistent opisthotonos

(2–8 minutes). Six hours later, the heart rate

was 210 beats/minute at rest. Blood test

results on the day of the seizure were as

follows: WBC count, 34.13� 109/L; neutro-

phils, 47.9%; lymphocytes, 12.91%; RBC

count, 3.51� 1012/L; hemoglobin, 100.0 g/

L; platelet count, 16� 109/L; and calcium,

0.98 mmol/L. Intracranial hemorrhage was

excluded on the basis a craniocerebral

computed tomographic scan. Therefore,

the infant was treated with intravenous

calcium, myocardial nutrition, intensive

anti-infective agents, and sedation. The

hypocalcemia persisted for 9 days. On day

52 of life, routine blood testing showed the

following: WBC count, 14.99� 109/L;

neutrophils, 47.2%; lymphocytes, 35.1%;

RBC count, 3.55� 1012/L; hemoglobin,

104.0 g/L; and platelet count, 32� 109/L.

She received another platelet transfusion,

after which the platelet count was 142�
109/L. Therefore, she was discharged

Figure 1. Photographs showing particular symptoms of the neonate taken at approximately 51 to 54 days
after birth. The symptoms include a dysmorphic face with a high forehead, low-set posteriorly rotated ears,
a protruded navel, and hyperflexion of the wrist.
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home 2 days later. At the 3- and 6-month

follow-up evaluations, the platelet count

fluctuated between 60 and 70� 109/L and

100 and 120� 109/L, respectively (Figure 2).
A bone marrow biopsy (Figure 3) on day

34 of life showed 5% poorly differentiated

lymphocytes, 3% megakaryocytes, and pla-

telets were rarely observed. The corre-

sponding peripheral blood smear showed

an elevated WBC count, a high mononucle-

ar cell ratio, occasional poorly differentiat-

ed lymphocytes, and platelets were rare. A

repeat bone marrow biopsy on day 57 of life

was normal. The corresponding peripheral

blood smear showed a high mononuclear

cell ratio. The prothrombin time and acti-

vated partial thromboplastin time remained

normal. Further analysis showed normal

levels of clotting factors VIII, XI, and

XII. Cardiac sonography on day 48 of life

showed an atrial septal defect and mild-

moderate pulmonary stenosis. No obvious

renal, ureteral, or bladder abnormalities

were noted on ultrasonography of the uri-

nary tract. Whole-exon gene sequencing

was performed because of the multiple con-

genital malformations and persistent

thrombocytopenia. This technique showed

a mutation (c.1517A>C (p. Q506P]) in exon

13 of the PTPN11 gene, which corroborat-

ed the diagnosis of NS.

Discussion

Genes that are involved in NS mutations

include PTPN11, SOS1, RAF1, BRAF,

KRAS, NRAS, SHOC2, CBL, and MEK1.

Among the NS-associated genes, a PTPN11

gene mutation is the most common,

accounting for approximately 50% of

mutations.2,5,9 The human PTPN11 gene

is located on 12q24.13 and contains 16

exons.10 The most common mutation

involving the PTPN11 gene is a missense

mutation and the mutation sites are distrib-

uted in exons 3, 4, 7, 8, 12, and 13. Children

with exon 8 mutations tend to have mild

mental retardation, and those with exon 3,

4, and 13 mutations are at increased risk of

developing to juvenile myelomonocytic leu-

kemia (JMML).3,5,9,11

NS with abnormal hematological find-

ings include thrombocytopenia, platelet

dysfunction, decreased coagulation factors,

Figure 2. Bone marrow smear. a: Bone marrow at day 35 after birth. b: Bone marrow at day 56 after birth.
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von Willebrand factor-based hemophilia,

