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O0BIECTIV

= Testarea genetica efectuata la Laboratorul de Genetica al Spitalului Clinic de Urgenta pentru

Copii, Centrul Regional de Genetica Medicala Cluj




INTRODUCERE

= Testarea genetica — diagnostic pozitiv intr-o patologie genetica

= Genetica medicala in urmatorii 15 ani — medicina genomica (imedicina de precizie)

= Diagnostic si evolutie: boli rare, boli comune
= Tratament: Farmacogenetica

Ghiduri de testare genetica, in Europa - utilizate de = 3-5 ani
= Patologia endocrina: DSD/hipostatura — panel de gene NGS

= Boli genetice de metabolism: panel de gene NGS
= DD/ID, TSA, epilepsie — array CGH/SNP, panel, exom NGS

= Aceasta se poate efectua pentru tot mai multe patologii si in tara noastra




TESTAREAR GENETICA
CENTRUL REGIONAL DE GENETICA CLUJ

1) patologia endocrina (Miclea D)
= ADS/hiperplazia congenitala de corticosuprarenala si anomalii ale pubertafii

= hipostatura si anumite displazii scheletale
= obezitatea

2) fibroza chistica si anumite boli genetice de metabolism (Farcas M)
= boala Gaucher, deficitul de alfalantitripsina

3) patologia senzoriala (surditatea), psihiatrica si neurologica (Farcas M, Miclea D)
= RD/DI, TSA, epilepsia - forme izolate sau sindromice




METODA

aparatura
= Laboratorului de Genetica Medicala al Spitalului Clinic de Urgenta pentru Copii, Centrul Regional Cluj

= Laboratorului de Genetica Medicala, UMF Cluj

Parteneriate cu:
= Centrul Imogen, Cluj-Napoca
= Centrul de Medicina Genomica, Timisoara

Colaborare cu:
= Centrul Regional de Genetica Medicala, Dolj

Spitalul Robert Debre (Dr AC Tabet) si Spitalul Bicetre (Dr ] Bouligand), Paris, Franta

Tehnici utilizate

= Citogenetica clasica
= FISH

= PCR si variante

= Stripassay

= MLPA

= SNP array/CGH array
= NGS
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|. TESTARER GENETICA PATOLOGIA ENDOCRINA

» Anomalil de dezvoltare sexuala

NEONATAL
= OGE ANORMALE
= Hipertrofie clitoridiana izolata

Hipospadias posterior izolat

Criptorhidie/ectopie testiculara unilaterala+micropenis

Criptorhidie/ectopie testiculara unilaterala+hipospadias

Criptorhidie/ectopie bilaterala: gonade palpabile in pozitie inghinala sau nici o gonada palpabila




|. TESTARER GENETICA PATOLOGIA ENDOCRINA

Anomalii de dezvoltare sexuala

PUBERTAR
= OGE ANORMALE
= Virilizare OGE la momentul reactivarii axului gonadotrop
= Deficit 5 alfa reductaza, Deficit 17 cetoreductaza testiculara, ovotestis
= RETARD PUBERTAR
= Disgenezie gonadala (Turner, Klinefelter)
= Cariotip 45,X/46,XY
= AMENOREE PRIMARA
= Rezistenta completa la androgeni




INVESTIGATII

= Dozari hormonale
= 170H progesteron

DHEAS
deltad4 androstendion

Testosteron
« AMH

= Ecografie gonade+OGI

= Cariotip+SRY
= Testare deficit 210H
= Panel gene ADS
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ADS, IN PRACTICA

= Cariotip+SRY
= Deficit 21 hidroxilaza — stripassay 11 mutatii mai frecvente

= Panel gene:
= TruSight One 4800 gene OMIM morbide




social
Patient age(yrs) gender

pl 10male
P2 18female
p3 lfemale
p4 Smale
pPS Imale
P6 18male
p7 lfemale

phenotype Caryotype

Micropenis. 5th
clinodactyly 46,XY

clitoridian

hypertrophy 46,XX
Right inguinal

hernia. Feminin

OGE. 2 aunts

maternal line with
primary

amenhoree 46,XY
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hipospadias.

Craniofacial
dysmorphism.
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bicuspidia. DSV.
Development delay 46,XY
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social
Patient age(yrs) gender

P9 3male
plO 20female
pll lfemale
pla 2male
pl3 3female
pléd 3male
plS l14male
pl6 3male

phenotype Caryotype
micropenis.
Hipospadias 46,XY

amenoree. Hirsutism.
Gonadal dysgenesis 46,XX
clitoris hypertrophy,

labial hypertrophy,

vaginal and uretral

meatus presents,

right inguinal hernia 46,XY
proximal

hypospadias.
Criptorchidism 46,XY
gonadal dysgenesis,
craniofacial

dysmorphisms, short

4th and 5th

metacarpals, 5th
clinodactyly, SGA,

short stature 46,XY
severe hypospadias 46,XY

Penian hypospadias.

