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ABSTRAKT

#EAcT I OAEODI POUAA EA OETVTI ANKX®5 ndOPI UOO
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ABSTRACT

The objective of this thesis is to investigate the role of Nkx2.5 gene dosage on
electrophysiology of the mouse heart in prenatal stage of its development. The main goal
of this work is to search for differences in conductiorof electric impulses through the
embryonic mouse hearts of different genotype. Special method of capturing the
conduction of electric impulse through myocardium, called optical mapping, was used to
visualize the electrical activity. Thanks to this method Wwas able to construct images and
videos capturing the spread of the impulse with identification of the beginning of the
activation and its direction in the heart. These outputs, or optical maps, help to define

anomalies and defects in mutants compared #h a normal functioning heart.

The thesis focuses on the expression of the transcription factor Nkx2.5 and
regulatory components related with the correct formation and physiology of the heart
until 9.5 days post coitum. Embryos at this developmental stageere optically mapped
and analysed according to their genotype. While the wild type and heterozygote mouse
embryos exhibited high degree of similarity, the homozygous mutds were dramatically

different.

Considering this work as one of a few examining optal maps of Nkx2.5null
embryos in detail, the results may be a beginning of an elaborated search for
abnormalities in phenotype correlating with gene dosage of this transcription factor.
Defining the place of this gene in the complex regulatory network ay help to deepen

the understanding of congenital heart diseases, where the gene plays a significant role.

KEY WORDS

Nkx2.5, optical mapping, mouse, embryo, heart, heart electrophysiology, heart
development, cardiac conduction sytem, gene dosage, transgotion factor, congenital

heart disease.
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30AAA EA DPOOLI mEOTEETLI T ocuiii O OUOpE,
EUOI hEOpA OEOU 1T AAET OL OUOOiI I EA bDOfHDT EI AA
DOALEOGEAS8 &1 Oi 1 OAT EA OOAAALOTRARY PAMOT AA GAAET TAKE A
aET OACOI OATAE T 1T EI ADT BEBGEAE 1 1 TAEEI EDVUDEA 1T A
procesovi ELA OBIAOTEE OOT AATLAE OOAAT OLAE Bl O7 AE¢
EOT OU 1T U BPI A EITOOTTTO DPOT AAGUWKAEIAGT HAJ GXEAAMAA
AAEOT OT O UT éAOODPOET AEAE OA ODPOUOIT AET OLOT EAS8

* AAT LOLAGOT EITAOT LAET ®MOOET @1 TERAOKDT OAT L E
OOAT OEOEDPéT L MAEOA ODIAE@HPOUOTEDOT ®ABT EECODARA/
¢ AOOp UT ApiT OAAT LAE UA OPOUOT U OLOTE HOOOEOI (
T11TEB 10T T A OOAAT Oi ET  OIOMIAR IOEIOED Eé DAE C @WAICDI
EAOAET CAAADOp A1 AERAT DDA KéidDTerho transkripé T L AAEOI O |
T AOUET 00T L DPOA 11 diddevwa DODI Ei DAABAI AE UHAE
OOAAT OLIT E @kaca@a\dE Kdmiaro, 2005). - OOUAEA T[T ELO OAT1 OI
Dl AET AETh épi OA AgPPOEI OEA T ADBODUOEUOOEABEAT ¢
. U01 AAEU OEGIA AUTOOEA DPOAA OILAODIEA KIOH IABDNIAEET OC
Pl O1 MOEAAAED EAEDI @A8 OAABEAREAEA AANT TLAEGAA Op O1
AAT T OUDT (ReambnBdelinkr@t Borlak, 2010; Benson et al., 199%chott et al.,
1998).L Al Api MEPBOIIAEGI IOOBAT OLAE DI OT AE EAho/AUOET O
i 6O1 OAT L Al AAT 1 APAWHEA ARODQUAROEIAEIOB DPOADPOET
EOI OL 1 U OEUTA AEi@éibOl UUOALT T O0dipAdsthjeddAE AE C

61 AEA PIT EOT éEI LI OAAETEEUI Ol AAT OAT EA DPORA
O1 AAT OAT AT T OUDPIT A O DHIOBALEINDRDSVABIOWMAEEEAAEAE O
411 01 OPEADOTAINAAOCEYT bPi OOARUT OEARVAEDBOIAIVUEDE &IC
EOI Oi T ELO AUT AEOI AT OOAAREOIAEDT OF AQEAEBA *
trabekulovej siete (Tanaka, et al.,1999), i 1 O&I 1 | CEAEAE AFEDEOUABAH(
DI AEAOAOUAT TAIAT pOendiE0 ®AADT ET AAU OAR LA EA (
zlyhaniasrdcavD OAT AOUT T UAE OL O1T ET OLAE HOUAEUAES
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30AAA EMLEDAIOLIIA BWEI ALEOLAE 1 OCUTT O LEOI é¢f
kvi vEAOAET OAGCEOI UGOAH BOQPOEGDIABTVNORAEBA ALEOPT
I OCATEUI A8 01T AEA¢A OA T A 1T AOUAUADOEAT AOADRI E
atak prispieva kOAOL EAGATAH@®OOUUUS 61 AEEAEQADAEO BOOERE
OUOOIEQGOED EA OT éAO0TT O OU®DMLI | OOKI IOCMEABUSEWTARO
DOp OT AT IAIOE AROL T EaERALEDOT MIGBOU OT1 7 Gdavodv 3O GUAEGTO E A

00AOU POAAOGCEAD EA 1 APdAGD UbOAA@MEOTT ATdA
00AOU DPil11TOEAA OOARA RAYAOPUAA BOOCWBOAE bPiill
Al UOUHEO OAlI A8 |/ AAVOWI AEOEAKUUVEBEGBROORAOBAMNI
PDecT AT O AEQGHDUUADDI TOEAA OUOOI T 1T OF 8 4 AT OI
HOOT OET 11T O 6L OUOOI | OOAAA OA cGuogdip Bo Ul C
EAATT ET I T Ol(Mdbarman & Crdidhoffels, 2003).

Z A N o~N

a9. Abi i EA OL A OINUWOAADABAT EAT PATLAE éAO0OD
ET OOAAT AOUT T EAELAE AAl i EAELAE AOOpi1 8 [ ETII
EOT Oi O7 1T AEVOEGBEODUGAADUT AEOT T EUDBET 8 01 O11C
truAEAA TELAATh ELI EAE O1 7061 01T U HOOOEOT OA 1A
AAAAAA TUOI AATA UAéplT AET OOAAEA OUEAIVEOAT ¢
A AOT ET OU OOOOOA 1T UI EAOADO UAépT A 1T AABRBAT 1A
AT AEUABAOEI T OATEO 111 AEOQIiddichisEAGT T ADERIOT OO DA IC
AOOpaMAc ET ET Al AAT O1T T EAEHEAET UAT ApredsieleA OA O
617 O OTi UAT AT ATEA EA Obi EATIpI AQGANYARE BBOOON AQ
AOOET OAT OOBEDIBAINLDITATALT OOAEOI i1 8 . AOI AAGEX
siete a0 A B O(BiZafWAet al, 2011).



o1 1T AOI AAGEY AEAE UAET ©O&EMAEpravigladrikticd A
DOAACLAT p OO hbothGhdochHODA E B @Tbip Ol 7 OIEQITITED O
AT OAEOCEA OOAAA DI AT ATONOET ADODAE T BPA OAAADE A

U O TAAT Ap whuvu AsasAsﬁ POAOI EA OU (

mp
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OL O1 OOAAA Al OIT EOI 1T AAT AEAS
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/| AOUUTagvxthdpy AT AOUiTUITTI ATE OA AGIAEADIGOANAIAXAE BAG/
DOI CAT EOT O 9r@UEOSA OA BIAKE OEANITAL AKX BDTAQPIBEWL UT  OOAAT Oi
i ECOOEYT AT OOOAAT OAE 1T A1l AOGOGEh EAAT AU OAU ®ABEAAT IWE BAA ODIT &

OOAAT OAE OOOAEAA Ol UApDEOEIEAIEAOOAEICWIAEIE HAIGIAMREE PN O

UAETI AAAEYT AADILEEDOT OPelAuUs . AOI AAOCEA T EUA OO@mBvanu Of AOT i
DOEI EOp O IPAGA AZGE R BA Be1 OA DOAOT OA OB O UBNA AN TAA BD | éEARGOOTA R
AOAYT AEAEEBEI BOOAOT AITCE (i vEsd Os1 OPEAOAT EA OOAAA 1T AOO
vi Al AOOE EIT | EDEI DA OGATEB A OO0I OOAALGL BBIAIEA DIOARIOIERE
al ATAE EIT T EO8 $0O0Ei OOAAT Oi DHITA PIAPT OOEA OLOI E DO/
ETTEO8 AQ &1 O0i T OATEA AEAAOEEAET OOAAA p&dn aBrihoOT 1 T OAT
OOAAT Oii PDPI1TE8 2A0COEAODOTBOAAE OIOGHETRAIHEAOMAET CATi UO OrF

¢ AOT OIOEAOCOI O1 61 ET i PIAGT T O OECEAJEWAST T &1 ABR1LT 68 OOAH
FAEOI O E TAAEUAUAEY DBOART OAAD DI 1 EAAES8 LAIGACAOI RAIEA QIEi
sieti karAET CATEAEU QUUET I T U ET OAOAEAEA O7 Ul AQAthddiom DI Ac A
ATTEO OA 1T AAEUAUAET drubomGsEdebvoh @ai,OvE RIOOAT i | OAopedn T OAT i
OOAAT O1TiI PDPITE8 &EAITOU TERAOD 1 ADABDODAA BoaBOEO A O
OOAAT OL A in#&thl] 2818)A E



12. D SMkx2.5

1.21." @2 R

%OT 1 O0elT A ET 1T MDIEIBANOIEN AEi TET I AT AT @1 OL OOAT ¢
VDOOAE 1 pilEE OLOEOI O AEiI1&8CEA OOAAA8 o011 UE/
OL OT EA jebdpONAMEMM EA T AOUET 00T L POAUABAUOT BODL
OA BEYHN @OIEAMEIL I E @kaoa@aeE oo, 2005). - U | UT CAT EAET
amorfoOACOIl AéT T T 11 E@ibedeétHaveyOlo®ra AGGONAACT T EA AOA
pre formovanie, dospievanie DA OL T OAT EA DPOAOT Al QOEAL GORAIITAD
iTTLOOOT DAXORNCGEAMAE TO ANDAOUUAEODLAE T1(Jay A&GLOET OAI
2004). * A EAAQOLAE Cill O Agrdraveloblasi énibeE ajeO
AAOAET OAOBEAAI 1L A E AiI AOUTT UIT A& AL OT AAI8A p.
AEOEOOEYT AE OACODAAT AE ABEADAEOUOOAAT Oi ET BT
T AUT AéT OAT PIOXE @O AT ODEBGEO b qbeardyl & Gil. @998).E
VdospelomOOAAE EOU OAT O1 otlirane miyekardL BOA AT 1AIUDO OO0 GE
bl HET AAkhzawaet Komuro, 2003).

£OUOE ETTATAT @I Oi CcilTu Ol AET U Drosephildi 1 E 1T
sT AEUT Ul AEHApPIT ET I NKkxCAUL OAMER BDT ATQIEITT O EA
OT UAAT AT U T A AOANKIaBEEBDAEE DNKA QK2UNKB, AK4ich
ET 11T 1 &Hawvey, 1996). 0 EOT AT L T UGsk @ardigcisped¥ic homeobox)
OEAUOEA T A EAET AEI RUEBAOAEUIT AKEAEDT EIl OEBD 10}
TUUT O PI ABEYPAUAI HDAET ET UAOAAATEA AET PDPEAOAEI
vrodine NK-2 homAT AT @1 OLAE Ci 1 1 (Ontsketlal 1OFEEEE DAT ILOOE ¢
Dl OLp OA OEAAAOINKxR2IEsA €k, W5, N2 E DT 8

122/ KNRY21 5Y20S dzYaASaidySyas

51 EAOOT ATEA Ccii1Td0 1T A EAI O POpOI ORATIT I AEOI
Al O OAGAKIEUMEE AEUUAEA | &) 3QI1qi 11T WAs 111ACEA AUPIO HUANEL
OAil épAE 1 Ul £l AUNKK2BOA | DABREUACATT A PEARDDOE AEC
5034 na hranici s5035 (Shiojima et al, 1995)A OE 1 AAGQI ACFA AGibé-Pereitn
et al.,2010). Ul UFOPA T AAEUAUA 1 A (LyonsSet ah ELED5). Testdeanicd
¢ OAOEAE As$.! ETELTEAA OOAMkkGADe EU I d EDOMAHELD T A
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OOAT OEOEDPO OT EOI ¢ciTO AT i2.1v8 3AEOAT é1T U AT A
épOAAp OUI AA O1T 34124 ETA&TTIi h BE® qiuUAGD EPAGEAIAUA
¢ OACET ET CATIT 1 EAETEEGE BAICROEMOOABIBTOCEINE2 AS$S. ! h
Al @ OEAURKEZhAAULAI TET T ¢cQAGET O CAT el A EAAET L
pravdepodobne sa Wi i 1T AAEUAUAET i Al HEA cilTunh EOI Oi
vhomeod @1 OAE Al AAT(Turbayetalh1996). T A

chromosome 5

I AODUUG GOipdi UT Aé Al EA Nui2BADOA BRGEAA BOE OAAAT EA O CAT AGEAE
DEAOGAET AEGIUIUTWREIAGT AO AOT T O OI E@Ghdrhaldt BIA 19950 0DAA QT i
Ul A¢ATEA OI EAOGOT ATEA OIEOI ¢i106 j OPOAOI Q8 j CEO8T 11 81
HoxCi TU EA OEOPET A DPOpAOUT LAE oleiiadedia EOT O
OLOT EA /Aéiddnlay kKOE OT 00068 . AOEEO (1@ DBOT OApT U ¢
vktorom segmente telaAOAA OUOpPpEAT 8 01 AEA¢CAET OA OAE
EAATT Ol EOLABHAGODROEA@IE TORAAPEatsbnl et al, ZDOED-OAIOIAA p
OOEAAAHogOAT DAAEUAUA O & Oi A UEI OCGET O TA HOL
ET AEEOEA O HxADOQPNOQBMAUITAE AEOT T T UTTUITAET
OO0pOT I 11T KMx2vOT DDAEAE AEOT I T Uel IiNkERET ABT AOOEA A
T LTy OPT 11T el OAcCcOl UAEO OLAEOQI cilTiT 06 POE
I Al AAUAT AEAp OUT OBAOIAOIPEAOBS -1 GEad ®T OEAUT OA
|

DOEAI & ¢éE APOEAI O OAQOORBADT AShigidd eCAOAAE OI
1995).



1.23.RS 3 dzZf t OA I

| AOT POEA GEOAGIOEWDA AP OT A OAcCOI UAEA OOAAT OL A
i 00D DOAAGRENGT T IO DI OAAph AAU UAAAUDAEEI
ATl xT OOOAAIT T OLPAH foBEAET ODAABAT OLAE OOAT OEOEDPEéT L.
OACOl AéTi PBPOEVWRI EONEAA AAERRGH OUOA B O ABuBedu, OLL AEO
2002).
1231 wS3dz F6yS 20fF ada

"1 pUEA DPOIT 1 &01 O Othu@A BAPA TNRE.BC ER GEAN AMGOFEOA O’
DOA AEOQOEOUAEO CGIAIOIAGT OAT EAT ODBAE LAI HEA30OACOI Aé
a-959 Ab O7 EOEOEAET DOA O puestiinedri-3p591al2668 e A@D OAC
T EAET ¢cET ORUAT OLAE 1 EAOO POA UT Ui A OAcCOI UOT C
Hox a( - ' 8 : OUHT LAE phuv EAD 1T AOAEOERre RIKATT 1 E
aET | AETp@AKED' ! 418 00pOIiT1T O7T UEI OEI 6 OLAEOI O
OLOT ET O AEI ALEOLAE OA3D®IaAcéul uLtA ED OBAMERT T EDTAOA Ul AL
T1TTEO OAEOI 1 A1 AGOE DOA OAT L OOAAT OL OLOIE
aktivity v hitane, srdciaslA UET A8 Nk2BE A1 DOREOI OUAEGATAT LAE
ORUAT OLI E 1 EAOGOAI E OEAURRA porhabou faktdroh IGATOACO1 U
(Searqg et al, 1998).

1232, /| KNRYI GNY20S Y2RATFTA]tL OAS

(EOCOCeT 1T 60U AAAOUI UAEA 1T AAUNKk25 ER A BEOA GATELT ACH
reCOI T OAEAT BROT O 6HIB DAE AEANEAIR priddgofovole 4 eOMAATOETO O
AEOEOUAET O OLAEOT AT EAT AAOI OLAE DOOEIT O TA |
T 17 EGACDI UAE Rkx26o02 mAdOEREO AEOEOUAEA(CHdiB] AT EA
2005).0 OUOA AAARAARBAABAUAEA OUOAQOI BAEEEAUYPOAOE
(UDAOAAAOUIWAEBOQ®I TAO OA OI Ul EAEA AT TETII
HEOT Ei 1l BEAEAUNT ODI UOT Mkk2BRiu € 4.1 200000A OT 7 E

1233. C2aFT2NE{ft OAl

PI-3 kii UUA AU I TEI A AUT Uil AbpT OAAAT U UA OAcC
AEEAOAT AEUAEA EAOBEAAUIDECOAODEDAVYDAEBIOUEGHE AT A



EAA EA OUOI EET UUA AEDEOEOADUA OGE GGI GELIN @-14 -
AEZAOAT AEUAEO AOT EAE Al EAOAEI T UT AUOI 6 AAU
UT AT AWA -c0)EET UUA EOU ORIENL EOAE AAIOAE A EOAEE Ul
OOAT OEOEDPéT LAE-4 EAED( DI O ! HBAQEOWIAEWT C0)EA AET |
VOET 0TI HOUAEO tOLUNAHAPpOBDIAAR EA AOUOT AE Al ps8
OAT T OT i UAAT T ET Ol ERET ABDODE OUAGBAEeDp) T A UAOOA
EAOAET A1 AGOGT 6 Al AAT 1 AVDOOOOVARAEA HEBEE UMEE DA
kardiomyocytov in vitro (Naito et al, 2003). " - 0 OECI Al EUUAEA OEOU
Al O& OUImtAnEn@m perkard@ 1 T 171 1T AUT AAOI A (MalEtGEAL UOL
2007). 4 AT O1T OUDP OECT Al EUUAEA EBAuv UBEAEDL OGAOAOO]
AEOpPT h-4 aAE4! O1 AGOTT AEOEOUAEO . E®@¢8u 1 O0OEARZ
akardiomyogel i Udmaliet al, 2001).
1.234. PostiNI} YA NALIBYS Y2RATFTATtL OAS

VOI E® cmpu Al A-EDARIOODERDI G WIRKIGAS AEA 1
(2.1 Fh EOIOU OA OLOAUTA 16A0OIp 1A OLOIEE 0O
vOi UOT ¢ DPEOAKRDODI Agi OAE RAOOOEOT OU OOAT OEOEAI ¢
AOOBEIOYATG CAT i UA Ail A OEUUAT U -kindripibyv iaA ET Et

Nkx251 2.1 OOAT GOOAEGBODB&AU OACG UBGIAOADAR EIN E
OEAUI 6AT T A DOAOAEOEUEOO HEAIDIIeAIO TOTROEIEAS i

~

UUOD OAET ALEOT O ¢ A Gdzpa®dmRSAE AGDA ARIAEDGO T OACOIT |
OOAAT Oiojgpomdad ( 62 | 6O0p AUT (Migkebh 2®19)AO0ET I AT U

1.2.4.Mutt OA S

Do OT EQO c¢nmt ATI11T EAAT OEZEET OAT LAE ouv |1 OC
DI T UITOPEEOI Q8 . EAETG¢ET AEEAUIT O NkRE AE®EAI Ol
OUT EEI E PDi é Adia &1 EAEOERIAAN AODAAAOUAUAERAEAE  (
T ADOpPIEABAGRA OAADT AT ATih LA AU OA TEAET c¢ET 1AC
EOT Oi OAARAT A EATET T EUOAT ETT OLAE UOUHET O OA7T
uEAAT T ET DPAAEAT OA AET Ok AATiT T ABUAABL AB (OH IE
HOY AEIPAT @ NKka25E OO U AN Ed@rbden,. OE DI OOAEAI E OOAAAS
AtbtmuOA TARIT TETEIUITA tp Tnidndoold 25ivOl BEEELABE | «
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AT AT T7T UAAER p2 pAIODEIAMIAL AREl Al AT (RéamabBubttedd R OE OD L
Borlak, 2010). VOT EQO ¢mpu AT 11 OE UTARAIE yéatA OB AD Ci |
sDOAOGALTT O OR&HET IUO OICBAUVARBRE MAhing étRadjakuthar AT 1 i 1
2016).

S I Dp OAT i OACET NkR2blae HODI DODBAAEAET
(AOGAOQT UUCT OCiT INBED3D AEEA U UUOALT L TUOI AAT E AOC
DOAOT AT 6L Ai DE8OI0OAABAERGLI IODII AEAEUOEOCEADIT OAE
(Schott et al, 1998). 0 Op AOUT p OLAEOI DAAEARIOOT OAAlEA BT U DE
OOUOAT A bi OOAEU ET IGAATTIGAE OABE ARG 8 BEAS
ET 11T O OAE DOEAEAAREOL O0TEDEXKEMoroD @ Elsteitdvou
AT T 1 UBdnsobet al, 1999).

