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ABSTRACT

Noonan syndrome is an autosomal dominant genetic disorder characterized by facial
dysmorhpic features, short stature and heart defects, such as pulmonary valve stenosis and
heart hypertrophy (Roberts et al., 2013). The pathologic features are caused by the genetic
mutations in the RAS-MAPK pathway signaling proteins, such as PTPN11. These mutations
also predispose Noonan patients to risks of developing cardiovascular, myeloproliferative,
lymphatic system disorders. Therefore we recommend raising awareness and increasing
vigilance for these cases as the Noonan syndrome patients require special care of a
multidisciplinary team of healthcare professionals to address their multiple health concerns
and improve their outcomes.
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HYHAH CUHAPOMBbI: KASBAKCTAH, ACTAHAIATBI KIIMHUKAJIBIK
KAFJTAVBIH IOJTY )KOHE CUITATTAMACHI

Kaiisipmyxanosa IILK.', U3ryrauna A.', Kyaroaii . !

'Tlequarpus 6enmeci, «UMC» KOpHOPATHBTIK KOPIHbIH PecryOnmuKaibK ANarHOCTUKAIIBIK OPTAJIBIFBL,
Acrana, Ka3akcran

*Hasapbaes Yuusepcureri, Meauiuna Mekredi, Acrana, Kazakcran

HyHaH cuHOpombl  6eT-kenbeTiHiH - AucMopdThl  KyeciMeH,  asik-konaapbiHbIH
KbiCka ©omn XeTinyiMeH xaHe ekne KrnanaHbl CTEHO3bl MEH XXYPEK rMnepTpodusackl ColHAbI
GenrinepiMeH KepiHETIH reHeTuKanblk ayTOCOMAbI-AOMUHAHTTLI aypybl. [laTonorusnbik
cbIpT kenbeti RAS-MAPK curHangpl >xonbiHAaFbl NPOTEUHIHIH reHeTUKanblk MyTauusicbl
cebebiHeH TyblHOanabl. OfaH koca, aTanFaH MyTauust Xypek-kaH Tamblprnap aypyblHa,
MuenonponudepaTmBTi XaHe NumdaTrKanbIK XyWeHiH aypynapbiHa aken cokTbipagbl. Hy-
HaH CUHOPOMbI MaUMEHTTEpPiHIH AMarHoCTUKanbIK XaHe eMaey HaTUXKenepi TypfbiCbiHaH
apHaiibl KaMKoprblK Tanan eTeTiHAikTeH, 6i3aiH yCbiHbICbIMbI3, HyHaH cuHOpombl Typa-
bl KEHipeK aknapaT TapaTbin, eMaik-anarHocTuKanblk MacenenepiH ey xongapbiMeH
[eHcaynblK cakTay yibiMaapbiH Kynaraap eTy.

Kint ce3gep: HyHaH cMHOpOMbI, CUpEK Ke3aeceTiH aypynap, reHeTvkanblk aypynap,
RAS-MAPK myTaumsicel, PTPN11 myTaumsicel, KazakctaHgarbl cupek ke3geceTiH aypynap,
KasakcTtaHgasbl HyHaH CUHAPOMBbIHbIH, Xafganbl

CHHAPOM HYHAH: OB30P 1 OITMCAHME KJIMHUYECKOTI'O CJIY-
YAS B ACTAHE, KABAXCTAH

Kaupmyxanosa IILK. ', U3ryrauna A. ', Kyar6aii I. *

' Oraen negmarpun, PecryGInkaHCKuii AMarHOCTHYECKHH LEHTP KopriopaTHBHOTO (porma «UMCx,
Acranak., Kazaxcran

