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ABSTRACT 

Gulec C. Analysis of HOP Gene Mutations in Patients with Hypertrophic 

Cardiomyopathy. Istanbul University, Institute of Health Science, Department of 

*HQHWLFV��7KHVLV�RI��0DVWHU��øVWDQEXO������� 
HOP is a gene described recently and shown to control prenatal and postnatal 

heart growth. The aim of our study was to understand the possible modifying role of 

HOP gene in hypertrophic cardiomyopathy.  

Clinical heterogenity in HCM (Hypertrophic Cardiomyopathy) is thougt to be 

result of interaction between enviromental factors, disease causing gene and modifying 

genes. We hypothesed that mutations which cause structural changes in HOP, might 

effect the function of HOP in cardiac hypertrophy, thus phenotype of cardiac 

hypertrophy related diseases. We, therefore, analysed three exons, including protein 

coding sequences, of HOP gene by PCR-SSCP techniques in 50 patients diagnosed with 

HCM. We have not found any mutation which could change primer stucture of the 

protein. Within the region which includes 4th exon of the  gene, we have found two 

intronic variations defined before. One of those variations is single nucleotide 

polymorphism (SNP), and the other is deletion-insertion polimorphism (8-bp-DIP). 

Samples was genotyped by polyacrilamid gel for 8-bp-DIP variation. It has been seen 

that, 13 samples (%26) from patient group (n=50) have D/D, 15 samples (%30) have I/I 

and 22 samples (%44) have D/I genotype, and 30 samples (%30) from control group 

(n=100) have D/D, 24 samples (%24) have I/I and 46 samples (%46) have D/I 

genotype. Genotyping results, which are not significantly different between patient and 

control groups, were compared with some patient data. Statistically, there couldn’t been 

found any correlation. Those results indicate that further study with more sensitive 

techniques and wider patient group is requered to elucide modifying role of HOP gene. 

Key Words: HOP, SRF, Cardiac Hypertrophy, Cardiomyopathy 

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�7KH�5HVHDUFK�6XSSRUW�8QLW�RI�øVWDQEXO�8Qiversity as the 

project no T-533/21102004   



1. *ø5øù�9(�$0$d 

.DOS�KDVWDOÕNODUÕQD�ED÷OÕ�|O�POHU���G�Q\D�JHQHOLQGH�|QOHQPHVL�KHGHIOHQHQ��VD÷OÕN�
VRUXQODUÕQÕQ�EDúÕQGD�\HU�DOPDNWDGÕU��g]HOOLNOH�JHOLúPLú��ONHOHULQ�|QHPOL�ELU�VRUXQX�RODQ�
kalp ölümlerinden, genellikOH� NRURQHU� DUWHU� WÕNDQPDODUÕQD� ED÷OÕ� PL\RNDUG� HQIDUNW�V��
VRUXPOXGXU��.RURQHU�KDVWDOÕNODU�GÕúÕQGD�NDOS�\HWPH]OL÷L��KLSHUWDQVLI�NDOS�KDVWDOÕNODUÕ�YH�
NDUGL\RPL\RSDWLOHU� JLEL� NDOELQ� ELULQFLO� \D� GD� LNLQFLO� KDVWDOÕNODUÕ� GD� NDOS� |O�POHULQLQ�
EDúWD� JHOHQ� QHGHQOHUL� DUDVÕQGDGÕU�� %X� �o� KDVWDOÕN� JUXEXQXQ� HQ� |QHPOL� RUWDN� ELOHúHQL�
NDUGL\DN�KLSHUWURILGLU��.DUGL\DN�KLSHUWURIL��NDOS�Lú�\�N�QGH�DUWÕúD�\D�GD�NDOS�LúOHYLQGH�
D]DOPD\D��QHGHQ�RODQ�KHUKDQJL�ELU�IL]\RORMLN�\D�GD�SDWRORMLN�GXUXP�NDUúÕVÕQGD�GHYUH\H�
giren bir uyum mekaQL]PDVÕGÕU���.ÕVD�G|QHPGH�ID\GDOÕ�RODQ�NDUGL\DN�KLSHUWURILQLQ�X]XQ�
V�UPHVL�GXUXPXQGD��NDOS�LúOHYLQGH�EHOLUJLQ�ELU�D]DOPD�RUWD\D�oÕNDU��.DOS�LúOHYLQGHNL�EX�
D]DOPD�GD�JHQHOOLNOH�NDOS�\HWPH]OL÷L�\D�GD�NDUGL\RPL\RSDWL�LOH�VRQXoODQÕU�� 

Kardiyak hipertrofinin moOHN�OHU� WHPHOOHULQLQ� DQODúÕOPDVÕ� YH� IL]\RORMLN�
KLSHUWURIL� LOH� SDWRORMLN� KLSHUWURIL� DUVÕQGDNL� IDUNOÕOÕNODUÕQ� WDQÕPODQPDVÕ�� NDUGL\DN�
KLSHUWURIL� WHPHOOL� NDOS� KDVWDOÕNODUÕQÕQ� WDQÕ� YH� WHGDYLVLQGH� |QHPOL� JHOLúPHOHU�
VD÷OD\DFDNWÕU�� +LSHUWURILN� \DQÕWWD� IDUNOÕOÕNODUa neden olan genetik polimorfizmlerinin 

EHOLUOHQPHVL�GH�EX�DPDFD�\|QHOLN�oDOÕúPDODUÕQ�EDúODQJÕFÕQÕ�ROXúWXUPDNWDGÕU��.DUGL\DN�
KLSHUWURIL�NRQXVXQGD�\DSÕODQ�oDOÕúPDODUOD��KLSHUWURILN�X\DUÕGD��KLSHUWURILN�\DQÕWWD�YH�EX�
LNLVLQL� ELUOHúWLUHQ� DUD� EDVDPDNODUGD� J|UHY� DODQ� oRN� VD\ÕGD� PROHN�O� WDQÕPODQPÕúWÕU��
+LSHUWURILN�\DQÕWÕQ�NRQWURO�QGH�|QHPOL�LúOHYOHUL�ROGX÷X�DQODúÕODQ�PROHN�OOHULQ�EDúÕQGD��
GATA-��� 0()�&�� 1)$7� YH� 65)� JLEL� WUDQVNULSVL\RQ� IDNW|UOHUL� EXOXQPDNWDGÕU�� � %X�
PROHN�OOHUGHQ� 65)�� JHOLúLP� VÕUDVÕQGD� LVNHOHW� NDVÕ�� NDOS� NDVÕ� YH� G�]� NDV� K�FUHOHULQLQ�
E|O�QPH� YH� IDUNOÕODúPDVÕQÕ� NRQWURO� HGHU�� 'R÷XP� VRQUDVÕQGD� E|O�QPH� \HWHQH÷LQL�
ND\EHGHQ�HULúNLQ�NDOS�NDVÕ�K�FUHOHULQGH� LVH�65)��KLSHUWURILN�\DQÕWÕQ�G�]HQOHQPHVLQGH�
J|UHY�DOPD\D�EDúODU�� 

HOP��NDOS�NDVÕQGDNL�65)¶\H�ED÷OÕ�JHQ�LIDGHVLQL�EDVNÕOD\DUDN�NDOS�JHOLúLPLQL�YH�
E�\�PHVLQL� G�]HQOH\HQ� ELU� PROHN�O� RODUDN� WDQÕPODQPÕúWÕU�� 65)¶QLQ� NDUGL\DN�
KLSHUWURILGHNL� G�]HQOH\LFL� URO�� G�ú�Q�OG�÷�QGH�� HOP’un kardiyak hipertrofi temelli 

NDOS� KDVWDOÕNODUÕ� LoLQ� PRGLIL\H� HGLFL� JHQ� DGD\Õ� RODELOHFH÷LQL� YDUVD\GÕN�� %X� DPDoOD��
NDUGL\DN� KLSHUWURIL� JHOLúWLUPLú� NLúLOHU� LOH� VD÷OÕNOÕ� NLúLOHUGH� HOP geninin protein 

NRGOD\DQ� E|OJHOHUL� 3=5� YH� 66&3� \|QWHPOHUL� LOH� LQFHOHQPLú�� SURWHLQ� \DSÕVÕQGD�
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GH÷LúLNOL÷H� QHGHQ� RODELOHFHN� GL]L� IDUNOÕOÕNODUÕ� DUDúWÕUÕOPÕúWÕU�� .DUGiyak hipertrofi 

JHOLúWLUPLú�KDVWD�JUXEX�RODUDN��+LSHUWURILN�.DUGL\RPL\RSDWL��+.0��WDQÕVÕ�DOPÕú�KDVWDODU�
seçildi.   

+.0��NDOELQ� VDUNRPHULN�SURWHLQOHULQL�NRGOD\DQ�JHQOHUGHNL�ED]Õ�PXWDV\RQODUÕQ�
QHGHQ� ROGX÷X� DLOHYL� \D� GD� VSRUDGLN� ELU� NDOS� NDVÕ� KDVWDOÕ÷ÕGÕU�� +.0�� QHGHQ� ROGX÷X�
KLSHUWURILQLQ� GHUHFHVL�� \HUOHúLPL� YH� RUWD\D� oÕNÕú� ]DPDQÕ�� YH� EXQODUD� ED÷OÕ� RODUDN� GD�
NOLQLN� EXOJX� YH� JLGLúDWÕ� GH÷LúNHQOLN� J|VWHUHQ� ELU� KDVWDOÕNWÕU�� 7DúÕGÕ÷Õ� EX� NOLQLN�
KHWHURMHQLWH� |]HOOL÷LQGHQ� GROD\Õ� +.0¶\L�� NDUGL\DN� KLSHUWURILQLQ� DQODúÕOPDVÕ� LoLQ� ELU�
PRGHO�KDVWDOÕN�RODUDN�NDEXO�HWWLN� 
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2. *(1(/�%ø/*ø/(5 

2.1. Hox Genleri ve Homeodomeyn 

*HOLúLP� EL\RORMLVLQGHNL� HQ� |QHPOL� LOHUOHPHOHUGHQ� ELUL� homeobox (Hox) gen 

WDNÕPÕQÕQ� WDQÕPODQPDVÕGÕU�� (PEUL\RQHO� JHOLúLPLQ� WHPHO� G�]HQOH\LFLOHULQGHQ�RODQ�Hox 

JHQOHULQLQ� RUWDN� YH� D\ÕUW� HGLFL� |]HOOL÷L� homeobox GL]LVLGLU�� øONHO� RPXUJDVÕ]ODUGDQ�
JHOLúPLú�RPXUJDOÕODUD�NDGDU�HYULPVHO�RODUDN�NRUXQPXú������ED]�X]XQOX÷XQGDNL�EX�GL]L��
LOJLOL� JHQLQ� �UHWWL÷L� SURWHLQGH� �KRPHRSURWHLQGH�� ��� DPLQRDVLW� X]XQOX÷XQGD�
“homeodomeyn” isimli bölgeyi kodlar. Hox gen ürünü olan protein (homeoprotein), 

VDKLS� ROGX÷X� KRPHRGRPH\Q� E|OJHVL� DUDFÕOÕ÷Õ\OD� '1$¶\D� ED÷ODQDELOPHNWH� YH� ELUoRN�
JHQLQ� WUDQVNULSVL\RQXQX�NRQWURO�HGHELOPHNWHGLU��%X�|]HOOL÷LQGHQ�GROD\Õ�WUDQVNULSVL\RQ�
IDNW|U�� RODUDN� WDQÕPODQDn Hox gen ürünleri DNA’ya monomer, homodimer ya da 

KHWHURGLPHU�RODUDN�YH�GL]L\H�|]J��ELU�ELoLPGH�ED÷ODQÕU��.URPR]RP��]HULQGH�VÕUDODQDUDN�
N�PH�ROXúWXUDQ� YH�EX�N�PHGHNL� VÕUDODUÕQD�J|UH�HPEUL\RQHO�HNVHQGH� LIDGH�HGLOHQ�Hox 

JHQOHUL� GÕúÕQGD�� JHQRPD� GD÷ÕOPÕú� EDúNa homeobox� JHQOHU� GH� YDUGÕU�� %X� JHQOHULQ�
NRGODGÕ÷Õ� SURWHLQOHUGH� JHQHOOLNOH� KRPHRGRPH\Q� GÕúÕQGD� EDúND� E|OJHOHU� GH� EXOXQXU��
Homeodomeyn içeren tüm bu proteinler, homeodomeyn bölgesindeki aminoasit dizi 