. EAEOTI Oi 1| OOUAEA 1T ATEA 1 EAOQna GiRsensd) OA O«
i OOUAEA j UAOAAATEA T AT EATTET AT ETTEUOGATEITTO
Uil AT O ET ADI OETOAT OAE EARIN ABDIOE 1 Al Ap AE I EOOR
sDbOAADT EI AAATT O UERT ADAIEN iABA 8 Ogdwh nukiedideU O
pravdepodobneOOT OEA T 1 07 FEA4/M RTBTI AeT BOABARRAT OAE T A
I

*AAT A | OOUAEA Ui ATET A poOoOL 1 OEI AT OEA ET O00¢

DI TUIT OFEUI OGYE AEQp B AONMEEAM IOODI 1T LAE DOpDPAAT AE
sekvencieNkx2.501 1T OALT OATi UA | OOUAEA 1T A -cewhii AAA E/

I AET OAT EAT Eh UUOALT AE pmd OARDI & IOALEAT RERIOEIOA TOA
TAPOpOT i 1T1 OOE O OEAA TAL pnn ABebsoidtblei | AE
1999).
13. t NPGSNY b1 EHO®Dp

1.3.1.~ i NHzLING NIS Ny dz

. E@c8u E A OOAT OEOEDEéT L OAQAIT ADI O OAAHII A&
Al AOUuiTUITAET OLOITEA8 0AOOp Al OTAETU .+ ETI
VAPAAEAEEUAEE AOI ENBPBAEA OBAT BAEaCO&BAd@OET OL

buniek atE AT [§G2nis et al. 2008). | OAOEL DHOI OApi . E@c8u i
AT ETTEUOGAT ETT OLAEAEDOEWRHEGAOCOA AéT i  OAEOAT AEA
ETTAT OU T AT A0t TEA EA 1T AEAEI ALEOAEAT O POA C
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vVAOT ET OLAE EOI-konicadAAERIT RAIOF EIOPAT Alell AT 1606 O1 1 EI
oblasti potrebl T DOA OPOUOT Quamdié@ BI.CPANDYD ATEAGDI8 ubT AOOA DI
OOAT OEOEDPeéT T AEOEOEOOh O1 Ul EAEAET A862,ggA DOEA
T AUOUEAET A AT EAOUN 1A ERICEHIED (BN alNXOGBRLEAT A E

I ACGAEOEA ETT UAOOT OATY AT T i1 OAES AET i BIDAT I +ic A
aAl 1 7 1 GPratlhan et al., 2012; ReamorBuettner et Borlak, 2010). Na Gkoncovej

¢ AOOE DOT OApT O OA 1T AAEUAUA (Eilick et AIQ2006ATNESA OU 1T A
T AAEUAUAUBT OOE Al ET INKXEBI$ST AAA pBIETOAPAIOA TAZUT T O1 EI
T EA OHAOEU pOiT OApT U OIAET U . +¢ GBGRAADIAOAEHDPI U
I OCATEUITIT h A&EleganddDIOMLRTAATI AA OPT T pT AT v AT T i1
OAEh LA DEKIsdRL OEADI AT 111U Hakey ADOBAGhT T Al A
A£OT EAEA OHAE UAOEA¢¢ knbdk-dut udTU ABT WORAGBVETAA U IETAA E EQ
v145d.p.c.$4 EAET ¢ E L | -&Gevn@r Adkuch@rhi, ako poruchy priehradky medzi

komorami (AVSD), & AT x1 OACGEONBINE®E. AE EI T O OLAE 1 AO
vpravej srdcovejET I T OA8 (AOAOT UUCTP@IAA piOBEA T OTAI Al WH B (
OA Ei OAEOEAL OUOpPpEA 11TTLOOOIT OGHHAAIOILIAEA DE OF
TTTEO O OLOI EE O QiHnnney & @pa@dNs RAGTA GBEOAT AE
I AAUE ¢ OAOE LXetopudCUHP I A nnp EAATQEAGOAOT DI AT £
UT UITUTE ETTATATTTiTATE EA OAc¢i E 1 pUKTArbgyDT A v
etal,199). + LI 4. AT TiTA 10U PRDIOEBEAEAT EOiN ADAOT
OOAT OEOEDEéT L AESDAADBIEDT OhOOERAAA DOT OApT 1O EA
oddel AT PYoq Al ETT EUOGAT ETT OLI E UBAMBEAUEAUGER E&¢
ETTUAOOT OAT 1T OOE | AAUE OOAOI OAATI EBEWIUGNOAAT I8
VOT ¢ AOT T OOE TEA EA EAGEQIhOAHE 1T QLEE AOEAIAIU OT+WA
rozdiell T @1 &OT Eé 1 L A Ealebd ide @dnbduchddd@iA BT EOAOEAET AAC
AOT 1 HaneW 1996).+ LI AOT EéT U AEI ALEOI OT HK2neAOOT OA

EA TDPITA TAEAOI AT Uh EAE AQGEOOBDBEAUIOEAOBERA
OLi O COHUTIUAKE AOOEIi(TArBayetBICIDS) AET O

BAEOAT AEA AT ETTEUOAT ETT OLAE UOUHEG®D ¢ OAOE
EAAT OERBUAOAUT £ZET1 T O OAEOAT AET 68 4A1T 01 DOIT OA
00T OAT i pAT1 OAOUAOGOOEET OLI aEAABEARE WHONJGHN pdD U BD
DOEAI ELT A ouv Bokchk jAHBTETUBEABOGAEZATO OLT E UOUREAI E
ELI 1 Al bR E®BDENR OEOUOATT OAABUDBDI OOPOERBT LD
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j ULTLATL Ul hppdl OODUBKHpoaGAT AEABI EOD AELAAS8 I
EALAAE EUT & O0i U OAOGAOUI T O OOAT OEOEDPOUUIT O1 O
OAAOGEU OOE OAOQOUEA bDPOi OApT A1 OPARPDADBEIOIOBATERAAL
forma Nkx25a EA 1T AEOEWAAD QAN A OT A 701 OAp AGPOAOGEA
. Egd¢8u OA O OLOI ESHibjimaet dH®IBAEUVAE 1 Al AT p

- T 1T L OtRQA transkriptu Ci TNRx2.5sa vi AAT Ap 12. &phdE OL LADIT |
¢ OAOCET ET Al AOUT D OL A BEBRQIOL@HaE & al, 1996). 0 OT OAp 1
OAEOGEAL 1T AOCGAEOGEA 1T ACAOGpOT A 11T ADQI T OAAEA AT 11l
invitro OA T APOAEAOPpHh Al AMEI EQGTA EIAGEIVBEABAEDI EUO
i AOOOUT ATih Al AAT EAI EA ET AQGPOEIiirdad L ET L
El OAOACE®IcBBD 80! EOEOEOA bPOI OApT O EIAOIT A TA |
aOEAA AT EIT T EUOAI BHET DABRGABDOGOABODE POI OApi 68 . E
ETTAT OU ATiiTA DPOT OApT1 O . E@c¢8uh EOI OLAE £0I
taki AO LEBEADAT OD&i 1 O OOAT GHIotEEE 2006). AEOEOEOD

1311 1 2YS2062E2J¢HDR2YSY |

SkrzHDOA G EY DOEAIT ELT A omn Alirfferaguie MKXAS sBNAI OL A E
pomocou helixturn-helix DNAOR UAT O1 ET 1 T-Kefix&vOkdeODT BEE ¢ O0é O
ORUAT 01 RexhdBuaihé & Borlak, 2010).+1 1 UAOOT OAT U ($ EA O
AAT OOBI UBAPBYXp OBREOAT AEA AT ET T EUOAT RIAIO®I AE OWC
EAAOI Oi ET  GOAADABENHUAE GOAT fakobr Baviakol ako
OR U DNA(Pradhanet al, 2012).6 UOT ET ET T UAOOT OKIAE (AT ARBBGAT
expresia VOOAAE DI OEAUOEA T A ABEKEARDPAT AEUDAED ©OOA @
00OAADPI El AAAET OA AOA OEUT A 1 BAEAREUOD BAARDE
TA ETTATAEAAATA TAA 1 AB pdli ORpd@iBy@Ke BUOUOT UpT 1 A
DI UpAEEEAABT ) AGT RET O ET 1 AT AODUOT UOILIAIE DBOT ORPO
el 1 RET O Api £EGIAIAAE EAAEODAEAUN . BBXITADOEABR AE
Ei AOE £E E AMéadrvey, 10960 0 O1 E

($ DOT OApT O . E@c8uv EA OUOITEIT ETIiTIe&cTA
j ETTTT18CEA O . E@c¢80 WNkxd (82 @N(ChenRBach8agtz, 995y P q A
aOEALA OA T A EITUAOOAOPOIU $.! 11TO0pO #7111 '8
AEA¢cT O .-E®¢8u AEAOT DOIT i &80 OO AOOEUITAET 1A
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01T OAT AEUI T UAE ORUAT OLAE 1Al AOOp EAOT@GEAAR 1
AAAEOEOT OAT i DBl i(Wakdn @t aD RADA DT AD AT @1 OU OAEOAT
pnnbp EAATWEAIUA EAAT OEAE U XénbpuThitapet &1, A996).0 U

01T EOUHOAI EUUAEET OAI ROAA®ITAEADAREEZEAEL T ¢
vOTl 1 01T DPOpDPAAA DOI AN OAOIODOEERAABOIUBOAT T COA/
vOIl i Ol DPOpPAAA ATIT1 EOEI E OEITAE 11 UAEET OI
OUOOT OET Ol @WOAI DIAGWIEAT AlT(Rradharued alg2012), DOp PAAT A
#UOpwo j OAEIT BT i | ZEAUAEAQ UA 3A08 4L OA
Pl Ul 00U QIKXEST HDA(C183S) 49-1i AOT 1 ET  AOTI EQIOBET A i1 ADI
oblasti -242 ANF(Genis et al. 2008).0 1 i T AT O AEDOI ADPRAEDPEOAéT L AE
ATT A DPOEATELT U bDPOT i &0l GiNBdI ¢cThA 1 BAIOH rivoiekd WA E OE Y
OBAT O0i 1T EAOOT b OMarrerEe® gl,82011)86CH LORMITT OAh LA OU
I AOGAEGEA AOA . E@c8u ORODAIOON TELON BRADRAIT A O DA
nukleotidmi (Durocher et al, 1997).. AEAA BOKAAEI il BT OAT AEUITA OR
DOl | sAQFTAAOAEOEA OOE HADPAAEAEAET ORUAI Oi- 1 EAOGO
408,-242,-px 8 ($ OMNFOBAmidsto sviacT AL -T W1 AT A OUHHAT O A,
AT AT pl O 1T A1 AOGOE | AAUE AT ETT EUOGAT ETAIE cog A
i T AEOREéHEA OAAOEAEA AEOHOEOU AAI UL ¢uE WojAh AEDAIT
ELI | OOUAEA POAAAEAOGEARBRI OBOT PpphRic@ OGE DEIOA AR AT
aktivity wild -OUDA A£AT T OUPO8 0O0E | OOWNIAEEE BHAOEA AKE AR
viac (Elliot et al., 2006)

($ UAOGEpIHL EQAOAQD EAI O théidol pN-ETANTAE EJf OAIT A
j UOURE@h pOi EAOCOT ATi ET ODPOOOAAET IOAT GiA BANI BRI

j UOUHPRY ajpct j UOWHIEQU Gy OUUET i1 BT EROBDPAGAT AIAT iE
j UOUHEBEYQqQTt AT OAcCET EIDQUEARAED TsLATBEA ($ DOT OAp
DOAOAADT AT AT A UADPOpéET AT i EUAOPhEEnAINKbIci, EAAOT

Leul6 aPhe20 vy p EAIT EGAhy ¢ AOKk @é EDAu3s, vVAQo tEAAEZARh |, A
viego OlI OéEAh 6AI1 TArg52 v4 ORATEEMDAO B i @WAAEA AT ET T |
UOUHARET-95 pooxi OApT Al APE @AW ¢ HBOVHD(PAabhaOet ad,

2012).
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I AOUU# K1 KigOU HOOOEOT OA BOI b ABOIT O EMEM BNAA S/etiindddrou
farbouOT OUUT Aé AT i Nkx25. (Pradhad ét jalj2010)

- OOUAEIAI A ATTiTA . E@c¢8uv 1 AI O0p Autr EARAAEI
AOT EAEO A@DPOEI T Ao BAO®WI CBPUABER LA $.! OI
. E@c8uv TEA O7V bDi OOAATT DBOA AOI AEUARH bHOIT O

aEl AEOEOUAEO AEOpPI OOCERT PCAI@AAANTWOU ATAT.AO0T ($
Preto, ak sa vi OOAT O1 AE AQOPOEI OEA OEOQOUOAT U OAOQOUEA
#EAT AT7v 1T AOOHATEA ($ OHAE T ELA OPEOIT AET AATI
al 01 AAET I o1 EI OET Of AT AOUT henddgriamickadi OT C
T AAT OOA O(Héarley, ©396). Opokuse SAEOEOUAET O OADBT 001 O Oi EI
T AOOA¢EI A T A AEOEOUAEOh 81 01 EOT A ORAAHDL & AEAL
(Chen & Schwartz, 1995)
1.312. 52YSYyl 02Kl GdYRPI GeNRI Nye@

50D OEAAAT ERA2QUDAUPITPIRE T BEUTAUAE DIOT ©®Ap OT AE
.+¢ch AE EAi OA OAOLEAOAI AT OWAADOAAD pET TEDAD
orOT 1 éCi E .. BEaxessow8 A- AAUE 1 Al HEA b1 i AOT A AT AOA
DAOOp AODPAOACHT . pexe®aOAA pT T A DI UpAEE xh AOD
11, 18,37 AUOOApPT o008 (1 AOITTLAA 1T AEYT 92%$-AE iA
koncovejé AOOE DOI OApT O . Edc¢c8uh DOGAGIATOAW iBQAADITAEA
DOAA OT UAAT AT AAU ODA@IT @MAIT@® BAOAA DPOEAT ELTA vur
AT EAOT 1 AbOAWAIAWDE 1A AT A DPOAAAET AAICREgans® 2$h O
ETT UOT Oh IAKATGEENILh I TAOEABAEO OAOAT EAE8 - OOUA
Al Alfvei2® AT inwilroAl T AAT O T AOUEUUAT E UTpLATEA ORL
DNA anenastala ani zmena WOAT OAEOEOAéT AE AEOEOEOA TA O
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T AOY AEAE ORUANKG25 4 (EQNOOAT iBdAA AELAA 1 Al Api
POl OApOi i h Edc8ph .E@c8¢c A . E@JqaRhOOT BAEOIOT OD.
(Elliot et al., 2006).

$TTiTA 923 OA OEAUOEAT AUAAMEORDBDEUUAEDNABOE
Nkx2-5. Ide oYRD dependenit i ET OAOAEAEAN EOT Oi ATl E
vVEOAOET ET OL AE i T AAINT AEIhT ABAEAERALOé HAE AOT EA
oEAOAOI AEI AOEUUAEO | AAUE DONICAAQITA®BIOW T AioiT OA K
AT Ti1TTOhERATI RARIEF & AOT AE POl CApRAOGTI ERAADL AED
OPT 1T el @A T AQGUUET I AEIEETOOEIUT AMOEROEAIE U
i AEOT 1 T 1 AE O(BduceietetaE, 2013

1321 2Y2RAYSNATt OA L

0O0AADPI El AAU OAh LA ETI1T Al AAT EAOAOT AET Ac
DACOI T OAT EAE (@GR OFOE D#ITITAETAIEOAOACT T OF [
OOAT OEOEDPéT LAE AAEOQT O1 O Ol TLPDOEA OREéHEO OAC
TEA 1 AT AEOAOUEOOh Al A AE HADPAAEZEOO ET 1T 0011
. E@c8uv EA OPOI GOOAARBEL OARA ¥ I (Hadabataietialdinol).

($ DOT OApT OEALA $.! DOAEAOCAT eT A AET 11
ET 1T AAT OORBEAABEUOEA DPOE OUHAHPpAE EITTAAT OOUAEL
ET T DI AOTL . Egc¢8u bDOI OApT OEALO 1 dpbdbbndhOEAE
AZEET EOT Oh ETIi PIAOTL DOl OApT DPOAAEDDEALTEATAI @i
OUAT O TELHpAE TAL OAIiTOTL ($8 S5EAUOEA OA O/
E1 AOT A ETTATOU TAITAOGT #//(h TELO bl ABTIOT OAT
Al AEI AOEUUAEp TA $.18 1 Elpiad ORI EBHITI @A AJGU Aa
AEI AOEUUAEO8 $OA UUENIQ@Q@p dT hUOOHEBBA , 0Ap O6 A
. E@c8uv T ELA OO1 @AGku révhakd ako’A ODBUBER OAELA ORUA
niejel OOT U DPOA OAT 61 OUD I Kdsahard& h.Qdp).l. RAAABT BT OA
HOT AEA b1 APl OOCET 1 AGAADEBDIUALR ERBdhveret Bt@l., AE AA
2015).

—_ —
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133t 230 0N yatl 6yS Y2RATFTATt OAS

Nkx2.5 je VDOEOI AUATT T OOAOA OI ADAEIODAT QEGERD é
i AOAOGA¢11 0 OADPOAOpPOIT O EOEOEOTI 08 O0OAADI EI A
ET EEAEAEOEBAAT LI E AT iTi1 Al E OEILIOA AICAVAEQL i OpIOE
OOAT OEOEDedILIis AAEOI I @0e ®BOLBE 61 Ai EATEAAE A
ETT A Of AéT AGOOEAT &A Ob qChéniepSth@artz, E995) 8 v

A
A

1331 C2a¥2NeEft OAl

. Egd¢8uv EA £ O& OUIT OATL DI éAO OOAT OI T EUA
UOUAHOEA OAET BNAIaBA ORIUVUAUE®U DPOA OOAT OEOEDPET T
OECT UITA AOUEOOAT OOHAREL@AEEODPA UOT ET Al OA&I OL
UAOEALX UIEWRI A8 4EAOT 1T AAEATEUI U OHAE UAAAUDA¢
EIl AAET UAE AOPOAOGEA POI CBQEAOOAEBTAADAE AEA IOH EQ@ (
OOAT OEOEMPEDILAIEO OE A A HBYwhdéad P00 OT E OOAAA

1.332. {dzy2eft OAl

Molekula SUMO (smalubiquitin-l EEA 1 T AEAEAOQ 1 ELA 1 AT ET
DI i TAT O AHEUI U [ AAEAT EUI T Oh AET OHIT iOR UAE @] d
i TAEEAEET OATL PITTATO 35-/-1UApTRAAREIEO) W& AIAEITEIN
viTTELAE LEOI AEMB UAEATAOOEITEST 1T UUpT O TA A0«
OAET BT 1T 01T DOI OApT O .EREBU OORUAGBOHPETY. 'AEDEOD
I TEAI EUUAESDta dtlal, 2B1A)AER OT | OOAT U O7 OHAE AEA¢
I ECUOUT 61 DPOT OAPRIALU 0D 1! BHpIhO @B 111 2E@RKFASa Hasnorh
ORUAT O1i 1T EAOOA DPOA 315A / . 8BEBRIWAAE B SEAOAT UUT O/
0)!3@g8 30T UI UAEA OOAAEI EUBEA OUOOUOAT EA EI
TUOI AATE O1I ABOOT T OOAT GERFEDAITIT  G\E G EW WAEEYS 1

P N

30i T Ui UAEA 1T AOOUOA UOUéEAETA TA AiEITTEU
prAAOOCAOOEA ORéHEO EUAOT £ AT O Al ETljedBduOAl ET C
DT OATAEUITT O AEAcT O 6 OAE ORE GG A AIEU UDITT 1d P&

~ A e o~ s

(Wangetal,2008).0 1T AT AT LI OPEOI Aii &O01 cOEA AE | OOUAE,
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T AOOHp ODPOUOUAEOh é1 1T AUT A¢OEA OACOI AéT L AEA
ST AEORéHT O DOAOAADT ATWOINAIOA T @OIAE AEIVAIUAET EUIT 1
DOl OApT O . E@¢8uh Oi AEA ¢é¢11 0 OA UTADPBGPOOODI E

OAEOEAL Ul ELOEWUI (kivielad, 2d11DT O

SUMGp DT APT OOEA OUT AOCEAE32AEOENENODIT ABIUET
OOAAEI EOU . E@c8ur32& 1 AOCAEOET AEAE EIT I Pl Agi
UAAET OUOA OAEI PT.iBO@¢c 8VET ROEUUABERA OAT iCBHAE3 5 - /
UOAEI A T AOOHAT U EAET OAEI BT T O7T UAET I BWVMIT OUOA
aOAE DT Uil AT AT U(wanhdd bl, 2808) EIAGIAAET EA 11T LTih LA
T APDIT T UEA OOT OATEO .TEODAI L EEI IOA@ADT OE DI 11
i AAUEDP@IL@AEp THET OAOAEAEDH EOAEBOEOE®O UODAEDE @
faktorovaAE OT | AOpT T OT(Costhet &.ZBEIE UA E O

1333. ! 0A 1 DBAGAYL OAL

00pOTiITIOT TUUpT O uvp PDPEOI Ap AET T AEOATT L
EAT LA +uvp2 ATl T UTA&GATEL IR GAEEOEODPT OO0AT 1

0O0AADIT El AAIVAAGEMT GAARDO AT OACTI T EUI QOOIAANUVEIAGR BE
Nkx2.5 (Wang et al., 2008). ADPOEAE O1 i O AI1T A T AEAOGAT U £01
&A@T ¢cuh O1 ¢ AOT | @ UKIAIED I OAgpEsieWdEHRa4B v 8 2ACOI UA
prebieha SCH AAET OAT T & DPOT OApT 1T 61 6 AACOAAUAET 68 4/
OLOT ET Oi EI DOl COAI OjmaAEBAMEA ERAN AL AAIEDIEARO AG BECEID
kardiomyocytov (Jeong et al., 2015)

1.34.+NT ol yI 5b!

ProepT U AAU ($ 1T AOUEAUOEYT OAEIT BT T O7T OEAUAT
(Shiojima et al, 1996). Interakcia medziDNA $ EA ODPOI OOOAA&dcHOAT U U
I Al ACGOET (94 01 ET DPOAACLAT EAhc GADEBU | 0BUE OKIVA
aPhe8 NkoncoOi ET  DOAACL ATENA viEAIGAIOAICIOEAAEDS8 +1 0001
aEAOAT gUI T Oi OEGREIE] OFKOBEODET OTGO ET 0001 O $.!
O1T AUh  ODTyi25, élleu®6 @D OCop8 6REHET A ORDNEAA | AAL
ODPOT OOOAAET OAT U AIGRIAEBEAUCGAT ETTOLhE , UOtgeh )1 A
Arg53, Tyr54, Lys55 4 UOuvyx OIF EAOOT AT LI E 1A 1o EAI EQAS
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“w A

UT APT OAAT L UA . PEUIAAIARA £F6RBAT OAMaden et a,OAE OAT

2012).

£O01T AEA OETI AET AA OBOROApT OOAEE®E 8 ©OEN A
T OEI AT OEAT AE AT ELAE puADb AOI EOI UETT OAE $.!
i EAOCO 1T AOGAET OAT A OAEOAT AEA AT EAOI T A 148 . AF
| ACAEOECANERE 6 v A 1-PAAGTG® 1T OET AIAOBIARTIGHIAIGE | 1T ELHE
AZEET EOA AT 1 A -TNABGES SDAEEART ABGp AAT AE OA 1T AAEL
j UOUEAET A oq TEIT EIAOGTI AE OAEOAT AEA T EOAT Eé,
AZET EOA ATl A PEIAOE T EAI AGHE ANAGT . DEAE]T T REAKOD
AEET EODO OUEAUI OAT A OAEOAT AEAR EOI OU AiT1T A b
i . Egc¢8pq8 . AEOAAATEA EITUAOOI OAAI EPA A©OD
.E@¢8u UAAITET OAAEOBHAGUWABDO 1 AA B1. @O 1ADIAG LDA ED OEXNAIUIC
TTEA ($ ®OI@APA AJChenle Sehwartz, 1995)

1)
o
i

1.3.5. Miesto expresie

Nkx2.5je VOAT T T 1 OLOI ET I HOUAE &dcadanipAidesidcigdD OET |
aevi AGET OAT I AT AOQUITTUITTI 1TAATAPp 1A pEaANEDO EARD BAC
DOAOGAE Ei I 1T OU8 . bOEEOOCFA GOLAOA E@EKGeE] 20000AE 0D
Nkx2.5 poskytuje jedend AEOET OApAE | AOEAOT & ET AdBUWRMEA OOA
& Sparrow, 1997)

VAOUAEO ujé expredid® BIBCAa8 aNkx2.5 vi UT EAOAA AL DI E
AATTT EAET ET ADPEOAI Oh EOI OL BHARAOBDEADUI DUAEO
VAT OUUTTTIT 1T AUTEAOCAABL £DO8BEAS p@GBEAUOET AAOAE
Nkx2.5vi UT EAOAA DPEOAIAFDEBA p &7 EOREOEAL -¢AIBUEGRAIEA 1p/
apohuv A8P8A8 [ AET -feBvi UREADAA A o®BIADE AO AT, AOOO
VETTTOT Ol TUI EAOAAS *AET Ab®ODAOERAI @A E®]J 38 Ah
T AT AAE UBRQBAOT OET T AGOEWAATIIIIT OWwAIAOES AdI EAE
EAOAEUI 1 1D& 7 IAET OOvktdhé prévhj .MM OAE EAOAET UI T AE LE
UT A¢éATEA EA OEAEOA¢Ti AE T A DUOA 1T UI EAOAEUIT
UUET AATER B8 GYAEO B OE A E O Aditienbergetde ®rbot et &, 20070 1 1

&
1A
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0OE OLOI EE DPOOI Ol ABAOCQA Kis®ABRA 80 BAA A& OB OE
AT OOAET AE ¢éAOOE OOOAEAAR EOI OU OAprakdf Ai 1T A
ETiTOous . AOEEO EA AZDPOAOEAvrstél pravdji KoddryOT AE ¢
al TUEAOAEUITAE OOOOOU Al ODBIUN B AET AAET 18d 1AAT AKE
AAOCAET OAOCACDUABDO®EAREI 10D1 E A AdifereAcovAndin srddiAi@d@T UAE 8
AZPDOAOEA OACOlI AéeT LAE AT AT AT OT O 1T AI AAWAT U A
aDbOAOLAE ETIT1T0O1I OLAE OACi AT O1T O vnd&éradénéchAl AOUI
27 O1 AEi  OAcOl AéTi Al AT AT Ou AEOEOOEYT cCcil1 07
a0l AUET A OL TA DPOOI O1T LAE HOU foBlgsti-6 D¢ A25B4C AT 1 UU
DI OOASOEAEOEOUAEDO AGDPOAOGEA QGlezimeOdh OEN AT OBARGEL
OAEOAT AEA OUAEAI AT LAE DPOOET O 1T AGAEOGEA ORUAT C
faktory. In vitro HOYT AEA OEAUOEY T A OAET PI T OT "1 41 [EAI
OUAEANKRBEOACOI AéTi T Al AOOE8 )AE | OOUAEA OPEC
Nkx2.5vD Op O1 OHT L A%eartyé q.[1D98)A E

1.3.6.Interakciash Y @ YA 3IASYYA | LINRPUSNY YA

VOT EO ¢mpt ATl TA UUEI AAA bl OtkdIOA B A ADAIEA
ATl AOUph Hok@AIOIOUBAT EAAET AT O EAAT ObbZElEdu OAT L AE
AZGPOEI UBEDOOT®Rp OOAT OT LI E | UHAI ES8 6 UOOT OEI
siTLTLIE AOUEAT Eh EOT ONkxZXaE Bl A A OOEUVOAT BAT Cil 1A
ET £ OIGRAEAEA TOOAT OEQE®é¢T AAE. EFAEORAUE DPOAOAADI
ET T OOAEAEA OOAAT Oi ET OOAI Oh 1T AOAAT T EUI OO b (
kardiomyopatia (Li et al, 2014). 2 ACO1 AEADA OOAT OEOEREARAGCAGL AHAE
PDOT OApT 1 Oh EOT Oi OTSPIQATATE,UGRDABA BIqODIE L 01T AdE |1 (
i Al HEA EAOAET I UODOADERL iIOF OBEDEAABAIOE .PoAAA | | |
s. E@d¢8uv | OO1T OAT LI E 1T UHAI Eh EAAU coefpodadyg Ol AA
(komorovej poruchy priehradky) aOA OL T OAT pi OOUI AE AOET 1 8CEAN
OGAT A ET OAOAEAEpPCIiGAGETARERD AE ODKAS(Wirdsiori E 1T A
etal., 2012).