Right cryptorchidism.
Ginecomastia.

Pubertal

development. 46,XY

Bilateral

cryptorchidism.

Gonadal dysgenesis 46,XY
penoscrotal

b P, P o, [ R |

Hormonal
investigation

N

N

T DHT 1

AMH, testo|
N

LH,FSH 111

Ultrasounds SNP array

no muller residus no pathogen CNV
no pathogen CNV

in inguinal hernia-
ovalary tumors with
testicule

appearance no pathogen CNV

no pathogen CNV

no muller residus no pathogen CNV
no pathogen CNV

no muller residus,

left testicule in

inguinal conduct, a

smaller tumor with

the same

localisation in right

side no pathogen CNV

left scleroatrophic

testicule, ecografic,

absent right

testicule no pathogen CNV

NGS

MAMLD1



REZULTATE SNP A
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NGS RESULTS

= 9 tested patients

= 6 patients
= MAMLD1 (Xg28):c.1066C>T exonic stopgain mutation

= Xlr
= Clinical picture — micropenis, hypospadias, bifid scrotum

= UMD predictor: pathogenic
= EXAC: 2 alleles for 121410 chromosomes

= AR gene - 2 patients




RETARDUL PUBERTAR

I. Forma centrala

Hipogonadism hipogonadotrop:

- tranzitor

- permanent
PANEL GENE

II. Forma periferica

Hipogonadism hipergonadotrop:

- afectare gonadala primara — intotdeauna patologic

- cel mai frecvent disgenezie gonadala secundara anomaliilor cromozomilor sexuali

CARIOTIP




RETARDUL PUBERTAR
HIPOGONADISHUL HIPOGONADOTROP CONGENITAL

= Suspiciune clinica daca
- micropenis si/sau criptorhidism la nou-nascutii de sex masculin
- retardul pubertar la o varsta osoasa mai mare de 13 ani

= jzolat (este afectat doar axul gonadotrop)
= 50% din cazuri cu anosmie/hipoosmie = sindrom Kallmann
= gsociat altor afectari endocrine

= non-sindromic

= sindromic anomalii ale liniei mediane -despicaturi labio-palatine, agenezii dentare- anomalii ale
urechii si surditate, agenezii renale, malformatii cardiace, anomalii scheletice ale extremitatilor,
sinkinezii bimanuale

@



Hipogonadism hipogonadotrop izolat?
lTa Nu
Anosmie?
Da Nu Deficite Hipocorticism Obezitate severa Sindromica
| | antehipofizare DAX1 LEP Sindrom
Sindromul Kalimann Anomalii ale reglarii multiple (anomalii ale LEPR Prader Willi

KAL1 axului gonadotrop dezvoltarii hipofizei Sindrom

EGER1 GnRHR anterioare) CHARGE

PROK?2 KISS1IR PROP1

PROKR TAC3/TACR3 LHX3

LHX4
lipsa mutat
lipsajmutatiei

CHD7
Prioritizarea testarii in cazul sindromului
Kallmann:
FGFR1 ++ daca sindactilie sau agenezie
dentara sau despicatura labio-palatina
CHD7 ++ daca hipoacuzie
KAL1 ++ daca agenezie renala

X S/




Migrarea neuronilor GhRH

KALL
FGFR1
FGF&
PROK2
PROKR2
CHD7
NELF
HS565T1
SEMA3A
SEMATA
NDN

v TSHZ1 )

Reglarea secretiei GnRH

TAC3
TACR3
KIS51

KISS1R
LEP

GnRH

LEPR
PCSK1
Daxl

GnRH si actiunea gonadotropilor

LH

FSH

Placoda olfactiva

Hipotalamus

Gonade

Dezvoltare hipofizara




-HHC 1zolat — NGS — 9 pacienti

- Panel gene: GNRHR, GNRHI, KISSIR, KISS1, TACR3, TAC3, KALl, FGFR1, FGF8, PROKRZ2,
PROKZ, WDR11, CHD1, SEMA3A, NSMF, HS6ST1, FSHB, LHB, SOX3 FGF11, IL17RD, DUSP6,
SPRY4, FLRT3, PROP1, NROB1, PCSK1, LHX4, HESX1, OTX2, RNF216, OTUD4, SOX2, POU1F1,
SOX10, KALP, CUL4A, CUL4B, GNRHZ, NRP1, NRP2, SIX6, PDYN, OPRK1, TAC1, TACRI,
TACR2, NPVF, NPFFR1, PLXNA1l, SEMATA, LHX3, NPY, LHXZ2, POU2F1, POU3F2, SLITZ,
ROBOGS, LEPR, LEP, SLIT3, CGA, INHBA, PRLR, PCSK2, PLXNC1, DCC, ZIC1, LIFR, FARP2

