l ' ﬁ PV v Agentira na podporu vyskumu a vyvoja
v

Formular ZK

Zavereéna karta projektu

Nazov projektu Evidencné ¢&islo projektu APVV-15-0067

Identifikacia novych génovych variantov dediénych portch sluchu na baze
celonarodného skriningu

Zodpovedny rieSitel prof. MUDr. Milan Profant, CSc.
Prijemca Univerzita Komenského v Bratislave - Lekarska fakulta
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Nazov a stat zahrani¢éného pracoviska, ktoré spolupracovalo pri rieSeni

1. DNA laboratory, Department of Paediatric Neurology, Second Faculty of Medicine,
Charles University and Motol University Hospital, Prague, Czech Republic

2. Sorbonne Université, INSERM, CNRS, Institut de la Vision, Paris, France.
INSERM UMRS 1120, Institut de la Vision, Paris, France

Unité de Génétique et Physiologie de I'Audition, Institut Pasteur, Paris, France

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

N/A

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved’te aj publikacie prijaté do tlace

- Publikacie v zahraniénych impaktovanych ¢asopisoch:

Safka Brozkova D, Varga L, Uhrova Meszarosova A, Slobodova Z, Skopkova M, Soltysova
A, Ficek A, Jencik J, Lastuvkova J, Gasperikova D, Seeman P. Variant ¢.2158-2A>G in
MANBA is an important and frequent cause of hereditary hearing loss and beta-
mannosidosis among the Czech and Slovak Roma population- evidence for a new ethnic-
specific variant. Orphanet J Rare Dis. 2020;15(1):222. doi: 10.1186/s13023-020-01508-3.
Varga L, Danis D, Drsata J, Masindova |, Skopkova M, Slobodova Z, Chrobok V, Profant M,
Gasperikova D. Novel variants in EDNRB gene in Waardenburg syndrome type Il and
SOX10 gene in PCWH syndrome. Int J Pediatr Otorhinolaryngol. 2021; 140:110499. doi:
10.1016/j.ijporl.2020.110499.

Varga L, Danis D, Skopkova M, Masindova |, Slobodova Z, Demesova L, Profant M,
Gasperikova D. Novel EYA4 variant in Slovak family with late onset autosomal dominant
hearing loss: a case report. BMC Med Genet. 2019;20(1):84.

- Publikacie v domacich impaktovanych ¢asopisoch:

Varga L, Jovankovicova A, Huckova M, Demesova L, Gasperikova D, Sebova |, Profant M.
Hereditary bilateral sudden sensorineural hearing loss. Bratisl Lek Listy. 2019;120(9):699-
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702.

- Publikacie v zahraniénych recenzovanych ¢asopisoch bez impakt faktora:

Capova Z, Varga L. Hypercholesterolémia ako rizikovy faktor pre poruchu sluchu: mame
dostatok dokazov? Athero Review 2020; 5(1): 22-24.

Varga L, Bercikova B, Kabatova Z, Profant M. Prvé skusenosti s implantatom pre kostné
vedenie zvuku Sophono. Otorinolaryngologie a foniatrie 2021 (in press)

- Monografie/u€ebnice/u¢ebné texty:

Profant M, Kabatova Z. (eds.) Otoldgia. (in press)

- Prispevky v zahraniénych monografiach:

Varga L. Genetické podklady portch rovnovahy. In: Cada Z. (ed.) Poruchy rovnovahy v
détském veéku. (in press)

- Pozvané prednasky na zahrani¢nych vedeckych podujatiach:

Varga L. Fitting cochlear implants by psychophysics will become the norm. 14 th European
Symposium on Pediatric Cochlear Implantation (ESPCI), 16.-19.10.2019, Bucharest,
Romania

Varga L et al. Progressive hearing loss: how common is it among candidates for genetic
testing? 5th Congress of European ORL-HNS, 30.6.-3.7.2019, Brussels, Belgium

Varga L, Profant M, Kabatova Z. Value of genetic testing in cochlear implantation. Special
Session: From basic science to clinical application in otology. 31st POLITZER SOCIETY
MEETING & 2nd GLOBAL OTOLOGY RESEARCH FORUM, 21.-25.2.2018, Las Palmas,
Spain.

Varga L, Masindova |, Slobodova Z, Demesova L, Danis D, Skopkova M, Huckova M,
Kabatova Z, Sebova |, Gasperikova D. Hereditary Hearing Loss in Pediatric Population and
its Relevance to Cochlear Implantation. 14th Congress of the European Society of Pediatric
Otorhinolaryngology, 2nd-5th June 2018, Stockholm, Sweden.