/] EOAT ETITAEIi+ OEAEAE ET OAOAEAEA OA . EQc
si Al Hpi E EI AOT LI E OOAAT OLI E OOAT OEOEDEéT LI E A

20



OEAOQI I AAUEDOT OApi 1T OOE EHTWRARDAEBABRAT AOA OIpAEAU
konzervatp OT A AT ETTEUOAI ET T Oi UOUHEU Oi EAOGOT A
DOAOGAADT AT AT A &£O1 ¢OET AET | EADAHEAL AELTp nEhi O
Lys21, GIn33, Val37 &ys39 (Pradhan et al, 2012).

00T OApIi . E@¢8u. E®A8 ¢ OEBAQHKRA] BLT A o1 O1 AET (
homodimerizuje, al EL HI O A ERAcB®I80 48 DI OEAUA T A TTLTTC
si Al HpI E DOI OApT OEUTAA AGAMET.ONQOEAHTIEGOQOED TOA DA
(Kasahara et al., 2001

+1 1 AETNORBATbxald2 OOT Op EABOBAEL AE OOAT OEOEL
bl OOAAT LAE bDOA AEZAOAT AEUAEO ET ILIAGT OAGRIEE AIEU
DOAOIT AT O1 ET (MosktmddO &t ia) 2007). VNkx251 OOAT OT LAE Al AOL
DOAOOOUOAISIIAVBBORIOEWN AUOT AE  OOA A isrécoveji trubied, 1 | AOE /
ELI OEIPA AT AOUU 1T Al EOOCEBOAT OGOEMRIODT 1 6 PIT Eh
T AAAOAET (kardiofngotytoch ®srdcovej trubici apl 1 | AOEAREI 1dL Ad E
O L O(PElfet al, 2007).

1.3.6.1. GATA4

EDAAEAEAEU OAEI-®IT AT $ ORUAANRIGAN ABLEUBUAGT AA

sa voblasti -¢ x wv -278%aEAET OPI UO T A CilT1 017 AbBDEOUAEC
OOAT OCATTAE AT Al LURS! +@8i L £ A g@di&énto@Admi O
OOAAT OTiI DOEI T OAEOh bPiI AEA¢AET OA OAE ObiilT el

(Searcyet al, 1998).

+L1 . E@c8uv EA A@DPOEI énfoldm, GATEGExpEA UIOAA QI A
iba vendoderme (Sepulvedaet al, 2002).Nkx25a ! 4! 1 [ ELO AEOEOI OAT (
AAU TAEAIT ATEA AEOEOA¢TAE AililiTu TA s$.!' 1TAOE,.
‘1411t PIITTATO . Eg@¢c8u Al OOAT OEOEDPéET A AEOp O1
pOT OApT Uh EOIDAAOEUAOADAIC OEE A @OITI i ACEALE ¢ON GAhE AP A
OAi T AAEUAUAET O0¢éEOi AUUEEUITA 1T AI AAUAT EA
SGATA4, Tbx5 &RF VAT p UET OOE Al AAT DPOEAIT TA . E@c8uvu
Vrovnakej ool AOOE | ELA ET OMAMAL DDEA O AR BIKIALGMER2
aFOG¢ 8 * A OHAE 1T ADPOAOGAADI AT ATi h AAGpoaetdeOEU OE
OACELAE DPOi OApl i OF DOAAEBRGEAEOI OEDOT 6WA G ARigy 2
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N s e o~ ~

ET OAOAEAEDp | UA POARIOARDORA AATIEOOEUT UAE AEOQI EO
OOAT OEOEDPéT LAE OAAIT T OOpiasrdEa®Brudesiau, Z00p). O7 OET Al

I A

Dve GET T AT O6i 1T Al AOOE bBOi OApT O . E@¢8u O7 AOi
AOT EeT U ET OAOAEAGMATI AAMGBGE A EDMQABACLAMAT EL ET 1 Al
ET1TAT OAE 1T A1 AOOE8 +Ai LA OUOI 1T AIT AOGT TEA EA

AOOT OAPOAOGPBRARE 1T ADAOUIOBPRAOAGAHEBAAEEQRs EA 11
fyzicky interaguje sNkx2.5 aOPEOT AOEA EAET UEMGHERDI ABREAc¢ O
AEOEOAE¢T i(DurAdhdr etiall)1997).6 UHHEA A @BOVEGREA OT WWaIcT O1 L
OOAAEAAE 1T ELA OPEOI AT OAT OAOLEAOATEA AgDOAC
pi OOAAT T O POA 11 (Riat ktiall)200d). 199193 viDploB AP T O . E@ ¢ 8 L
i U EOEOQOE Arierakci sOCEAQ CEOEDEéT LI @®aAsBhara @hl[ 200! 4! 1

(AOGAOT OUPEAEU El MaCATRGEAELAAQGRT ADBDAT OO/
OUT AOCEUI 66h EOT OL T ELA AUT Al OOAibtérakdid, AAU
OAOPAEOPOA T ELA OUOGPHIT Al  DIOAT IOLICEDeT A4AEDOP O
6/GATAT ¥ . E@¢c 8uv OAOAE (DarbcheEet Nefdr,i188) A @ O

4 0AT OEOEDPeéT U EIT T bAOIUAIEIACGHin aBDONkxDE AL U O
a(l @"oh Al A Oa0 Ogps BERAUOEGp O 1T A AEI ALEOYT 1

N s ae o~

AntpvADAAGIEEDAT OUT A OC DhArBchehdi al, A99DA OAEAE D

1.3.6.2. Mef2c
300A0A AEOEOEOU . E@c8u EA OPOAOUAUAT U
EAOAET I UT ATl AOOT APAE aMpfrd (Jadali ét Eal, 2001). Oba tieto
OOAT OEOEDPéT i AEAEOI OU OA bPI AEACAEYT T A OPOUOI

AT xT OACOI UAEA OOAT OEOEDPéT LAE AEAEOI O1 O UT éAO0«
DOUOAnyc, HAND1 a %&c¢# DOAADPIT EI AAUh LA . E@c8u 1EL

dE £ZAOAT AEUAEO OOAAT OLAE 1T UTAUOT O PITITTATO Al x
(Tanakaet al, 1999). 6 UUET i T U OACOI UAEAAJRAUEL A EGABOA WA/
EI AT EI ETTUAOOT OAT L 11 AOQI OATIN ABL @WORART AdBE"

OOAAT O Elarkedal,2@13).

VDOpDAAA ET OAOAEAEB¢ d A ANipdAamepimardkcii hedzi
OLi EOI DOiT OApiiER AE EAT -AEcA 1T AOUEAUOEA O
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*AET OOAAEI T AEHEA &£ Oi A OA 1 AAEUE UIAOBDIOEOBDAEG
Al OIl T OATEA ETIiTAEIi 101 68 01 AcA O1 EOI i T AA1T O
ETTITAEIi 100 . E@¢8uh EOT OL TUOI AAT A 1T A®HOEA A

popADT OOEA OOAAE| @dnékaet &, @990 AEI i OO

1.3.7.VplyvNkx2.5y I  @ée @22 &aANROL

VAOYT AEE T A AOTEITOLAE 1 pl EUAENKkAS pre  bPT OE
EAOAET CAT i UOh DOA OLOI E EI DOod@lietlal 201POIAIT T O OF
vrstvy epikardu aAT AT EAOAEA O17 OO1 OATi7 EAAETT O AOTA
i UT EAOA DPIWT ADUGA TWAAGOHAOppthv A8B8PB8A8 51 OOAI

OOAT OI EOT T O A1 AEOCO&T 1 61T O 1 EEOTI OEIT PET O | 4%-Q
oblasti myokA OAEUT T AE OOO0OOU EA UADI T AT AEORAGH pEAH E
TAL O éAOO0OATiT EOOETEUh ET OAOOOEAEIUAAE EAOT |
OOA1T OOOA8 6RéHET A OLAEOI AOTEAE OA AU EAOTA

I Ul EAOCAE QIO BERE I AOAEOEA OEUT A OubuU i ui &
aOAOET I 71 O OLAE HOOOEOT Oh AET AE 1T OCATAI U ¢/

AT AT Pl AUI ACEABAE ORQEGIOA OCOAT 61 U T AOGAEOEYT AA b
AELAATE 1 UT £E1 AT AT OU yAl ABRAEDAEIOR OI AEAET AGORAE
I OCAT AT 8 4EAOT 1T AAEAEAOAT AT OATUT EAOREUI 1OAE é@A
bl DPOAEI AAATT AOT EAIT E O OAOEIT I AOEAELIE HOOO
ATT A OHAE TITTET ORéHEA AcEHdkalORGIEA OTA AEIHAIOADE
LA O/EAEG AGPOEI T OATi OATi OOAAT Oi [ AOEAOUN
TA OACET T11TTLOOOT 1T UI EAOAEUIT UAE A
AAEOT Oh EOT Oi 1 OOUIGAIEHE A O AREAGE AAAWARPAAAE AT AUy A
(Bartlett et al., 2010).

I OT T EEOOT EAI EAEU AT Al LUA OEUUAT A DPOpOI I
vrstve myokardu, ale nie VAT AT EOAT EUI T UREd.p.O. GO xprésia IIk2.56
DOAEOAGBOKNOET O ) Ol ph éDi 1T BOAEOEAODEI EAT DOAA
Expresia Nkx2.5 korelue A @D OAOET O - (#h EOI OL EA OAT LI i
PDOOiI ET OOAAT pnnED ABPABRS 61 Al UOPOBAI WAEIA GOA
aAl AT EAOAEUIT T AET OAT EYT AA 1AD BxpisiaOdtiAe hawnE OE A -
vdorsomezokardeal AOOUI 1T ARBUREBO&A A ABMSOPAT DPOpOT I T L
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OA AAIT OUOOGAADEEABRAOBOUEEI ©OOBAT Oi ET DI ¢cA |
UUET AAA PO@FeSIENKERG vdéihom srdcovom poli. Viacl AL ¢gx b AOIT E
AZDPOEI OET AEAGU A BE(W ¢ @ v un Qi@ o8nAedkach Aiferédcovalo do
kardiomyocytov aA OT EAE DOAOIT AT Oi EIT Ouoodi i Oh é1
Al AEOGOT AUUET I T CEAEU AT Al L UA Hudek @ifdrgntolahddl ET OAE
AEET AEAE EAOMEIEHWIEAUWNESG EA OO AW et ah 20T AET OU
TkanivoO 1 I AT AAUAT L OOAT OEDOEDPEDJ 8 vAAEIOIT O AT '@/
DOl OApT O7F OET Oi | AOEAOU DPOAEAOAEUITUAE AOIE
jeden znich neddE UL A ET EAET OAT EAOAET CATi UO OAIiT OOA
OOAAT OL POL@I BHIOLAE DOAEOOUT OT AEh &1 1T AUT Aé¢
ET ZAEOI OU8 ) AE EIQAPBOKXEGRAT OWEQEOBAEO ! . &h |
OUUET I TU EEDRDGDBEAZEEHCAO 4ROEDARAT OU"
O1 AEI ALEOi ¢éAOOE DPOA EBEIAOOGAEOEGBAEODL
Ci 1 GATA4 aNkx250PEOT AET A OUT AMNEBAET | QIEEOQOE OA
OOTITTLAE POT I TAAOBOITG@NUAEAIOLIIEAAEIM DOA OEAOD
, AT T AT U éAO0T OOAAT OLAE Ccil10O EA AEAc¢T 1 TAT I
bl OOAATi T AA DPOT OApT U T A OPOUOGI 6 AEOEOUAEOS
EOT OL AGATAE A 1®OT OAT LAOUBITADPEBAGT L UAOIOIRUEA 1
T AOOHAT U OAET bNKxZE Podbbne ANKXZ.E Boop&uje aj GATAS pri
AEOEOUAEE Amm(DulothErfkt aC1d90).. E@c¢8u EA BI OOAAT L E
ohyb srdca aA @D OAOEO A(AT A 1T A OMNDMAE OO Eakk2AC i @ @A A
i OOAT OT LAE OOAAEAAE EA UOAdhybd srdddveh ubic2AJRT U UA
Tl LA O1 6061 OAcCOI UAET O EARAE EERBA UAFEAEAIQ
srdca(Biben et Harvey, 1997).

>
. >
O
—

~
~

61 AEA T1TOLI TTAATTOLI 1pl EWI OACKE OKRT T EBH
T AEAEI ALEOAEApPAE OOAAT OLAE EI 101 OLAE EAT UI I
OOUOAT A mergibet CeEnAdicakenhs 4 EAOI EAT UIT U | AEY  AE
vznikuaprecH AATAEE D1 OdkdcifFtriado Gt ald) 2015)

1.38.t NPIASYAG2NR Ot §f 2KI

| A1 AOOT A HADPAAEAEAEU AZGACEADEAEBRDOBAT @) ADI
DOl CAT EOT O OLAE ApDO AEMEAE U1A D Ay skoddisrdédvar A A
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polmesiaci. VWNkx2.5 homozygotne | OOAT O1 L AE Al AOUUAE T EA
DOT CATEOT O1T OLAE cCi1iARA £ZAT EOWAICOAE OAAORATOOL AE
T ADOp Bi8& A.p.©pretrvala expresidagibp5aPdgfrabT ¢ AO OL OT EA OOAAT C
(Prall et al, 2007). 6 R¢ HET A | ACEAODOAAEEABAT ADBBAABA 01 A
vVNkx251 OOAT O1T AE 11 @i WOUTAB EUAAAOOp (ModuBd @p ET AA
Sparrow, 1997).

401 EEAAOAAT L £1 OT OACGAAT éT L OADBPT O0i O OL OUC
T AAEAEAOAT AT OAT LAE ikEVitio] sDIUODIARRT AOT BDOART OEOEDEéT
Nkx2.5a MLC2vD OT | & OTAGP@ADE O G ABA G0A0 7 AidiAkokom jadde,
EOT OLIT ATl i 6 OMOKRT LATHDOTOUOLEOL T A O1 AAT OAT
al AREZAOAT AT OAT LAEAEAOD EGAEOLARANTIpG 80 +1 1 OOT 1 A
OLAEOI & O1 ODADHARAT 1 DAPAEE A AIOAIOEION 10U MEzDIOAOED
DOEAIT ELT A px bloAdMMERBREGT |@AE ABA AKAZS 2406 buniek
OEUUAIT AEOEOE OG2.mmOUI0OE MEDDODOAELT A vm b AOI
Dl UEOp QOUWIAEE OAEOEOEOU bDHOIT i edi 01 6 OHAOELAE
T AGUEAUT OAIT E OLT Oé MLCc2Vv AgplO ESARFD ®nd-©iOION & AOT EAE
AGDPOEI OET AEAE . EQc8wpchl 6OABI I Oe ABAOFRAUG EI .
T A TAPOEAI O ET OA1 UAEOD i AAUE OAl AOp OT UI E
aAE EAOAT AT OATQEE UME EAEOTAEGLIECODEDUREADOEM 1
progeniOT OT OT7 TTAAEMA GRAT AT O AHartlek Et alAZDI0E UA E

.E@c8uv EA AOPDOEIT GATAOOGEITI OOAAT OI T PBIITE
OOAAT OLAE DOIT CATEOI Of OLAE AOI EABIT ©KIUE WIAEGT 04 /

T EUAE 1T AUT A¢OEA TAEDIA L OOAE FOE® E B dilirakdhil OZFAE O

OOAT OBACE BAQO1l UOT O1 O (ReamhBuetiieret Bortak, ZDIOE AT ¢ A O
OLOT EA OOAAA AOOE: OOAAT Oi pi1 A Pl OEUOOEA
kardiomyocytov. Tieto bunkyA @D OET OET OPMEGEDEEDBd8Lv8 "1 11
OPROT U OAPOAOGEA "I bBc¢¥3i1 AAp OECIT Al EUUAEA b
i ATE OPOACOI T OATT CciTU Ul ADPT OA Bmp2qh)Aé 10 OBRA DI
TA UAEAOGEO Al DPOpl ERAT AEUOOARERREQRT OUDAEARBE.
AOOEiT EI OOAADOHEI ADIEMA ALOI ATi ET OOAEODO8 6
CiTTO 1 O0PI UOTMk2I5AET OO0 A&D Do & Adiuidm €dcovom
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poli. Ich expresia W OOT I OOAAT OTiI PHBITE AT A A@doiilA
AEZEAOAT AEUAEO OL Ardddvom polnes@d.i \RIG2.0rmu@ntoéh je
OPOACOI UAEA POl CAT HAhoml &dcdvém poli AEAIDT ODUI T A
DOAOOOUO Aelia WME FAOBDAOEY AEAE 1 UT AUOT AE UT AET I

vi T AOI T OATp A@GDPOAOGEA cCciT11 6 OPTEATLAE Ol o)
aOOAOOOI I DOl CATEOTI O OLAE AOI EAE8 6REHET A
OO0OO0AOI O . E@c¢8u /JoivimAaj dAigbth Gricovior® poli. Bxprésia wprvom

OOAAT OT i PDiTE AITT A A@gdbOoiiTA DPOAAET AT Uh é1

progenitoroch vsrdcovom polmesiaci(Prall et al,, 2007).

6 U1 OAA A@DPOAOGEA bDOI CATEOQI O OLAE 1idhOEAOT O
O b O U O¥druadindsrdcovom poli, Tnc, Pdgfra 4 CAEADBuV AT 1T E T AEOEAA
vObl AT AE D1 BOI UAEE AOT EAERh ELI A@GPOAOEA O0AC.
i AT OOUI T U AR EAORQEGBEAA 1 AOGAOUITUAE 1T Al AOGC
ET 0001 OLAE OQOANITI AODHMOEAAT EAOA DPOI 1 EAAOUAEA AEI
OF EAOT A OT UIpAEOGA¢cT T 111 AEOI U A UdI DB BDIAG
AOT EU bPl pOAICBOEAOWAEE b(Prallletnl, 2067EA OAT AEUAEA

1.3.9. FenotypNkx2.5mutantov

0 O AT na étlath funkcieNkx2.50 U071 OT ®EAT £O0UI 1T AE OI OOEh EL
AOOGEiT EI OLLADPA bPiI 1T AOI AATp TEA8 *AOT L 1 OOAT
UOOHAT U &£O01 EAEA DPOPOAAADBDOAADUILTAAR OG©OAOL AE
DOAEAOKNAL EERNARITT OL L A prakéda etAOI@O OOAT 617 OOAAE.
UAéplT AET T AT ERT OAT TA 1T1O0IUITUAE T A DOEAIEL
Al Oi 1 OATEA OOAAARh ELI 1T O00AOTT HOOOEOT OU OUL
TAAT EULO UASIAHUARDIIARAI AUOT A OBGARRABARAGODOAE KA
OUEAUT OAT OL O1(&dndat al,a99H).A0AUAED

Fenotyp Nkx2v | OOAT OT LAE EAAET AT O UAENDOL ABT
HOUAEUAE DOAT AOUITAET OLOI EAh OAEII EAOOT A D OIDE
EAI AOT PEEAOULA UAOITEIT eéeAOBAREART AOOBDREREBO
vakochvwhuv A8DP8A8 1T AAT 1 OEAEOAc¢T L LEAAAT AAEETI
si ATApT 1T TTLOOOTT eAOOMI-QBEBA EDOAOER OART EBAT Bp
EAOT A A& Oi 1 OAT iOEACOHTAGTApAEAGREAD 1 ADPiI 1T AT LAE
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-O006AT 611 Ai AOUuUu AiilE OEITA AT Ai EAEi 8 . EAEIT ¢
1 E

011060 OAEOh AT A TAOQOOI OEI E AEAOT A TEAT OIUAR ¢
aAl CET CHOLIAEDT O OAET AE 1T APOAAAEI A8 *A OHAE 111
OAEOT AUOT Bl I T ®OIHAA AAT EA T (Tadaka eOM,E1999) T aelid A O U
TUOI AAET T OHAT AAAT AE OAOOI OAE OAOAOAUAEA Al A
B I AQUUI £ BiGOOAE O aku knbdki OO ET UBMEAET Al AOUA ¢
44 Nkx25} #Q OA 1 AAEUAUA OAc¢ EAELIAIAI LAOOIOT EAGIE
_‘&K i 4 ‘."6“.3, AAEET T OAT U AEAOIT WilddygeAB).fTankkaét al F1899)01 1 O O
X ’ ./ AOGO0UT AT EA A gDORIOIEAOCOEKE 8 Op DA O
+/+ . [, | Pl OOAAT EA ODPOUOT AEIT Al Ol T OAT EA
C pr ﬁ POOI 017 A& O 1T OATEA OOAAT OAE OO0OO0A
P 3 I? ; T AOEAOI O OOAAI (Lfoks etlaE 1BIEDAT AEBDBE A
%i;,:\’;; 2  OEAUIOAT 1A il AOUADT EAIGEAO . E
. ..-,:.""’%; VEAOAET CATi UAh ¢é1 AU OHAE 1TAOUOGO

OT EOT DOl OApT 08 wOAT OOUWEGIAE AT O/
redundanciumedJ E D OT OApT i E O MohuA&Spdrow, 3997) Ci 1 1T O

(AGAOT Uuci 6171 1 OOAT O1T7 1 UHE I[PAITEAT OIOOT AEEL
wild-type. ZE O p L Helerzkgoi © OA 1 AT AOT AET E LEAATA EITITU
el T AUT A OGEA Al AOUT 1T ldmbzgothofn@tave. Mil,®d.p.cheddi UAE A €

T UEAATTTA LEIAIAT UUuci OT A | O®OAR ©1 AsBd ADUDA OAHI E
mutanti sOL OAUT T & OAOABGADRBIEID OAICIODOOMN i OAEOOET U
aperikardom;vwohuv A8DP8A8 (11T LOOOI ETITUUCT O1T LAE 1| OC
AAAREET T 01 | OOARIODT AEEI UAIOAIOWLE EAEGOREEDET DUCCIADI
i OOAT O1 O Al AEIVAMPI AT KM BE.p.acahD O OT 1 11T 0T AT AT EAC
OAT EYT HA ERABRRBAE EAT T OUDI O E(Tanakdeig.,i199D)L AE | OO
00 1 EAAOQUAEA AOOEIiEOEDOBIAAADOLEDI DI ATAO ERA EIC
AET DPOA IOROEIVECRO OLOI ATiEl OOAEOO A DBOAOA
OUEAUI OAl E Ul p Ldhdnfsrdddvoin bdfi, OAUEEE DT O OL O1T AT i EI
OOUOAT A EAET 11 OA& 1 6@BEAMpcAl 1¢H TCERE QI MAMET T OLAA
Oi EAOCOT AT EA OLOI AT LAE AEAO T AT PRAEDAEL DBOAUAT
DOpBPAAT AE AOI EOLOT ET O1 DBOAGDT ERREOOBUAEREA
I AOO@EN B Ui AUAT pi EAAT AE /SmddAPrallietAall B2&). A1 AT Ci
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VI AAT Ap T A ubhbOATABIDB AATGEQWRN UM ITEOE OI O¢EU
OOOAEAA Oi Aol i AT POAOAh EAiT LA OLOT A OOAAIT OAE
aOEADT OU 1T Al AOTUAGMA ATEA AEAUALEA 1é6AA OO0 B:8A 4aOME QA A LT EAU
i ELA AUT DOAOOHRAT L EOQOEI E U AAMG WO ONOGEEGD 00/
AT AT EAOAEUI T Aiarvey, QAI6)E ¥ HAT OT OU  é AOT EA T AOUE
aOl UAp OAT Uh DOAAOGEADI OU éAO0T 1T AOBPARUGBA EADC
O TAAAUOGET I OEADPI OLAE EAOAET I UT AANdITGhU AIET TAAD
UT pLATAIGEDO OAT I OAOUBEPT EADL O AReéntdABAdéttdet A E ET 1 |
Borlak, 2010).! 6 EAT UOI iAQT1 éAOA \DOMOHIO AkdralHoddra bad
TAOLAET T HBAOOR BATADADT 6T A 1T AOUOEL O A U URLEOT A
typu wild-OUBPA 1T Al T APOI OE O i GAQA ABRATCLAOUN UEH U T BDGAE
AT OAEO j AOAYT AA DOQADBT LET EAODAQ AL UNDEI BOIAE O
vi OOAT 01T LAE OOAEAAE Ail OAEOEAL AOBMDADGEAEU
aAEAOT AET O UTadakaket@l, QDA A A

(TTTuoUuci O6fi | OOUAEA TAATEITETTOATE 1plTED
OLOAUT L Of UAE Rkx2.5athidnE OCiOILT IAFDAAEAInEdAODHTHOAE,
mezoderm (Tanakaet al.,1999). Tento rozdiel vi 1 | E A Nk& Bdlitmani EL A AUT
I OPT UOT AT L OAAOI AAAET O ETLAE cCcili oh EOT O |
srdcauOOA OT OAT O Alttorepvizkaz® EIORO AThOTG O OA A Harvey, A £O1 E €
1996).