EHQ]HUOLNOHULQH� YH� KRPHRGRPH\Q� GÕúÕQGD� VDKLS� ROGX÷X� GL÷Hr (Paired box, LIM, Pou 

JLEL��NRUXQPXú�E|OJHOHUH��J|UH�VÕQÕIODQGÕUÕOÕU�������� 

2.2. HOP (Homeodomain Only Protein)  Geni 

&KHQ� YH� DUNDGDúODUÕ�� ����� \ÕOÕQGD� 3$;�� KRPHRGRPH\QLQL� SURE� RODUDN�
NXOODQDUDN� IDUHGH�� \DOQÕ]� KRPHRGRPH\Q� E|OJH� NRGOD\DQ� ELU� JHQ� WDQÕPODPÕúODU� YH� EX�
gene homeodomain only protein (Hop��DGÕQÕ�YHUPLúOHUGLU������$\QÕ�\ÕO��ED÷ÕPVÕ]�RODUDN��
6KLQ�YH�DUNDGDúODUÕ� WDUDIÕQGDQ�GD�NORQODQDQ�Hop¶XQ� LQVDQGDNL�KRPROR÷X��HOP), EST 

YHUL� WDEDQÕQÕQ� WDUDQPDVÕ\OD� EXOXQPXúWXU� �����'DKD� VRQUD� IDUNOÕ� JUXSODU� WDUDIÕQGDQ� GD�
klonlanan gen Toto, Cameo (Cardiac homeobox), Smap31 (Small protein 31) ve Ob1 

(Odd homeobox��JLEL�IDUNOÕ�ELoLPOHUGH�DGODQGÕUÕOPÕúWÕU�������������� 

7RWR��&DPHR��6PDS����2E��JLEL�IDUNOÕ�DGODUOD�WDQÕPODQDQ�EX�JHQLQ�HQ�EHOLUJLQ�
|]HOOL÷L�� \DOQÕ]� KRPHRGRPH\Q� LoHUHQ� oRN� N�o�N� ELU� SURWHLQ� NRGODPDVÕGÕU�� %X�
|]HOOL÷LQGHQ� GROD\Õ�� ELOLQHQ� HQ� N�o�N� KRPHRGRPH\Q� SURWHLQL� NRGOD\DQ� EX� JHQH�
Homeodomain Only Protein (HOP��DGÕ�X\JXQ�EXOXQPXúWXU (3). 
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2.2.1. HOP�*HQLQLQ�<DSÕVÕ�YH�hU�QOHUL 
HOP, insanda kromozom 4 (4q12) üzerinde bulunan  5 ekzonlu bir gendir. 

*HQRP� �]HULQGH� \DNODúÕN� ����� NLORED]OÕN� \HU� NDSOD\DQ� JHQLQ� HN]RQODUÕQGDQ� �o��
DOWHUQDWLI�HN]RQGXU��(���(��YH�(���YH�GL÷HU�LNL�HN]RQ��(��YH�(���LOH�ELUOLNWH�ELOLQHQ��o�
IDUNOÕ� WUDQVNULSW�NRGODU��%X��o� WUDQVNULSWLQ�NRGODGÕ÷Õ�SURWHLQOHU�LVH�D\QÕGÕU��ùHNLO��-1). 

HOP�JHQLQLQ�SURWHLQ��U�Q�����DPLQRDVLW�X]XQOX÷XQGDGÕU��)DUH�YH�LQVDQ�GÕúÕQGD�VÕoDQ��
VÕ÷ÕU�� GRPX]�� WDYXN�� ELU� W�U� NXUED÷D� �Xenopus laevis�� YH� EDOÕNWD� �]HEUD� EDOÕ÷Õ�� GD� EX�
JHQLQ� KRPRORJODUÕ� � WDQÕPODQPÕúWÕU�� ùLPGL\H� NDdar incelenen (D. melanogaster, C. 

elegans JLEL�� KLoELU� RPXUJDVÕ]GD� KRPROR÷XQXQ� EXOXQPDPDVÕ��HOP geninin evrimsel 

RODUDN� JHo� G|QHPGH� RUWD\D� oÕNPÕú�� RPXUJDOÕODUD� |]J��� JHQo� ELU� JHQ� ROGX÷XQX� DNOD�
getirmektedir (3, 4). 

  

ùHNLO�2-1- HOP�JHQLQLQ�JHQRPLN�\DSÕVÕ��WUDQVNULSWOHUL�YH�SURWHLQ��U�Q� 
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73 aminoasit içeren HOP, 61 aminoasitlik bir homeodomeyn bölgesine sahiptir. 

.RGODGÕ÷Õ� SURWHLQLQ� DPLQRDVLW� GL]LVLQH� J|UH� HOP geni, paired-tip homeobox gen 

grubuna girer ve bu grupta yer alan goosecoid ve Pax6¶QÕQ�KRPHRGRPH\QL�LOH�EHQ]HUOLN�
J|VWHULU�� ho� DOID� KHOLNV� \DSÕVÕ� LoHUHQ� +23� �ùHNLO� �-���� WDQÕPODQPÕú� HQ� N�o�N�
homeodomeyn proteindir (3, 4). 

 

              ùHNLO�2-2 Hop’un 3D[��LOH�NDUúÕODúWÕUPDOÕ�YH���o�ER\XWOX�\DSÕVÕ� 
(http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi?form=6&db=t&Dopt=s&uid=28757) 

 

 

'L÷HU� KRPHRGRPH\Q�SURWHLQOHUGH�EXOXQDQ�ELUoRN�DPLQRDVLW�+23¶WD�NRUXQPXú�
ROGX÷X� KDOGH�� KRPHRGRPH\Q� E|OJHVLQLQ� '1$¶\D� ED÷ODQPDVÕQGDQ� VRUXPOX� RODQ�
DPLQRDVLWOHU� NRUXQPDPÕúWÕU� �ùHNLO� �-���� %X� GD�� Q�NOHXV� \HUOHúLPOL� ROPDVÕQD� UD÷PHQ�
+23¶XQ� GR÷UXGDQ� '1$¶\D� ED÷ODQPD� \HWHQH÷LQH� VDKLS� ROPDGÕ÷ÕQÕ� J|VWHUPHNWHGLU��
'HQH\VHO�YHULOHU�GH�EX�J|U�ú��GR÷UXODPDNWDGÕU��������� 

 

N

N

C

C

Pax6

HOP

HomeodomainPaired Domain

N

C
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ùHNLO�2-3 : +23¶WD�EXOXQDQ�YH�'1$¶\D�ED÷ODQPDVÕQÕ�HQJHOOH\HQ�|QHPOL�DPLQRDVLW�IDUNOÕOÕNODUÕ�
(Kaynak 4’den düzenlendi) 

 

 

PAX6

HOP

Homeodomain

LQRNRTSFTQEQIEALEKEFERT-HYPDVFARERLAAKIDLPEARIQVWFSNRRAKWRREEKLRNQRRQASNT

MSAQTASGPTEDQVEILEYNFNKVNKHPDPTTLCLIAAEAGLTEEQTQKWFKQRLAEWRRSEGLPSECRSVTD

.- heliks 1 .- heliks 2 .- heliks 3

10 20 30 40 50 601

Tüm homeodomeyn proteinlerin 
�����YH�����NRQXPODUÕQGD�

triptofan (W) ve fenilalanin (F) 
bulunur

51. konumdaki 
asparajin (N���WDQÕPD�
dizisindeki adenin ile 

HWNLOHúLU

53. ve 55. konumdaki 
bazik aminoasitler 

(arjinin-N- ve lizin-K-), 
'1$¶QÕQ�úHNHU-fosfat 
RPXUJDVÕ�LOH�HWNLOHúHUHN�
homeodomeyn proteinin 
'1$¶\D�ED÷ODQPDVÕQÕ�

VD÷ODU��+23¶XQ����YH�����
NRQXPODUÕQGD�LVH�

hidrofobik (Lösin/L) ve 
asidik (Glutamat/E) 
DPLQRDVLWOHU�\HU�DOÕU�

Valin insersiynu

PAX6

HOP

Homeodomain

LQRNRTSFTQEQIEALEKEFERT-HYPDVFARERLAAKIDLPEARIQVWFSNRRAKWRREEKLRNQRRQASNT

MSAQTASGPTEDQVEILEYNFNKVNKHPDPTTLCLIAAEAGLTEEQTQKWFKQRLAEWRRSEGLPSECRSVTD

.- heliks 1 .- heliks 2 .- heliks 3

10 20 30 40 50 601

Tüm homeodomeyn proteinlerin 
�����YH�����NRQXPODUÕQGD�

triptofan (W) ve fenilalanin (F) 
bulunur

51. konumdaki 
asparajin (N���WDQÕPD�
dizisindeki adenin ile 

HWNLOHúLU

53. ve 55. konumdaki 
bazik aminoasitler 

(arjinin-N- ve lizin-K-), 
'1$¶QÕQ�úHNHU-fosfat 
RPXUJDVÕ�LOH�HWNLOHúHUHN�
homeodomeyn proteinin 
'1$¶\D�ED÷ODQPDVÕQÕ�

VD÷ODU��+23¶XQ����YH�����
NRQXPODUÕQGD�LVH�

hidrofobik (Lösin/L) ve 
asidik (Glutamat/E) 
DPLQRDVLWOHU�\HU�DOÕU�

Valin insersiynu
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2.2.2 HOP�*HQLQLQ�øIDGHVL 
*HOLúPHNWH�RODQ�IDUHQLQ�YH�HULúNLQ�IDUHQLQ�ELUoRN�GRNXVXQGD��NRGODPD�E|OJHOHUL�

D\QÕ�� �¶� 875� GL]LOHUL� IDUNOÕ� RODQ� Hop� WUDQVNULSWOHUL� WDQÕPODQPÕúWÕU�� $\QÕ� SURWHLQL�
NRGODGÕ÷Õ�G�ú�Q�OHQ�EX�WUDQVNULSWOHULQ��¶�875�E|OJHOHULQGHNL�GL]L�IDUNOÕOÕNODUÕQÕQ�LúOHYL�
bilinmemektedir (3,4). 

Hop�JHQ�LIDGHVL�IDUHGH�LON�RODUDN�JHOLúLPLQ����J�Q�QGH��(��������WURIREODVWODUGD�
YH�PH]RGHUPLQ�NDUGL\DN�DODQÕQGD��NDUGL\DN�PH]RGHUPGH��EDúODU��*HOLúLPLQ����J�Q�QGH�
�(� ����� GR÷UXVDO� NDOS� W�S�� ER\XQFD� LIDGH� HGilen Hop, miyokarddaki ifadesini tüm 

HPEUL\RQHO� JHOLúLP� YH� HULúNLQ� \DúDPÕ� ER\XQFD� GHYDP� HWWLULU�� (QGRNDUG�� HSLNDUG� YH�
E�\�N�GDPDUODUGD� LIDGH� HGLOPH]��(Q�EDVNÕQ� YH� X]XQ� V�UHOL� LIDGH� DODQÕ�PL\RNDUG�RODQ�
Hop�JHQLQLQ�WUDQVNULSWOHUL�NDOS�GÕúÕQGDNL�GRNXODUGD�GD�EXOXQPXúWXU��7DEOR��-1). Yutak 

\D\ODUÕ��ED÷ÕUVDN�HSLWHO�NULSWOHUL��Q|UDO�W�S�Q�YH�WHOHQVHIDORQXQ�NDUÕQFÕN�E|OJHVL��E|EUHN�
JORPHU�OOHUL��JHOLúPHNWH�RODQ�PHPH�EH]OHUL�YH�DNFL÷HULQ�GLVWDO�KDYD�\ROX�HSLWHOOHUL�Hop 

WUDQVNULSWOHUL� EXOXQDQ� GL÷HU� GRNXODUGÕU�� %X� GRNXODUGD� \DNODúÕN� ���� NLORED]OÕN�
WUDQVNULSWOHU�EXOXQPXúWXU��)DUH�YH�LQVDQD�DLW�NDOS��EH\LQ��DNFL÷HU��ED÷ÕUVDN��XWHUXV��LGUDU�
kesesi, düz kas, böbrek ve dalak gibi birçok doku ve organda Hop� LIDGHVLQLQ� HULúNLQ�
\DúDPGD�GD�GHYDP�HWWL÷L�ELOLQPHNWHGLU (3, 4). 

