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PTPN11 geni

protein tyrosine phosphatase, non-receptor type 11

Chr 12g24.13 kodlayan 15 exon  \ @/ RAS-MAPK yolaél
Growth Hdcre siklusunun dizenlenmesi, buytume, farklilasma,
[ lasma membrane /| yaslanma ve normal gelismenin tim dnemli
~ basamaklarinda etkindir.
Caplllary.
¢ Germline ya da somatik mutasyonlar cesitli sendrom ve
malformation

kanserle iliskilidir.
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Figure 1 RAS/MAPK cascade and disorders involving germline mutations of * Noonan Wlth MUltIple Lentigines (NSM I_) (I_EOPARD (I_S))
related genes. MAPK, mitogen-activated protein  kinase; NF1,

neurofibromatosis type 1; NS, Noonan syndrome. *Indicates possible
causative genes that have been reported since 2013.

US Rasopati grubu https://rasopathiesnet.org
Aoki ve ark. Human Mutation 29(8), 992-1006, 2008
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Noonan Spektrumundaki sendromlar (Noonan, Costello ve CFC Send.)
Lokus heterojenitesi, Allelik Heterojenite gosterirler

Noonan syndrome 1
Noonan syndrome 4
Noonan syndrome 5
Noonan syndrome 8
Noonan syndrome 3

Noonan syndrome 6
Noonan syndrome 7

Noonan syndrome 9

Noonan syndrome 8

Noonan syndrome 10

Noonan Like syndrome

SBRBIBRBEBIEIRIEIE
o © |©O |© |©O |0 | [O |O

PTPN11 %50

50Ss1 %10-13
RAF1 %5
RIT1 %5
KRAS %5
NRAS

BRAF %2
5052

LZTR1

RIT1

MAP2K1, MAPK2,
RRAS, RASA2, A2ML1, Nadir
S0S2, SHOC, CBL,

https://www.ncbi.nlm.nih.gov/books/NBK1124/

CardlofaC|ocutaneous syndrome 1
CardlofaC|ocutaneous syndrome 2
Cardiofaciocutaneous syndrome 3
Cardiofaciocutaneous syndrome 4

Cardiofaciocutaneous syndrome

oD
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oD
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BRAF ~%75
KRAS

~%25
MAP2K1
MAP2K2 <%2-3
SOs1 Nadir

https://www.ncbi.nlm.nih.gov/books/NBK1186/

Costello Syndrome
Costello Syndrome
Costello Syndrome
Costello Syndrome
Costello Syndrome

Costello Syndrome

Bu sendromlar icinde en sik gortlen 1:1500 ile NOONAN Sendromudur.
Noonan Sendromunda PTPN11 mutasyon sikhgi %50
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HRAS ~%98
KRAS Nadir
NRAS Nadir
MAP2K1 Nadir
BRAF Nadir
RAF1 Nadir

https://www.ncbi.nlm.nih.gov/books/NBK1507/
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https://www.omim.org/geneMap/12/737?start=-3&limit=10&highlight=737
https://www.omim.org/geneMap/2/176?start=-3&limit=10&highlight=176
https://www.omim.org/geneMap/3/62?start=-3&limit=10&highlight=62
https://www.omim.org/geneMap/1/1099?start=-3&limit=10&highlight=1099
https://www.omim.org/geneMap/12/225?start=-3&limit=10&highlight=225
https://www.omim.org/geneMap/1/828?start=-3&limit=10&highlight=828
https://www.omim.org/geneMap/7/667?start=-3&limit=10&highlight=667
https://www.omim.org/geneMap/14/188?start=-3&limit=10&highlight=188
https://www.omim.org/geneMap/22/69?start=-3&limit=10&highlight=69
https://www.omim.org/geneMap/1/1099?start=-3&limit=10&highlight=1099
https://www.omim.org/phenotypicSeries/PS163950?sort=location&order=desc
https://www.omim.org/phenotypicSeries/PS163950?sort=location&order=desc
https://www.omim.org/phenotypicSeries/PS163950?sort=phenotype
https://www.omim.org/phenotypicSeries/PS163950?sort=phenotype
https://omim.org/geneMap/7/667?start=-3&limit=10&highlight=667
https://omim.org/geneMap/12/225?start=-3&limit=10&highlight=225
https://omim.org/geneMap/15/278?start=-3&limit=10&highlight=278
https://omim.org/geneMap/19/113?start=-3&limit=10&highlight=113
https://www.omim.org/geneMap/2/176?start=-3&limit=10&highlight=176
https://omim.org/geneMap/7/667?start=-3&limit=10&highlight=667
https://omim.org/geneMap/12/225?start=-3&limit=10&highlight=225
https://www.omim.org/geneMap/1/828?start=-3&limit=10&highlight=828
https://omim.org/geneMap/15/278?start=-3&limit=10&highlight=278
https://www.omim.org/geneMap/7/667?start=-3&limit=10&highlight=667
https://www.omim.org/geneMap/3/62?start=-3&limit=10&highlight=62