1310, *LX &g yI LINBP2R2¢0é asaisSy

VOEUT UAE 1 pilEUAE [ UAp OA T ELA DOAOAADI A
Ouoboii 6 AOAI AOCEAEU 1 pHET8 4EAOI Ol UAEAIT U 1 EL
O AGOT T 0T AT E AAT AE 1 API PpOAT AE | OOUAEAS % A
I OPI UOT AT T ADL I OBRI B OE ARbsehthalRiHaned 1999)

~ s A o~ e N

. A UUEI AAA O1T éAOT LAE DI UT ACET O OLOIEA bBC
TEAET ¢ET 1T AAEAT EUI DO ANKkDRS RIcEAO UGN OAEAIEA LAE OT T 1
TAAT AEUDNUDMAUEAE pPOT 1 EAXZAOQUAEE AOT EAE bBi O1IF
DOAOT AT O ET OUOOiI | Oh WKk2ZEOBDAOBAOCOBRBEEODOEAOADBART
OPEOT AAT UL AT UOACOOOT OAT EA Al AAI UOL HAT pi

OACOOOI OATEA T UTAUOI O ETLIiE DI bOl UAEAI E AOTE
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OACOI T OAT AbOAOGED I TLTLAE ET AOEOp O1 UAE (
Dl OOEDI OAT O1TQT 1001 AOPEPA A AFEGBETCOAEOGT cCci1T 0 AEI
OL Qlagetal.2004).4 AEOCEAL AT 11T UEOOATT LARh OETTAOOEL
UA OOAAT OL BDAAAI AEAOh EA OLOTET O BI A EITTOC
AET AL EOUNKQAERD AEEAMOT éT LAE OLOT ET OL A(Rasalddd) AEUAE
et al, 1998).

' TAOI T EAET ARG T OUARE@OAOAADTI AT AT A DOEODE
DOOi EIl OOODPDA AGIOA ODRBAUHUI ® EAEDOAODBU LE I0ED
aEUDI Pl UUEA ( EOQIOCMEIUPUORUE®DUAOI I O TELA EIID
AAEAEOU ORI EDIT AOOEGREBOODI EBHOT AEA T A EAOAC
T AUT AéOETh LA DPOA OPOUOT O AMEAAIAEGNE UAIE ODP 0O
obdobie (Meysen et al., 2007) . E@¢ 8 v O AEAALBUOOT OAT EA
UEADI TET OOZEAEAT O1 LAE TIAWAIEOCEA 1T &1 ABT AOT ERBp
OUPA8 41 OEAUGEA TA DPOEAI O OV OEfuhkaitohtd AAUE
OuUi 68 16 OUIT OAEOEAL 1 AT ACAEiaGMbaem@iC@ET Ul 1 C
(Jayet al, 2004). UET i T UUCT OT LAE | OOAT O1T O EA #@tuv 1 AD
EAEIT OACOI UAET O DPIiTTAT O . E@¢8uwa4sBA | UTUWIEA A A
i AREAT EUI U UADPI EATT Al OACOI UAEA BADI AdBAT O
HOT @®aplyset al.,2005) OEAUDET 1 A CkdbBA TAT-0h1 AROAAT T 6L AE.
Al A EOETE 1 AAT OOAGED 1 Al HpAE ET £ Oi UAEp UAOD
T APOEAIT 1T 0OP1 UOPOEA A@bOAQekéde Mgz somatal .O8 ATAEOA O
ATl AOGup AU T TEITETI AOT L AAEAADOPGHEID O 11 A OFRG ELOHIO 00|
$1 x1T OA CcdouNeAl OOAT OT AE AT1T A bPiT OALT OAT U UA bIi
DOAOGI AT Oi ETOTOUBDAA @10 Ckéll AAH GEOX OORUAT Oi 1 EAOC
aOOAT OAEOEOAéT i AOAEA OEAUOBIiuneal At aA BOOBOUAED
. ADOEAE NR2BEOMPILIAET OOEEAEAT QIEIOT DEN E W ORGI E®U I @ E.
AOT EAEhR OEA OHARAE | AET Ci45(Jayetd. 20oD4). AP HODABAAH &1 |
UT AéAT U ACBION 1 ¢cPIOBA OEUOATI EVUUAEDO AAT 6OUIT A
VLEOLAE DOAPAOUOI AE8 3EADPIT Oi 1 UI EAOAEOI OAE
T piAA OOUIT UI DOAOI AT OLIT OUOadt étél, 281@p OET OET A
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£EpOAT EA O1I ET OO OOAAA AAU DPOAOGI AT 6L OUOGOI I
(UDPT Pl AOOEAEILE OWETAOU I B WA GANK2.Zkhockd OO0 IUHBAAE
OPl EAMIUUEDTI I CEAELI E DI OOAEAIT E T A OBMHBALAE 7
OLLADPT O Al p EOI EOU QI AE G, A 6 hetérézyydtav Qrizkérovalo
O1l OT AEi AAT T Oi A1 EOU ADADBOAT EZUBET IOIUOQBAEID B O
OECT QIE®I 011 UORKEZEADAT ET OOFZEAEAT 611 [ UAE U
T DI TA APEESRBI AEGIWAI-GUBAA EA OUOT Ui AT A OAE OA
UUET AAA 11 EIT TAEAA AQMIK\ZBTBLIA pOT 1 AT etielia UUET A
OECT Ul O ( E Qhy@tml, 2008PMkkeEHA OAOT UUCT 6T A 1 OOAT OT i
I AET AATDOANCLEAET OAQOAM U 1 AAXWH OQEABIKIREEA T 1 /
ax OLLADPAIE OAEO8 4pOiT 1 OOAT OE 1 AET OLOAUTA
OUI A OEUUAT A EAA 1 Al i (Gdzitdt B AI0EA Posiuip prériosu ET OA O«
Al AEOOEAEIARAIU HIEBDOIOUMORUT Eh BEndd-@Ub A Al UARRpOMA ERB A
Al AAT 7 P1TIAURRELEAMDT ODET ONEBAEAL AELREGT ODPOAT T O
TOT LAE T UAEAAE AT 0OOEQUaétA4.12008. Ol UEE
401 OAA 31 . EA DPT A OACOI URikiveriekET EEAEAKEE 1 H @8C
HPAAEAI EUUAEA DPOBABRECAOAET 8 ACRDRApaOPIHand AAOA]
vedie kKAE OE GhoAR2AEp D OAOEAh EONKA®B OABOEI ORDOAOCEA
AEOEOUAE Gé 1A BEAA OO IAgaeddmOuzleEspinozalewis et al, 2009).

AEAOT OOOAATEA piehmll, BOEDp T UAAUU ABRA nET EAA
AT OACIT T EOOE A MKkx25aBhoAE 4 AAMIUVEEOEDPET L OLOI AATE E
UOL HAdprkdi Nkx25h  é1 BT ADPT OOEA [T UI EACAEUITU 1 00
expresieShoxh DOEéT I QAOAEUBOADEAAI AEAOT OAE 11T EU
Ui AT A OAEOT ONpOTETCOGAE G GG Qdeletal, BA15) OUT AOe i O

impulzuvi OOA

7

1311 adzitMoRSaFSy2ieLl) LNBO2R2PSK2 &8z

30AAT OL DOAOT AT 6L OUOGOiI I AGA OWOOEDT BDROOI
AT AGUui T DUDT A@ger 6 A1 Oui 6 Al AAT OV Ai 06 Ol UEEAI]
AOT ET 6L AUBI OODOBAE OA 0O0OEUDI O EAQ@ERW 16U ¢
AEOOOEMNKKEEE ODPOACOI T OAT L DI éAO 1T AAT AEA D«
al EOAET Oi ET DPOAOT AT O0i ET OUOOiI 1 6 OOAAAB 41 OI
Nkx2.51 OOAT OT L AATT OUDP DOAOT AGLAOIEAAEOU OGN TAG Ul B I
OL O [J&yétal., 2004).
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Nkx25EADIT T ET OOZEAEAEAT O1Ti 1 UAE 1 Al E OUOET OOL
16 OUIl EA OIEAOCOTATL TA UAATAE €éAOOGE 1 AA
UORUT E OA OI1 AB pzla Akoldhebzikdmb®ej piehradky (IVS). AV aj Hiso
UORUT E APDPOEMDEN # Aubti DR OTwiAd-GUBA | Oayét bIE
2004). + 1 1 D1 AOT U ARKxasOBPAEOCADEBA T AAT OOAOT éT L OL(
AAOCAT AEO OOAAAET I 8 . UOI AAINKSEOOAT OE ABREA AR Ak
OPEOTARATWUETI AAA T AOBEUGTN OWEGETAONAENEOT T Oi EI
AAT T O AT EESDT OGRAL W1 p L AlDbdaysd@R@B)OEA #dtn

*A TEAET ¢EI BT UI O OAT b bBI APT OOET AEAE EUDI
OOAAT Oi ET DOAOGI AT OT ET OUOOiI I O WkdELObxE 1T A E
(AGAOT UUCI OTi [T UAE TAITATE 1100 Ul 1AK uztaicekOT OAT |
ET T T Ouh HG@ORATEA PBPA AEUUEIT I T CEAEU OPOUOI O E
ADOAOGEA 111 AEOI UOTUAE [ AOCEAOI OAODEAT QAEIOE A
T AGUOOABEIEE OIVUET AUE]I 08 41 EAPAUTEACTEHENAEAROTQ
T AAT AEODOA OEAE KDIAIAEIAEERIAEBEOA OT AMogkowitd et OUOOT |
al., 2007).

- OOUMHEA 1® AAE UT APT OAAT LAE UA ORUAO . E®Qcs8
DOAOI AT Oi EI OApPdi 4G AOI i OOUAEA ADI B E TpiDXH,

sAAAEET LI E DT OOAEAI driovenkbBAI bOARBEADPAGI AT O E
(Jay et al, 2004). - AAUE i Al AEA bi OOAEU bDPAOOEA bpi OOAE
pi OOAEA ' 6 EATUI O ¢éE OODPDOAOAT OOdadiedvU O1 A
SET UAOOT OAT LT E 1T OEIT AT OEAT E AIU0d AA0EIT CADIHD E &
34/ 0 Eithesi OABE OEOUOAT BdtkoHet £.2008). DOT OApI1 O

Rodiny sbT OOAEATI E DOEAEOAAEU [ AAUE DOAAOGEADPA
OEUT UAE OUDI Oh AAEKH@E| BDE DRAGERTEGIGHT DT OBE
TUOI AAET T OIMET EiDOREIOQWAEA DAAAI AEAOT 068 . AHAI
OET Oi OUOOT OAT EDARA | DEBUAATIO ABAOUEA . E@cs8u
i OGEA EA bl i (Budiérrdz-ROdiebsfel ali2006).
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1.3.12. wS3dzZ t OAF AyéeOK 3ISy20

-1 T LOOOT AT x1T OOOCAAMAQLIAMETOAREATQALIAEDR EOT O
. E@c8uvh OI EAOOTEIE OOAT OEOEDPéT L EAEOT O . Ef

Expresia  ANF bola ¥1 1 1T OUAE ETET UUQOAT ORO UOOF
a0 DPOAAOCGEAPAAE UAAGUBAT Bh AU U A ihoEnfoltidst@dn OA OE A
-TUCci 6L 1T AOOEOQOOAOCEAE] I DADAEA OAEI A ARAZHOE
vDOAAOEADPAAE AT 1 A A ®bwAiBBA PEAISBO 14EADE A Q@ @& A E A
AZPDOAOEA OIEAH OIOUQIET TER @ AMk2IFI GADIOABTOEADAAE E/
Bl i T AUthlekatet dl, 1999). 4 OAT OEOEDPéT U AEOEOUAEA ! . &
UUOGEOI U T A EKEROCADUGET OAT p 0060061 i Ah AT A AL T
OPEOI AGEA 1 AUOQGihdvoNag&edadl. 00H.zO01 BT OUDPI L OAh LA A
OACOIANAEA UUOEOI U Thé aNKR2BEQIOAT pU AET ALEOT h A
AOAT ACEAEYT TITEANFEATI WUWOCEEBDBOUAEAT OAOAEAEE |
faktoroch (Bruneau, 2002).

Strata aktivity Nkx2.5 E A OPOAOUAUAT U OO00AOQT O AT A
EAOAET I UT Al AOOT GATAE aMERCAUL OABAD OA OLOAUT A
ABGPOAOGEA CciT11T O ET OOOT OLAE OOAIT O DPieéeAd 1 AU
AE]l ALNKQBDOA OLOIT E 1 AUl AAGhO AITA BAEGA EATA T EAIGADd O
(Jamaliet al, 2001).

- 0@¢ EA OEIT A AUABGREHELITARATET OA Vinydkard AVI Al T EC
EAT Ul 08 .pUEA T 01 OAp éADODEAGEA | pefik&d@MEOE AL
vi 601 OATLAE Ai AOUUAE EA OHAE phegt®@OAR GdcA OT E
OT UDPOL I AT (bblastiEkomEGI8A 4G DT OEAUOEA 1T A DOAOGAADI
AGDOAOEA -NR@.§(TaGakdei al, 1999).

TERp AT 1 AGDOEI T OAypd, takAdr VET Ol UWET AT A 1 OOAT
AT AOUN-AESD OAT OEOCEDPOU 1T AATOE OAAQAETI GOMOAAEBAER

expresavi AOOUI 1T AE AOBDAEAEAAEI OATT Oi ET TAITEO Al
- %&q# AT A OLOAUT A | ADAT ORCAET OROAAERAAES  (
vi UT EAOCAEO | OOAT OT LAE Ai AoOup AgDPOEIT &@AT LS8
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a(!. $¢ TAATT A nu@ib®IVIOAKRT OOKNDAEAAES 3 Ainy&,E Op O1 A
HAND1 a- %&c# DOAADT EIl AAURT ItAOT.1EDA38v TIABDIEA OE A
OOAAT OLAE 1T UT AUOICOOAAI T ®IOGT AE ® HméakaleA&#, EFAEOI
1999).

VEIT T TUUCT OT A 1 OOAT O1 LAEAIAIAOCOOREATRAARABRO/
OOAAT Oi E[Harvk 0996, ODADPOEAE O1 10 HRAOGEOCOGEABAI AEC
EAEI ®msépbléso SRRChenet al, 1996).2 1T O1T AET AT 1 A AAOAET OAO
Ci IMDC2WAAT T 1 ET T 1T OT O1T 1 | Uinypdnhdabyschavt @ Bn@odi© E A |
EAAOU AEAET T AAIGOMTIONBIAEQTAbGKAD a)indoHh AE EAI O,
TA EAE OACOi UAEE 1 ELA . E@c¢8u DI AEAenrikfied AT x1 O,
ankyrin-repeat proOAET Q8 21 OT L 1 UT CAT EAE Nk2&AUtdn@QUDh E(
i ELA BI OEAUT OAT T A EUDPI Oi UO DOAABDOAAEBREAACAI
CiT O -(Hatvey199).VET i T UUCi OT LAE | OOAT O1T AE EA 111

A~ s oA L ™~ e oA

Ci106 AOAI ACEBEOAOI pudi ©OhoO OE ALyobsletal, 1895). é EAOOT é

. E@d¢8uT4A@uv EIT OAOAEAEA 1 U OLUTAITY T1T1TEC
DOAOI LA DI OEUOOGEA 1 AAEAT EUI 6O O1T UOOHAT EA AAl
EADPITEI OOFZEAEATOORAIT WE EGRABR TN IEAE UEAEOQT O1 6 DI O
. Egdc8uT4Av ERAOROABABET OADAIAL AAFA AD QTEGAPU T O 1 E

kDT ATAT11 0 AEAEOO T A EAE OOAT OEOEDPéT LAE AE,
HPAAEEEAELI ORUAT OLI ICkNAQOEOEQQET DA 6 BDOBAI
OOAT OEOEDPOU O7 AR kEeOAETT ADTAUGHET QAT EAl p L AT EA
TPITT OOOAOO OioAvo®E 08D A E Aohriftd@fElstet al, 2000). To
T AUT A¢OEAR LA EITAOT LI 1| ACKEREUIAIGAAAREAIT U ARA
i EAGO T A EAET DOTi &0l 0WAp LADAIACEDADIOI BUGRAIZGOA
vi AT ET AUOT O T APIT OAi DOAT OEOEDPéT T ET APAOUOO 1
OAE DPHAAMDPATEUI A cCciTil OAE Ko EO)DE AAIED DO OO DA
OHAOET [BrudeAd, 2002k é

Expresia ANPM UT EAOAA EA PT A ETT00111T06 .E@c8uh

AAOGAET OAstdiach Wkx2.®knock-l OOT OL AE FFEUHEAMAHEB T1#A1 AOT
obsahuje oblasti pre Nkx2.5 &SATA4 aukazujesal: A AU UUEIT AAT UANBOAAT OI
DOl I e OT BAA AUT [ AAET OAT U DPOUOA OL I Ewdnie,pOT OAp

33



EAAU T AOOOUT AT EA EAAT VT ET Al AAT ANFiDuddher&l AEOI
Nemer, 1998)

Nkx2.5 knock-i OO | UHE | ABRF DBDXONTAPEEAJABPUDPLAT 7OL O
AZDOAOGEO OOAT OEOEDET i @0A KR E Qrdcpiiik Oepikardii OT OL
(ReamonBuettner & Borlak, 2010).

%000bxp EA TAAUOTT TAEAOGATL OOAI OEOEDEI
vendokardiu aAT AT OAT EO OUOpEAEYT AAET OA Ai AOUAh BC
vi AGET OHpAE OLOI ET OLAE AUUAAE8 *AET 1 AOOOUIT A

AT x1T OOOAAT AEAAAIl OLEBc ®dOIT QAT E OFemowd letAds, A OT E [
20009).

RACOI Ael i OQB&sOEI-AEAw 00T Al OOAOT é1i 1T A AE
HPAAEZAEAEAE CiHOE@FEAEABABOAHMEOAE OO@BAIERA A
AZPDOARAOEA DI ¢ACOENCADILRT ADDOEdedidyét AIETOES). . ED ¢ 8
4 AEOCEAIEURAEAE B ATa&r@ERRAEOA ET VFAE &£ OEAIT Al Al
al DAéT A POAOGAADI AT AT A OUEABOAALDI AAEAT ODAT PE
(Bruneau, 2002).

1.3.13. Poruchy srdca@ SK2 @éeg22al

30AAT Oi AATT O Al EOU EITI BDIQEDEAE ORI O A GAAEYORAFE
abOl OOO0OAApIT TAL 1T AT AAT AOT OOEAE AAAEéT T OOE
OAAE 1T AT OOp AUT ODPOUOT gdnej Bl REA OBDDUOOT
bl OOAEU [T ELA AU i AGET OAT L 1mBEOCODDTE
aé EAOOI éT U DAT AOOAT AEAh OEUOUDIT Al OVABW OA EEIA
expresivita) anesymptomatt AEL EARAAEILAE O(@Bensoh BtAHE, 1998).
. ET OHOET AA OA Al AEOQOI Apadiesdvisi CHOABT T AR ION ODAEE
OOAAA Al AAT DI ObPI1TOUTTAE OB BEE ®WEGERAAERIEOD
ubAAEAT 01 6 AAU DPAAAIT AEAOT O 1T AUT A¢OGEAR LA T10
OPOUOT O AUUET T T CEDODEEGDUBREDI AOOGdHhdGHR, é A0 L |
1998).. A EAOAOT ULICITTIOOUQNEOTAL AE T T 1T DAIUIUNEG Gl AeAl LAAE
i AREAT EUI T AE O7 A&KEQINppa&iidAEATCEIABGAAT APpAE EIT T O
OA A@DPOEI OHAOGH ®U Gi1AE G®OAAEAAEHh OEAOT ET i DPAI

0
A
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AT OOAOQT ¢TAA TIADOPEAOL AT EA 1 mé&dgiBihl AEpIiETI ARNEESB
DOAAEODPT UpAEA DPOA Al AEOOEAEI. PI OOAEU OOAAA j
1.3.13.1. Haploinsuficiencia

I ATT Of Al EOU OPEOI AATi 1 OOUAEAI E O1 & oOi A
EADITEI OOZEAEAT AEEh €1 UT AT AT O AOGTET UOT AT i
Di OOAEDO8 0 OMkx2ch THIOTAGT HSAAOET OOAT OEOEDPéT T AEA
UOUéAEAEN 1T AT U AET DI APOEAI AOT U Eljdh&gi A DO
TTOIUITAE Al AAOGR T & CEDAWERPRABHDWA OEAT Al KAIOOO0AA
A E A qRo€knthal & Harvey, 1999) Nkx25 EAOA OT UuUcCT OT i i UHE | AE
i T Tstvo Nkx25 mRNAW T OT O lwidi-type (Gayet al, 2004).0 OAOT 1 AET 1 ADPO
DI 1T OEeAT T 11T LOOOI AOT ENKR5SBIOIEN U WAIEGDut 6ETGUA
i UHE EIT (HedromBHdttner & Borlak, 2010). ( AD1 T ET OO FEE RKkx281 AEA (
vi UREAAE GOAMEIAOLE EATT OUDBI I EOI O Or TI1TTE
b ¢OAOCELAE DPAAEAT O1 Oh BT OOAEU UBIGALOG AMa 1GTHET ATOA
OA¢ci E UUITUCH EAET OOOADEAEOOEODDPDA DOAOT AT
uc OAph AUOI T O&I CATi UA OEADT OAE epoblépAciBbdnA EU A
etal,2000).. EAEOT Oi bBi Ul O1 OAT EA0ODAEUAE OET h OUDAODPIT &
OPEOT AAT i pi OOAEI &6 OOAAAEODI UAEA Al ReRi T AA

01 OOT AOUI T U clitoPolinieOEARADABDT W CT OT LAE | OO0AT 01 6 O
AT A O1 OL 6tk &rejediAELN A OET @veyseh Atial2807).vVOT ¢ AOT T OOE
AELAA A1 OOAOI éT L UOEAOAAp 1 1TAAIT R EOIOL AU

i OOUKEA 6O cCci 1 A OUOEliotkdah 2d06). ¢ Oi 1T AE

- UOGALT T AATT GADBOODUERDT iNG2.50OH O WO E @AM O
EAT LA ORDOUADRABBOEOLAE 1 OCAT EUITAE 1T AT UOA Of
4EAOT OT UAEAT U T ELO TAOULAT OEQOOIceQApPOTIRATLE ADT
OULTUAE DPOpPAAT AE8 4AEOEAL 1T ELO AUT Ol UAE.
redundancia u¢ OAp ADM ANl ATAKHE A1 AlprejavEAE A QA®IT WO CT OT L AE
(Bensonet al, 1999).01T ¢ EAQI é1 U ObH O ANk@BBE DAAOT vuci 6T i 1 00
vi OP1 UOT AT LAE [ UAREAAE OAAAOpOI Ah ATT A Ul AT A
HOYT AEph OEAUOGEYT AEAEL AIEA OOEAMHE IO KAIE ®OTOT AE ODE(
i OOUAETER AdAME OAT ANkxA5Cs G(Kabditet Bl 1998).
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31 AAT OAT EA UUOEOI | OOE OLAEIT OOE OAAAT EA C
OOEI Ol UAEA TAT U TA DPOAOT AT 6L OUOGOUD A& ADAHOA [
LEAAAT AZEANKQSEA®EI TEAIOOLAEAEAT AEA OBEGTEADERA A
AGPDOEchO®&I0AKT 1 T AE € AOOE !ParkU®UIOA | @ Owidioi E Oh O
£OT EAEA AOT EREOIOUWIUASLR AAND Ui EAT O OAcCEI OOQE
vlastnostiach jednotliv. AE  AOT EAE 0 OOEW&ysedét B[ 2007)al3éncid O
skracovania InfH intervalu vE AOA OT UUCT OT A | OOAT OIAADE | DOAABA
T AGAET P11 07T O OEOUOATEA 02 EI OAOOAI 68 | AOA
frekvenciu srdca aAV prevod vzruchu (Gazit et al, 2014). +Ai L A OA
UEADI T ET OOZEAEAT O L AE AIUHE ABNGOITEAOU@®EOBD A ' Al
EUDT Pl UUEA ATE TAPOPpOIiTTOT DPOI GEAUI DAEOEABL
poruchy vDOAOT AT OT 1 TAGQUGIAEA TQHEAAEh AE EAj OA
DAOT CAT i UA8 (Nk@QB6ARIOREN EEAEIAEAE OAE AR 1T QAT EL
vbl O OTwWiIld-pUBPAA8 (UDTI PI AOOEAEL (EOIT O UORUIE i
Ail b1 EOT AO AADPIT 1 AOEUA¢éT T ET OECI Bpb6sy EODDOEBT OUL
srdciach(Jayet al, 2004).