JMML, and myelodysplasia. The mecha-

nism involved in the thrombocytopenia of
our proband is unclear. Derbent et al.4

described a case of a PTPN11 mutation in

an infant with NS and the c.1517A>C

mutation, as in our proband. However,
their case only had low protein C activity

without thrombocytopenia. Because

JMML has a close relationship with
PTPN11 mutations,11 we initially speculat-

ed that JMML may have accounted for the

thrombocytopenia in our patient. De novo

JMML cases have shown that c.1517A>C
and c.218C>T mutations can develop into

JMML, and c.218C>A is a mutation hot-

spot. The most common PTPN11 mutation

in de novo JMML is c.226G>A in patients
with NS.4,12 JMML is more likely to occur

in patients with amino acid mutation sites

at 61, 71, 72, and 76.13 Despite NS accom-
panied by JMML having a tendency to

undergo spontaneous remission,14,15 a low

platelet count (<40� 109/L), fetal hemoglo-

bin values >40%, and monosomy 7 at the
time of diagnosis may be associated with a

poor prognosis.12 In patients with

PTPN11-associated NS accompanied by

thrombocytopenia, the reported mutation

sites include c.218C>T and c.181G>A,

both of which are in exon 3.8,16

However, in our case, the mutation site

was c.1517A>C, which is located in exon

13, and bone marrow cytology did not

show dyshematopoiesis. Additionally, our
proband had a good prognosis of recovered

platelet levels, which could not be explained

by JMML.
Nunes et al16 proposed that the causes of

thrombocytopenia in children with NS

include a reduction in megakaryocytes,
early clinical features of JMML, and

sequestration of platelets in an enlarged

and/or myelodysplastic spleen. Our pro-

band also had a reduced level of megakar-

yocytes in bone marrow, which indicated

that thrombocytopenia may have been

attributable to a reduction in production

of megakaryocytes. The mechanism
involved in thrombocytopenia associated

with the PTPN11 gene may include encod-

ing the SHP-2 domain structure, which

contains the two non-transmembrane pro-

tein-tyrosine phosphatases (PTPs) Shp1

and Shp2. Shp1 is expressed in hematopoi-

etic and epithelial cells and Shp2 has a

wide range of expression. Shp1 and Shp2
have major roles in the development of

Figure 3. Platelet counts of this patient over 7 months since birth. #Platelet transfusion on 2, 10, 37, 40,
and 52 days after birth. *Immunoglobulin transfusion on the 2nd day after birth.
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megakaryocytes, and platelet production
and functional maturation,17 including reg-
ulating signaling from a variety of tyrosine
kinase-linked receptors. The mutated
amino acid Q506P found in our case is
located in the PTP domain of SHP-2.
Therefore, thrombocytopenia may be a

result of Shp1 and/or Shp2 inactivation
after PTPN11 mutation.

Other factors should be ruled out in
patients with early-onset thrombocytopenia

(in the first 72 hours of life), including infec-
tions, autoimmune thrombocytopenia,
intrauterine distress, intrauterine growth
restriction, and chromosomal and non-
chromosomal factors. The most common
cause of severe thrombocytopenia immedi-
ately after birth in healthy newborns is
immune thrombocytopenia, in which the
mother transfers anti-platelet antibodies to
the fetus.18 NS should be considered in neo-

nates with an abnormal blood system com-
bined with facial dysmorphology and
abnormal skeletal and muscle systems.
The prenatal diagnosis of NS should not
only rely on a genetic examination, but
also rely on antenatal ultrasonic examina-
tions.19 When patients with NS require sur-
gery, preoperative examinations should
include blood routine testing, including

the prothrombin time and activated partial
thromboplastin time, and the bleeding time.
If the results are normal, the risk of coagu-
lation complications is low and further test-
ing is not necessary.5 A study of 297 Dutch
patients with NS showed that those with a
PTPN11 mutation had a 3.5-fold higher
risk of cancer than healthy counterparts.20

The severity of cardiovascular malforma-
tions directly determines the prognosis

of patients, especially hypertrophic
cardiomyopathy.21
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