-HHC+obezitate — MS-MLPA Prader Willi




INSUFICIENTA OVARIANA PREMATURA

= Cariotip
= Detectie premutatii FIVMIR1




TESTARE GENETICE

OBEZITATE
==

= Hipotonie+tulburari de alimentatie la nou-nascut

IN OBEZITATE

= Hipostatura, anomalii scheletale (brahimetatarsie)
= Endocrinopatii: hipogonadism

= Retard psihomotor

= Tulburare vizuala, auditiva, retard limbaj

= Epilepsie, tulburare de comportament

= Sindrom dismorfic, sindrom malformativ

=>OBEZITATE GENETICA

®




OBEZITATER SINDROMICE

= Prader Willi: MS-MLPA - deletii si UPD
= Obezitate+Retard mental: PCRg - CNV 16pl11.2;15ql11.1

= Obezitatet+retard mental+sindrom dismorfic+sindrom malformativ: MLPA microdeletii
= SNP array/CGH array — ideal!

IN PRACTICA




HIPOSTATURA

Cresterea - Proces multifactorial

Factori genetici > 80% Factori de mediu

- Factori etnici, talia parentala Factori de mediu!

Ultimii 150 ani — trend secular

Gaussian or
"normal”
distribution
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HIPOSTATURA - CLASIFICARE

 primara: afectiuni intrinseci ale osului
« Displazii scheletale (3%)
- Sindroame genetice (21%)
« RCIU fara recuperare (12%)

- secundara: afectiuni ce modifica fiziologia cartilajului de crestere
- Endocrine (11%)

- Afectiuni cronice (3%)
- Malnutritie, cauze metabolice, psihosociale

- Idiopatica (50%)
 Hipostatura Constitutionala (idiopatica), familiala

Lam WFF, et al., Chin Med J 2002:115, 607-6117

L




[solated short stature (<-2DS) without organic failure, anemia, infections

Proportionate

Endocrine

()

| |
GH TSH,{T4| | Cortisole

| |
Deficiency Resistance

!—‘_\

[solated | | Combined

Genetictest Genetictest Genefic test

GH1 PROP1  GHR IGF1

GHRHR  PoUiFl STATSB IGFIR
ALS

.

@

Disproportionate

Constitutional delay| |Familial|{| Unknown

(1diopatic)

Skeletal survey

Repeat imaging

(orm)

Madelung? Specific diagnosis
| |
Genetic test Specific Genetic Test  Specific Genetic Test
Karyotype SHOX

SHOX

ACMG practice guideline: Genetic evaluation of short stature(Seaver LH and Irons M, 2009)
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HIPOSTATURA IZOLATA IN PRACTICA

» [1a fete — cromozomi sexuali si SHOX - MLPA
= La baieti — 45,X/46,XY? — cariotip

Afectare endocrina — Hipostatura proportionata
= PROP1

= Ideal Panel gene

Afectare scheletala — Hipostatura disproportionata
= SHOX - MLPA
= FGFR3 - PCR

= Ideal panel de gene

Tableau | . Proportion d’anomalies osseuses chez les patients ayant un retard statural
sans étiologie retrouvée

Radios Radios MOC/ R MOC/ T
CAS (nb) (%) N An (%) (%)

RCIUN 35 9 25,7% 8 1 11,1% 2,9%
RCIUNR 119 45 37,8% 37 8 17,8% 6,7%
RCIUP 45 23 51,1% 10 13 56,5% 28,9%
Total
RCIU 199 T/ 38,7% 55 22 28,6% 11,1%
ISS 243 140 57,6% 84 56 40% 23%
ISSP 80 45 56,2% 32 13 28,9% 16,3%
Total ISS 323 185 57,3% 116 69 37,3% 21,4%
TOTAL
RCIU+
ISS 522 262 50,2% 171 91 34,7% 17,4%

RCIUN : RCIU avec rattrapage de la croissance, RCIUNR : RCIU sans rattrapage de la croissance,
RCIUP : RCIU dont un parent a une taille <-2DS, ISSN : ISS avec parents de taille normale, ISSP :
ISS avec un parent de taille <-2DS, Radio (nb) : radiographies réalisées en valeurs absolue, Radio
(%) : pourcentage de radiographies réalisées. N : radiographies normales, An: Anomalie osseuse,
MOCIR : pourcentage d’anomalies osseuses sur le nombre de radiographies réalisées, MOCI/T :

pourcentage d’anomalies osseuses sur la totalité du groupe.