5DO0OACOI UAEA -RAdednddnODODAAEDBE AE DPOT CAT EOI O1 OL
TA¢6AEAT L ORGBEADAEeTAAE OEAOE EAOET I UICATi UEE O
Aktivuje transkripciu Nkx25 vAT é1T AE DI DOl UAEE OOAAT OLAE
aé EAOOT éT A OAET AREAAPp OIOOUOEI UO EADPITET OOLEAEA
AEOpcET OAE DPOpOEARDOOE AEGRBRDAOGEY AEAE OOAA
buniek ajeho fyzckej interakcii s komplexmi TF(Fuch et al., 2016)

1.3.13.2. Knockout
£EpOAT EA OOAAT &intBA E B 25Xk cOAOOT OLAE [ UHp.

- A xN e o~ N z N o~ s

ATl AOUUAE OUI UEAETXAA POAITAIOWIpUIERRS Gl ET O OOAAA

i ETT OO0 1 POil 6GBUBMAQhOTET xHIEALA DT OEAUT OAT T A 1/
bl OOAEO OET T AOOEUJU ABT PPORDPAAMEAH ASNEAOI OAI E
vET I 1T OAh é1 ET AEEOEA 1T AAEOI E&TT OFT 3! OUI O Al /
AET EA TADPOpEI AA 168 :OAEIT A AE 1 NkRS5AAET |
ETTTUUCTI OT A 1 OOAT O LAE ARDP AGBOOE PIUOOAGEQWA AB 8 (

neAT OOAOIT 8lHxA.50knockd® OO | UHp OAREAIGAOUL AEZAD T OUDAN

~ P U TN
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1.3.13.3. Nadexpresia Nkx2.5

VOT é AOT T OOE TEA O7v TAEATATiT LEAATA AET Ol
ETTHOEOOOPp OT A ABNGER&T UILFHEIAOOUAMEBAITUE OAEOT 1T AAA
sabnormalitami vBDOA OT AT OT I OUOOi i A OOAAAR DOAOAADI A
Al xT OOOAAIT T OLIT E AZEAEOIE EITEEApAEA EiTAgpii
DOAOI AT 061 ET OUOOiI I O b O hdlédHnddexpiesieNkx2.Fretdb A1 T OC
EAAT OEZAEET OAT il AL DA DIGAE WEGIPGEIADL AE AOA OLLAT
OLLAPT AE OA T ADPOEAE LEAATUI 1TTOA&1TCEAELI Ui
vi AOLAE DPOAAOEADPAAES8 4EATEOU DOAOIT AT Oi EI 0o
OODPT OEABIAEAOCGOA ATi h AT A AELADOAEOT REBDEEGT OiOUDA
. AAAGDPOAOGEA OOAT OE OIEREBITAE AMEEOPAOTRAEIOTGAIAUO 1T A B
Ol UAAET OAT pi DOAOI AT Oi ET OUOOAREAI AEA B KF |
OUOOii 68 01 00T AOUITA 1TAAAGPOAOGEA InhE®QRBEE | E
DOAOT AT Oi ETATGU @AICI@4BexcHABO + Ai LA O1 OEAOT cil U
EAOAOT UUCT OT Ah UTpLATEA AGPOAOCGEA ®Ouadnio®1 EIT 1T A
et al, 2003).

NWIPDOAOEA . EZc¢SRUPRODOOOEHAAULAE AOAADEAEES
CiT1 O AMB,IBNE BARRMLC2Vje vNkx2500AT OCi 11T UAE [ UHEAAE O
411 OA OEAUOEARh LRAEGAITIOATAQIBERcBODOAOEA 1 EA
OPEOT AATEA EUPAOOOTI ZEA OOAAAh AT A LA DEOI A
progamVOOAAEAAE Al AOUp AE AT OPAI L AE nhdoérieA AE 8
miere vi ADT OAAE 1T A EUDPAODDBL Al 1 ADOEICWIAEEHEDER é DA

Z. N o oo~ 2 s A~ N

2003).
1.3.14.  Vrodey S LJ2 NBzKN dz

. E@c8u OOAT OEOCEéDPI L EAEOTI O OA UADPUEA Al
OEADT Oi ET OT UAAT ATEA DPIiITAT O POEAEO/AAREBU A I 6
CiTA TELA OPEOI AET ! 6 AQIICE GXONAADOQALT FOQAME O
(Bensonetal,1999).6 A¢ ET 01 ' 6 OUI Oh EAET Al AEOOIT AUUET |
AET OACET O1 O7 1 0Pl USODApPH OBIBAEI OO ARAN T OE
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DOAOCAADT AT AT 7 hDQAROTIAE DEGIEOTAAD T Oi Al pdgickydT ODPE
AOOT &I O Adlom (Chaweéhury et al., 2015)

00E CATAQGEAELAE OCAQNATET QOBEAXHAIADT O AAI
bi OOAEAI E OA OEUUAITh LA OA |1 ODBBEEBRAERT EER
OEAOT DI O0/KH O OFpIpd Akl EO | EIi DI OF AEOBAB 14A 11 L
Ec AANKxZEA | OOUAEE DOA pacierddy $DGAMTEPOATHPE G A UOLAA
EAOAET OAOCEOI UOT UAE 1T AETI OAT ph OITGTOEETACAB Ond,
i OOUAGEREG DOpDPAAT AE AU Al 1 1 andEafdidverter UOUL A
A A EE A GE%IUIOA @AA A @ OAIASNAAG ™d vEQA +BAstoAske| detskgEA O
TAITATEAE 1T AOAEOEA UUUTRIIUP]I A@TtQEAECOBAABAT O
aanatomickou poruchou, 4 AAT Ap i AAUE  QO0E i zich peop (3 A
potOOAAT LAE AET OOIAME TG/OQVATUGTIpp AEA OACEL AE
TGA) aheterotaxia SEUT | AOEUIT T 1 ¢ A @ DBRABAA QPAT DHDABU A
ET i 1T OA OI EAOCODAT AOpOABREAPOUPpAEER AABAKTGA AU 1
pumpovacie komory. VEAOAOT OACBEBAGA AAOUABOEA DPOAAOEAT |
OTTOI OTLAE TOCUTT O EAOGAOUORA@&BI W AREERT OBDOAAO
al OCUEBAUAE OOOAT U TAAEUAUABTEAA QO ITLAOAEGED OATUA
abOAQLU ARDEUI 008 3POEAOT AT LI EAOTI ALOAEYT AE |
AET O1 bi OOAEU 16 EATUI A8 . BOpPpPpPOAAT REOCTUOOBY
DAAEAT 61 O DPOAADPI EiI AAU HADPAAEEZEAEODO AAT LAE A«
poruchy vi-4' 1 O7 WOOERMNAROBDOUOT Ui T EUATIT wedAAT OA
sAAEAEOI E AEIT OV EIiT 101 O6GU EUDPI PIUUEAh 63% A
OLOT E DOAOT AT Oi EIT OUOOi i &6 OPEOI AET OEAEBT DI
PDOpOTITL Al AAT TAPOpOIITT OT £RT OOBES DPAARI AE DR
EA OEUITIIBXIAAUOM éAOI 1 UET OHI OATh TELA 1 A7 OH.
OLOTE AITEO DOOGAEOIGOERAAUDUREAAE DOEBITBEA (
si OOUAEE@Gc¢®Hu Al AAT O1 OO0 GME UMEGAGKERMBEBXAL AE DI
(Jayet al, 2004).2 1T O1 AET | AET A A OTPAAEIAD 1GNMG2GE AOBDAET O
ASD asi T LT LI 1t'6 AITEITiI8 -ELO OAAOOMAE ATHEA GAEBE
OADPOA (RdaindrBuettner & Borlak, 2010) £ O7T AEA -G MOABEOA El AUT A¢éE
T APOEAE 1 AAGEOOOEYT ARE POEAIARE 1 OIUGAIT UABRETT AKX
Oi Il AOGEAET EIl DEOI AO O ORUAT OAVBExABI 1 AANBE] Ag
O00AOU ££OT EoEFereimaétialOA19)L O
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2a9¢h5LY! tw#/9

£01T AEOI Al ANEAIOEMIEAAFEL AE  O1 AOOT T 0Op OOAAA
modeloch in viro OEAT EOT OLAE EOICWeB®QEBEOANBOAGDE AT i U
EOI OEODOHAUDI OAE DI Al EATEAAE AT OOAOT é1T A Al EV
AOT EéTi OUTALOEOI ObPi EMOEAQOAD OEGU AGRT T ABDOE
OT Ul T Lp AT AOTEOIUIAOT T ET 1 AT AAIOD goled®d1 BOT A EA
deje (Vostareket al, 2014). VD Op DAAA OAEOI AEDITI T OAE DPOUAA
Al OOAe OET AAh EAIT LA OLOIE OOAAA AET OREL EA
faktorovh A@DOEI DBOAT UAE TG GIEAEH WAE | EAO@AMHE Dl é AC
UUEI AAT AE OOOAEAA AL DI EITIPIAgI L ETITOIOL
OOAT OCciTT U EORDIINT EAI A AOORAT U AGBEAEDABDAARAT (
Al OOAOCGAAT éT LT DOT OApTTI1 'BROIBOIMAHE OMGHEMAHR AGO
OAT O1 ci1T A@GPOEIT OAT L | Ojedadubdn@adenby gélod)j dleAE 1 O
AAT T OUPEUUAEA T ELA POAAEAEATECAANTPAORADORAT

A A N A~ e oA

(

- UET AAT LT AEA¢TIT DOUAA OAAIOAHPAAIL Gibdiad He A &
é1 1T AEOLITAA AGEAAPAU TAA EIDE DAEEGABEAE ®H OWAAT T Up OE
T UOIT AAT i UAZEAOAAT EA 1T ADPRT T OI AEOI EOLI E EAO
ETT OOAEAEAIE T A UREIAEAEYT ABAE DADRFMEBDIONRE OU
i POEAET | APT OATEA DPI A ET OAT UpOT UI AE&AT OLI |
Ol EOT DI OOO6PO 1 AT A TEAET ¢ET OOOOEAOS

21. Y2y Oi Nua.Shlel

. A Al AEOOT AUUET 11 CEAET DPRABRGEOW AETAEDODEARL | A
OOAAA O1i DioLBIIT ULAAPS I OAROATAEID AD®A Up&AEOD,
I ADT OAAAET AO cuv8 AT ETTEUOAIETEDAT R0NOEHE S
OEOTI AT A DI OLPAOAILATIEI ARMICAG ORI ADIAB T EAUDODAGEDC
(pgk-Neo) vVOAE OAT AEE OOAOEAET EAI E@O ET 1 Ayoeli iiTuU
OEAOT Al Al Haivey,i1998). AmE UOAT ET 1 OB WOAUEHEAE Gopt1p A
EOT Oi OADG&AUMIT @Fbiée MG E OAEOEAL AEAT AT LI OAE
ATl OPEOI AAT L bi 001 ¢épOAAEAEI OUI AAS8
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KUp OEAOAT EO b1 O 1 OOORAT 10T BUDED TRfOTEGM IEA- DM O&
OAl pAhEGBAOAE 1 AET EAOAOIT UUCT OTL CATT Oup8s 0]
OAl AE BVOp samicalmi, 01 OLAE DI 01 i OOOA OA EAOAOI
T AAEUOGATE TA 1Al AEA EOpLAT EA8 01 ©iénBesa AT AT p
OAl EAA déubomABDi6e DUOAT p jPI 1 AAD BT TAépOAT p U
TTAEQ AU T ATE DPOEAOAT AOPI P ¢ Ch AdebubiidDA UOL |
OA 1T AOAEI 611 1 UHES

22. 5Aa4S7TO0OAl Y2ONOK SYONEN

47 01 OLOTET Oi HOUAEOI 1T UApAE AnhR@IUDATERE 1
Oi O6Eh EAI LA T A UUEI AAA 1T OAI 11 CEAELAE Pl O]
OOAAA pbOi bi GATEA EOOE AAI LI OAITiT AiAOUA8 o0
AEOAEAEA8 +Ai LA EI AOGTIT O TUPIDPIi O OAEDIna POUAA
Al AEOGOT ZUUET 1 8CEDO | UAEAEI OOAAAR DI OOAAT OA
ZzZEAOAOI UUCi OTLAE A 1 OOATOT A EiTiTUUCi 6T LAE EA

o OO0i OO6AT p OAEI O1 AE | URE AARAOOGEEUITT O AE
zEOI OAE Oi i OUAOAT AIIAOOADUD BhdidstiomBareku 4 EA O
j U1 T LAT #BenedIr.éi alA2014). NaCl 145 mmol/l, KCI 5,9 mmol/l, Cagl1,1
mmol/l, MgCL ph¢ T T T 1T 71 h ClOEeUA ppilT1TIh (%0 %3
OUAEI AAAT AE PI AT T LEAS8 |/ OOUOAHE&IAI OONEHGAAAD & A AEE A
i Al AE OAGCET-O0ET Ai AGUR ji A1l AEA AEOAEAEA DOAAE
01 OUAOAT p OAEAOUIAAOCIUAAT OAT I I AOGOOUT AT EA £
al AOOOUT AT EAEGT A01I OAE AAOOE8 . UOI AADAABIIT 1A
i ATl AOUT & OO1T OAT v AOI EAIER EOI Oi AAITEA TEITI E(
OA OOAAAKR AAU OA EAOAEAAA 1 UOEA 1T EI A Al OOAT

2.3. Farbenie

BEOOOEA 111 LO0OOI 1 DOEAELAE 1 AGeA TA HAOY
AGAEOT OADARICE QAIEE RO ABIOED ApAAI EOOIDOAOE Gotoul AET
TAPDRT T O AE (FujiE € alA P80/AkamiEoAtAl., 1981) 41 O AEAOAAT EA
Dl OEUOT OAT Al OOAOI éT L OECT Ui OEAUOEY AE 1T A (
I DOEAET | | deddbiidifarieh, A1 O7 OEOp OOI OAA AUOI O1 @
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POl AGEOT 68 +OEIE O11 001 OAAC¢AEHEATI O AEAEODOD
vystavoOAT i AQGAEOAéT i i BEEDPAORDPEOT DOAAIT L é¢AOS8
VOAEOT DPOUAE EA Pl GIAEBGOO03EARALEAART A BKAAG E¥h

ETET OBl OOEA Al AOT EiI OAE 1 Ai AOUT U EAOAET I UT A
iT1 AEOGI U8 1 AT A Al AEOOEAET EI 1T APROEA EA 1T ADC
farby, preto s OEAOQI Ol UAEAIT U avyddpocokd i EET AGAAAET
eleckDOEAET ET  OUOOAE (HasEnarGAdE 19BY. U AV DO BEEAOMBIAAA 1 U
OUAOAT U TA UUEIT AAA RIlIADQAIEA EZEI Ol OAORIAT @OE AE (¢

LAT AHpi DBOTATiiT1 O AOOAEZAEOQOU ODPEOT AAT |
Ol pi AABAUET 68 ! AU O I UAAOUTEI TAATAOTii1 O 11

OLOI AATLAE T POEAELAE |1 APUAEh DI OLEI O1Ti bl EL
EA ETEEApOI O BOOAIEICE OGANECE R hp thiodic Ak o1 OAOAEAE|
OEITL ETEEApOPOI GEDHPT ET OAOAEAE
svalu aOEOAAT OATEA EUIT 11T OATLAE EAOAEIT I UT AUlOi O

vi EEOT 1T 1T1 UOT UAE ElzkAAT QOWBEUVAEEAERSTTATET TAEIAT
OOAAT OLAE 1T UT UpTT OLAE AEOACI AT O1 6h é1 1T AUT Aé
vOUI AE OI UETEOIV ET T UTUpT O OOKAT Oi BAT EREOOAEC
YT EEApPpAEA TEA EA OPIEATU O1 UIiATT1 O A®elTLAE -
EAT UITAE8 071 OOOAUOQET Oi PIEOOU T A DPAOI AAAE
ETEEApAEA TAATT A 1T A UGERIAIAGOAEIOAN U L AE OIOE QIEC

30AAEA ATl E AAOAKAI EBIOALI VEIOAJOKNIEEINTG POED
roztok z0,5 ml Tyrodesovho roztokuh ¢ v t | /A O-A-ENERPSED 1l UOIEU  /
Al AAAEOOAOPT 68 01 ObPI1 UT didefenolliavolidt acvbsiowbu AT 1 E
EAOT TAEMD AT LI OOAAT I DPOEHADPAT Al AT i Kotej OEI EE
DOAAEAEA OAI T O1Ti1 |1 EEOI g rotdk OybobeSok sztak AcAE GAIU A1
Al AAAEOOAOpT 6h AAU OA ET I PI AOT A UAAOUTEIT EI
# A1 UEA EDIT 1T A DPOAEUOI Eéi OAT U AOAIT AT pi  EUOI pEC
OAI T OT 1 EIT Ol pi ATEA8 -EOEA AIT1T A EITOET OUIT/
TAPT AT AT AT DI AT EATEU LEOIiEIT 1T OCAT EUI 08 4AE(
TA TPDOEAET | APl OAT EAS
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24.  h LJG A Glo@nier

0OA T EEOI OEIl i OATEA OReéHpAE T AEAEOI O 1Al
I OOAO¢ OET AA OQUOOI T U OUOL pOd A BN A B O WBRARAE (p vInEZA Q
OLATEEA8 . A OITUAEAI 1T A ETLAE OAAETpE 1 DOEA
redukoval troEAET AT UETTUIT O HOOOBGEOT OO OOAAA AT
al AOEAET OOEA OOAAAR EOI O0i OA DPOE OLAEOTI OAA
kUi ATA DPOAOT AT OLAE O1I AGOT 1T 600Op 1T UI EACADO 1A
Ei 1T 01 OLAE EAT U1 1T &h OBAIGOIT Al ABEEAI A@®IA 1 AAEAT E
AOT Aél AE (DAUedaDZDO7TYA DOAOGI O1T 1 OAT O OPEOIT A T At

0T OLEOL EAI AOT 6L OATUT O @LABI Il Wo00GAs0T 11 7
j TAOQOUUET O UANODOEBDDHAODDAHDLI E OUOAQIHTAILEARE T ABIOT
51 OEIT A , EAIAOA j3AE-AAEA |, OAsh *ADPAT g8 31 ¢
I LAOT OAT i UAT Ab et TOIOADT 11 pi AlyeA ET OAT UEOU A
koreluesoUT AT T O 1T AT AOUT T O1 ET Dl Qdedrietaét bl.Q005)AOAET | U

Camera control
3 box —

—— HHE
PC

Lamp
150W Xe 480-550nm™==mmms 590nm LP
Shutter BP

565nm LP
Dichroic filter

Figure 1

| AOUURPCETWAD D T POEAET HIAOEAENLO AMERAMHOAOAHITEEOT OET PO | pqh i
AT AOUTTUITAET EXORDAAAEGR@AEA U 1 APA joqh 1T PAEAEL Ein0OOI
bl OAT AEUI & jtqh OI 01 AEL OECTI UPOOHDOAAROAEMeBO RO} ORIBL |
2002)
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0 UpOGEAT p TAOUUET OIEKICEEDhROIOODW AT AOCBGOUITADID
OET | A O%nlparafddmaldehydom adl T L AET AGAh DOEDPOAOGATT 1A
UA TeéeAlTil EITT & EUITAE |1 EEOI OETI PEAS

25. lylLteéell Rt

A ATATLUO OO0O0O1 OLAE A0®6G Al AT ULBIAGBE OO0l OAE
EFEI OOT OATp DHITTATO 11Tx BDAOGO £EI 600N EOT O
al AAEUT T OLT  &EI 0011 ATTA 101 AOCEAEUI DE®UrMHOAC
VEALAT I PDPEQ@AI Ul AET ADE DQIED@ L é AdEStardk Atkall, 20 4E OE OU AT

UOT AAT A ATTE OUOOT OAT i TeEGEA B A EIAA U EE 14D O BLIC
iTTLOOOT EUT AEOET UT APT OAAPEALAET EODE E GIATAMRAI
OUAEAT ATT 071 DPOAOI AO Al AEOOEAEIT ET dUXIBAEIOp IUA
OEAA EUT AEO&T h OLI ATl Bl OOAAT L Al EHAp éAO 1A

6 UE¢c AAQT EBDT UT AOT i1 O OOAAO A1 E OOAAEA Oi
OA TDPOEAELI 1 ADT OAT pi AT OEAEI A Al AIOI U A4 ORWIAIEA

N A s e A s

uwild-OUBA T UHpT O PT EEAEU AEEAOAT Al OAT 8
2.6. t NB2l az20F yAS

00A OO¢eATEA CATT OUDPO BOAOCIUOIN EDe AEQR AD © 4104
UUET AAA T 1T OA&I 1 eCEA dxprdsiBlAE&P v OOAA DT DBET @1 Al U2
bl OOAAU EITTAIEUITAEI i EEOT OET DT OAT EA EA DT«

s o~ .. ~

rozptylu svetla prechodomAAU T DOEAEU T EA 1T PITA POEAAET A

—_—)

DAOOp AE 1 OCAT EAEI AOT ET Oi OEAT EOI 8 4171 606
DOAEAODPT OAT pi h EOT Of UOUHOEAATOOMO DD AOA IEOA E O

VOEUT UAE DBl bOI UAEUAE AOI EAES

Na prejadi OAT EA OT 1 BITWOLEI A 3 ABOIT BL OODOEAEC¢C AA
i UHEA URhalOOWAEAT T A 1T OCAT EAEL A@iled btalePoady AAEAI
UAAET OUOA pi11 &£ O OAGAAT AEDO &I O OAOGAAT éT LA
OT pi AT TAOUEW TAAAEAICEERAE T EIEIAOOT O Al OEAT
Ol UOT E OA OEITAAU WB@Bycerdlu ap, 1% Triton X-100 (Hama et al.,
2011).
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27. Y2yTF2UtfylF YA{INRA]2LAL

40'I'EAEIATUE'I'TUITA UpOEAC)ATEA 'I'Af)F)OE'I&éT 'I'O

s o~ s s

HOAT AAOAT U 1 AGAOT OU OEATT OAAEA EITT A EUITA TE
ti BT OOAE OEAT EOA8 61 AEA Pl OLEI®ED sOWAEAODI
Ol pi ADAUD AAT OOAT AT ECAEU TEAETCGCELAE 1 EIEIA
bl OOAé OEYT AAS8

Vi OO0AT OT LAE OOAEAAE Ail OAEOEAL AOAiI AOE?
OUOOTABAON AET OU@abakh e al.QD®RNAMAAT OT EAEO OA DPOAE
ul OOAT 0T A EAOAOT Uuce Ol UAE AiI AOUUAEH EAA 1/
OOAAAEODI T Oi 1 6 OUOGOiI I 6 AT1T 1T NOG23EAD OEAAIOAE T 1 OG

VAOOOEOT OAAER EAA OA AALTA OUOEUOOEA8 00AC
£l O1T OAGAAT éT U EITT A EUITA [T EEOI OET PEA AT O0A¢é O
A ETTAEIEUITO T EEOI OETPEO Oi i bioOLpOAI
sOT Ul pAAT pi prnct@p 0Ot AT LAEADOWMBADP AGBEOUAEA
GFP emisia pri 546 nm autofluorescenciu tkaniva preET T OOAOD OGEADPPODHOUA
ObT ¢ pOOATAADG p 1 EA EKECAEA BO LAAVBOEMONT BAAOLAE T AOUU
TAEEAAT T UT AéT AEAEA OOéOETh LA OOABDpDHAATA A

exprimuje GFP.