Rasopati sendromlarinda ortlsen fenotipler

~1/1500

NS Webbed neck?
Dolichocephaly?
Cardiac conduction
abnormalities (NSML)®
Multiple lentigines (NSML)?
Frequent sensorineural
deafness (NSML)*

~1/3000

NS

CFC
CS
Facial defects

Cardiac defects
Other defects
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Rasopati spektrumundaki tic sendromda gozlenen temel perinatal bulgular ve sikhiklari

Toplam 22 postnatal olgunun retrospektif degerlendirmesi (10 NS, 3 CS, 9 CFCS)

Prenatal or
Finding neonatal
Long bones <5th centile Prenatal
Polyhydramnios Prenatal
Cardiac — structural anomalies
or cardiomyopathy

Prenatal
Lymphatic dysplasia

Prenatal
Macrosomia

Prenatal
Head circumference >90th centile

Prenatal
Renal anomaly

Prenatal
Arrhythmia
Feeding difficulty
Hypoglycemia
Hypotonia
Prematurity (<37 weeks]
Respiratory distress
f 1-20%, ++ 21-40%, +++ 41-60%, ++++ 61-80%, +++++ 81-100%.

Noonan Costello Cardiofaciocutaneous
syndrome syndrome syndrome
+++ ++ +
R I e e

- e -
e I -
R +++++ -
R —— -
- +++++ -

Myers A., Am J Med Genet A. 2014 Nov;164A(11):2814-21.



ITF Postnatal Analiz Sonuclari

* 90 olgu PTPN11 dizi analizi

* 39 olguda PTPN11 mutasyonu (% 43,3)
15 olgu SOS1 dizi analizi 4 tiinde SOS1 mutasyonu (%26,7)
11 olgu RAF1 dizi analizi 3 iinde RAF1 mutasyonu (%27,3)
8 olgu KRAS dizi analizi 1 KRAS mutasyonu (%12,5)

Noonan spektrumu on tanili olgularda PTPN11 ve diger 3 genin
taranmasi ile mutasyon saptanma orani %52,2‘ye ulasti.

® PTPN11

mSOs1

W RAF1

KRAS

PTPN11 gen Analiz Sonuclari

PTPN11 Sanger Calismalari:
Ekzon 3, 4, 8, 13 (Hung CS, 2007) - %87

W Exon 2 Ekzon 3, 4, 7, 8, 13, 14 (Fu-Song, 2009) - %88

W Exon 3 Ekzon 2, 3,4, 7, 8, 11, 12, 13, 14 (Aoki 2007) - %96
o Exon 4 Tiim ekzonlar

m Exon 7

mExon 8

® Exon 13
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PTPN11 Geni Analizleri: Prenatal Olgu Serisi (ITF+PREMED)
Toplam 246 prenatal olgu (2011-2018) patolojik USG bulgusu nedeniyle analiz edildi.

* 147 olgu <14 GH 145 olgu izole artmis NT (5 olgu 3-3,5 mm)
* 50Ilgu NT <3 mm * 9olguizole kardiak anomali
e 17 Olgu NT 3-<3,4 mm * 6 olguizole plevral efflizyon
e 125 Olgu NT > 3,5 mm  2olguizole kistik higroma

e 86 olgu 15-24 GH
* 16 olgu 225 GH

Molekuler Analiz Algoritmasi

1. Donem; 206 olgu secilmis ekzon (Ekzon 3, 4, 7, 8, 13, 14) Sanger dizileme,
2. Donem; 40 olgu tim ekzonlar Sanger dizileme,
3. Donem; 6 olgu diger 4 gen hedef ekzonlar Sanger dizileme

3 olgu tahliye sonrasi 16 gen iceren Yeni Nesil Dizileme (YND)



Molekiler Analiz Sonuclari

* 5 olguda PTPN11 «hot spot» ekzonlarda
mutasyon saptandi (5/246=%2).
* 238 olgu calisma devam etmedi
* 6 olgu 4 genli hedef ekzon analizinde 2
olguda mutasyon saptandi (2/6)
* Patolojik USG bulgulari nedeni ile tahliye
olan 3 olguda YND paneli ile 1 mutasyon

saptandi.
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PTPN11
Secilmis ekzon
taramasi n:206

RAF1, KRAS,
S0S1, SHOC 2
secilmis ekzon

taramasi
n:6

PTPN11 tum
gen taramasi

16 gen YND
taramasi tahliye
fetiis
n:3




PTPN11 geninde mutasyon saptanan olgular; USG ve Molekuler Bulgular

Olgu Ultrason patolojisi Diger | PTPN11 Saptanan Mutasyon
(mm) endi. | dizi hedefi