 

Tablo 2-1 )DUHGH�� IDUNOÕ� HPEUL\RQHO� G|QHPOHUGH�+RS� LIDGHVLQLQ� J|U�OG�÷��GRNX�YH� RUJDQODU�
(kaynak 3 ve 4’den düzenlendi) 

 

 

 

 

 

E7.75:        Ekstraembriyonik membrablardaki trofoblastlarda, kardiyak mezodermin lateral bölgelerinde 

E8.0: ���������'R÷UXVDO�NDOS�W�S�QGH��EDú�NDWODQWÕODUÕQGD 

E8.5-9.5: ��0L\RNDUGGD��WUDEHN�OHU�PL\RNDUGGD�GDKD�\D\JÕQ�RODUDN���IDULQJHDO�\D\ODUGD 

E12.5 :      Nöral tüpün periventriküler bölgesinde  

E13.5:�������øQWHVWLQDO�HSLWHOGH��G�ú�N�G�]H\GH� 
E16.5:���$NFL÷HULQ�JHOLúPHNWH�RODQ�KDYD\ROX�HSLWHOLQGH��ROIDktor epitelde, telensefalonun ventriküler bölgesinde 
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*HQLQ��¶�G�]HQOH\LFL�E|OJHVL�LQFHOHQGL÷LQGH�Hop promotorunda 12 tane yüksek 

afiniteli NKE (Nkx Cevap Elementi-711$*7*�� GL]LVL� EXOXQGX÷X� J|U�OP�úW�U�� %X�
diziler, Hop geninin kalpteki ifadesinin, kalbe özgü bir transkripsiyon faktörü olan 

Nkx2-�� WDUDIÕQGDQ� NRQWURO� HGLOGL÷LQL� J|VWHUPHNWHGLU��Hop� SURPRWRUXQGDNL� NRUXQPXú�
1.(�GL]LOHULQLQ�YDUOÕ÷Õ� LOH�ELUOLNWH��1N[��-5 mutant farelerin kalbinde Hop ifadesinin 

JHUoHNOHúPHPHVL�� NDUGL\DN� PH]RGHUPGH Hop ifadesinin Nkx 2-5 ifadesindan hemen 

VRQUD�EDúODPDVÕ�YH�GDKD�N�o�N�ELU�DODQGD�VÕQÕUOÕ�NDOPDVÕ�JLEL�YHULOHU�GH��NDOSWHNL�Hop 

ifadesinin Nkx 2-��WDUDIÕQGDQ�NRQWURO�HGLOGL÷LQL�GR÷UXODPDNWDGÕU�������� 

Hop�JHQLQLQ����NE��¶�NRPúXOX÷XQGDNL�\DNODúÕN�����Eo¶OLN�ELU�EDúND�E|OJHQLQ�GH��
Hop¶XQ� EH\LQ� YH� PHUNH]L� VLQLU� VLVWHPLQGHNL� LIDGHVLQGHQ� VRUXPOX� ROGX÷X�
G�ú�Q�OPHNWHGLU��%X�E|OJHGH�7&)�/HI��YH�2FW��WUDQVNULSVL\RQ�IDNW|UOHUL�LoLQ�ED÷ODQPD�
GL]LVL�EXOXQPDNWDGÕU������ùHNLO��-4). 

 

 

 

ùHNLO� 2-4 Kalpte ve nöral tüpteki Hop ifadesinin promotor düzeyindeki kontrolü ve in situ 

hibridizasyon ile görünümü. (nt:nöral tüp, a:atrium, v:ventrikül) (in situ hibridizasyon görüntüsü 

kaynak 2’den) 

 

2.2.3 HOP Geninin Görevleri 

'�]H\OHUL� IDUNOÕ� ROVD� GD� ELUoRN� GRNXGD�HOP� WUDQVNULSWOHUL� EXOXQPDNWDGÕU�� %X�
GRNXODUGDQ� DNFL÷HU� YH� SODVHQWDGD� HOP’un, hücre bölünmesini kontrol eden, tümör 

EDVNÕOD\ÕFÕ� ELU� JHQ� RODUDN� oDOÕúWÕ÷Õ� J|VWHULOPLúWLU� ���� ���� 0HUNH]L� VLQLU� VLVWHPLQGH��
Hop¶XQ� \D\JÕQ� LIDGH� HGLOGL÷L� RPXULOLN� NDUÕQFÕN� E|OJHVL�� EH\LQ� NDEX÷X� YH� HSHQGLPDO�
K�FUH�WDEDNDVÕQÕQ��Q|URQ�ROXúXPXQXQ�JHUoHNOHúWL÷L�DQD�E|OJHOHU�ROPDVÕ��Hop’un hücre 

nt 
 

HOP 

Oct6, TCF/Lef1  

Nkx2-5 

- 8.500 +1 
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bölünmesi ve/vH\D� IDUNOÕODúPDVÕQGD� J|UHY� DOGÕ÷Õ� J|U�ú�Q�� GHVWHNOHPHNWHGLU (7). 

Hop¶XQ� HQ� ID]OD� YH� NDOÕFÕ� LIDGH� HGLOGL÷L� GRNX� RODQ� NDOS� NDVÕQGD� GD� EHQ]HU� ELU� J|UHY�
DOGÕ÷Õ�J|VWHULOPLúWLU������� 

'1$¶\D� GR÷UXGDQ� ED÷ODQDPD\DQ�� VÕUDGÕúÕ� ELU� KRPHRGRPH\Q� SURWHLQ� RODUDN�
WDQÕPODQDQ�+RS¶XQ��K�FUH�E|O�QPHVL�YH� IDUNOÕODúPDVÕQÕ� IDUNOÕ�GRNXODUGD�QDVÕO�NRQWURO�
HWWL÷L� KHQ�]� DoÕNODQDPDPÕúWÕU�� )DNDW� NDUGL\RPL\RVLWOHUGH� +RS¶XQ�� 65)¶\H� ED÷OÕ� JHQ�
LIDGHVLQL�EDVNÕODGÕ÷Õ�YH��EX�\ROOD��NDOS�JHOLúLPLQL�G�]HQOHGL÷L�DQODúÕOPÕúWÕU����������              

+RS¶XQ� LúOHYLQGH�� GR÷UXGDQ� HWNLOL� ROGX÷X� DQODúÕODQ� LNL� |QHPOL� PROHN�O�
bilinmektedir: 

I- SRF:  +RS¶XQ�IL]LNVHO�RODUDN�HWNLOHúWL÷L�ELOLQHQ�WHN�WUDQVNULSVL\RQ�IDNW|U�G�U��
SRF, MADS (MCM1, Agamous, Deficient, SRF) box transkripsiyon faktör ailesinin bir 

üyHVLGLU��(PEUL\RQHO�JHOLúLP�VÕUDVÕQGD�G�]�NDV�YH�NDOS�NDVÕQÕQ�IDUNOÕODúPDVÕQÕ�NRQWURO�
HGHQ� 65)�� '1$¶GD� &$U*� GL]LVL� \D� GD� 65(� �6HUXP� &HYDS� (OHPHQWL�� DGÕ� YHULOHQ�
E|OJHOHUH� ED÷ODQÕU�� 3URPRWRUXQGD� &$U*� EXOXQDQ�� GROD\ÕVÕ\OD� 65)� WDUDIÕQGDQ�
HWNLQOHúWLULOHQ� JHQOHU� LNL� IDUNOÕ� K�FUHVHO� V�UHoWH� �K�FUH� E|O�QPHVLQGH� \D� GD� PL\RVLW�
IDUNOÕODúPDVÕQGD��J|UHY�DOÕUODU��<D\JÕQ�ELU�WUDQVNULSVL\RQ�IDNW|U��RODQ�65)¶QLQ�KDQJL�WLS�
JHQLQ�SURPRWRUXQD�ED÷ODQDFD÷Õ�GL÷HU�WUDQVNULSVL\RQ�IDNW|UOHUL�YH�NRIDNW|UOHUL�WDUDIÕQGDQ�
belirlenir. KalS�NDVÕ�YH�G�]�NDV�K�FUHOHULQGH�65)��EX�K�FUHOHUH�|]J��ELU�WUDQVNULSVL\RQ�
koaktivatörü olan myocardin� DUDFÕOÕ÷Õ\OD� PL\RVLW� IDUNOÕODúPDVÕQÕ� VD÷OD\DQ� JHQOHULQ�
SURPRWRUXQD�ED÷ODQÕU������������������������������� 

.DV� K�FUHOHUL� GÕúÕQGDNL� K�FUHOHUGH� YH� oR÷DOPDNWD olan (mitotik) öncül kas 

hücrelerinde ise SRF; TCF (veya MRTF) ile birlikte c-fos gibi hücre bölünmesini 

NRQWURO�HGHQ�JHQOHULQ�SURPRWRUXQD�ED÷ODQÕU��������������������������� 

+RS¶XQ�� NDOSWHNL� 65)� HWNLQOL÷LQL� myocardin¶LQ� 65)¶\H� ED÷ODQPDVÕQÕ�
engelleyerek sÕQÕUODQGÕUGÕ÷Õ�G�ú�Q�OPHNWHGLU�������� 

 II- HDAC: 7UDQVNULSVL\RQ�IDNW|UOHULQLQ��WUDQVNULSVL\RQX�HWNLQOHúWLUPHOHUL�\D�GD�
EDVNÕODPDODUÕ� JHQHOOLNOH� KHGHI� JHQLQ� SURPRWRUXQGDNL� NURPDWLQ� \DSÕVÕQGD� PH\GDQD�
JHWLUGLNOHUL� JHUL� G|Q�ú�PO�� GH÷LúLNOLNOHU� �PRGLILNDV\RQODU�� LOH� JHUoHNOHúLU�� %X�
GH÷LúLNOLNOHULQ�HQ�|QHPOLVL�RODQ�KLVWRQ�DVHWLODV\RQX�LNL�oHúLW�HQ]LPDWLN�HWNLQOLNOH�NRQWURO�
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HGLOLU�� � +LVWRQ� DVHWLO� WUDQVIHUD]� �+$7�� HWNLQOL÷L� KLVWRQ� DVHWLODV\RQXQX� NDWDOL]OH\HUHN�
NURPDWLQLQ� JHYúHPHVLQH� YH� WUDQVNULSVL\RQXQ� NROD\ODúPDVÕQD� QHGHQ� ROXUNHQ� KLVWRQ�
GHDVHWLOD]� �+'$&�� HWNLQOL÷L� KLVWRQODUÕ� GHDVHWLOH� HGHUHN� NURPDWLQ� \R÷XQODúPDVÕQD� YH�
WUDQVNULSVL\RQXQ�]RUODúPDVÕQD�QHGHQ�ROXUODU��������� 

Birçok transkripsiyon faktörü HAT aktivitesine sahiptir, ya da HAT aktivitesine 

sahip p300/PCAF� JLEL� PROHN�OOHUL� ED÷OD\DELOPHNWHGLU�� 7UDQVNULSVL\RQ� IDNW|UOHULQLQ�
+$7� DNWLYLWHVL\OH� EDúODWWÕNODUÕ� JHQ� LIDGHVL�� +'$&¶OHULQ� WUDQVNULSVL\RQ� NRPSOHNVLQH�
ED÷ODQPDVÕ\OD�WHNUDU�EDVNÕODQÕU����� 22, 23). 