28, ~GFGAAGAOLY Fylfel

00A OOe¢eAT EARE®EEAAT AE O GE@@daY alght)iddatke AET A

I 60T 6 OLUTAITA 1T pHEA-typeAATAIOOPABL BDEKEE DOA A Ix(
VDbOpPDAAA OQAE IO kabdjeido Eoobojstranni AEOO ORI DEAE LI h

AOT EOLAAOT OLI. PrOiOOBAUIEIAT OT UAEATTT OO0OE I AAUE
aOEQOT é1 LI O UAAIT Aypep eter@xygbtdh @QIDock«EO G O AT | Pl Ol
Pearsonovuf test.
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3.x°{[95Y,
3. ' NB2@lyAS 3ASy2i{e Lz

506 AT EA CATT1O0UPO EA AEIALEOT EOEIE OPOUC
CiTOPONOI OAT LPa@EADADADPBUBPHh EOT Oi AT 1 HBhT A OE/
Al AT A BAST AAEUVUADAE I UAEA POA AgmBbdéGEdh, Ci 1 O
2000). 61 AEA OITLATEO tékioBIGTAA£QT E &NKAAFib&Ed GFP
AGPOEI T OAT i vd AOAE ADORAU AAUDPAT Ri DOUSERADPOEIT T OA
OOAET OEOEDPéT L AEABOADI QLE @ic BUIBA A AO GIEA UTUE AEOMO /
(Gittenberger-de Grootet al., 2007; Bruneau, 2002)$ EOAET OAT i1 Al AOUU Al
OUOOAOBGAT T »mI O OAGAAT é1Ti 1 O OOGAOI 6h O1I AEA EO
ET £ OizUAGIA AT TE 1TACAOpOT A 1 devykdea® GEI E BAAT O
fluorescenciu vsrdci AT AAT AT T E A&l O OAGAATI éAll & AP (Bl AE A
OT EOT cCciTD DEOLAT Mk2EOAOUEA

$O0EiPT GAOOAUOGET AA O0éT OAT ERDAO I[AGGAT OTBITEIL E
ET 1T A&l EUIlkiodkdpdvanibhE EAAU OA T A EAATT Ol EOLAE OAU
ECAAAT OOAAAEOQIT OL Obeefiyjody avifil ftypd hontbeygo®y |  E A
ZAAET OATTIOADI T CEAEAE DI AT AA UAOAOLAE 1 UHph Al
T DI T A AEAIAAAGEUYREE O ET | 1T UU ¢rhnaladt al.l1®@OAT O L AE

61 AEA OEITi11 O DPOAEAOT AT EOQIAATIAROUA 18T 1 @IAIT O
OUOOUOAT EI 1T BREBREARAGAEEHAMAT O 1 EEOT OET PO OO«
Or O1T 7010171 1T1TOA&ITTCEAET HOOOET OU OOAAA 1T AO(
AU AT1T OO0éiT OAT EA tejAtécihn®y mikoskapbviariaA TU OT é T AEHE A
asi ATAT & 1 EAOI fretobBOONOIA OBAET UAOAAAT EA AT 1 A

UEAAT T AOHET 00éT OATEA AUOETOOMIEEA) @®OIAADA &
CAT 1T OUPEUAéT i OAAETEEU O7 1T UOI:éU0QREBER OME éA
Up OEAT i Al bi DOEYT AA I AOAUU 1 ©gAAPOIN GE OIUDD &

zOUOI EI OLAEI T 601 AE EAiI Aouh EOI Oi T AT E EAA pm
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3.1.1. Wild-type

wid-OUPA [ UAE [ Al E NoRAPEATAATU hD QWU TEBGFR AU Ol
CiT108 4EAOT AiI AOUA OGirAUBIATATLBOIADA ERET BITIT 00
Expresia . E@d¢8uv OA 1T AAU Ol AAT OAT EWBT MBI pEIl T OAD R
VEAOAOT WECTAATAAT ETITTUUCI OTA 1 OOAT OTLAE Al A<
DOEAI Ah POAOT L AAAFOAGEA AESLIOANAE BAT T UT AéT A Ol
vi OCAT EUI A 1T AAIEAUAWMBESVT AR B R O O H A-dyple kiezii. x ET A

Vpokusoch SAEOAEAET O AHOA L EEYT AERIEA QNI LAXOR pY TUIT EE (
"T1T TAOUET OOTi é1 1T AEON AEEHADRIEE A All AIDVOAT M ARC
Al AEOOEAEU ] TATOTA OFORBGAI I T PDOEAET ET 1 Abi OAIl
som pre porovnanieaE |l T OOT 1 &6 AUOET OAT EA OI1 AAT OAT-i ET Ci
OUPA T UApAE AiI AOUp8 . UOI AAT A BOOBMOE WD 11 Al HERRE
EOTEO AT 1 AOT AEEU DOUAAR EOIT OLI nikfoskdpe, ET T OOIT
vktorom preAEAEAT T AE OAi T O01i 1T DPOEAEiV | Abi OAT EAS8
AGPDOAOGEO ' &0h Al 1 EDITTEWDIOAAUMA TOLATTIEIAT OAAOOAT T
ETTTUUCi OT A 1 OOAT O1Ti1 AE EAOAOIT UUCI O1Ti |1 OO6AI
Al ET AT Ai  OAOL EAGAOERA (MEAADIOEGKE] MEUUET EOICEGIALE |
Oii EAE OAOLT OAIl 8

A ETT EAITECOITTI i EEOT OETi PA OEAOT OOAAEA
AATT OUPO OUDPEGAUED AT I WORA xiENMAT U POA AATiT OL O]
I bp OAIOT (M@EbE et al, 1998)8 3 OAAT OU OOOAEAA UAIAAT OBAU &)
OT Uél AP DAAKEQEATEODPOODOET AEI E OOOAT AT E OOOAI
OO0 EAGLIOT ET 61 AEAOT A OUOG [THISI TGAMWEEEADT IHODOB
Pl APi OOET AA OPQEOUEGT I ERPERDDOOBEAAPN199AT AEA AD
I AOUUREWII-OUDA OOAAT I O OLOTEIT AROUAEOD
OOAAAEODI UAEOR OOI EOGET 11 hBEOABD ADGADAERD
LAZ¢ AOU DOAADEAGEH Rictd HAL E @anhka s
al., 1999)
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VOLAEOI DOpbPAAT AE OOéAT EA CAT ifedatyp BoloT A UUE
EAAT T UT DOIpiDAAIGAE T APOpOT i TAE A@POAOGEA ' &0
ETT A EUITTI 1T EEOI OET PA O1OABDADI OGEREIG8 AEATHEC
Al AOQUU 1T AT E OAGCEITAGTAGAA CUOKAIEAET AT OOOA 11 OA& I

tela.

I AOU U EA i EEOI C

3.1.2. Heterozygot

00E ETTOOTI1 A £ OnikbkkopeAd ciiA EE AABOBAT BA Al E
heterozygotne aE1 | T UUCT OT A 1 OOAT O1Ti Al A@WU bLOod ORXITH A
VD Op bhkterdzygoi © EA | trahskribovdné] mRNA pd | OEéT POABAALD
wild-type (Jay et al. 2004),T A O1T 1 Of 1 EEOI OEi PA OHAE 1 AAT I
VLEAOEOT DOBI ORAT AGAE 11T LOOOU A@GPOEI T OAT T EIT
AUOET OATNRRSVEAILAT I ' &0 A @D O\H i AR Ortdrizygotov
EA EAAT A Al Al AGFPAODARADBUOERL AEPIydd Uh OUDPO xE

00OE AEOAEAEE AiT11T 1i1TLrli PDPOEAIELTA O1TUBIU
UUET AAA 11 OA&IT 8 CHA OO&A B IielAQipe@RIEAEANEACUp 8 3 OAA
OL TA DPIE¢AA DPIT A 10T O OBEALE®AAEA OW UARGHEAE O
OOAAT O EULOILOANEWVAT O OA POAPULET O I AAUE- TEIES8
OUPA AT T A DOUOA AOBIAEBOAATIALIAE U] &0 IDAEAIT OE
DOpPAAT AE DI OOOAEIGFP Az BIOEE 1TAXM EAl O EIGEOAIAA A E A
EA . E@¢8u AQGDPOEI T OAT 1 8
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-T OFEI 1 8CEA OOAAA AT 1 AT OFAE B E&pEEGFKAD BRAE U
sOUOET OOLIi E HOOOEOT OAI E A=DIA C DA TacivOAEAAVEIOT T OL
OOOAEAA O UAEéEAOEITIT OLOITEA EITIEOh DBOAAOGEAI
(Webb et al, 19988 4 EAOI OOAAEA O OREHET A POpPAAT O
Pl ¢AO0 AEOAEAEARh ¢é1 bl OOOAUIT OAIT EAE LEOI OAOA

VI EAEOT OL AEAE DPOWHAA OOAOGET 1 El EQE CIAEIN U EEO]
TAAT OOAEEAOGANE hT MADOEAE DOOT OTi i1 & bi Ul Ol OATED
Pl ¢AO0 1T POEAETET [ APi OATEAh O1Ti DOA é1 1 AEORE
nezaradil ani medzi wildtype ani medziheterozygoti ©8 4 OA A A E f02délediel OE AT
OOAAA AT ETI1IDAOOI AT O Gknotkd O ABATH OUdOA WKABAEI
O00¢é AT EA TAAT T iTLTV 8 4001 T AAT OOAOT é11 0O
DOAOAADPT AT AT A OPEOT AAT U éAOI OL I mikiogkdpidd AT p i
al DOEAELI [ ApT OAT pih EAAU éAOT Oi O1T UEOAT EA
TEAET CET AT p8 01 éAOULEAPAIIEEI T &OAEEAT UBPEI A
vi AOPOUOT UAE bl Ai EAT EAAES

/| AOUBILEA T AOUUET AEEIOT £IABITEAETU | EEOI OET DO UT AOAUOGET A
4 A1 OI AATT OUb OA OUUT AéOEA Db Op @IAIOH TAOT A &P OB OAA BE 01 & ©
vOEAT EQUABROIEAA AERGPOEIT IzOAOIU EK &dD A5 +

3.1.3. Knockout

VAI AOUUAERh EAANK@BT AGROHAATI AIGEPGiLTADH I AT AEUAL
kbl OOAEA APDPOAOCEA AOT EATLEI OAEQABOI PODOAADP DS
OACOl AéT AE EAOEUAU AEAZAAOAT AEUAEA EAOAEIT T UT 7
poruchyvi T O&I CAOBQAROTAAE A£O01 EAEE OOAAAS8 rastevdO1 DI C
OAOAOAUAEE AMOGERATAAEDOGEANBORSGT AT Oi ET OUOOI |
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%i AOUU OL T A DOOL bPiEcAA TDOORIOCAET AEOCORGEIF
DOpPDAAT Bl AAE EOABEIM) OIEA 9pOWOT A OQUOET 6061 6 11 O4A&I
AE OOODPT OAEEABODGL DA B8pHAAT AE @HE &I Al IArODUBEIOTA
UAAOADAIORAdT 1EOT ET I DBTEOOOh AdkAAT ORLLT OIAB AREOO
DOE AEOAEAEE EAE 1 AOOHEI A Al T1TOTO1T A 1TADI OLI
AAAOOOEAEE OEAT PO O i OA O1 AAEI| @ RMODH ®p BAVEIAD
DT HET ARROOGEOAcTi OEAT EOU OUEAUI OAIARODT &0 A
EEAOOI ¢é1 7 AOPOAOGEDO ' &0 T AIEAOCQIA MONGEARIITEGCT .C
AT AAT ETITAIGOGUWOWITITAT EP OAT AGUIAEDE Oi OOES

Srdcia knockouti OL AE Ai AOUp  bhide Brdcavej Oribibe: tord)
OAEOEAL TAATTE AT OOAOI é1 EOTOWOAE OOAE FDMOEED O
OUOpPpEAET OOAAdn® et alEd995). OIUEAEOI OLAE DPOpDBAAT AEh
DT AAOEI T AEOAEINGOATENIIT A QOIUE IO AHOA OUEAUI
AT1T OEAEAT EIT 1 GracAvejCihict. 01 DAGRITTEAOAN T E OAAA
OPOUOGT A T AAT AEAh DIl ABOIEAIOIAT AO ARUAOAA ET UOI
T AGAET P11 OOE OOAAA OPCBATEAEAROT BEAOTAWERTIT T @
iTO&EI 1T CEAELAE HOOOEOT O AET O117 OOAADBOUOOD |
AOT CT OAT ([Fandket 4, 1999).

4 EAOQI AT AQUuU ATTE TUOT éT i TA UAAET OAT I
Pl Al EAT EAAER AAU OA Z20KARATI OAILI pABE T AARRO AGOD AOMA 8
fenotypu knock-l OO DPOEAIT ELT i &t BORABEAI @807 bHI AEAOA
TTO0IUITO A£OTEéTT AEOEOEOO8 "111 O OPEOI AAT i
AA OA E A A AB-ANERPSIE &leboAgfoduktmiE AE  AACOAAUAEA 1T UOI AAE
AEOEOUAEAR ¢éE OAITOTLI UUEOT ET T h EOTOL 1A
i AAEAT EAET ET UAT AAEUAUAT EA 11 EI IOUODE OI10A EXO AR
(Dou et al, 2007. 0OE | AAEAT EAET T OT UOOI OAjerpnom EOOAT
TAOPOUOT T I OAEI PATp OAEOT AOT ET OAEADBOAODOBOH
EOCT Oi MELOOAATEDO EIT T O0OAEéT AE AOT EMAOACGOAALDS
DPOUARLERAEAE]I ALEOCABBIpAGE AEDOBOI ®OE ¢é¢AO0Oh EOI
DOpPDOAOGO T A 1T POEAETN AEABODOAEBAAEEEMDT Ei O DPOE
kbi AET AAT EOS
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+1T 1T £ EUITA [T EEOI OET PT OAT EDODAIOOOREIAOBBE
-T O&I 1 8CEA | OOAT @WLGTEGL AGOARIAA OJIpT AIEADT OAAAIT A
i OOAT 611 AELAAT A OAEI A0 AAT U OGAAMXEAQIAEDOUD Ok
OET 1 AAT OAT EA ED O IORIAGLOAN A BrdsaZEDibAE Aridia bdl na
ETT A EUITUAE OAUT AE TIAATHIEREIAT ®OERICAIOD AME £A
ETT T O7T Oi ET bd WD @il iAfdiciafdi Gdterozygotov alebo wildOUBDA Al AOUD ¢
vbi O OTTAT @i UG T UI E OOAAEATE O1 O11 01 Omi  AOO
AAEN OI 1T OATi 8 %@BWOMAQEA THAOOHATEA [ 1T O&IIT&CE
ET T & EUITUI i EEOT OET BI i EAAT T UT AeT A OOéeOBEA

embrya.

POUBEEOOAROD
ABAl ic dioBT EOD

/| AQUUI £ OLAE

aEAOT A OEAUOE
314aSyRSt2ga|1t RSRAG6y2aU
VDOp DAAANKxZE DOE D1 OT OT Anbrpozygotbvj He@rbzygotov

awild-type ide of D1 T O AT T ET ATREBhDPIOKO EOUDAREAUAT DPOE

Al A EATT OUbIi BOE DRIAIEIA ObjERA B ha@digpyldiop). Je tak

Dl OOOAAT i h LA OAT O ci1l OA BALAMEAEAUMEQIIT T AN OI

sade.
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genotyp wild -type heterozygoty knock-outy
n 43 57 30

I I I I
50% 25%

[ S I O -4
44% 23% = KO

0% 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%
I AOUUI(E Adi U A DT T AO OTUITLATEA CATIT OURWIdtypd,HEROAAOEL Al
Z heterozygot, KOz knock out. n=130

"OAZE T A TAOUUEO w OEAUOEA 1T éARNXSAT L DI
vDl O OTOMRIUp TAwi BT T AOTT CATT Oupd Ai AOups . APOI
Of HOAOEOOEAEU OGqRil EAT {OEAEDAELUA EAIT U OAI Al
homozygotom aheterozygotom vB 1 O O iwiAdi-type génotypom.

315, A @20y2aU0 SYONEN

E Ol GNEIGVET OAT LAE Al AOUp T OREBODOBA OOEADBA
i AOEUh ACLEA OAiT OTAE AEOAEAEAR AEAIEEUI EA
AO0T EAEA OEAT EOA jHEI GATAERDMA OEL EAOCAICEA ADGE | EF
OHAE DT Ol AOUWABUITAUIACGi 1T OLI AUOET OAT pi h EOT Oi
DOEAIT ELT A Of O1 AEL AEE Al ATEENTGTE RO O&I UMAE AAU OP OEC
EOT OU ODPEOT AR bAG AU AOE 8

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

yStH i
mk{GN

WT HET KO

[ AOQUUT AV T 1 AOT & AREQH Of WAE OgAA DI éAwdtypeBE=023),0ET DT OAT
HETZ heterozygot (n=57), KOz knock-out (30).
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wEOT OT 1T 01 AiI AOUTTUITUAE OJgAA ODPOAAT OAT LA
Ci INRx258 | AOT OLAEOI OgAA AT 1T A AEOpOT A AHOA |
ETT OOAEAEA OEATEOAQh AT A 1 Al HEA éAO7T 1 AOUEA
ETT OOAEAEA OOAAT Oi ET OOAI1 Grak@ lako ®@Ebold WO O UT AT |
OUPA8 41 OEITAITTAUT A CEEh OILIA @0 UWDED | O O®IOA O
funkcie srdcaOOAép AE 1| AT HEAIn OWEEUVDRAEDOABE ERAEHT OO
DOAOCOAT T AOTICABHAR AHITUA BEAGAOAADIT feiphruchaGtohioO [ E L /
CiT O Al AANT UCAMREAETA. ERET 1 AOPOUOT AET A&OT1T ¢c1 OAI

32 / KINIX{GSNRTt+ OAI SYONEN

*AATT Ol EOF  ACLEU #2, AITE UAUT AT AT ATT bBC
I DOEAET i AbT OAT EAh EOT Oi UAEGIDAAE &6 AAGAEOUR R

T AABEBODA EAA O1 ouUl T ¢ AOT 8 3 T10BE Qbukaiie nd AAUE
DOAOGAADT AT ANK25 VOAQDI A¢T AE OEAOE OLOI EA AAI
heterozygoi AE  OA ACLEU DOAEOGEGBEAR TAI pHE Ei AlADp b
AT OOAOT é1 1 OOE EABOAERANEIITEOURNEE GMUEED ODHOOEEARI |
znakov knockli OOT OLAE Al Aoup ATl 1 AT Ap OUOAOGOh EO
AEOCAEAEA8 +/ AiI AOUU IAAT KE ADE £AA 0 k1l ATOQOAGOD iC
DOOEAT Eh ¢é1 OA DPOAOCARDI QOAT BT DT AEAE AT AR 1 AOU
ODbT1 1 1 poruchambsrdca.
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6,0

5,0
4,0 -
'g *
=30 - |
o
©)
2,0 -
1,0 -
0,0 n T
WT HET KO
/| AOUUHBE oOo@aATl AOT U #2, jOATATTTEI O0O0éT U A Clwiditgpe AT AOUD
(n=43), HETZ heterozygoti (n=62), KOz knock-outi (n=27). * P<0,05
LAI Hpi AEAOAEOAOEOOEAELI UTAET i h EOI OL
rozdiely vOAT T OT AE Gda®ETT AER A AOAE OOQART GAE LAT DI
EIiiTUOUUGCT OTLAE | OddAdD@®ADA LOABIEOBIRE AED U IP@IUDAE T A

Z X uoo~ s

DOAOI PIiOI i VAEU POUOA OAEOI eAOOE OOAAAS

0,5
0,45
04 |
0,35 -
0,3 -
0,25 -

0,2 -

plocha LV (nm?)