Uplatnenie vysledkov projektu

Vysledky ziskané pocas rieSenia projektu najdu uplatnenie v rezorte zdravotnictva, v ramci
starostlivosti o pacientov s poruchami sluchu a dedi¢nymi chorobami, ako aj v pokraujucom
zakladnom vyskume. Nové poznatky o spektre dedi¢nych nesyndrémovych poruch sluchu a
hluchoty pom&Zzu k ich v€asnej diagnostike a poznaniu ich presnych genetickych pricin.
Tvoria zaklad pre uplatnenie principov personalizovanej mediciny a vyskum novych
terapeutickych moznosti. Vo vybranych pripadoch pomdZzu pri rozhodovani o optimalnom
spbsobe rehabilitacie poruch sluchu a vybere vhodného typu sluchového implantatu vo
vztahu k riziku progresiu poruchy sluchu alebo inym moznym komplikaciam. Vysledky
ziskané terénnym vyskumom v marginalizovanych réomskych osadach, znamych ¢astym
vyskytom recesivnych ochoreni, poukazuju na vyznamny podiel poruch sluchu a s nimi
asociovanych syndromov na tychto dedi¢nych ochoreniach. Vzhladom na ich Sirsi
socioekonomicky dopad by mali byt implementované do programov zdravotnej starostlivosti
v tejto populacii a v buducnosti eSte podrobnejSie zmapované. SkutoCnost, Zze za mnohymi
zdanlivo nesyndrémovymi poruchami sluchu a skryvaju potencialne zavazné klinické
syndromy, ktoré unikaju pozornosti pri rutinnej diagnostike alebo v désledku absencie
dalSich priznakov vzhladom na nizky vek pacienta, opodstatriuje CastejSie vyuzitie metddy
celoexémového sekvenovania u pacientov s podozrenim na dediénu poruchu sluchu. Nami
navrhnuty a zavedeny virtualny génovy panel predstavuje vhodny nastroj na zefektivnenie
vyhladavania kandidatnych génov asociovanych s hereditarnou poruchou sluchu.
Skusenosti s bioinformatickou analyzou po&etného suboru pacientov s geneticky extrémne
heterogénnou diagn6zou davaju dobry predpoklad na ich uspesné uplatnenie aj pri inych
dedi¢nych chorobach. Ziskany material DNA a fenotypové data su reprezentativne pre
uzemie celého Slovenska a predstavuju unikatny material pre dalSi vyskum velkej skupiny
dedi¢nych poruch sluchu a zriedkavych choréb, pripadne v anonymizovanej forme aj na
vybrané popula¢né studie.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku

(max. 20 riadkov)

Pocas rieSenia projektu sme kombinaciou naboru na rieSitel'skych klinickych pracoviskach i