?Hasap6aes Yuusepcurer, [1Ikona Meauimssl, 1. Acrana, Kasaxcran

CuHapoMm HyHaHa sIBMsieTCsi ayTOCOMHO-AOMWHaHTHBIM TEHETUYECKUM PacCTpOit-
CTBOM, XapakTepusyloLMMCa NULEBLIMU AUCMOP(UYECKUMN OCOBEHHOCTSIMU, KOPOTKUM
pocToM M fedekTamy ceppua, TakMMK Kak CTeHO3 NEeroYHoro knamnaHa u runeprpodus
cepaua. Maronornyeckne 0CoOGEHHOCTH BbI3BaHbI FEHETUHECKUMU MYTaLMAMUN CUTHAMBbHBIX
6enkoB nyTn RAS-MAPK, Takumu kak PTPN11. 3Tn myTauumn Takke npeapacnonaratoT na-
umMeHToB HyHaHa Kk puckaMm pasBUTUS CepaeyqHO-COCYAUCTbIX, MuerionponudepaTBHbIX,
NMMEATUYECKNX CUCTEMHBIX PaccTponcTB. B cBSA3W ¢ 3TUM, Mbl pekOMeHAyeM MOBbICUTb
0CBEOMIIEHHOCTb Y MOBLICUTL BANTENBHOCTL B OTHOLLEHUM 3TUX Cry4aeB, NMOCKOMbKY na-
LMEHTbI ¢ cMHApOMOM HyHaHa TpebytoT ocoboi 0 MHOroanCLMMIMHaApHON rpynne 3gpaBo-
OXpaHEHHUs1 ANsl PELUEHNsT UX MHOTOYUCIIEHHbBIX MPOBNEM CO 3[0POBLEM U Yry4lLUEHUEM
pe3ynbTaToB NeyYeHns

KnioueBble cnoBa: CuHapom HyHaHa, pegkune GomnesHu, reHetndeckne 6onesHwm,
RAS-MAPK wmyTtaumu, PTPN11 myTtauum, Cnyyan cuHgpoma HyHaHa B KasaxctaHe, peakve
3aboneBaHuns B KaszaxctaHe

Genetic etiology

Noonan syndrome is a genetic disorder characterized by
multiple dysmorphic features such as face and musculoskeletal
deformity, heart defects such as pulmonic stenosis and

hypertrophy as well as short stature, atypical pigmentation
patterns, lymphatic malformations and cryptorchidism. It has an
autosomal dominant pattern of inheritance (Roberts et al., 2013).
The disorder is characterized with a somewhat high prevalence
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of 1 to 1000-2500 live births (Van der Burgt, 2007).

A significant proportion of Noonan syndrome cases are
due to a genetic mutation in one of the RAS-MAPK pathway
genes (Roberts et al., 2013). RAS-MAPK is a pathway through
which extracellular agents (hormones, growth factors) interact
with cell signaling molecules and enact cell differentiation,
metabolism and proliferation (Roberts etal., 2013). It begins with
ligand binding and subsequent phosphorylation of cell surface
receptors at cytoplasmic side. Binding stimulates recruitment of
adaptor proteins that bind to the guanine nucleotide exchange
factors such as SOS, that convert inactive, RAS bound to GDP
to an active form bound to GTP (Roberts et al., 2013). Active
RAS can then activate the RAF — MEK — ERK cascade by
phosphorylation, where ERK activates transcription through
entering nucleus and acting as a transcription factor to initiate
a certain cell response (Roberts et al., 2013). The disease is
brought on by the mutations in the proteins that take part in this
pathway, and these mutations usually cause it to be overactive,
increasing signaling through this pathway (Roberts et al., 2013).

In almost 50% of NS patients a gain of function mutations
in PTPNII1 is present. Pulmonary valve stenosis is usually
a characteristic pathology in the patients with this mutation,
whereas hypertrophic cardiomyopathy is frequently found in
patients without this mutation (Van der Burgt, 2007). PTPN11
encodes SHP2, a signaling protein involved in cardiac semilunar
valvulogenesis, and the missense mutations are situated in
regions responsible for interaction and activation of the protein,
resulting in prolonged activation.