0HPHOLOHUGH� +'$&¶OHU�� ELUD� PD\DVÕQGDNL� �o� DQD� KLVWRQ� GHDVHWLlaz tipi ile 

EHQ]HUOLNOHULQH�J|UH��o�DQD�VÕQÕID�D\UÕOÕUODU��6ÕQÕI�,�+'$&¶OHU�\DOQÕ]�NDWDOLWLN�SDUoDGDQ�
ROXúXUNHQ� VÕQÕI� ,,� +'$&¶OHU� NDWDOLWLN� SDUoD� GÕúÕQGD� DPLQR� �1-) ve karboksi (C-) 

E|OJHOHULQGH�X]DQWÕODUD�VDKLSWLU��6ÕQÕI�,,�+'$&¶OHU�� WUDQVNULSVL\RQ�IDNW|U�QH�GR÷UXGDQ�
ED÷ODQDELOGL÷L� KDOGH� VÕQÕI� ,� � +'$&¶OHU� WUDQVNULSVL\RQ� IDNW|U�QH� ED÷ODQDELOPHN� LoLQ�
DUDFÕ�PROHN�OOHUH�LKWL\Do�GX\DU�������������� 

+RS¶XQ��VÕQÕI�,�+'$&��\HVL�RODQ�+'$&��¶QLQ��65)¶\H�ED÷ODQPDVÕQD�DUDFDOÕN�
HWWL÷L�YH��65)¶\H�ED÷OÕ�WUDQVNULSVL\RQX�EX�\ROOD�EDVNÕODGÕ÷Õ�G�ú�Q�OPHNWHGLU����������� 

2.3 HOP Geni ve Kanser 

 Hop� JHQLQL� WDQÕPOD\DQ� &KHQ� YH� DUNDGDúODUÕ� ����� \ÕOÕQGD�� VNXDPR]� K�FUHOL�
DNFL÷HU� NDUVLQRPXQGD� LIDGHVL� D]DODQ� ELU� JHQ� WDQÕPODPÕúODU� YH� homeobox� LoHUGL÷L�
DQODúÕODQ�EX�JHQH�LAGY (Lung Cancer-Associated Gene Y��DGÕQÕ�YHUPLúOHUGLU����� $\QÕ�
\ÕO�� WURIREODVWODUÕQ� PDOLQ� G|Q�ú�POHUL� �]HULQGH� oDOÕúDQ� $VDQRPD� YH� DUNDGDúODUÕ� GD�
NRU\RNDUVLQRP� K�FUH� VR\X� &&�¶GH� LIDGHVL� ND\ERODQ� ELU� W�P|U� EDVNÕOD\ÕFÕ� JHQ� DGD\Õ�
EXOPXúODU� YH� homeobox içeren bu gene NECC1 (Not Expressed in Choriocarcinoma 

CORQH����DGÕQÕ�YHUPLúOHUGLU�����%X�LNL�JUXEXQ�ELUELULQGHQ�ED÷ÕPVÕ]�RODUDN�WDQÕPODGÕNODUÕ�
LNL� W�P|U� EDVNÕOD\ÕFÕ� JHQ� DGD\ÕQÕQ� DVOÕQGD� D\QÕ� JHQ�ROGX÷X�YH�EX� JHQLQ������\ÕOÕQGD�
WDQÕPODQPÕú�RODQ�HOP��ROGX÷X�DQODúÕOPÕúWÕU������).  

HOP�JHQLQLQ��LIDGH�HGLOGL÷L�GRNXODUGDNL�J|UHYOHULQLQ�ELOLQPHPHVLQH�NDUúÕQ��EX�
GRNXODUÕQ� ED]ÕODUÕQGDQ� �DNFL÷HU� YH� SODVHQWD� JLEL�� ND\QDNODQDQ� W�P|UOHUGH� HOP 

LIDGHVLQLQ�D]DOGÕ÷ÕQÕQ�\D�GD�ND\EROGX÷XQXQ�J|VWHULOPHVL��HOP¶XQ�HULúNLQ�\DúDPGD��HQ�
D]ÕQGDQ�ED]Õ�GRNXODU�LoLQ��W�P|U�EDVNÕOD\ÕFÕ�JHQ�RODUDN�oDOÕúWÕ÷ÕQÕ�J|VWHUPHNWHGLU�������� 



 11 

$VDQRPD� YH� DUNDGDúODUÕ� WDUDIÕQGDQ� LAGY�� &KHQ� YH� DUNDGDúODUÕ� WDUDIÕQGDQ�
NECC1� RODUDN�DGODQGÕUÕODQ�JHQLQ�HOP�ROGX÷XQXQ�DQODúÕOPDVÕQGDQ�VRQUD��/HPDLUH�YH�
DUNDGDúODUÕ�GD��EDú�YH�ER\Xn skuamoz hücre karsinomunda (hipofaringeal karsinomda) 

EX�JHQLQ�LIDGHVLQGH�D]DOPD�ROGX÷XQX�J|VWHUPLúOHU�YH�HOP genini ‘tümör süpressör gen’ 

RODUDN�WDQÕPODPÕúODUGÕU������ 

&KHQ�YH�DUNDGDúODUÕ��HOP�LIDGHVL�ND\EROPXú�NRU\RNDUVLQRP�K�FUH�VR\XQD�HOP 

JHQL�DNWDUÕOGÕ÷ÕQGD��K�FUH�PRUIRORMLOHULQLQ�QRUPDOOHúWL÷LQL�YH�in vivo�W�P|U�ROXúXPXQXQ�
EDVNÕODQGÕ÷ÕQÕ��J|UP�úOHUGLU������ 

%DúND� ELU� oDOÕúPDGD� LVH� 3DXZV� YH� DUNDGDúODUÕ�� SDSLOOHU� WLURLG� NDUVLQRPXQGD��
HOP�JHQ�LIDGHVLQLQ�QRUPDOGHQ�\�NVHN�ROGX÷XQX�J|VWHUPLúOHUGLU�������� 

7�P|U� EDVNÕODQPDVÕQGD� \D� GD� ROXúXPXQGD� �+23¶XQ� QDVÕO� J|UHY� DOGÕ÷Õ� KHQ�]��
ELOLQPHPHNWHGLU�� )DNDW�� +23¶XQ� IL]LNVHO� RODUDN� HWNLOHúWL÷L� ELOLQHQ� WHN� WUDQVNULSVL\RQ�
IDNW|U�� 65)�� NRQWURO� HWWL÷L� JHQOHUGHQ� ELUL� RODQ� F-IRV� QHGHQL\OH� RQNRJHQH]OH� GROD\OÕ�
LOLúNL\H�VDKiptir.  

<D\JÕQ� RODUDN� LIDGH� HGLOHQ� 65)�� HWNLQOL÷L� ]D\ÕI� RODQ� ELU� WUDQVNULSVL\RQ�
IDNW|U�G�U�� 65)¶QLQ� ]D\ÕI� RODQ� HWNLQOL÷L�� NDOSWH� myokardin� DGOÕ� NRIDNW|U� WDUDIÕQGDQ�
J�oOHQGLULOLUNHQ� NDOS� GÕúÕ� GRNXODUGD� EX� J�oOHQGLUPH� 7&)� YH� 057)� �-A ve -B) 

WDUDIÕQGDQ�VD÷ODQÕU��65)¶QLQ�7&)�\D�GD�057)�LOH�ROXúWXUGX÷X�NRPSOHNV��F-fos ve Egr1 

gibi, promotorunda SRE bulunan proto-RQNRJHQOHUL� HWNLQOHúWLUHUHN� K�FUH�E|O�QPHVLQL�
EDúODWÕU��057)-A’nin, t(1;22) translokasyonu sonucu OTT/RBM-15 (One Twenty Two/ 

RNA Binding Protein 15) geQL�LOH�ROXúWXUGX÷X�057)-RBM-15 füzyon proteinin, t(1;22) 

WUDQVORNDV\RQOX�PHJDNRU\REODVWLN� O|VHPL�ROXúXPXQGDQ�VRUXPOX�ROGX÷X�ELOLQPHNWHGLU��
MRTF-RBM-��� I�]\RQ� SURWHLQLQ� RQNRMHQLN� |]HOOL÷LQL� LVH�� 65)� DUDFÕOÕ÷Õ\OD�
HWNLQOHúWLUGL÷L� SURWR-onkogenler ile gösterdi÷L� G�ú�Q�OPHNWHGLU�� 0HJDNDU\REODVWLN�
O|VHPL� ROXúXPXQGDNL� URO�� � QHGHQL\OH� 057)-A ve -%�� D\QÕ� ]DPDQGD� 0./�
(Megakaryoblastic Leukemia)-1 ve -��RODUDN�GD�DGODQGÕUÕOPDNWDGÕU���������� 

65)�X\DUÕFÕVÕ�RODQ�057)�0./�¶QLQ�PHJDNDU\REODVWLN�O|VHPL�SDWRJHQH]LQGHNL�
rolü� NÕVPHQ� DoÕNODQPÕú� ROVD� GD�� 65)� EDVNÕOD\ÕFÕVÕ� RODQ� +23¶XQ� DNFL÷HU� NDQVHUL��
koryokarsinom, hipofaringeal karsinom ya da papiller tiroid karsinomu patogenezindeki 

URO�� KHQ�]� DoÕNODQPDPÕúWÕU��'R÷UXGDQ� 65)¶QLQ�� \D� GD�+23� LOH� HWNLOHúHQ� RODVÕ� EDúND�
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transkripsiyoQ�IDNW|UOHULQLQ��EX�W�U�PDOLQ�G|Q�ú�POHUGHQ�VRUXPOX�ROGX÷X�G�ú�Q�OHELOLU��
$QFDN��EX�VRUXODU�YH�+23¶XQ�W�P|U�ROXúXPXQGDNL�J|UHYL��HWNLOHúWL÷L�GL÷HU�PROHN�OOHULQ�
WDQÕPODQPDVÕ\OD�D\GÕQODWÕODFDNWÕU� 

2.4 HOP Geni ve Kalp 

Hop geninin görevini anlamak için üretilen delesyonlu (Hop-/-) farelerde kalbi 

HWNLOH\HQ� IDUNOÕ� DQRPDOLOHULQ�J|]OHQPHVL��EX�JHQLQ�|]HOOLNOH�NDOS�JHOLúLPL� LoLQ�|QHPOL�
ELU�G�]HQOH\LFL�ROGX÷XQX�J|VWHUPLúWLU�� 

6KLQ�YH�DUNDGDúODUÕQÕQ�\DSWÕ÷Õ�oDOÕúPD�LOH������+RS-/- �PXWDQW�IDUHOHULQ��JHEHOL÷LQ�
11. güQ�QH� NDGDU� QRUPDO� JHOLúLP� V�UHFLQL� L]OHGL÷L� J|U�OP�úW�U�� (PUL\RQODUÕQ� ELU�
NÕVPÕQÕQ�JHEHOL÷LQ�����J�Q�QGH��(�������JHOLúLP�JHULOL÷L�QHGHQL\OH�|OG�÷��J|]OHQPLúWLU��
%X� DúDPDGD� |OHQ� HPEUL\RQODUÕQ�� QRUPDOGHQ� N�o�N� ROGX÷X� J|]OHQHQ� NDOSOHULQGH� LNL�
önemli bulgu diNNDW� oHNPLúWLU�� NDUGL\RPL\RVLW� VD\ÕVÕQÕQ� D]OÕ÷ÕQD� ED÷OÕ� KLSRSOD]LN�
�KLSRVHO�OHU�� PL\RNDUG� YH� KLSRSOD]LN� PL\RNDUGÕQ� SHUIRUDV\RQXQD� ED÷OÕ� ROGX÷X�
G�ú�Q�OHQ�HSLNDUGL\DO�HI�]\RQ�(Tablo 2-�¶GH�)(127ø3�,��� 

*HOLúLPLQ� ���� J�Q�Q�� JHoHELOHQ� PXWDQW� IDUHOHU� GR÷XPD� NDdar herhengi bir 

DQRPDOL�J|VWHUPHGHQ�E�\�PH\H�GHYDP�HWPLúOHUGLU��'R÷XPGDQ�KHPHQ�VRQUD�LVH�PXWDQW�
IDUHOHULQ�NDOSOHULQGH�DQRUPDO�ELU�E�\�PH�ROGX÷X�J|]OHQPLúWLU��7DEOR��-�¶GH�)(127ø3�
,,�� �ùHNLO� �-5). Histolojik incelemelerle, kalpteki bu büyümenin kardiyomiyosit 

KLSHUSOD]LVLQGHQ�ND\QDNODQGÕ÷Õ�DQODúÕOPÕúWÕU����� 

ùHNLO�2-5 +RS�PXWDQW�IDUHOHUGH��GR÷XPXQ�DUGÕQGDQ�RUWD\D�oÕNDQ�KLSHUSOD]LN�NDOS�E�\�PHVL�����
(Fenotip II). 