priamo v teréne, najma vo vybranych rémskych osadach, ziskali bohaty material 677 vzoriek
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DNA od z 292 rodin s vyskytom obojstrannej senzorineuralnej poruchy sluchu (SNHL),
vd'aka ¢omu nasa DNA banka senzorineuralnej hluchoty aktualne obsahuje vzorky od viac
ako 1550 pacientov z 945 rodin. Z nej sme na analyzu pomocou celexdmového
sekvenovania a s vyuzitim in-house nadizajnovaného virtualneho panelu 222 génov
asociovanych s poruchami sluchu v prvom kroku vybrali 92 rodin s familiarnym vyskytom
poruchy sluchu alebo s atypickym klinicky fenotypom, u ktorych sme predtym vylugili
etiologiu poruchy sluchu na podklade génu GJB2. Planované analyzy boli doposial
ukonc€ené v 79 rodinach, v ktorych sme detegovali 27 génov asociovanych so SNHL:
ACTG1, ADGRV1, COCH, COL4A5, COL11A1, CREBBP, DIAPH1, EDNRB, EYA1, EYA4,
ILDR1, LOXHD1, MYO6, MYO7A, MYO15A, OTOA, OTOG, OTOGL, P2RX2, PTPRQ,
SIX1, SOX10, TECTA, TMC1, TMPRSS3, TSPEAR, USH1C. Celkovo sme v tychto génoch
identifikovali 46 kauzalnych variantov, z ktorych az 30 bolo novych, doteraz
nepublikovanych. Ich patogénny efekt bol v pripade potreby overovany pomocou in vitro
funkénych stuadii. Tymto spésobom sa podarilo stanovit’ presnu geneticku pricinu poruchy
sluchu v 53 % analyzovanych pacientskych rodin. Odhalili sme novy patogénny variant v
géne EYA4, ktory zodpoveda za zriedkavu formu autozémovo dominantne dediénej
progresivnej poruchy sluchu s oneskorenym nastupom az medzi 3. a 4. dekadou. Podobne
sme nalezom dovtedy neznamych variantov v génoch EDNRB a SOX10 objasnili etiologiu
fenotypovo atypickych pripadov Waardenburgovho syndromu, z ktorych variant c.900C>A v
geéne SOX10 sa nakoniec ukazal ako letalny. Preukazali sme tieZ, Ze nahla senzorineuralna
porucha sluchu v detskom veku mdZze byt podmienena aj geneticky, o nabada ku zmene
zauzivanych diagnostickych algoritmov. Dokazali sme tiez vysoky podiel genetickej etiologie
pri zriedkavej, audiometricky Specifickej mediokochlearnej poruche sluchu a charakterizovali
geny, ktoré ju vyvolavaju. V spolupraci s partnerskymi zahrani¢nymi pracoviskami sme
skumali spektrum génov podielajucich sa na Usherovom syndréme v slovenskej populacii, s
identifikaciou patogénnych variantov v génoch CDH23, ADGRV1, USH2A, CLRN1, ABHD12
a MYO7A. NavySe sa ukazuje, Ze aberantny gén CDH23 je hlavnou pri¢inou Usherovho
syndrému v rémskej populdcii. Dalsiu etnicky $pecifickii mutéaciu pre rémsku populaciu sme
identifikovali v géne MANBA (gén pre beta manozidazu), ktory sa okrem poruchy sluchu
asociuje aj s mentalnou retardaciou a nachylnostou na respiracné a kozné infekcie. Jej
alelovu frekvenciu v slovenskej romskej populacii sme stanovili na urovni 1,88 % a
frekvenciu prenasacov az na urovni 3,77 %. Pilotne na Slovensku sme rozpracovali aj
niektoré dalSie syndrémové poruchy sluchu, ako napr. branchio-oto-renalny syndrém alebo
Pendredov syndrom. Zistili sme tiez, ze vyznamna €ast monoalelickych heterozygotov pre
recesivne mutacie v géne GJB2 (genotyp nevysvetlujuci poruchu sluchu u pacienta) moéze
mat predtym nerozpoznanu syndrémovu poruchu sluchu. Ziskané vysledky su v prevaznej
miere nove a originalne, pricom vacsina z nich je relevantna aj na medzinarodnej urovni, o
¢om svedcia aj doteraz publikované vystupy v medzinarodnych vedeckych ¢asopisoch a
pozvané prednasky na zahrani¢nych odbornych podujatiach.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Combining patient recruitment at clinical departments and field recruitment particularly
focused on selected isolated Roma communities we collected a valuable material of 677
new DNA samples from 292 families with bilateral sensorineural hearing loss (SNHL). By
this we have increased the number of samples in our DNA repository of sensorineural
hearing loss currently containing more than 1550 patient samples from 945 families. From
this material we selected 92 families with familial hearing loss or uncommon phenotypes for
whole exome sequencing analysis using in-house designed virtual gene panel of 222 genes
associated with hearing loss. GJB2 related hearing loss was previously excluded in all these
subjects. All planned analyses have been done in 79 families in who we detected 27 genes
associated with SNHL: ACTG1, ADGRV1, COCH, COL4A5, COL11A1, CREBBP, DIAPH1,
EDNRB, EYA1, EYA4, ILDR1, LOXHD1, MYO6, MYO7A, MYO15A, OTOA, OTOG,
OTOGL, P2RX2, PTPRQ, SIX1, SOX10, TECTA, TMC1, TMPRSS3, TSPEAR, USH1C. In
total, we identified 46 causal variants of which 30 were novel, yet unpublished. If necessary,
their pathogenic effect was confirmed by in vitro functional studies. Using this pipeline we
were able to precisely determine the deafness etiology in 53 % of the analyzed families. We
identified a novel pathogenic variant in EYA4 causing a rare form of autosomal dominant
progressive hearing loss with delayed onset between 3rd and 4th decade of life. Similarly,
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we have uncovered the genetic etiology of Waardenburg syndrome cases with atypical
phenotypes which were linked to novel variants in EDNRB and SOX10 gene of which the
¢.900C>A variant in SOX10 turned out to be lethal. We did also provide evidence that
sudden sensorineural hearing loss in childhood may be caused by known genetic factors.
This finding shoud be also considered in the clinical practice a be implemented in the
current diagnostic algorithms. Our findings have further shown a high proportion of genetic
causes in the rare and audiologically distinct mid-frequency SNHL and we also
characterized the genes involved in its etiology. In collaboration with foreign partner
laboratories we investigated the genetic spectrum of Usher syndrome in the Slovak
population and identified pathogenic variants in the following genes: CDH23, ADGRV1,
USH2A, CLRN1, ABHD12 and MYOT7A. Moreover, we have shown that aberant CDH23
gene is the main cause of Usher syndrome in the Roma population. A different ethnic-
specific mutation in the Roma population we identified in MANBA gene (a gene for beta
mannosidase), which is, apart from hearing loss, also associated with mental retardation
and increased sensitivity to respiratory and skin infections. We estimated its allele frequency
in the Slovak Roma population at 1.88% and carrier rate of 3.77%. As a pilot research in
Slovakia, we also focused on several other syndromic SNHL including branchio-oto-renal
syndrome and Pendred syndrome. We found out that a significant number of monoallelic
heterozygotes for recessive GJB2 mutations (a genotype that does not explain the hearing
loss in a patient) may suffer from previously unrecognized syndromic SNHL. Most of the
project outcomes are novel and original, relevant at the international level which is
supported by their publication in international peer reviewed scientific journals and several
invited lectures given at the renowned scientific meetings abroad.
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