HIPOSTATURA SINDROMICA IN PRACTICA

= Daca exista suspiciune clinica
= test genetic tintit

= Daca nu exista suspiciune clinica
= Evaluare genomica: MLPA, SNP array, NGS — panel de gene, exom




SINDROM TURNER

RCIU (50 %)

Retard statural (99 %)

Anomalies oculaires :
* Ptosis (44 %)

¢ Epicanthus (20 %)
. M,yo‘gie

Implantation basse
des cheveux (80 %)

Thorax large (80 %)

Pterygium Colli (50 %)

Coarctation

Malformations rénales
de l'aorte (25 %)

(ex. : rein en fer a
cheval) (50 %)

Développement insuffisant
des seins qui sont écartés

Cubitus valgus (50 %)

Ovaires rudimentaires (10 %)

H lasie d |
et i Bandelettes fibreuses (90 %)

(50 %)
Naevi pigmentaires Amenorrhée primaire (80 %)

Itiples (40 %
Mlles = Bradymétacarpie du IV

Genou : S. de Kosowicz (60 %)

60 %
ey Lymphoedéme

des pieds et des mains :
Lymphoedéme congénital
(20 %)

Hormones aprés puberté :
Gonadotrophines 4
Estradiol }

-
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SINDROM NOONAN

= PTPN11

from, Baraitser and Winter, Color Atlas of Congenital Malformation Syndromes, 1996




SINDROM RUSSELL-SILVER

= 10% - UPD Tmat
= Anomalii ale metilarii 11p15.5-35%

(from, Baraitser and Winter, Color Atlas of Congenital Malformation Synd




SINDROM RUBINSTEIN-TAYBI

. <10% del 16p13.3
- 10-20% del/dup CREBBP

e

(from, Baraitser and Winter, Color Atlas of Congenital Malformation Syndromes, 1996)




SINDROM WILLIAMS
« 99%:del 7ql1.23

(from, Baraitser and Winter, Color Atlas of Congenital Malformation Syndromes, 1996)




PSEUDOHIPOPARATIROIDISM TIP IA

- GNAS1] anomalii ale metilarii




2. TESTAREA GENETICA

= FIBROZA CHISTICA
= BOLI GENETICE DE METABOLISM

Boala Gaucher detectia a 8 mutatii comune GBA prin metoda StripAssay
Deficit de alfa 1 antitripsina AlAT - identificarea alelelor M,S si Z




J. PATOLOGIA SENZORIALA

= SURDITATEA nonsindromica — 328 cazuri analizate

= GJB2 - 35delG,W24X

1 Clinical Evaluation Including: Full Medical History, Pre-test Genetic Counseling and Physical
| -
GJ B6 D 1 SS 1 830 Sl D 1 SS 1 854 Exam, Ophtalmological and Audiological Evaluation
. |
MLPA Testare c350elG Diagnosis Diagnosis uncertain
apparent, e.g.:
Syndromic HL 3 -
CMV Autosomal Dominant Autosomal Recessive
Homozigot heterozigot negativa Infection
Trauma *m
l |E)U4F3 :o tation
A One or no mutant alleles
Testare pW24Xx
Mutant allele Ashkenazi children Ashkenazi jorigin
l | Cx30 |
i i ivi Urinalysis PCDH15
Homozigot I(-(l;z)t;rsuzsl?ot negativa Blood tests ¢ Otnetor| ,n? USH1C
; m eles
Thyroid uiant.alele |
tests
ECG
ERG
l 2 mutant
. . . SLC26A4
Homozigot Heterozigot negativa alleles
(compus) One or no
Mutant alleles
v v
SECVENTARE Genetic counseling, Rehabilitation (e.g. cochlear implant, sign language), Periodic Follow Up |

{l
Lazar C, Int ] Pediatr Otorhinolaryngol, 2010 ‘



J. PATOLOGIA NEUROPSIHIATRICA

-X fragil
-cariotip (1200 cazuri analizate)
-MLPA microdeletii (430 cazuri analizate)

-SNP array/CGH array (210 cazuri analizate)

Paciend diagnosticati cu RGDVDI 51 TSA

¥
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1 1
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PCER cantitativ, studio parental, sfat genetic periodica




CONCLUZIL

DIAGNOSTIC MAI BUN

= un randament diagnostic bun si astfel un bun raport cost-beneficiu deriva din indicatia adecvata a acestor teste -

centre de expertiza cu echipa multidisciplinara

= Cluj — Deficit 21 hidroxilaza, Boli lizozomale

= utilizarea ghidurilor pentru testare genetica!

= testarea genetica presupune din ce in ce mai mult folosirea unor tehnologii de analiza a genomului, utilizate

deja la noi in tara — pentru o interpretare buna - trebuie un numar limitat de patologii/centru

TRATAMENT MAI BUN

= intelegerea unui mecanism molecular va conduce la alegerea unei terapii de precizie (ex.tulburarile din

@

spectrul autist, oncologie)