 

NORMAL  Hop
-/-
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Hop
-/-  mutant farelerin büyüme dönemlerinde de NDOSOH�LOJLOL�EXOJXODUÕQ�RUWD\D�

oÕNWÕ÷Õ� J|U�OP�úW�U�� 'R÷XP� VRQUDVÕ� JHOLúLPLQ� ��� D\ÕQGDNL� PXWDQW� IDUHOHUGH� ILEUR]OX��
E�\�P�ú�� GLODWH� NDOS� GLNNDW� oHNPLúWLU� �7DEOR� �-�¶GH� )(127ø3� ,,,�� �ùHNLO� �-6). Bu 

G|QHPGHNL� NDUGL\DN� E�\�PHQLQ� KLSHUSOD]LN� GH÷LO� KLSHUWURILN� ROGX÷X� J|U�OP�úW�U��
Dilate kalp fenotipi gösteren bu farelerin kalbinde herhangi bir kontraktil anomali 

J|]OHQPHPLúWLU�������� 

0XWDQW� IDUHOHULQ� ELU� NÕVPÕQGD� LVH� NDUGL\DN� KLSHUWURIL� JHo� G|QHPGH� �HULúNLQ�
\DúDPGD��RUWD\D�oÕNPÕúWÕU��%X�WLS�JHFLNPLú�NDUGL\DN�Kipertrofiye kontraktil anomalilerin 

GH�HúOLN�HWWL÷L�J|]OHQPLúWLU��7DEOR��-�µGH�)(127ø3�,9��������� 

ùHNLO�2-6 +RS�PXWDQW� IDUHOHUGH�\HWLúNLQ�\DúDPGD�RUWD\D�oÕNDQ�KLSHUWURILN�NDOS�E�\�PHVL� �����
(Fenotip III ve IV) 

 

Tablo 2-2     Hop
-/-  ��IDUHOHUGH�J|]OHQHQ�NDOS�LOH�LOJLOL�G|UW�JUXS�IHQRWLS����YH��¶GHQ�KD]ÕUODQGÕ� 

 

NORMAL  Hop
-/-

Hop-/-  Mutant Farelerde 

Gözlenen Fenotip
Etkilenen Dönem )HQRWLSLN�'H÷LúLNOLN

)(127ø3�, .DUGL\DN�+LSRSOD]L (UNHQ�(PUEUL\RJHQH]������������������������������
(�����

.DUGL\RPL\RVLW�VD\ÕVÕQÕQ�
\HWHUVL]OL÷LQH�ED÷OÕ�I|WDO�

NDOS�\HWPH]OL÷L

)(127ø3�,, .DUGL\DN�+LSHUSOD]L 3HULQDWDO�'|QHP
.DUGL\RPL\RVLW�VD\ÕVÕQÕQ�
ID]ODOÕ÷ÕQD�ED÷OÕ�SRVWQDWDO�

NDUGL\DN�E�\�PH

)(127ø3�,,, .DUGL\DN�'LODWDV\RQ 3RVWQDWDO�'|QHP����������
����D\�

.DUGL\RPL\RVLWOHULQ�
DNVHQWULN�KLSHUWURILVL�YH�

ILEUR]XQD�ED÷OÕ�GLODWDV\RQ

)(127ø3�,9 .DUGL\DN�+LSHUWURIL (UJHQOLN�'|QHPL
.DUGL\RPL\RVLWOHULQ�

NRQVDQWULN�KLSHUWURILVL��
NRQWUDNWLO�DQRPDOLOHU
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.DOS�*HOLúLPLQGH�HOP Geni 

Hop� PXWDQW� IDUHOHUGH� J|]OHQHQ� IHQRWLSLN� GH÷LúLNOLNOHUGHQ� LNLVL� �)HQRWLS� ,� Ye 

)HQRWLS� ,,�� VÕUDVÕ\OD�� NDUGL\RPL\RVLW� VD\ÕVÕQÕQ� QRUPDOGHQ� D]� YH� QRUPDOGHQ� ID]OD�
ROPDVÕQÕQ�ELU� VRQXFXGXU��%X�VRQXoODU�Hop¶XQ��NDUGL\RPL\RVLW�VD\ÕVÕQÕ�QRUPDO�VÕQÕUODU�
DUDVÕQGD��WXWDQ�PHNDQL]PDQÕQ�ELU�SDUoDVÕ�ROGX÷XQX�J|VWHUPHNWHGLU�� 

.DOS�JHOLúLPL�VÕUDVÕQGa, Nrg, Fgf ve Bmp10 gibi proteinlerin ve retinoik asitin 

HWNLVL\OH�� PL\RNDUGÕQ� HSLNDUG� LOH� |UW�O�� GÕú� \DUÕVÕ� YH� HQGRNDUG� LOH� |UW�O�� Lo� \DUÕVÕ�
DUDVÕQGD��PLWR]�VÕNOÕ÷Õ�DoÕVÕQGDQ�IDUNOÕOÕN�RUWD\D�oÕNDU��0L\RNDUGÕQ�HSLNDUG�LOH�|UW�O��GÕú�
\DUÕVÕ��\�NVHN�PLWR]�VÕNOÕ÷Õ�QHGHQL\OH�VÕNÕ��NRPSDN��PL\RNDUGD�G|Q�ú�UNHQ��HQGRNDUG�
LOH�|UW�O��RODQ�Lo�\DUÕVÕ��G�ú�N�PLWR]�VÕNOÕ÷Õ�QHGHQL\OH�ERúOXNOX��WUDEHN�OHU��PL\RNDUGD�
G|Q�ú�U�� 7UDEHN�ODV\RQ� RODUDN� DGODQGÕUÕODQ� EX� DúDPDGD� S��� JLEL� PLWR]�
EDVNÕOD\ÕFÕODUÕQÕQ�HWNLOL�ROGX÷X�ELlinmektedir (30, 31). 

.DOS� JHOLúLPLQLQ� WUDEHN�ODV\RQ� DúDPDVÕQGDQ� |QFH� W�P� PL\RNDUGGD� \�NVHN�
düzeyde ifade edilen Hop�� EX� DúDPDGDQ� VRQUD� �IDUH� LoLQ� \DNODúÕN� � ���� J�QGH��PLWR]�
VÕNOÕ÷Õ� G�ú�N� RODQ� WUDEHN�OHU� PL\RNDUGGD� \�NVHN�� PLWR]� VÕNOÕ÷Õ� \�NVHN� RODQ� NRPSDN�
PL\RNDUGGD� G�ú�N� G�]H\GH� LIDGHVLQL� V�UG�U�U� ������� *HQ� LIDGHVLQGHNL� EX� GH÷LúLNOLN�
Hop’un  anti-SUROLIHUDWLI� |]HOOL÷L� LOH� X\XPOXOXN� J|VWHULU� �ùHNLO� �-���� 0L\RNDUGÕQ��
|]HOOLNOH� WUDEHN�OHU� \DUÕVÕQGD� LIDGH� HGLOHQ� Hop’un, kalbin elektriksel ileti sistemini 

ROXúWXUDQ�K�FUHOHUGH�GH�\�NVHN�G�]H\GH�EXOXQGX÷X�J|U�OP�úW�U��%X�GD�Hop¶XQ�\HWLúNLQ�
NDOELQGHNL�HOHNWULNVHO�LOHWL�K�FUHOHULQLQ�LúOH\LúL�LoLQ�|QHPOL�RODELOHFH÷LQL�J|U�OPHNWHGLU�
(32). 

  0XWDQW�YH�QRUPDO�IDUHOHUGH�\DSÕODQ�(.*�|Oo�POHUL�VRQXFXQGD��+RS-/- farelerin 

QRUPDO�IDUHOHUH�J|UH�GDKD�JHQLú�ELU�456�NRPSOHNVL�YH�S-GDOJDVÕQD��YH�GDKD�X]XQ�ELU�4-

7� DUDOÕ÷ÕQD� VDKLS� ROGXNODUÕ� J|U�OP�úW�U� ������0XWDQW� IDUHOHULQ�NDOELQGH�� |]HOOLNOH�His 

GHPHWL� DOWÕQGDNL� �GLVWDO�� LOHWL� K�FUHOHULQGH�� K�FUHOHUDUDVÕ� L\RQ� JHoLúLQGHQ� VRUXPOX� bir 

transmembran protein olan Connexin40���LIDGHVLQLQ�D]DOGÕ÷Õ�GD�ELOGLULOPLúWLU������� 
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ùHNLO�2-7 .DOS�JHOLúLPLQLQ�WUDEHN�ODV\RQ�DúDPDVÕQGD�+RS 

2.5. Kardiyak Hipertrofi 

%|O�QPH� \HWHQH÷LQL� NRUX\DQ� K�FUHOHULQ� ROXúWXUGX÷X� ELU� GRNXGD�� DUWDQ�
JHUHNVLQLP� NDUúÕVÕQGD� K�FUHOHU� E|O�QHUHN� RUJDQGD� IL]\RORMLN� ELU� E�\�PH\H� QHGHQ�
ROXUODU��+LSHUSOD]L�DGÕ�YHULOHQ�EX�E�\�PH�RUJDQÕQ�YHULPLQGH�GH�DUWÕúD�QHGHQ�ROXU��%D]Õ�
patolojik durumlarda metaplazi, displazi ve neoplaziye kadar ilerleyebilse de hiperplazi, 

GH÷LúHQ� NRúXOODU� NDUúÕVÕQGD� ED]Õ� GRNXODUGD� GHYUH\H� JLUHQ� \DUDUOÕ� ELU� X\XP�
PHNDQL]PDVÕGÕU�� 

6LWRORMLN�\DSÕODUÕ�JHUH÷L�E|O�QHPH\HQ�K�FUHOHULQ�ROXúWXUGX÷X�LVNHOHW�NDVÕ�YH�NDOS�
NDVÕ� JLEL� GRNXODUGD� LVH�� DUWDQ� JHUHNVLQLP� NDUúÕVÕQGD� K�FUHOHULQ� VD\ÕVÕQGD� GH÷LO�
E�\�NO�÷�QGH�DUWÕú�PH\GDQD�JHOLU��%X�DUWÕúD�ED÷OÕ�RODUDN�GD�RUJDQGD�E�\�PH�J|]OHQLU��
+LSHUWURIL� DGÕ� YHULOHQ� EX� E�\�PH� W�U�� GH� KLSHUSOD]L� JLEL� \DUDUOÕ� ELU� X\XP�
PHNDQL]PDVÕGÕU�YH�KLSHUSOD]L�JLEL�KLSHUWURIL�GH�ED]Õ�SDWRORMLN�GXUXPODUOD�ED÷ODQWÕOÕGÕU�
(33, 34).  
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*HOLúPHNWH�RODQ�NDOSWH��ELU�\DQGDQ�oDOÕúÕUNHQ�ELU�\DQGDQ�E|O�QHUHN�oR÷DODELOHQ�
NDV�K�FUHOHUL�GR÷XPXQ�DUGÕQGDQ��LQVDQ�LoLQ�LON�ELU�KDIWD�LoLQGH��E|O�QPH�\HWHQHNOHULQL�
JHUL� G|Q�ú�PV�]� RODUDN� ND\EHGHUOHU�� %X� QRNWDGDQ� VRQUD� NDOpteki büyüme hücre 

VD\ÕVÕQGDNL�GH÷LO�K�FUH�ER\XWXQGDNL�DUWÕúOD�VD÷ODQÕU��.DUGL\DN�KLSHUWURIL�DGÕ�YHULOHQ�EX�
ROJX���\DúDPÕQ�KHUKDQJL�ELU�G|QHPLQGH�WHNUDU�RUWD\D�oÕNDELOLU���������� 

.DUGL\DN� KLSHUWURIL� ED]Õ� IL]\RORMLN� \D� GD� SDWRORMLN� X\DUDQODUÕQ� YDUOÕ÷ÕQGD� Nalp 

NDVÕQÕQ� J|VWHUGL÷L� X\XPVDO� ELU� \DQÕWWÕU�� %X� \DQÕW�� NDUGL\RPL\RVLW� E�\�PHVLQH� ED÷OÕ�
YDQWULN�O� GXYDU� NDOÕQODúPDVÕ\OD� EHOLUJLQGLU�� .DUGL\DN� KLSHUWURILQLQ� X\DUÕODUÕ� oRN�
oHúLWOLGLU�YH�NDOS�YHULPLQLQ��NDOS�Lú�\�N��NDUúÕVÕQGD�\HWHUVL]�NDOGÕ÷Õ�KHUKDQJL�ELU�GXUum 

NDUGL\DN� KLSHUWURIL\H� QHGHQ� RODELOLU�� +LSHUWDQVL\RQ� \D� GD� DRUW� GDUOÕ÷ÕQD� ED÷OÕ� NDOS� Lú�
\�N�� DUWÕúÕ�� PL\RNDUG� HQIDUNW�V�QH� \D� GD� HQIHNVL\RQXQD� ED÷OÕ� NDUGL\RPL\RVLW� ND\EÕ��
NDSDNoÕN� KDVWDOÕ÷ÕQD� ED÷OÕ� KHPRGLQDPLN� ER]XNOXNODU� \D� GD� VDUNRPHULN� JHQ�
mutasyonlarÕQD� ED÷OÕ� NRQWUDNWLO� SURWHLQ� ER]XNOXNODUÕ� NDUGL\DN� KLSHUWURIL\L� EDúODWDQ� HQ�
|QHPOL� SDWRORMLN� X\DUDQODUGÕU�� 3DWRORMLN� X\DUDQODUÕQ� \DQÕQGD� NDOS� Lú� \�N�Q�� DUWWÕUDQ�
VSRUWLI� HWNLQOLNOHU� \D� GD� JHEHOLN� JLEL� IL]\RORMLN� NRúXOODUGD� GD� NDUGL\DN� KLSHUWURIL�
tetiklenebiOLU��)L]\RORMLN�\D�GD�SDWRORMLN�X\DUDQODU�LOH�WHWLNOHQHQ�EX�X\XP�PHNDQL]PDVÕ��
QRUPDO�NRúXOODUGD��NDOS�YHULPL�LOH�Lú�\�N��DUDVÕQGDNL�GHQJH�VD÷ODQGÕ÷Õ�]DPDQ�GHYUH�GÕúÕ�
NDOÕU�� .ÕVD� V�UHOL� ID\GDVÕ� RODQ� EX� IL]\RORMLN� WHSNL�� X\DUDQÕQ� NDOÕFÕ� ROGX÷X� GXUXPODUGD�
(hiSHUWDQVL\RQ� JLEL�� \D� GD� NDOSWH� \DSÕVDO� ELU� ER]XNOXN� ROGX÷X� GXUXPODUGD�
�NDUGL\RPL\RSDWL�JLEL��QRUPDOGHQ�GDKD�X]XQ�V�UHU�YH�EX�GD�NDOS�\HWPH]OL÷L��DULWPLOHU��
miyokard iskemisi ve ani ölümle sonuçlanabilen komplikasyonlara neden olur (33, 34).  