*

0,15 -

01 - T

0,05 - 0,08

0 -

WT HET Yh 0o¢

/| AOUUGEOoOOKAT AOTi DPITAEUDOPPDARACA/ CATTOUBOAT® Al T OAE
OUEcAMAAE ®BI UAEE OAEI A0 AAI T DI 1 AEQuilddypei@aR), HEAAAOU AO/
heterozygoti (n=12), KOz knock-outi (n=14). * P<0,05
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01T OOAEA O1 1 OD&EET 6CEE AOOAEKAAGEA AEAAMAAGEA
DOAT AOGUITAE 1 AQUITT OOE OOAAA OPEOI AATiV ET O ¢
ohybu srdcovej trubice @i AT HAE 11 Ol CAT i UU 1 hekulovkjfsiete i AEL,
i (AOOAUN pwweqh DI OOAEA OLOI EA AEAOT AET OU
O1 1 01 OT AEAPAOORAEBI I I OAcOI AéTi i OUOOI T A | 8E

6 LOAUTT Ul AT HATEA O OA¢EDOOOE cCOAAEAI @i /
UT AT T ONK25B D21 UPROEA OACEABDOGy MAEGED| WAiRcd FOA A
OACET OCOBPAEBRAAOUEpPph AE EAI OEAOI OITUAEAI U 1
011 6 EA OEAEWAKRINTAI CRAITED OAcCEI OOE DI T AEU ¢AO
nebude OPEOT AAT i QOAAAE &I 100 A BB O AsiaEiygol: O1 OEAO OF
UAUT ATl AT AGA¢Ti8 LAIT Hp OLOEOI UAI AOCATL TA DI
OPEOI AGEA EADI | Nix®AFH AR-A ABKOORAIET OF UAEAT T
TA OBBAEQU 1T OCATT CATiUU OOAAAS

33. hLIWAOTS YILROIYAS

EpOAT EA Al AEOOEAEiI ET OECIT Ul!Os URAAIpUIAA 8A E)OEB
DOAAEUAUA AT OQUUITT O OOGATT O OOAABADZOR Ol IAADBOIC
AT éeT A AAU AAT L AT Obwoud ¢OAEIOBOAEUDE | AE@E OUAE A
DT OOAEO UAépiT AP QM AHIEA U AA bAALZAEG A E Aii AIGOH TEAOT A
Hp OAT pi  OAT OOUI T Ui A®I HDOGEAT OAKE DS OUOAAEAOAT é1 L
I Al AOT 1 O1 Bd AEAOIU DT AT (RenmtSdniér Atel., 202BTABDET OU AO A
Ol AAT OAT A AOADPOODUT AEOPEUEDBAOT AET | ¢AOT EI q E
UAepl ABAANEEDIT T OT OAE j AOI AT OAT OOEEOI UOT AEQ ¢
CAT Aol OAT L Ol Al O OET AT i DOAAEQEGUAN OAEAUIITA |
DOAAOGEADA | ERT Ul A POAAEUAUA AT EO)E® DRI ODT &)

A A N A~ e oA

i U EOOEI 67 HOOOEOT OBh EIi DPOI U POAAEUAUA Al E

¢AOTT O $1TOUUITU AORPMEE O\ BHQEIXRIAEA 4I1ASA BDACRNH IAE
al., 2012) Meranie zmien T A b R\pBvichove] vrstve O BIOAAEAEATI T Up OEA

I AOUUET O @BACAATILAIEO OUOT ET OL ABI TAGOIOAE p IEAIUAE
£l 61 OAOAAT AEA 1T ADRAANEPPS. XA QI RAADET EABDABAABE O
OEUUAPpEI MOU Up OEAT L AARATTIBIOECAAE LIAGRUE TUBB E
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3.3.1. Wild-type

-

/| AOUIME JEAOL OOCPAA DPOAAOOAOOEA [erbdiypod NigOA DA ADOAOHp kE
I DPOEAET [ APU OLAWIOA DDODRAE OAADRAET ADT OAEBAEAADABDIVAE @I
ACLEA 7T OAEOh EOI OL chedA@AX 1AM MRAEOCHAEAEEADUDSA EAAAARDAABUI
vzdialenosti prekonanej zalms. PEKD OAOU ET 3¢l AN i+ T OAQ

. A T AO1aUje EAEORAET AOT ABo&eddasrd AOOE AOQAYT A,
ET OAOOAT OOEEMIH@TAE I b WRPDEOXAAUA AAU EIT 11 01 Oi é
kKAOAYT AEI DPOAAOCEAPAI 8 400ATEA DPOAAET AO Al AEO
I DPOEAELI i APl OAT pi I ADO OARIALT ERIORAIOPEIUA
Al AEOOEAET EI OE QrstéehtaOmedbUFA ABOAUAEIWE ET 11T OAT E
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4A1 OA OOAAEAUARAJdGEDEAE] i AbT OAT EA OI1 AAOQGE
fluorescencii vB1 T AET I h AOT EAET ATUETTUITTIN ABREOBORRACL
i AOAT EA OLABROGEROR 1 TOORAIODEU OAT AOGAT OT LAE AUOS

3.3.2. Heterozygot

/| AOUULEADIw OOCPAA 1T ABICHA®UE A® Ol BOBAEUET 1| AbiT OAT EAN
OPOAAT OAT 1T 1T EOPARIE (i ADA8 T6ADPT OAAU EAAT A EUI AEOITA ACL
vzruchza2ms. WolnAE | ADA EAAT A AAOAAT Ualedostiipekorahe] zA 1 msA® OAAU O
POAOU GARec AGU ET 1T OAQ
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| DOEAET [ ApU OUOOI OATi1 U 1 EEOI OET i OAT EA
TA OLAEI T O/EAGE®AIEQ ODLAE OOAAEAAER EOT Oi
T AOI Ul pAEOACIOUPRAR OQUAE ©OEREI T OT TAPOBAE 110
prebicha VOAET AO O1 O1T AET I tomadBBOp IEG AT EODAAEAQED
VET OAOOAT OGOEEOQDI UOT 11 OROOEERBODEBI DPOAAET A Al

3PEOIT A AEOEOUAEAG AXIAEATT EQfho MetpAEAE GriaeiEA
EAAT GERET UUCT OTQI GATTIAITE Al AOUAI Eaianty bobiyU O1 E  C
vbi OT OT1AT @i UD T Ui OPEOI AT i DOAOGIT Al Oi EI OuUOOi
zAOAT AAE ¢AOAE EIT 11T OUR EAA OA ABERE OWIOOCAET M
jeAT T AOGAET ET  OOAAA®8ola $KDOBEANE AOADEADIOAT GdvaeH  OUOC
AT AT 68 0006L Ail ET OAOOAT OOEEOI UOT U DOOOAT AA
UAEEAQOEO Al AEOCOEAEIT EI OUOOAPAE EOOELAAT AADA
DOAAEUAUATT 11 O BIAIOGWT OGRE @il DIAANEOEOAARDOAT OO
prstencomac AOT O ET i 1T Of 08
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3.3.3. Knockout

*AAT A EUT AEOITA Ei O AE T APU 1T APi OAAU 7T OAEOR EOI OLI DDOOEZ
i APU 1T ADPT OAAAEADOY EOBT PAQ

-T OFE 1 e CEDOIEDIN RAIET UNiTASmEcH je dramAOEAEU 1T Al EAT C
i T OA&I 1 & ctypd aheté&dzylyotov. Preto je porovnanie $ | O Ul T UI Hp OAT
OUOOAEODi BUBGIRE HET AOH WD@HA BEIOD DIT A OEOOT A1 01 O DPA(
DI iTTELAE AT AT LUAAE AT DBIITTEIA TAAAIEHET AOC
vzruchu. 3 ECT Ul AATBIT HON QU @pkedogom @ruchuvi T O UT T T 1T OOA/
aé AOOT DOAEI EAAT OOA¢T Lh AT A T PAET OAT T BT AT Al

OEUUAITT TA 1T bABOEAIE EAI olths@@lUOE O
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2LAETI T O7 vE@iubded vOO Ui AAop wWOW é1 Ul AT ATU b
¢6A0O0 POAT T OOOEAOAE G OFE AsidcomiA EAPOE O1 T AT EAy | AET
ET L DO&kAME OAOITAT UG T Ui OOCAATI 8 +Li 110101l
UAépTAMEROECWAET DARORBAL brdddnédimivbOp DPAAA ET I T UUCT ¢
i OOAT O1T 6 OAEDUADAEKEHEAEBOE OOAAT OAE OOOAEAA

34. 1 1G0A Gt OAl aANROI

3PEOIT A AECEOUAEATEINI BQOOET O0Ii HOUAEDO DPOA/
AOUEO ODBOLUGIEATAI OET OAOOAT OBAIEOU VDI AkpinEDADDAR |
ET OAOOAT OOEADI AO OET cqgh EOI OO O ETiIT OU bIé
OUOET 60i 8 0)2 OA DPOIGEIUITA 1TAPUEA TA AOOEI
EOI OL »&O01 COEA AET 1 AOEIl @ivd CAADOEDIOAR OBEE OIEL
i EAPET OU AO Al 8h c¢mpcg(Q

vOoi i 61 OATTiI OLOITETIT HOUAEO ATITE PIITATO
AOA AEOQOEOA®IOGOLOUIAOAAADOT ET ETI 1T O1 Oi ET EOIT 00 j
AOOCEADOBREBpPhAEYT AE T A A& Of OET AARE OA [ AAUEET |
Ei POI U AT CAT AOT OATL T A 1T EAOOA ApdAdar AA
I ATEOOOATTA AT 1T AT AE DPOAAOGEAT p8 61 AEA EOOEI
ET T EO OAT OOUITA AINAA ADDPAED TAUDTFTU@A OUEe AA

ET AAE 1 AAUE EOI OiE EITEOS

UAépi

/| AOUUIE 0O EI AAU AEOEBEOUAERT EHT | BWOAM EAAEIEI DREA S OBBA O
al UOI AAT T TATEOOOATT T HpOAAEARE GHAEAE GHE 8 DADGD b6 BathA 60
Ap OAT pi  AAU A Adresun dofpéavej kenoly.IWTwilditype, HET 7z heterozygot, PKg D O A O U
ETI1 1T OABADY ET I 1T OA8

" OAZE 1 BEIAFDBIAT 6 E ApdaE A DAOAAT OOUIT A Ol UAAI
AEOEOAéT L AE oubpi 6 1A AT A1 UUT OAT L AE Ai AOQUU
heterozUCT OAITAOUU DPO&NM CEDI OL ETE&Ma@REAN EOI OL EA
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i AAUAOT OLABI OPAET D OLOIETI OIi HOUAEO Ai AOUpS
OLOT ET OL DI Q@B RAB Kightoapiéal bEeakthrough) B AE ET | AET UAEE
E115 bl OOODT LI I DT FHOUAEIO Mp2oh ® j £ RPRABDU AO
aET I AET UAERAB nebdla MOOp DAAA Ai AOUp AT AT UUT OAT LA

UAUT AT AT AT U8

I

LAB

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

I AOUUJ EQOAREOAT AEA ET I Tlatlagicdl BreaktiidddghQLABRpAMarg idteré@ntricular
ring (PIR) uheterozygotov ahomozygoi Oh BT Odi GIOMITi0O hetefodygoi E~ D OACX4Q i 1
vOl OT AET T OL O EI Heterbzyget®d UAKIOB QABI A0 O1 01T AEi OT U1 T LAT EA
OUDPA | £AT1 ET OGx40HET* ACx80hetermaygopv@RS5 (n=16), WT z wild type (n=11), HETZ
heterozygot (n=14).

+1T 11701 OU AEICEIOWAEIAOTAA | OOAT O1T LAE @yAA OU
APpAgh ¢éELA DOATT O EIPOIUO TA UUEI AAO 11 OF
bl OAT AEUITU HPEA O1 &£ Oi OET ARGATOME Ec AGAEAIHTIIC
DOOET Oht EOITI®T @LOIET OTT HOUAEO OL AAEETT OA
i AAUE AAEET OEVT AEIT E OA ET i1 OAIABAQ BEP OE QEQUAEA G
aj PIRabOAOI UAAT A DT 1 Ao PABOEQUARMBAMENMOT AEOI
UADOpeéET AT i1 TREAETIO OAF/ATT OI UITT O A& Ofi UAET O
AELAAEY AEI E OOAAAEOI AT ER EOI Oi OA T A DOATI
Ol UPDRMIEIAT CUAE @UEIIEAOPOA 1 OO EI BOI UOh DHOAOT |
o1 OEOI 1T O7 i AAUE KCE AreciahAdO0 AUAERAT O T O7 linpulzub OAT T O
vDIl Ol OIEARIOA OO thiaeboWilditype srdcami.
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35 { NRSG6yt FTNB]1OSYyOAl

. A UUEEAEBACGCET OAEODI AT 1ODGE A EIVET All ADITUOIAT EA  /
OO0¢EET OOAAEEDI GHOBEDRET BEEBGARADIOI EDAT ITOOWAAERABE
PDITTAT O OTpiTER EAA EA OOAAA OTpi ATiT BT AT A(
je OOAAA AEQE Oitrdbdel ai T ALOE®I OLAEOT bHi OAT AEUI1T
UADPT épOA AT O1 Ui ABUWBDA AREQU OCDOEHA ATRE ik B®A 8
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AUOET OAT Mkx25CWT zQuild type (n=13), HETz heterozygot (n=21), KOz knock-out (n=21).
* P<0,05

2LAET T O OIAETGEAT QRAAAN OBPOAIAA O AAUE tum

(www.merckvetmanual.com4 UOT AEFOBEORAABAEE A GaPostpnegsh EA | A
EALAT O 1 Al ATAD UOBASIOO BOIOT OAAOT O U ASridivasari et UOR é F
1998), ato vmiere od 125 bpm v%p mhuv AL D IE14®E (Kellerdebdl., 1696)

VAAT LAE Di Ai EATEAAE DI eéAO [ EEOIT OETI PT OAT EA A
TAi OOAT O1T LABT IAOITAOORL OIOET 0T 1 HOUAEO Bppch AIAAAOIT
EAOAOT UUCT O1 6 AINIEAM &édUGIUREHEAR AAORIAE OAT 61 Ol
OLUTAITLd LdaL AITAIT AL DI o1 61 ATEA OOAAT OAE £EOA
mutantmi al AT OOAT OT LI E Al AOa&lehd Hnedzi (héterdzymtnlEhh

al TUT UCTl OT L1 gP<0,BXEADTG@IUE ATT A x¢ TAAOT O UA TETT

A A AN

I'E OAT O AODPAEO OUEAUI OAI AAMEOA EET T T WU ATl @ir

mutantov z srdce vOT i OfT OLOT ET OT 1 HOUDOPOUGILAEETANAS
pumpovania krvih - UOAET A dbddndie Aabékildvej siete4 OAAAEOI T OU OE A
bl AEA¢A AE T A AUUEAEAE DPiiT AE DPOE GOOADLI ORAA

AEI T OEAAR AT A 1T AT EOEI E Ol AEA OUDAEOROAIT O A

DOAOGAADPT AT AT T OTT O TAAARAEAS 411 0 1 APl @A®®U AE |
Ci1AsA0d AAOET AEAE OOAOEAAE AOAY OEWUABATOL AHONI |
OgAAR é1 DIilTETAAEAAUOOANOI ATp AE DPOA AOPAEOD
uil OOAT OT LAE Al AOUpS8
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hoNIT DINFFMYINASYSNYyeOK |1GA QI 6gwildtpe @105 BEDC Helerérygdti ISy 2 ( &
(n=11), KO ¢ knock-out (n=14). * P<0,05
. A T AOBOEOD bp OTAEGIOEIGAET i
aheterozygoOT A 1 OOAT O1Ti OOAAEA OUEAUOEYT OA¢Ii E D]
vbl UT O OAOA¢T LAE ¢éAOOEAAE OOAAEAh UOUéAET A
UAEEAQEU OOAKIUAADI OEGABDLEANS T A ITARFEHTUWITTAA 4 UbR
EOT Oi GO (BODEvyekgtdvalo.
EAOADTaUNEQ B ACAH AROAMMEREOOEAET EI
A OEAUOGEAR LA TADPOERBEOUI AUBAUEDC

@wﬂmleOElOHbAEEOHOUEEOAEh OLAEI T
A

AEEOA UVEARRUDU OEAEQAc¢T LI 1 OPEOARBRT I 8
OUOOAOGI Al EA TAAT OOAICAEHP AEOUBHED OERANONBDABREIO
OLOT ET OLAE HOUAHUMBH | UBAERODOBUOAAT GUOAEKAT EC

s N o o~ s

DOAOI AT OT ET OUOOi i & OOAAAS
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4. DISKUSIA

#EAT AT T COQBKAH AMPO I UEAET Al périuFiedhan@mod i AE T
OLOT EA BEXXORAIAAAIAMAEOOT AUUET T T CEAELAE &£01 EAEpS8
prejavy aDbAT AOOAT AEA8 3ETI ATEO AT AT OLAE [ OOUAED
TUOI AAET O TlotAi aBon@rgOoOWIOOAT OT i HRe&vonkBOehit@i et

Borlak, 2010; Benson et al., 1999.iu et al., 2011 Dineshet al., 2010; Peng et al., 2010;
Liu et al., 2011;Ritchie et al., 2012;Xie et al., 2013;Yuet al., 2014)4 EAOT OL OEOI U
I OEAT OGET T A 001 AATi Al AATEBPhODDAOULRAEAPABE
UAET AAU T A DI O1T 01T UOAT p £AT IOQUEIEGT O | OTAETT UG
poruchu. VOL AEOT BOPAABERAI A OEAACADA QWBA DA El e 1AALN GIA
OOAT O1 UAEA Al DOl OApT O OOAT PEEGEDNITE AGd CiAACE C
OAEOT AUBREAAU OA T A 1T AEDAOBAAA 1T AEI AAEA

4001 DOUAA AT1T A UAI AOAINKx25Tajgho ApiydOBd OAT EA
Al AEOGOT AUUET 11 CEAET AAZEABDODOI EQIOGDIUABDPOA O#AU
O1 AAT OAT h AEL IAp OB XislGiChAz telekdovej siete8 0 00T OT L1
DOAADPT E1T AAT T AT 1 TAE LOA ANOVMERD OFpAGEAT GHAEOTAAId 8P O
6 UEc AT O6h LA TEOAI 1T AOBHAT AE OO1 OAU OOAAAE!
AE 1 Al HpAE HOOOEOT Oh OODAADIAAT EEARA AEP QAT BBOT AU C
I T LJLiA verdcil AAEUAUAEYT AE AE GHU0E A BB D OBAXON EAAE ABOOK
DOEAI U REEEAN OOAAARDAEODE AGREOAEGOEOUAEE EIIE

i1 ATT ETITBPIAOT A AARAAEMB@IUOAT B AEWRGEP O1 UO
aEAET AUOET OAT E ApotBriikbch zi O B TI.1 Meietokydoth 08 41 O UUOA
bl AET AAT EA AAT AE OEAOA OACOI UAEA OLOI EA 00O
homozygoi © OB OUOT AaBOAA GIUOGEDGATTAOUin itekos OUE HO A BIL 0OAIU
UET OH(”)EA [ NE | ()T OET i ATEA 1 U@ﬁ 'IZ\ETEG')@/EE&,EUEO&ETMOE&

OU O OBibéh et al.,20000h DOAAEAOT U Oi 01 UBARDABGERW OAT OO
DOAOGETI ATEO OLAEOT DI O AES

(TAOT L 1T TO&TTCEAEL EATT OUBDI ENTAIDOPET AT L/
OOAAAEYI h EA 1T LTiT OEYTI AT AE TA ETLAE 171TAAI
T AOOHAT EA OLOI EA OOAAAEOQOI T OAE OBEOAT EDAORABHDYL
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EOT OL EA DOAOGAADBT AT AT A UT ApT OAAT L UA DHOOT 01
OOAAA Ondkdmikéil (ReshkKovsky et al.2011) A BT HET AAT EA AT AAT 1
T AOGORCOLBE OAARAD EibBal (Zhao%Oah," 1698 Meyer et Birchneier,

1995).

. AEOREHT O OLUOI O OAEOQDI DOUAA AT1T A bHOUO
aOAOL AT EAL BEAT pEOT BXGAGAS8 31 ADBDODENT OGEA TEOAT
I AAT AEAh BOEBAIABEISAA8G EAAU OL OOAAEA EIT I 1T UL
I AAT AEA OAOT A DPOAA OEIT 1T AAT OAT pIEAAEDDUBT ARTCER
iTO& 1T CEAELT AAEAEOI I OAL PARAPAEOAAOERE OAEGH
i OOUAEGGSS 011 OOAAEA AITTE TUOTéT1 1 And@dOpbDOAOD
DOE AEOAEAEE OUEAUIT GAIAI PEIT 1/EA@MARAD B 1110 OERAEE OH G
UT UT EU Al AEOQOEAEAE AEDEOEOBOAARIT GoiDEIGERES) T TAGE
AZPDOEI OETBEREEIOgABT pLET ¢éAO0 bPTI OOAATL BOA bC
Ul APAHEIT 1 iTTLOoOOI EAH | Oy &EROITON 1100 OAE DI
i AOAOAEDEOEODO8 )AE AEOQI EOI T EPAI BDAROONOBE AX
sDPOEAI pLAT piil OOBA ¢ XQAD@Up AAdy @Udh Pdo4). - T LT T OOE
OAAET pE 1 DOEAEI BDI ABRDUROAEBAOWB AT EULA OAOL AT
LEOI OA Al OOAOGT ¢T A Al EL éAOh AAU ®@AUGAITIT UITAICD
OET I AT EAh éE NkxA9pELON AGOOMGD ODORAREOUI OOUOGOHI |
aOAE TACAOGpOIT A 1T O6PI UODPT OAT OPOUOT A Al AEOOIT AU
T UOI AAT E Ul UEGIADTE A E DORRABA bAAEXIsiuBKEIou spE OT AAT T O
i TO&EI 1T CEAELIE AAZEAEOI E8 O0OWBA (00 IATEIA HOOHERATE
i AlHEO 1 OLTLAT ®OAAEA [ OO0AT OIUQ CEGA ©® OOEA BTA A5
schopnostiOD OU O1T AET BREOA @il DIAD ERPoroan@E 11 IOIBE OEOPET Al
kil OiF DOAMGCEMEL IO 1 ABRIAOAT PIAEO é AOT OLAE OLOTET O
Dl OEAUGEA TA 1101 AT EUI OATY &I O0i 6 DPOATT OO Al

TEA EAAT OEAEexAE®B DI ADGBREET UOT ¢1 1 OOE UUEOI EO
EAE &£O01 EéT AE Al AEOOT AUUET T 8CEA OEAUOEA TA A
UUEOT EOOCBEAEI®OU EAEA DRAPOABAEGAOROAET AAE OL Ol £

65



61 OEOIOBEBI OLAE OOAI T AE OOAT OEOHRAdIdt AAEOI
al.,2001).. AT EAGOT OTET EA 1TAOUET O6O1T L DPOA OPOUOT
Vi AAT Ap 1 UApAE Al Aoup AOA AT EORAEOI ABODBBAEHhEOD
AAOGA T AAEUAUA pi i POAE ODAE Bl OILTAIEL 0@ QWA AR®IT @il T L
TEA O HREAAOBDAET OEYT 111 Baw6tOE: al, 10 BOAOALT U
OREHET A AOT EAE Ao©OEIODE TiRARMNEAD. EBFBROATOAOEA b
OOAAT OlLiecklaA@QIOEAE DOAOT Ajwu Etlal., DOBPOEROT ET &I Oi U
korelovalisOL O1 A AAEEAJTE PADUAAS8 %@DPOEI UAEA ' &0 TA [ EA
. E@c8uh OOVERAIKOOPATGI EAOAET T UT AUOi O Al AAT EAE
OPOUOI U OLAAO ETTHOOOEOI O 1 6061 6ATLAE Al Al b
TEAEOT Oi ET i1 OEMAR EIEQOAHEIOT OO Al OOEA T ABT AT O
AEUAT Ote@ktiOUAEE Ol EHaivey, @996).04 AT O1 OPEOT A EITH
i OOAT OT LAE A1 A1l Au OA AAI DI OLET AE TA 1 AIlHA
i Al AE Any theOyf NKA(Kasaharaetal.,2000h ET i OOAT OEOEDPéT i /EFAE
AEZEAOAT AEUAEO 1 UT AUOT O Al HDPAAEAI(NoskovitAl L AE
et al, 2007), faktory tvoriace komplexys. E@¢ 8uv AET O7 D OMD@dkhet U O A
et Nemer, 1998) ai Al HEA EAOAET I UT Al A ®DIOWIOIOLEL BB EANT
OEUT UAE £ O OAOGAAT ¢éT LAE DOl OAdidte] ieryA 1T LOEUT UA

EY T AT EAE OI EAnietkcibA EAI AAT 1T AOOBAEBAS Eh OAPAE
LT TTAEAMET OACOIl AélTi OEAOAR EOI OLAE EA OA
OA O1 OEL EALALI @I EOE AaD BAANDEEAR # AFUGA T AATT E 1
ORAOCEU b@iliO&kHT @L IAE OAT O BLOP b AA A0 AMMECGIE ABO BA A
O1 T RATAE O1 EBAEICT A DA ROE O UAIEAO AT el Adrasmkbijga é 1 Uh

EAOI 0Bp OOOUAET O OOOUI ATUhR bPT OEUOOEA Al EIT

~ N o~

- o

—
ez

3PEOI EAEBOAIOONEEANIL BOUAEN AATUWUp OERAIT AAET AT OOA
i TT LOOOA EAAESSOT.I B BEH®@REA OAT AT T OOE [ ELA AAI
OUIl ADAET 8 +QAOCHABTABUALG OmE OIAAE®LICE AEGE DE E
DOpBPAAT AE DI, hEvihetuknodk-R OO ABh Bl OLEOEA EAI T AEHAD
i EEOT I ATEDOI R&T DAEAUT UGCHEIAT OERBO obrie@renuA |
BT HET AAT EAR ERGIOOOL ABE BOpDAAT AE OUOEWIRI T8 *A
type aheterozygoi Oh EOT OOAOATAIET ADpUET OOE OAIT O1T1i1 ET
Ei i bl EEEMEACOTQOOUOADp OOADTBIAEEAAUUT EAOAEA £
VDOp PAAA CGEQITGAEAT 11T DAOEEAOAEODOI OBOOOBAAEEAADAL
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oLpi 0T E Al &@pi ARiih OEAL T A bDPOOL DIECAA Ol
i OOAT OTi OOAAA TaUUKLOAD QAT CXPAIdd T & 16 1UABAE AT
tomu bolo roztvorenie hrudnejstenysl ELHT O DPOAOAADPT AT AT T 011 O DI
vViTTELAE DPOpPAAT AE AOAI AGEAEU 18P0 QEX EEATI A 1E GOV
EAITi 8