The most prevalent PTPN11 mutation is A to G substitution
at nucleotide 922, which is familiar and does not usually cause a
pathological phenotype, whereas C to T substitution at nucleotide
218 predisposes to a myeloproliferative disorder (Van der Burgt,
2007). Mutations in PTPN11 are associated with glial tumors,
multiple giant cell lesions (synovitis), high levels of growth
hormone and low IGF1 levels (Roberts et al., 2013).

Clinical signs

Noonan syndrome is characterized with several
deformities. The facial dysmorphism includes hypertelorism,
ptosis, ears rotated posteriorly, prominent nasolabial folds,
micrognatia, short neck with a low hairline at the back, webbing
(Van der Burgt, 2007). Short stature is especially prevalent
during adolescence and bone growth is usually delayed by 2
years (Van der Burgt, 2007).

Congenital heart defects in children with Noonan most
frequently include stenosis of pulmonary valve in 50-62% of
cases, hypertrophic cardiomyopathy in 20%, other atrial and
ventricular defects are less common, persistent ductus arteriosus
is in 3% of cases, as well as arteriovenous malformations, such
as aneurisms (Van der Burgt, 2007, Roberts et al., 2013). The
ECG findings are wide QRS, negative wave in left precordial
lids as well as giant Q waves and left axis deviation (Roberts et
al., 2013).

With regards to stature, the children with Noonan
syndrome are born with normal weight, which may be due to
edema (Van der Burgt, 2007). However, over 60% of children
will experience failure to thrive, feeding difficulties, frequent
vomiting and gastroesophageal reflux syndrome (Van der Burgt,
2007). The growth is below 3rd centile, adolescent growth spurt
usually delays and is less than in normal children or does not
occur, the height attained in adulthood is lower than the 3rd
centile of general population (Van der Burgt, 2007).

Children with mutation in PTPNI11 respond better to
treatment with growth hormone (Van der Burgt, 2007). 70-95

% of patients have skeletal deformities, such as superior pectus
carinatum and inferior pectus excavatum, scoliosis (Roberts et
al., 2013, Van der Burgt, 2007). More than 70% of males are
born with cryptorchidism and Sertoli cell dysfunction, whereas
female fertility is not affected (Roberts et al., 2013, Van der
Burgt, 2007).

Tendency for coagulation disorders is present in 55%
of patients, due to the deficit of factors VIII, XI and XII,
thrombocytopenia, abnormally functioning platelets (Van
der Burgt, 2007). Patients are also predisposed to several
blood cancers, such as acute myelogenous leukaemia, B-cell
acute lymphoblastic leukaemia and juvenile myelomonocytic
leukemia (JMML), which has a better prognosis in Noonan
patients compared to general population (Roberts et al., 2013,
Aoki et al. 3013). Hepatomegaly and splenomegaly can be
present at birth and infancy, it is unrelated to the heart failure
(Van der Burgt, 2007).

There are common skin signs, such as abnormalities of
pigmentation, pigmented

nevi in 25% of patients and cafe-au-lait spots in 10% (Van
der Burgt, 2007). Lymphatic system problems, such as hydrops
fetalis are common (Van der Burgt, 2007). Ear problems, such as
otitis media, sensorineural hearing loss of a low frequency range
in 10% and of high frequency range in 25% of patients (Van der
Burgt, 2007).

The disease is also associated with learning difficulties
with a wide range of 1Q, attention deficit hyperactivity disorder,
behavioral issues and speech problems (Roberts et al., 2013).
There is a growth and developmental delay, as sitting milestone
is achieved at 10 month, walking at 21 and talking at 31 month
(Van der Burgt, 2007).

Case description

The disease prevalence has not been reported for
Kazakhstan or Central Asian region. Discussion will follow with
the description of a patient in our care.