2.5.1. Kardiyak Hipertrofide Moleküler Mekanizmalar          

.DUGL\DN� KLSHUWURIL�� K�FUH� GÕúÕ� \D� GD� K�FUH� LoL� ED]Õ� X\DUÕODUÕQ� NDOS� NDVÕ�
K�FUHOHULQGH�QHGHQ�ROGX÷X�YH�E�\�PH�LOH�VRQXoODQDQ GH÷LúLNOLNOHUL�NDSVDU� 

+�FUH� GÕúÕ� ELU� X\DUÕ\D� ED÷OÕ� JHOLúHQ� KLSHUWURIL�� ED]Õ� VDOJÕVDl (nörohümoral) 

PROHN�OOHULQ�� NDUGL\RPL\RVLW� �]HULQGHNL� UHVHSW|UOHUH� ED÷ODQPDVÕ\OD� WHWLNOHQLU�� .DOS��
GHELVLQLQ� \HWHUVL]� NDOGÕ÷Õ� GXUXPODUGD� SHULIHULN� GRNXODU� WDUDIÕQGDQ� GRODúÕPD� VDOÕQDQ�
endotelin-1, anjiyotensin-II gibi nörohümoral faktörler, kardiyak hipertrofiyi tetikleyen 

HQ�|QHPOL�K�FUH�GÕúÕ�X\DUDQODUGÕU��+�FUH�GÕúÕ�X\DUDQODUÕQ�ED÷ODQGÕ÷Õ�UHVHSW|UOHU��K�FUH�
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LoLQGH� ED]Õ� VLQ\DO� LOHWL� \ROODUÕQÕ� HWNLQOHúWLULU�� dR÷XQOX÷XQX� SURWHLQ� NLQD]� YH� SURWHLQ�
IRVIDWD]�HQ]LPOHULQLQ�ROXúWXUGX÷X�K�FUH�LoL�VLQ\DO�LOHWL�\ROX� zincirleme bir fosforilasyon 

YH�YH\D�GHIRVIRULODV\RQ��WHSNLPHVLQL�WDQÕPODU��������������  

1|URK�PRUDO�IDNW|U�Q�ED÷ODQGÕ÷Õ�EHWD�DGUHQHUMLN�UHVHSW|UOHU��YH�*-SURWHLQ�ED÷OÕ�
reseptörler hipertrofik  sinyali düzenleyici enzimlere, siklik AMP (cAMP) ve kalsiyum 

(Ca2+�� JLEL� PROHN�OOHU� DUDFÕOÕ÷Õ\OD� LOHWLU�� 3.$� �3URWHLQ� .LQD]� $�� HQ]LPL� F$03�
YDUOÕ÷ÕQGD� HWNLQOHúLUNHQ� &D0.� �&D-.DOPRGXOLQ� ED÷ODQWÕOÕ� SURWHLQ� NLQD]�� YH� &Q�
(kalsinörin) gibi enzimler Ca2+� YDUOÕ÷ÕQGD� HWNLQOHúLUOHU�� +�FUH� LoL� VLQ\DO� LOHWLPLQL�
VD÷OD\DQ�3,�.�$.7��(5.��-1.�YH�S���JLEL�HQ]LPOHU�GH�K�FUH�GÕúÕ�X\DUÕODUD�GX\DUOÕGÕU��
+�FUH� GÕúÕ� X\DUDQODUÕQ� \DQÕQGD�� VDUNRPHULN� NDOVL\XP�NXOODQÕPÕQGDNL� ER]XNOX÷D�ED÷OÕ�
VLWR]ROLN�NDOVL\XP�DUWÕúÕ�GD�KLSHUWURILN�\DQÕWÕ�EDúODWDQ�|QHPOL�ELU�X\DUDQGÕU (34, 37, 38, 

39, 40, 41, 42, 43). 

.DOS� GXYDU� JHULPLQGHNL� DUWÕúÕQ�� Q|URK�PRUDO� IDNW|UOHULQ� \RNOX÷XQGD� GDKL�
NDUGL\DN� KLSHUWURIL\L� WHWLNOH\HELOGL÷L� ELOGLULOPLúWLU�� %X� GXUXPGD�� LQWHJULQ� JLEL�
SURWHLQOHULQ� PHNDQLN� DOPDo� JLEL� GDYUDQÕS� PHPUDQGDNL� JHULOLPL� melusin� DUDFÕOÕ÷Õ\OD�
hücre içi siQ\DO� \ROODUÕQD� �$.7�*6.�� YH� 5DV�(5.�� LOHWWL÷L� YH� KLSHUWURILN� SURJUDPÕ�
EDúODWWÕ÷Õ�G�ú�Q�OPHNWHGLU (44, 45, 46). 

.DOS�NDVÕ�KLSHUWURILVLQGH�LNL�K�FUH�WLSL�URO�R\QDU� 
1- �%D÷�GRNXVX�K�FUHOHUL��.DUGL\DN�)LEUREODVWODU� 
2-  Kas hücreleri (Kardiyomiyositler) 

Hipertrofik� E�\�PH� VÕUDVÕQGD� ED÷� GRNXVX� K�FUHOHULQLQ� VD\ÕVÕQGD� YH� NROORMHQ�
�UHWLPLQGH� DUWÕú� ROXU�� 0L\RNDUGÕQ� K�FOHUHUDUDVÕ� SURWHLQ� LoHUL÷LQGHNL� DUWÕú� YH�
K�FUHOHUDUDVÕ� SURWHLQOHUL� SDUoDOD\DQ� 003� �0DWULNV� 0HWDOR� 3URWHD]�� JLEL� HQ]LPOHULQ�
üretimi kardiyak  hipertrofinin birçok patolojik sonucundan sorumludur (47, 48). 

+LSHUWURILN� E�\�PHQLQ� DQD� ELOHúHQLQL� ROXúWXUDQ� NDUGL\RPL\RVLWOHU�� E|O�QPH�
\HWHQHNOHUL�ROPDGÕ÷Õ� LoLQ�KLSHUWURILN�X\DUÕ\D�oR÷DODUDN�GH÷LO�E�\�\HUHN�\DQÕW�YHULUOHU����
+LSHUWURILN� X\DUÕ� LOH� E�\�PH\H� EDúOD\DQ� NDUdiyomiyositlerde moleküler düzeyde iki 

|QHPOL�GH÷LúLNOLN�PH\GDQD�JHOLU� 
 

1- 7UDQVODV\RQHO�'H÷LúLNOLN 

2- 7UDQVNULSVL\RQHO�'H÷LúLNOLN 
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1-7UDQVODV\RQHO� 'H÷LúLNOLN�� � � � +LSHUWURILN� \DQÕW� VÕUDVÕQGD� RUWD\D� oÕNDQ� N�WOH�
DUWÕúÕ�� \HQL� VHQWH]OHQHQ� \DSÕVDO� YH� VDUNRPHULN� SURWHinlerin birikiminin bir sonucudur. 

+�FUHQLQ�SURWHLQ�LoHUL÷LQGHNL�EX�DUWÕú�LVH��SURWHLQ�VHQWH]LQGHQ�VRUXPOX�ULER]RPODUÕQ�YH�
translasyon faktörlerinin (eIF, 4E-%3��H()��JLEL��HWNLQOL÷LQGHNL�DUWÕúD�ED÷OÕGÕU��0$3.�
�(5.��S���YH�-1.��VLQ\DO�\ROX� LOH�HWNLQOHúHQ�$kt, mTOR ve p70 S6K gibi enzimler, 

translasyon faktörlerini ve ribozom altbirimlerini fosforile ederek translasyonda (protein 

VHQWH]LQGH��JHQHO�ELU�DUWÕúD�QHGHQ�ROXUODU (49, 50, 51, 52, 53). 

.DUGL\DN�KLSHUWURILQLQ� HQ� EHOLUJLQ� K�FUHVHO�|]HOOL÷L� RODQ�NDUGL\omiyositlerdeki 

E�\�PH��\HQL��UHWLOHQ�\DSÕVDO�SURWHLQOHULQ�YDURODQ�|QFHNLOHUH�HNOHQPHVL\OH�JHUoHNOHúLU��
Yeni sarkomerlerin öncekilere eklenme biçimine göre kardiyomiyosit, boyuna büyüme 

ya da enine büyüme gösterebilir. Yeni sarkomerlerin öncekilere ‘paralel’ olarak 

HNOHQPHVL� NDUGL\RPL\RVLWLQ�� GROD\ÕVÕ\OD� NDOS� GXYDUÕQÕQ� NDOÕQODúPDVÕQD� QHGHQ� ROXU��
.RQVDQWULN� WLS� RODUDN� DGODQGÕUÕODQ� EX� WLS� KLSHUWURIL� QRUPDO� NDOSWH�� EDVÕQo� \�NOHQPHVL�
GXUXPXQGD� RUWD\D� oÕNDU�� <HQL� VDUNRPHUOHULQ� |QFHNLOHUH� µVHUL¶� RODUDN� HNOHQPHVL� ise 

NDUGL\RPL\RVLWLQ� ER\XQD� X]DPDVÕQD�� NDOS� GXYDUÕQGD� GD� JHQLúOHPH\H� QHGHQ� ROXU��
(NVHQWULN� KLSHUWURIL� RODUDN� DGODQGÕUÕODQ� EX� WLS� KLSHUWURIL� LVH� QRUPDO� NDOSWH�� KDFLP�
\�NOHQPHVL�GXUXPXQGD�RUWD\D�oÕNDU�������ùHNLO��-8).  

 

ùHNLO�2-8: )L]\RORMLN�NRúXOODUGD��NDOS�Lú�\�N�QGHNL�DUWÕúD�ED÷OÕ�JHOLúHQ�LNL�KLSHUWURIL�WLSL 
 

%DVÕQo�
Yüklenmesi

Hacim 
Yüklenmesi

Eksentrik 
Hipertrofi

Konsentrik 
Hipertrofi

%DVÕQo�
Yüklenmesi

Hacim 
Yüklenmesi

Eksentrik 
Hipertrofi

Konsentrik 
Hipertrofi
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2-7UDQVNULSVL\RQHO� 'H÷LúLNOLN�� � � .DUGL\RPL\RVLWOHUGH� KLSHUWURILN� X\DUÕ� LOH�
HWNLQOHúHQ� SURWHLQ� NLQD]ODUÕQ� VXEVWUDWODUÕ� DUDVÕQGD� ULER]RP� DOWELULPOHUL� YH� Wranslasyon 

IDNW|UOHUL�GÕúÕQGD�WUDQVNULSVL\RQ�IDNW|UOHUL�GH�EXOXQXU��)RVIRULODV\RQOD�HWNLQOHúHQ��\D�GD�
EDVNÕODQDQ�� WUDQVNULSVL\RQ� IDNW|UOHUL�� K�FUHQLQ� JHQ� SURJUDPÕQGD� GH÷LúLNOL÷H� QHGHQ�
ROXUODU��*HQ�SURJUDPÕQGDNL�EX�GH÷LúLNOLN��KLSHUWURILN�JHQ�LIDGHVLQGHNL�DUWÕúÕ�YH�I|WDO�JHQ�
UHDNWLYDV\RQXQX�LoHULU�������ùHNLO��-9).  