00OAEUOI Eé T OAovhe AroztokuU rimikrBskopovacej miske spolu
sAT AAAEOOAOpT I DI TTEIIT OAOL AT AT OOAOT é1 i
Al AEOOT AUUET 11 CEAET A&O01T Cci OATEA OOAAA 1T ADPOEA
kontrAEOEBEET LEOT EAEp [ UT EAQODDODI 8BDEVAAT AT EAAEOOA
Dl EOA¢IE@GMAIAAIp OT UPOAET OAéT 6h EOIT Oi AU TAT A
al TT LOOBIAT AAIT i ATE 1 ATHEA BUOI O viim@iastiO A EAE
DI OLp OAT LT E OT UbOAE I (Kakaginhaket af\ ELD75), 2B butakedidn A |
monoxime (BDM) (Gwathmey et al, 1991) alebo cytochalasin Di U BT OL p OAT E.
Al AAAEOOAOPTEQ HOLUETAEBAE QAR 1T O1 8OpedGeNA OOE OUD/
iontovvi UT EAOAA8 . APOEAE Ol i CEADOCODUBDEAEOAABAB(
UTELOEA 1T DAAHEG@EGEAOD G POEAEROAOT ABAAAT Al Kp A
UAT ACOAT L TA EcAAATEA TORMIPEDIAEL OHOT O OAAEC AEHAD
UOL AHE A AMEGREGMDHGED 1401 UAEAOATEA AUOS

*AATTUT AéeT L AATT OUD ETTTUUCOADT ILAE OIOOAEIOD
HOUA @&kéda et al, 2009) OPEOT ACEAT 1TTUBEX &MAT p T T LT T OOE
ui OOAT OT LABhEAKEITGRAAEADIT T 1T OCAT EUI U Al AAT ¢
sbl OOAEAI E OOAAT OAE ¢éETT1O00E T A UUEI AAA OAE(
ATTT TTLIPOPPABREAEOET IiTUUCE OOAREEAROADDT DHE OFE
Nkx25UAépT1T A UBGIPOERA GOAAAh AU [ @OAL EE ARG A TAEGEI(
HOUAEDAEBAAA ET i TUUCI OTLAE 1 OOAT 61 6 AU UUAEO
vieda kP OALEOQOEO BPRAEIAEADII Al DT OOAEATI E OPOAOUAUAE
AET O7 Al T BU OODBEWUPABAEOAAEU KordokatiEaletd OA A OE A
&AT 11T OT 60 (J& AtGaD, A2D0&; CRedinorBuettner et Borlak, 2010) VP Op DAAA
haploinsuficiencie AU AT 1 T OET AT i UOUL ET FTLTT OF 001 i
DOl CAPODHAM EA AL 1 AADE FOEBMEBORAEGA OULAAQET A
OOAT OEOEDPEéT L AAEOT O Pa@®A) O OA TORD ARI ¢é 101p O UM WIAE
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£07T AEA OI AAGET AA EBLBAAQOOORGEGEOAIL EAME SOODAEAAE (
AEOCEOQUAEO 1 Al ApABACDI A&T ObEsiNER R (vikimQdddt bl.O

2003; Akazawaet Komuro, 2003).51 AT U T AAAZDPOA OERAA @A EIOU U ®IOdT1AA
i OOAT O1T AE AU OHAEI ARA DDAA AE @ Uit OIOHEF A Cci 11 Oh
AGPbOEI T OAT v BIT Ol B®d A E O Biil Oi IOOWI A-fype @notypom

(Georgeet al, 2015).- T T L OOOT A@POEI T OAT T ET bpcbredabi O EA
OOEéET OPIUO AUOET OAT EA EAE I O8I Ul ODEDKIDERAAD O |
CATT Oubl 68 =*A OI 1Al Hp 1 I1ODEOT BOAIIUEBAEAD]T E
OPEOT AAT LAE MAUGMOAEMITPE GOAPOPECAAOB®AOEI A&l O 601
OET I ATEA T AAEATEUIT O -OubddNike&l A1 AAURE &1 ET TAA
ET T T OUh OV AEA ¢é11 06 1TAT AOGOATE LEAAT A HOOOGEO
EUDI Pl AOOBBELh! A PT OOOPT A AT AEUAUAIT EO ETIE
OA Ei DI AAOEIT EAAT OEAZAEET OAT GATAIEO ABOAROIOATAD
OUOOi 1 6h O1 01 AET AET -1A & dépBldmAkaniobovor ikeAO E A -
(Pashmforoush et al., 2004).

NapiAE HOAOEOOEAEU OLUAAERBU®A OEAIUDEEThT RADE |
OOéEOL OIiLNPAEOGEAAE HpPpOATEA AlBGEOOEAEIN ELL A O
OPEOI AAT i OTALNERAAIEIAIEAE OADPAOUAEE EOOAT AE 0O,
DT HET AAT pi T OTDIONGITATEDT ET  OUOOi | O -AANERPEEOOAD
AAOAEAAT O 1T UOET O éE EAE Ol UsAwDOYOADPBRADOAEOEAI
Ol UET AGET AEiI EAEOT OT i h PEDAAAARA OOADAEAM E ®OEAE
AT 1 E ¢éARDAEEEAODOMIAXTTI O ET T OOAEAET O OOAAAS
DOEDOAIORDTI p IAAT i h OLI OA UTELT OAT A HAT AA EAEI

61 AEA i DOEAETI I O 1 ADPi OGATEO Al i1 i T LT 71 h
ETT OOAEAEp DPiTT AT O OIT UDPOAET OA¢ AAEGARIAAEDOR AED
AT 1 A Owléd-fyte Ahe@rozygotov vD 1T OT OTEATIH UWICE OiF OOAT O1 Eh U,

i ELA UOAEI A AE OABADDU ODADA DBHIYpEIN gijdhdd OE A  C
i T OF&I T T CEAELT 1 UbANWAHE h O DA @ilg-9pe qiferozygoty)

AT OOAOT é1T A OUOET 001 OOAAAEODI T O1 OWEREDAGE ARG

DI ATATL ALT DI ODE ABOH BORITARIITAT AAT ek VAVEilet OO AC
a( EOT OI I (JayCeRall2004).* A OT BT OOOAAT EA AT OOAOQI é110

funkAEA OO1 OAU [ TAOMABOGEAEURE | BEAEL AE HOODEC
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bi OOAEU AEIT EA 16 AITE OA OAAA 1TADPOEAE OOI
UT Al AL A7 1T OAT AEUI OUTEEO bi OOAEU EA AATL Ol
EOT OU OA EAPEA 1T BAEOI®OLAE WOHHAATAEE A A DI Al
prostredia.
6LOTE 3! OUIAh EOIOL OITLE AET BEROLBAEOO,
OLOT EIl OLAE HOUAEUAE OOAAA8 4AOAPEA 1 AAA@DO,
I OP1 UOTeHdmoaltELAO OAEOTI HOOOEOY OUh HRKAGENT BA Ol
dobi I UEA OBPOUOT Al OKabahdpdeta) 1988). 4 BOABAOOEAET 1 AO
OADPOAOT O1T 6 Al AAT AT EAT AAOT O OI EOI cCciT1TO AU i
AEOQOE OUAEABA QE Athi ADA O TOMA 1T OBl UODIT OAT psrdd.L OT EA
0OAEAODIT OAT EA IAOT WiOHEAal et alA 2011) bola jedna
zl AEPDOpT 1T Ol AEApAE OAABEBE 4841 GIAEIQIABOAE AGDPT O
schopnosti dopomohli kUE OOAT EO A OT MmBcougdduEj t€shnidyd Frimu ddIb
CAT T Oubi Oi OOeATEA OOAAA T A WAIRAUABERRTOdI O A

AUOET OAT pNkx2g Ol BEA AgOPBIOBEE OHOOOEOT OAAEN

EAAT T UT Aeéel i Dl OOOAAT EA TAPOpOI I 11 OOAT OO QAEAE
ETiTuUuct O 68 4 A1 O1 OPEOI A OPI 11T eéeli EI Pl €

aEAAT T AODABAGEIE AT ¢ETT 1 EI DOAEAODT AAICALIT TiTHLAA
AT AOT 1 EAET | OOO&EAQTAT E@E O T LT T AAROKIAREOAEDIEAH
OEAT EGHAle LA E 1 OC Adordidmi vesdpresd Nkx2.5.

| EOEOAET L éva@hu ORndcki 6AT OLAE OOBKRIEIAAIEI i OA
OLOI EAOUDAED UDREIAOEABI L OARh LA T A DPOAAET A Al A
OOAAT i EA DI OOAAT i OREéAEA 1T TRARAWEBOOACLEAOORE
aOUAEAT AT T OTT & DOAAEINDOERAI EON I DOODAEDOEAT ¢
DOAADPT EI AAATh LA OOAT OEOCEDPéT L. AAEQOOL OIEEC 8 v
srdcabi AEGEM:E T A OPOUOT T EOCDODI BEAEP BRSO D OROAIRER E |
OUOOAED 1 UT EAOAT T AROA DPOAA OGUOOI OAT pi bBI AP

E

srdca, ateda na jeho funkcis + OU O AT AO DPOAA 11 006pih AHC
HOOOEEITId Wuci 6T A 1 0601 06
a ] UmOT i T ELA UI EOQUOAT AE AAOAT AEA OOAAAREODI
i TOA& 11 GEABHOAKROETI T A AUUET 1 1 CEIAGAN EAOTEISITHEO 1

bOI BT OATAI EBEOXH i EI OEAEEOEAh Al AT ABT IAURAEIOOI
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OAAAT EA Al AEEKERIEIT TEOATGAN OAI AT irdku 1T ACkRT ET1 AAA
et al, 1976). Preto sa VE AOA OT WHJgkihotkii LOO OOAAEAAE AAU ET I
DOAOT OA OUOOGAE OnPHI A kdE ORI TAGTGGIOA T A EOAT |
OLOT ET OLI 8 O@AHOIGI £l | T GahideE sa uknocki OOT OLAE OgA
TAT AAEGAOADOT Al AECOEAKBILAEOOUOORARAEAER BT 11 ¢
AEAOAEOQOAOO8 21aABT DODI BETOd B0 i1 Asine® OOAAE DOAAEUA
OT OTTTAOT A AATT O OEASEGA caANEMN EW AT OE 1E Ad @ OA A0 A
AU OUOOAOIET OIOTTITIAOUOOPEDT DPERART AdEBOEAEU E
i TAATTE ETEAEUAEA .AHDIOREGIEAGUEGDOAE®DUOBAE®I O1 1
T AOT UAAT AT AE HOOOQEOIO®A | 4D AR QidkpiA BAD EgaT TEAGEH OA O
EOT Oi OA DI AEAGCAET T A OPOUOT AEOCPXJIIhGAE OO/
Al AEOOEAERQEDI OUDOAEGc8u OITLE AET OACOI Aél L

WIDOAOEA OO¢éEOLAE OUDI ADEORIETHN @ T B @A O ARDIT OV
Pl ABACRE OAAAT p Al AEOOEAEIT &€li OOWO OAEGE | DIOAA
UT p L(Ja &t al., 2004; Dupays et al., 20089 1T [ ELA AUT 1 Al Api AEOI
OLAEIT TunO&E1AQUO | OOAT OTaORBR ACOOARE OOA OT ¢T A OUOET
schopnosti samoti, AE  AOT EAE OEI AAAET AEAET ODIAEOA ¢ 10EM
PDOUAA AOAA DPOAOIT 1 AAUE EITLIE AE OEVIATEA b
AOAOI pET T ¥OT ApETIT AEOEOI HADIi Eé I TEIAD UEIDT QOIOIEIOE
AOAEOAT AEAh EOI ®AARA AEADOBIAE O A thdcalA(BetuEcottA EAA O é
et al., 2011)aAELAAET AAE A@DPOAOEA 3#.uv!h EOIOL EA
vsrdcovom svale, O7T OHERAED ¢ ELT E AOUOI EAELI E OUTI Aogi Al
u knock-outov.

Jedna opakovane sadE A @O¥EITT | U EA AT 1T A DPOEAEI AET A C
ETi1 7T O0OA8 4001 DPOEAEI AET A AT T A OEAEOA¢T U AET 1
| POEAELAEEI ADA®PA ©O0OATT OO Al AEOOEAET ET OUOO!
DOEAEI AAD LEAAAIGA AGOEOCOPOAADPIOEIOAAAT | AAEAT EA
Pl A0 | Al enbImUABEBAAD DPOpPOAOU T A [ EEOI OEI Bl O/
OA 1T AEAOT OAT A éAO0OT OL 1T A UAéEABDEDD DA K OIOA IOIBE
FTTLOOGAUDLA T Ai Aomhphh ARRHADE 1 EAOA8 ' E DPOEDOO(
Pl AHET AATEA OOAAp DI éAO POpPOAOU AU T AOUOOAC
medzi heterozygotmial Al OOAT OT LT E ETiTUuci Oi E8 *A T ALEI
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AU Qejtodoblasti vi DPOEAET I | ABATOMITp EXN EGBOT AT pi DPOEAL
Oi AEA OOITEI O ETTOAgTiii 6 OOAOO Al OOAT A PIT A b
| POEAEAE [ AbpuUs8 | OHAE AT E PDPOE UOLHATp OEOAOEI
AE TAUAEBGOOAT Ui AT U O1 sEinédiinalii akivikilv fejio BblaGtiE AT p
41 bl Api OOEA EUDPT Oi UOD i TO&I 1T CEAEAE AAEl
Al AEGOT AUUET T T CEAEYT Pi OOAEO8 2AUU T A EIT A E
i ELA OOUT UA O ®@@ppoAAKhOILWRA EA GBAAGED®I OUELE DA
DOAOGAEOUR DI OEAUGEA O1 EAAI T ET @p £BDAPAIUOTLL AGE |
i ELA T AUT Aél OAT 1 Al Ap AEOI Ah EOI OL tdameEOlI AGE
bl OOEET OOL AUA A A AT AEOC iMAT HEA OET I AT EAS

ve OAOCEAE BAl @ UA §&lobAmdkleoiide VAET ALEOAE OACOI
Al AAT HOOOEOT O1T AE é¢éAOOE . E@c 8mwevoAEDOAT POABADER
vb OE A A AE O (Schbttet ah,A1998; Balciet Akdemir, 2011; Belvis et al., 2009;Liu
etal., 201).VOUI AE OOT AAT LAE DI O7 AE T ONEx2.88 11 AARDRECAERT |
OAEORAIEAE OUEGOUHCDATAERA AORM OBT AA OEAAT Ul DAU DE
EOI Oi AT1TE éAO0OOT OEAA TAL ¢m OTET O TAITLAT
DOEUT UQAEGT IBILHET AAT EA $ .OAAAI @il AILAAEUMEIOAMOUE
TUI AUT Oh AOHAE ORéHET A OLAEOI HOOOADE ODAAER IE
AT T E AAAN OADEOANAITA Ae OEAT E OUREA AEA ATA ATAGOAINA EEA
stranu poukazue A OEQOOT éT L T Ul EUABPIBOOEBEADBp I ABGEADOAA
(Draus Jr.et al., 2008; ReamosBuettner et Borlak, 2004).

«AATT 1 OE1 AT OEAT 61 1 OOUAEAR ¢éE Ol EQIAEAOE /
OLOEOI T AE ICAEAOGRBEL DE AT AR ArdcHamiCBiipa. O
OR é H BithAapd screeningu&E ¢ AAAT p BT HET AAT AE CANKWRBEAEAE
TARIT 1 AT AEA bAGAYD GHE OBON AB 1AA (O eDAIE 201D 0OUAEO 1 A
al., 2009; Dineshet al., 2010; Peng et al., 20100 OA OA¢ A D1 OT AEh AEI
&A1 11T O OA OAOOAI 8CEAh ! 3% Al APereraetd, 2241 1 UEI
T AACEODODEDOAOT VT cCciTus 271 01 AET é1 AT 1T @QEA AOT AE
i ELO OUEAUI OAT OEUT A AEAT T OAPBRA £AEDI OAOA AN IOOE
i EOATE6AT EAI E8 *A O DOUOA EAT T i wdriabilBef OA OT C/
AZGPDOAOCGEOEOUR 1 A PEODIDALA AC A OADEL AEKOKOABT OLAE DI
Al AAT TEAR AT OOAOQT é1 L UOA®AIcIsO O AD ARG GO A EA
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T Al OO0p AutT AIE®®AAQI &€AU DIOA EA@easonktMarBnE200% 4j O AU

EAi EA AEI ALEOi Oi gdcardkidri EA OAEOI 1 OOUAEA A
SOAcEI O POAOAADI AT ATTOT1I &6 OFr OEOEA OEUT A O

zmel Uh  AAT 7 AEA AMIAAAICOEEBROBEASMRcA HOT AEp OA

i OOUARKK25 GO0 EOAE DI Ol UAKAT AEOCAHDUOARRAADOEM

uOUAOOI OAT LAEOERUTBUONBEUAEERT AWOEAAE AAT i EI HOU (

I OEAT OOET AIETAGE @ Ab(drBlet(hA R@9;Ding et al., 2009;Liu et al.,

2009; Penget al., 2010;Wanget al., 2011;Wanget al., 2013 Liu et al., 2015; Fengt al.,

2015 h 1T AU OA O fDinésB et pl,l 2606)ATalianska(Beffagna et al. 2013), Mexika

(Alcantara-Origoza et al., 2015; Aguay&omezet al., 2015) Turecka (Akcaboy et al,

2008) a Tuniska (Nouira et al., 2008). Napriek tomu vOT é AOT T OOKE O EEIAU pGNE E|

LEAAT A HOT AEAh EOT Oi AU OA UAI AOEAOGAT E EI AOI

mOOUAEpPph EOT Oi AU peodtkdpii UTAA éfbpbu, Akidddf gadidnte O

sOOT AATLI E OOAAT OLIi E Dl OOAEAIE LEOEBIT UAFEAAA

pi pOI UAEUAE 1 UHp T AEAI EIT O©@§ HAIEGRo$ehttdES @7 OEO

Harvey, 1999)al ADOEAE 1T LT LI OTUAEAITTI O EATT OUDI
organizmom aél T OAET I AU ADI OEOAEDOE O EIAEZLZBEDPOAE A
OEUBHIEOX OOADABET OAOAcT T BEA EBBDABBAEAEAET bl bOI

Vedeckou &1 ET EAET O DPOhDARAD BAOAET OAOEDI UOT AE
i AAEApT U EA OUOOT OATEA 1T,EOLAE PRAABRPABAEREILRE
OOAAT Oi Ei OOAI 68 | AOCOAEHEAOACALAOADEAT A8 ABE
smeri OAT EA Ai AOAT AT T OOEhR EAA BN ORIpIOANT ERAO AGA]I
OAET BT LAE AEEAOAT AT OAT EA Al 1T UT EAOAET AUdI O O
a OPAAE OT EOI OUDPO OACAT AOAADPPI AET ARAERPp ADT BE
EOT OL AWLEKOAcPL T A DPOADODPOPAAAA EA DI OLEC
OOAAT OLAE Ei APl OL ABAEAEAIORAA BBAH O O EEAT LAAEODPARIT i ET
T AET OAUpOT Ui OPEOI Aii OAOAPEA8 6UOLEOEA Al A
O0¢e AT EA EAOADIOOALAE EIOU @I WA DERAIWGEA OIAAG TRITAATE
terapie (Yi et al, 2010).01 OL p OAT EA OPOUOT UAE OADI 007 O OLA
ADOAGEA OOAAT OLAE DOl CAIIEHEIOAIGO 1&ELA ED BOA,
OUE¢AAUOAT EA OPOUOT AREE OO0OBOOAQRE ABiAGRDAD OAC
2008). . AOLET AAT E DI OLEOEA ¢c¢OAOELAE EIiI API OLAE
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EAOAEIT I Ul CAT EAEAE AEZAOAT AEUAEAh TpUEA 71010
001 OAU OAAAQEIITIGEMET 1 Al 8 &Bches@Ede, 2008/A 0 OOA AT O
AE DI OLEOpI i AODAEBU DDpPAET AEU QAT I 1 T et
a0l AOT OATEA OOAT 0PI AT 01T OAT LAE AOT EAE Al LEA/
6AOOp DOAODT AjakoiCHTA DOP G dbd AV uzolalebo na vytvorenie

AOT EéT LAE HOOOEOYT O bl APl OOET AEAE ODPOUOT A &EO1

~
-

SEVUUATEA TA DOT AAGORN OAIXDEOEABRA OAEOI B
bi OEAUOET 1T A Di OOAAO i1 Al HEAET OET OAREAT AEC
i OOAT O1 68 - AOT AEAEHOBDAHOOABAADOUEOEEAEED OOAA
DOEAEUAUAET EO EI T ADOOA ®BIAOOBAET GAEBIKHIUOI el
zEOT OLAE EA 1T AT 1 AT HEA, AAAUOTOUATEGAD®A @1 éDLA0T AR

ki AEAEOpOT O PiI OLEOEO Al HOAOEOOEAET EI ODPOAA
OHAE 11T LT1 TUEQ AEDT EHOUEI E6GCEBD AE ET1 OOAEO

viastt T OOEAAE OOAARADATEDILAAE GEA idUUCT OT 6 bPi 001 AC
EAI LA OA APANATT D OODUAEIO AOUOET OAT p8 6kndkklEA AUOA
I 001 OLAE 1T POEAELAE 1 Ubp EA 17TLTT TUEOT EI OAI
ahomozygotne m©OAT OT LT h EO EOT Oii &6 AU OA widitypé OT UOAIT
FTAATTO TAATTT 11Tl i Al POAAT OAT 8
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5. Ya# + O w

40017 PDPOUAAh UAI AOAT U TA EATT OUBNKkxDEna DOAE A (
Al AEOGOT AUUETIT T CEAET O1I AGOT T OOE Ai AoUui T UITAEI
TUOT éTTi1 OPEOI AA OETI ATEA DPOATT OO0 Al ABEOBERE
i ADT OATEA OITLEIT AET EIAOT U OAAET EEAT UpOEA
OLAEI T OTOWUAGIAABT AOT h EOI O DPOAEAA Al AEOOEAEL
OO€EET UUET AAT i Al AE OO TOMBAT EITI LI AGREAREE v réngohl AA O O 1
ATl AoulTuri1i1i OLOTETIiT HOUAEOS

6 AcA DOUA OIEOI OubpO OA 1T AAU AdipcUEAAT h
OLTALTTOT AUO pPIiiTAT O OAEOT [ AOpEUOS AOABORA
011 6 EA AE|l Sa EGIAAAADPA®NOPEET OO1T AATcLOME QAEAA
OLiI 01 Oi AOT 1T h b ORAdbsne hredddhkdlapsbrp & UOT AAT LT 11 00
jedncavOAEOT DBOUAE DHIiITEIT TAEAITET DI OOAEU O1 (
AT T T EAT EI AHEAI O D1 AET PAT EOT OUREEOAODAARODL I
prejavy AT AAT OA DPOARERAGIEIA GFAEGB +Ai LA OEAOI bl 0OC
Of OOACEI ALEAT AUAT AOAT OA T A E¢AAATEA DPOpeéEI
za ich vznikom stojad UOIT AAT A GOEGAPDPMEREAELAE 11T LTT O0Op E
Ui EAOT ATEA EAE DOpUT AET O8

31 AOT OATEA i A1l HEAET OLOEOI O AU 1 A1 T AUT
pl AET DPAT EA ET 1 Pl AT LAE OAcOl AéT LAE AOUEH
aZUUET I T CEAELI OLOIETT OOAAA TA 11 A4ind OLAE
¢ OACELAE ®OHpEOIAAI AGeAA 1 U BT OATAEUI T AEAOATE
srdca aEA [ JIAT iDbOUOA OETI ATEA EITITUUCT OlelioET  CAT
AAT T OUPOh T APOEAE EAET 1 AOWIOAEAO®ER DO HAUBRA E
Cil @ansk OEDPéT i1 EI AAEOI ODOOCEODTI OL DPEAEODBABGBEAT OUT E
bl bpOAT EA MEMAEAGIBES OLEAFA PAAUAAT ERE @TTGEATTEO diTAQ]
EAE 1 U®OA O Bdciéniov.
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