4
5

22

13

13
29

18

3,7
N

Plevral efflizyon, tek umblikal arter, uzun ICSI Secilmis
kemiklerde kisalik (kisa FL ve UL), cilek kafa ekzonlar
Artmis Ense plisi ICSI Secilmis

ekzonlar
Artmis NT, kistik higroma, generalize 6dem, Tum gen

hipoplastik sol kalp, pelvis renalis dilatasyonu,
unilateral polidaktili (ayak)

Artmis NT Tum gen

Plevral effiizyon, sol hidrotoraks, polihramnios KOO Tum gen

EX 4; c.417G>C; p.E139D

Ex 13 c.1529A>C; p.Q510P

Ex 3; c.218C>T, p.T73lI

EX 13; ¢.1511T>C; NP_002825.3:p.M504T
EX 3; c.319C>T; p.P107S Novel

Diger genlerde mutasyon saptanan olgular: USG ve Molekduler Bulgular

ﬂ- Ultrason patolojisi Molekiiler analiz Saptanan Mutasyon
(mm)

15

20
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12

>3.,5

Kistik higroma RAF1, KRAS, SOS1, SHOC 2

Kistik higroma, asit, sag aortik ark,  RAF1, KRAS, SOS1, SHOC 2
sag ektremite tek kemik

Kistik higroma YND panel

RAF1 het ¢.775T>C;p.Ser259Pro
SOS1 het ¢.755T>C p.lle252Thr

SOS1 het ¢.755T>C p.lle252Thr
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Noonan spektrumu bulgulari iceren toplam 212 yenidogan in prenatal bulgulari;

mutasyon 46/212 (%21.7) (42 NS, 1, NSML,3 CFCS; 1 COSTELLO)

PTPN11 mutasyonu 31/212 (%14,6) (16 3. exon, 1 4. exon, 3 7. exon, 6 8. exon, 2 12. exon, 3 13. exon)
6 (%13) SOS1 mutasyonu

3 RAF mutasyonu

2 KRAS mutasyonu

1" er BRAF, HRAS, MAP2K1, NRAS mutasyonu



Leach et al, Genet Med. 2018 Jun 15

845 prenatal, 409 postnatal retrospektif calisma,
72 prenatal olgu da varyant saptaniyor (%8,5),
31’i patojenik ya da olasi patojenik (3,7%)
25'i PTPN11 %80,7
PTPN11 %2

Tum genler icin «VUS* frekansi» %58.1
PTPN11 geni VUS %10.7 (%2)
SOS1 geni VUS %95 (mutasyon %0,12)

* variant of uncertain (or unknown) significance (VUS)



Tum olgularin ultrason bulgularinin dagilimi

d N2 n=1 n=3

N=6
n=12

n=22
13.11.2018 Leach et al, Genet Med. 2018 Jun 15

B Increased NT alone

B ncreased NT and other ultrasound findings

B Cystic hygroma alone

Cystic hygroma and other ultrasound findings
Thickened nuchal fold alone

Thickaned nuchal fold and other ulirasound
findings

Hoart defect alona
Heart dafect and other ultrasound findings

{excluding increased NT, cytic hygroma,
and thickened nuchal fold)

Fetal hydrops/edema’pleural effusion

Fetal hydrops/edema and other ultrasound
findings {excluding increasad NT, cysiic hygroma,
and heaart defact)

Polyhydramnios along

Renal anomalies

Fetal demise only

Other abnormal ultrasound findings
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BB Mutasyon saptanan olgularin ultrason bulgularinin dagihmi

B Cystic hygroma alone

B Incroased NT alone

W Bilateral pleural effusion, upper body diffuss
skin edema and hear defact

B Cystic hygroma and fetal demise

B Increased NT and upper body
lymphedema

B Family history of NSRC

B Pleural effusion, ascites and heart defect
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Sonuc;

Noonan spektrumu distindtren USG patolojisi (Artmis NT, Lenfatik
anomaliler, KKH, Plevral eflizyon, Asit/6dem vs) gosteren fetuslarda
algoritma;

1. Kromozom analizi (%25-30)
Mikroarray/a-CGH (% 5-10)
PTPN11 geni secilmis ekzon molekiler analizi (%2)
Noonan spektrumu ile iliskili bilinen genlerin YND ile taranmasi (%2-3)
Tum Exom Dizileme (Klinik exom)(%30-40)

A

- Tim algoritma uygulansa bile olgularin %35-38 inde hala genetik tani yok
- YND testlerinde yuksek «VUS oranlari ve rastlantisal bulgular»
- Dogru ve etkin genetik danisma gerektirir.
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