  I-�+LSHUWURILN�*HQ� øIDGHVLQGH�$UWÕú��)L]\RORMLN� NRúXOODUGD� KLSHUWURILN� \DQÕW��
SR]LWLI� YH�QHJDWLI�G�]HQOH\LFLOHULQ�GHQHWLPLQGHGLU��+LSHUWURILN�\DQÕW��JHQHOOLNOH�SR]LWLI�
düzenleyicilerdeki etkinlLN�DUWÕúÕ�\D�GD�QHJDWLI�G�]HQOH\LFLOHUGHNL�EDVNÕODQPDQÕQ�VRQXFX�
RODUDN�RUWD\D�oÕNDU��*OLNRMHQ�VHQWD]�NLQD]��*6.-3beta), PLA2 (Fosfolipaz A2), HDAC 

gibi enzimler ve MCIP, A20 gibi düzenleyici proteinler, transkripsiyon faktörlerinin 

HWNLQOL÷LQL� \D� GD� NDOVL\XP�G�]H\LQL� G�ú�UHUHN�KLSHUWURILN�\DQÕWÕ�EDVNÕ�DOWÕQGD� WXWDUODU��
+LSHUWURILN�X\DUÕ�VÕUDVÕQGD�LVH�EX�W�U�QHJDWLI�G�]HQOH\LFLOHU�EDVNÕODQÕUNHQ�WUDQVNULSVL\RQ�
IDNW|UOHULQL� HWNLQOHúWLUHQ� \D� GD� NDOVL\XP� G�]H\LQL� \�NVHOWHQ� SR]LWLI� G�]HQOH\LFLOHU�
HWNLQOHúLU������ 57, 58, 59, 60, 61). 

 II- Fötal Gen Reaktivasyonu:� � � <HQL� VDUNRPHULN� YH� \DSÕVDO� SURWHLQOHULQ�
�UHWLOPHVL��NDOS�NDVÕ�K�FUHVLQGH�51$�YH�SURWHLQ�VHQWH]LQGHNL�DUWÕúÕ� �QLFHO�GH÷LúLNOL÷L��
JHUHNWLULU�� +LSHUWURILN� \DQÕW� VÕUDVÕQGD� WUDQVNULSVL\RQ� YH� WUDQVODV\RQGDNL� nicel 

GH÷LúLNOL÷LQ�\DQÕQGD��WUDQVNULSVL\RQGD�QLWHO�GH÷LúLNOLNOHU�GH�ROXU� 

.DOS�� GR÷XP� |QFHVLQGH� YH� GR÷XP� VRQUDVÕQGD� IDUNOÕ� NRúXOODU� DOWÕQGDGÕU�� %X�
QHGHQOH� I|WDO� NDOSWHNL� \DSÕVDO�� LúOHYVHO� YH� PHWDEROLN� SURWHLQOHU� \HWLúNLQ� NDOSWHNL�
SURWHLQOHUGHQ� IDUNOÕ� |]HOOLNOHU� WDúÕU�� �(PEUL\RQHO� YH� I|WDO�\DúDP�ER\XQFD�NDOSWH� HWNLQ�
RODQ� \DSÕVDO� YH� PHWDEROLN� SURWHLQOHULQ� ED]ÕODUÕ� GR÷XPXQ� DUGÕQGDQ� HWNLQOL÷LQL�
ND\EHGHUNHQ�ED]ÕODUÕ��\HUOHULQL�\HWLúNLQ�L]RIRUPODUÕQD�EÕUDNÕU��(WNLQOLNOHUL�I|WDO�\DúDPOD�
VÕQÕUOÕ�RODQ�EX�JHQOHU��\HWLúNLQ�G|QHPGH�KLSHUWURILN�X\DUÕ�LOH�NDUúÕODúDQ�NDOSWH�\HQLGHQ�
HWNLQOHúLUOHU��)|WDO�\DúDPGD�W�P�PL\RNDUG�WDUDIÕQGDQ��\HWLúNLQ�\DúDPGD�LVH�VÕQÕUOÕ�RODUDN�
\DOQÕ]�DWUL\DO�PL\RNDUG�WDUDIÕQGDQ��UHWLOHQ�$1)��$WUL\DO�1DWUL�UHWLN�)DNW|U���KLSHUWURILN�
X\DUÕ�NDUúÕVÕQGD��YHQWULN�OHU�PL\RNDUG� WDUDIÕQGDQ�WHNUDU��UHWLOPH\H�EDúODQÕU��9HQWULN�O�
WDUDIÕQGDQ� �UHWLOHQ� $1)�� NDUGL\DN� KLSHUWURILQLQ� ELU� J|VWHUJHVL� RODUDN� NDEXO� HGLOLU��
0L\R]LQ�D÷ÕU�]LQFLULQLQ�I|WDO�L]RIRUPX���0\+&��GD�KLSHUWURILN�\DQÕW�VÕUDVÕQGD�\HQLGHQ�
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HWNLQOHúHQ�I|WDO�JHQOHU�DUDVÕQGDGÕU��0L\R]LQ�D÷ÕU�]LQFLULQLQ�\HWLúNLQ�L]RIRUPX��.0\+&��
LVH�KLSHUWURILN�\DQÕW�VÕUDVÕQGD�EDVNÕODQÕU������������������ 

.DOELQ� NRQWUDNWLO� SURWHLQOHULQGH� KLSHUWURILN� \DQÕW� VÕUDVÕQGD� J|U�OHQ� \HWLúNLQ�
L]RIRUP� �� I|WDO� L]RIRUP� G|Q�ú�P�QH� EHQ]HU bir durum, metabolik proteinlerde de 

J|U�O�U�� )|WDO� NDOSWH� HQHUML� JHUHNVLQLPL� E�\�N� |Oo�GH� JOLNROLWLN� \ROOD� NDUúÕODQÕUNHQ�
VD÷OÕNOÕ� \HWLúNLQ� NDOELQGH� \D÷� DVLGL� RNVLGDV\RQX�EDVNÕQ� GXUXPGDGÕU��+LSHUWURILN�\DQÕW�
VÕUDVÕQGD� LVH� VDUNRPHULN� SURWHLQOHULQ� I|WDO� L]RIRUPODUÕQÕQ� \HQLGHQ� HWNLQOHúPHVL� JLEL�
NDUGL\DN�PHWDEROL]PDGD�GD�JOLNROLWLN�\ROXQ�\HQLGHQ�HWNLQOHúPHVL�V|]�NRQXVXGXU  (49, 

65 , 66). 

ùHNLO�2-9     .DUGL\DN�KLSHUWURILQLQ�ROXúPDVÕQGDNL�ED]Õ�EDVDPDNODU 
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2.5.2. Kardiyak Hipertrofide Önemli Transkripsiyon Faktörleri 

+LSHUWURILN� JHQ� SURJUDPÕQGDNL� DUWÕú� YH� I|WDO� JHQOHULQ� \HQLGHQ� HWNLQOHúPHVL�
�UHDNWLYDV\RQX���NDUGL\RPL\RVLWOHUGHNL�WUDQVNULSVL\RQ�IDNW|UOHULQLQ�GHQHWLPL�DOWÕQGDGÕU��
Kardiyak hipertrofide etkin olan önemli� WUDQVNULSVL\RQ� IDNW|UOHUL� DUDVÕQGD� *$7$-4, 

1)$7�� 0()�&� YH� 65)� EXOXQXU�� (PEUL\RQHO� YH� I|WDO� \DúDP� VÕUDVÕQGD� NDOELQ�
JHOLúLPLQGHQ� GH� VRUXPOX� RODQ� EX� WUDQVNULSVL\RQ� IDNW|UOHULQLQ� \DWLúNLQ� NDOELQGHNL�
HWNLQOL÷L�� K�FUH� GÕúÕ� X\DUÕODUOD� \D� GD� K�FUH� LoL� &D2+ düzeyi ile tetiklenen enzimler 

WDUDIÕQGDQ�GHQHWOHQLU��%X�WUDQVNULSVL\RQ�IDNW|UOHULQLQ�KHGHI�JHQOHUL�DUDVÕQGD� kontraktil 

SURWHLQOHULQ�I|WDO�L]RIRUPODUÕQÕ�NRGOD\DQ�JHQOHU�GH�YDUGÕU������������������� 

GATA-4:� .DOS� JHOLúLPLQLQ� |QHPOL� ELU� G�]HQOH\LFLVL� RODQ� *$7$-4, \DWLúNLQ�
NDOELQGH�ED]DO�G�]H\GH�LIDGH�HGLOLU�YH�NDOS�NDVÕ�K�FUHOHULQLQ�GHYDPOÕOÕ÷Õ�LoLQ�JHUHNOLGLU��
+LSHUWURILN� X\DUÕ� YDUOÕ÷ÕQGD�0$3.�HQ]LPOHUL� \HWLúNLQ� NDOELQGHNL�*$7$-��HWNLQOL÷LQL�
DUWWÕUÕU�� 'L÷HU� WUDQVNULSVL\RQ� IDNW|UOHUL� LOH� GH� HWNLOHúHQ� *$7$-4, ANP ve BNP gibi 

KLSHUWURIL\H�|]J��ELUoRN�JHQLQ�SURPRWRUXQD�ED÷ODQDUDN�SUR-KLSHUWURILN�JHQ�SURJUDPÕQÕQ�
HWNLQOHúWLULU�� .DOS� NDVÕQGD� \DSD\� RODUDN� JHUoHNOHúWLULOHQ� \�NVHN� *$7$-4 ifadesinin 

NDUGL\DN� KLSHUWURIL\H� \RO� DoWÕ÷Õ� J|U�OP�úW�U�� +LSHUWURILN� ELU� WUDQVNULSVL\RQ� faktörü 

olarak kabul edilen GATA-�¶�Q�HWNLQOL÷L�+'$&�YH�*6.-��� WDUDIÕQGDQ�QHJDWLI�\|QGH�
GHQHWOHQLU��������������������ùHNLO��-10). 

NFAT: Sinir hücreleri, kas hücreleri ve T-lenfositleri gibi hücrelerde, hücre içi 

NDOVL\XP� G�]H\LQL� K�FUHQLQ� JHQ� SURJUDPÕQD� ED÷OD\DQ� RUWDN� WUDQVNULSVL\RQ� IDNW|U��
1)$7¶GLU��8\DUÕOPDPÕú�K�FUHGH�*6.-��� � WDUDIÕQGDQ�IRVIRULOOHQPLú�KDOGH�YH�oHNLUGHN�
GÕúÕQGD�EXOXQDQ�1)$7��Cn��NDOVLQ|ULQ��LVLPOL�ELU�SURWHLQ�IRVIDWD]�WDUDIÕQGDQ�GHIRVIRULOH�
edilir. Defosforile edilen NFAT ise hücre çekirdH÷LQH�JLUHUHN�LOJLOL�JHQOHULQ�G�]HQOH\LFL�
E|OJHOHULQH�ED÷ODQÕU��1)$7�HWNLQOHúPHVLQL�VD÷OD\DQ�Cn enzimi ise hücre içi kalsiyum 

G�]H\LQGHNL� DUWÕú� LOH� HWNLQOHúLU�� Cn� WDUDIÕQGDQ� GHIRVIRULOH� HGLOHQ� YH� oHNLUGH÷H� JLUHQ�
NFAT, GSK-��� � WDUDIÕQGDQ� IRVIRULOOHQLQFH\H� NDGDU� NDOS� NDVÕQGD�� SUR-hipertrofik 

JHQOHULQ� WUDQVNULSVL\RQXQX� X\DUÕU�� %13� YH� NDUGL\DN� ELU� PHWDEROLN� JHQ� RODQ� DGVV��
(adenilosuksinat sentetaz 1), GATA-��LOH�1)$7¶QLQ�WUDQVNULSVL\RQ�G�]H\LQGH�GR÷UXGDQ�
RUWDN�KHGHIOHULGLU����������������������������ùHNLO��-10). 