Chief Complaint

The patient’s mother came to the physician with the
complaint of developmental delay of her 4 year old daughter,
such as inability of the child to walk on her own, walking with
support, problems with speech: speech is unclear, pronounces
individual syllables. The girl has poor appetite and does not eat
solid food. On the current doctor’s visit, the mother is concerned
about the child’s hyperthermia, generalized weakness, feeding
difficulties.

Fig 1: Low-set ears, wide neck

History of present illness

The child has been ill since birth. Has previously been
under the care of neuropathologist with the diagnosis of
encephalopathy, and cardiologist with a diagnosis of congenital
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Fig 1: Moon face,small
open mouth

Fig 2: Talipesequinovarus,
naildeformity

heart defect — patent ductus arteriosus. Previously has underwent
a surgery at the age of 8 months for polydactyly of the left hand.

Life history

Child from second pregnancy, with gestational toxicosis,
poisoning with acetone fumes inhalation. Labor with cesarean
section, weight at birth - 3900 g. Underwent resuscitation.

Status

The patient is weak, febrile, and has been in this condition
for two months. On examination she is stable. The patient has a
notable short stature with a height of 88 cm (with a normal of
98.5-104 cm for her age), lag of physical development, weight
of 12 kg (with a normal 15-18 kg). Notable is the presence
of anomalies, such as short, webbed neck, hypertelorism,
antimongoloid slant of eyelids, low-set ears, atypical situation
of scapulae, deformity of the phalanges of fingers, deformity
of the ankle joint - talipes equinovarus, micrognathia, incorrect
teeth growth and pathological dental occlusion, moon face and
permanently open small mouth.

Subcutaneous adipose tissue is moderately developed;
turgor is preserved. On auscultation, vesicular breathing sounds
in the lungs. Heart tones are rhythmical, with characteristic
murmur. The abdomen is soft. Spleen is not enlarged. Liver
enlargement on palpation +2. Stools: prone to constipation.
Urination is normal

Laboratory studies demonstrated the following abnormalities:

On CBC: low hemoglobin, MCH, MCHC, increase of
lymphocytes, monocytes, ESR

References:

Doppler echocardiography: congenital heart defect, aortic
insufficiency — stage 1, condition after closure of patent ductus
arteriosus with an occluder.

Head CT: two sided maxillary sinusitis

Nephrologist: congenital defect of urinary tract — bilateral
kidney hypoplasia

Gastroenterologist: protein-energy malnutrition — stage 2,
hepatomegaly

Cytogenetic analysis: female karyotype, no chromosomal
abnormalities, conclusion: syndrome Noonan.

The current presentation is due to maxillary sinusitis due
to teething.

Discussion

The prevalence of the disease in Kazakhstan has not been
studied before. It is important to raise awareness and increase
vigilance with regards to this condition, as such characteristic
morphological features allows for clinical diagnosis.

In this particular case, the patient was managed incorrectly,
because she was not diagnosed early enough. She was treated
for cerebral palsy and other neurological conditions due to
developmental delay. Her heart defect was closed later in life
when she was three. If the diagnosis was determined earlier,
her health concerns could have been addressed earlier and
unnecessary overtreatment could have been avoided.

Therefore, because the disorder is usually accompanied
with a risk of congenital heart defects, coagulopathies,
lymphatic and urinary tract malformations, risks of developing
leukemia and other cancers (Roberts et al., 2013), the care has
to be provided by a multidisciplinary team of doctors, such as
cardiologists, clinical geneticists, pediatricians (Roberts et al.,
2013) with these specific risks in mind. Another important
aspect of diagnosis is the genetic tests to determine the type of
mutation the patient carries, that although could be a tremendous
help in diagnosis, are not accessible in Kazakhstan.

Conclusion

Noonan Syndrome is the rare genetic disorder, which is
not described in Kazakhstan before being underdiagnosed or
misdiagnosed so far. Treatment of organ defects secondary to
genetic mutation is most effective if the disease is diagnosed in
its early stages. Therefore, it is important to provide learning
seminars raising awareness about Noonan syndrome among
primary care physicians.
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