MEF2C:� .DV� IDUNOÕODúPDVÕQÕQ� |QHPOL� G�]HQOH\LFLOHULQGHQ� ELUL� RODQ� 0()�&��
\HWLúNLQ� NDOELQGH� ED]DO� G�]H\GH� LIDGH� HGLOLU� YH� NDOELQ� \DSÕVDO� YH� PHWDEROLN�
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SURWHLQOHULQLQ� �UHWLPL� LoLQ� JHUHNOLGLU�� 0()�&� HWNLQOL÷LQGHNL� DUWÕúÕQ� GD� NDUGL\DN�
KLSHUWURIL\H�\RO� DoWÕ÷Õ�ELOLQPHNWHGLU��.DOS�NDVÕ�K�FUHOHULQGH�KHGHI�JHQLQ�SURPRWRUXQD�
ED÷OÕ�EXOXQDQ�0()�&��QRUPDO�NRúXOODUGD�+'$&�WDUDIÕQGDQ�EDVNÕ�DOWÕQGD�WXWXOPDNWDGÕU��
+�FUH� LoL� NDOVL\XP� G�]H\LQGHNL� DUWÕú� LOH� X\DUÕODQ� &D0.� HQ]LPL�� +'$&¶QLQ�
fosforillenmesine neden olur.  FosforilOHQHQ� +'$&�� 0()�&¶\L� EÕUDNÕU� YH� �������
SURWHLQL�HúOL÷LQGH�oHNLUGHNWHQ�X]DNODúÕU��+'$&�EDVNÕVÕQGDQ�NXUWXODQ�0()�&�LVH�GL÷HU�
WUDQVNULSVL\RQ� IDNW|UOHUL� LOH� ELUOLNWH�� SURPRWRUXQD� ED÷OÕ� EXOXQGX÷X� KLSHUWURILN� JHQOHUL�
HWNLQOHúWLULU�������������������������������ùekil 2-10). 

SRF: 65)�� HPEUL\RQHO� JHOLúLP� VÕUDVÕQGD� G�]� NDV� YH� NDOS� NDVÕ� K�FUHOHULQLQ�
IDUNOÕODúPDVÕQÕ�NRQWURO�HGHQ�ELU�WUDQVNULSVL\RQ�IDNW|U�G�U��'R÷XP�VRQUDVÕQGD�LVH��VWUHV�
X\DUDQODUÕ\OD�NDUúÕODúDQ�G�]�NDV�YH�NDOS�NDVÕ�K�FUHOHULQGH�SUROLIHUDWLI��G�]�NDV�Loin) ya 

GD� KLSHUWURILN� �NDOS� NDVÕ� LoLQ�� \DQÕWÕQ� G�]HQOHQPHVLQH� NDWÕOÕU�� .DUGL\DN� KLSHUWURILGH�
|QHPOL�ELU�G�]HQOH\LFL�ROGX÷X�DQODúÕODQ�65)�NDUPDúÕN�PROHN�OHU�HWNLOHúLPOHUOH kontrol 

edilir (85, 86).  

65)��'1$��]HULQGH�$�YH�7�EDNÕPÕQGDQ�]HQJLQ�&$U*�>&&�$�7�6GG] dizilerine   

ED÷ODQPDNWDGÕU��+�FUH�E|O�QPHVLQL�NRQWURO�HGHQ�F-fos ve Egr-1 gibi genlerin, ve ileri 

G�]H\GH� IDUNOÕODúPÕú� K�FUH� WLSOHULQH� |]J�� RODQ�NDUGL\DN� DNWLQ��PL\R]LQ��GLVWURILQ� JLEL�
JHQOHULQ�SURPRWRUODUÕQGD�EX�GL]LOHU�YDUGÕU��dR÷DOPD\Õ�VD÷OD\DQ�JHQOHrin promotorunda 

JHQHOOLNOH�WHN�ELU�&$U*�GL]LVL�EXOXQXUNHQ�IDUNOÕODúPD\Õ�VD÷OD\DQ�JHQOHULQ�SURPRWRUXQGD�
iki ya da daha fazla CArG dizisi bulunur. Her iki gruptaki genlerin promotorunda CArG 

GL]LOHULQLQ� EXOXQPDVÕ�� ELUELULQH� NDUúÕW� RODQ� K�FUH� E|O�QPHVL� YH� K�FUH� IDUNOÕODúPDVÕ�
V�UHoOHULQLQ� RUWDN� ELU� WUDQVNULSVL\RQ� IDNW|U�� �65)�� WDUDIÕQGDQ� G�]HQOHQHELOGL÷LQL�
J|VWHUPHNWHGLU��øOHUL�G�]H\GH�IDUNOÕODúPÕú�RODQ�NDOS�NDVÕ�K�FUHOHULQGH�LVH�65)¶QLQ���\LQH�
ELUELULQH� NDUúÕW� LNL� V�UHo� RODQ� SUR-hipertrofik ve anti-hipertrofiN� JHQ� SURJUDPODUÕQÕQ�
G�]HQOHQPHVLQGH�J|UHY�DOGÕ÷Õ�J|U�OPHNWHGLU��������������� 

+�FUH� E|O�QPHVL� �� K�FUH� IDUNOÕODúPDVÕ� YH� SUR-hipertrofik program / anti-

KLSHUWURILN� SURJUDP� JLEL� ELUELULQH� NDUúÕW� � V�UHoOHULQ� KHU� LNL� WDUDIÕQGD� GD� \HU� DOPDVÕ��
65)¶QLQ� DQODúÕOPDVÕQÕ� ]RUODúWÕUPDNWDGÕU�� 65)¶QLQ� EX� LNLOL� GDYUDQÕúÕ� E�\�N� |Oo�GH�
HWNLOHúWL÷L� PROHN�OOHUGHQ� ND\QDNODQPDNWDGÕU�� 65)�� E|O�QHELOLU hücrelerde TCF ya da 

057)� HúOL÷LQGH� PLWRWLN� JHQOHULQ� SURPRWRUXQD� ED÷ODQDUDN� K�FUH� oR÷DOPDVÕQÕ� X\DUÕU��
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'�]� NDV� YH� NDOS� NDVÕQGD� EXOXQan myocardin� YDUOÕ÷ÕQGD� LVH� 65)� NDV� K�FUHVLQH� |]J��
JHQOHULQ�SURPRWRUXQD�ED÷ODQDUDN�K�FUH�IDUNOÕODúPDVÕQÕ�EDúODWÕU����������� 

65)¶QLQ�PLWRWLN�JHQ�SURPRWRUXQD�ED÷ODQPDVÕQÕ�VD÷OD\DQ�7&)�YH�057)��K�FUH�
GÕúÕ� YH� K�FUH� LoL� GH÷LúLNOLNOHUH� GX\DUOÕ�PROHN�OOHUGLU��+�FUHGHNL�7&)� HWNLQOL÷L�� K�FUH�
GÕúÕ�ED]Õ�X\DUDQODU�LOH�GHQHWOHQLUNHQ��057)�HWNLQOL÷L��K�FUHQLQ�DNWLQ�GLQDPL÷L��)-aktin / 

G-DNWLQ�RUDQÕ��YH�5KR$�NLQD]�\ROX�WDUDIÕQGDQ�GHQHWOHQLU (87, 88, 89). 

65)�HWNLQOL÷LQL�EHOLUOH\HQ�GL÷HU�ELU�HWPHQ��65)¶QLQ�caspase�DUDFÕOÕ�\ÕNÕPÕ�YH�EX�
\ÕNÕP�VRQXFX�ROXúDQ��U�QG�U��65)¶QLQ�\ÕNÕP��U�Q����65)¶QLQ�ED]Õ�DOWHUQDWLI�WUDQVNULSW�
ürünleri (SRFû���JLEL�'1$¶\D�ED÷ODQPD�\HWHQH÷L�\RNWXU�YH�GLPHU�ROXúWXUGX÷X�QRUPDO�
65)¶QLQ�GH�'1$¶\D�ED÷ODQPDVÕQÕ�HQJHOOHU�������������� 

65)�HWNLQOL÷LQLQ�EHOLUOHQPHVLQGH�|QHPOL�J|UHYL�RODQ�PROHN�OOHU�DUDVÕQGD��GL÷HU�
WUDQVNULSVL\RQ� IDNW|UOHUL� GH� YDUGÕU�� 65)� '1$¶\D� ED÷ODQÕUNHQ�� ED÷ODQPD� E|OJHVL�
\DNÕQODUÕQGD� EXOXQDQ� 7&)�� 1.;�-5, GATA-4,  MEF2C, YY1 gibi transkripsiyon 

IDNW|UOHULQLQ� YDUOÕ÷ÕQGDQ� HWNLOHQLU��'1$��]HULQGHNL� ED÷ODQPD� E|OJHVL�� 65)� ED÷ODQPD�
E|OJHVL� LOH� oDNÕúÕN� RODQ� <<��� 65)� HWNLQOL÷LQL� D]DOWÕUNHQ�� � 65)� ED÷ODQPD� E|OJHVL�
\DNÕQÕQD� ED÷ODQDQ� �1.;�-�� YH� *$7$�� JLEL�� GL÷HU� WUDQVNULSVL\RQ� IDNW|UOHUL� 65)�
HWNLQOL÷LQL�DUWWÕUÕU��%HQ]HU�ELoLPGH��'1$¶\D�GR÷UXGDQ�ED÷ODQPDGÕNODUÕ�KDOGH�myocardin 

65)�HWNLQOL÷LQL�DUWWÕUÕUNHQ��+RS�65)�HWNLQOL÷LQL�D]DOWÕU���������������������� 

ùHNLO�2-10 Kardiyak hipertrofide önemli dört transkripsiyon faktörünün kontrolü 
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2.5.3. Kardiyak Hipertrofide HOP 

+RS�PXWDQW� IDUHOHUGH�J|]OHQHQ� IHQRWLSLN�GH÷LúLNOLNOHUGHQ�LNLVL� �7DEOR��-2’deki 

)HQRWLS�,�YH�)HQRWLS�,,��SUHQDWDO�YH�SHULQDWDO�G|QHPGH�NHQGLVLQL�J|VWHULUNHQ�GL÷HU�LNLVL�
(Tablo 2-�¶GHNL� )HQRWLS� ,,,� YH� )HQRWLS� ,9�� SRVWQDWDO� G|QHPGH� RUWD\D� oÕNDU�� )HQotip 

,,¶GHNL�NDOS�E�\�PHVL�KLSHUSOD]LN�ROGX÷X�KDOGH�IHQRWLS�,,,�YH�,9¶GH�RUWD\D�oÕNDQ�NDOS�
E�\�PHVLQLQ� KLSHUWURILN� ROGX÷X� DQODúÕOPÕúWÕU�� %X� GD�Hop¶XQ� GR÷XP� |QFHVLQGH� K�FUH�
E|O�QPHVLQL�� GR÷XP� VRQUDVÕQGD� LVH� � K�FUH� E�\�PHVLQL� �KLSHUWURIL\L�� EDVNÕOD\DQ� ELU�
dü]HQOH\LFL�ROGX÷XQX�J|VWHUPHNWHGLU�������� 

0XWDV\RQX� \HWLúNLQ� IDUHOHUGH� KLSHUWURILN� NDOS� E�\�PHVLQH� QHGHQ� RODQ� Hop 

JHQLQLQ�NDUGL\DN�KLSHUWURIL� LOH� LOLúNLVLQL�DQOD\DELOPHN� LoLQ�oHúLWOL�GHQH\OHU�\DSÕOPÕúWÕU��
Bu deneyler sonucunda Hop’un kardiyak hipertrofideNL� HWNLVLQL� 65)� DUDFÕOÕ÷Õ\OD�
J|VWHUGL÷L� DQODúÕOPÕúWÕU� �ùHNLO� �-����� 65)¶\H� ED÷OÕ� JHQ� LIDGHVLQLQ� +RS� WDUDIÕQGDQ�
EDVNÕODQPDVÕ��DQODúÕOGÕ÷Õ�NDGDUÕ\OD�LNL�\ROOD�JHUoHNOHúPHNWHGLU��øON�\ROGD�+RS��65)¶QLQ�
'1$¶\D� ED÷ODQPDVÕQÕ� HQJHOOH\HUHN� 65)¶\H� ED÷OÕ� JHQ� LIDGHVLQL� EDVNÕODU�� 1N[�-5’in 

KRPHRGRPH\QLQL�WDNOLW�HGHUHN�65)�LOH�GLPHU�ROXúWXUDQ�+RS��'1$¶\D�ED÷ODQPD�|]HOOL÷L�
ROPDGÕ÷Õ� LoLQ� 65)¶QLQ� GH� '1$¶\D� ED÷ODQPDVÕQÕ� HQJHOOHU�� øNLQFL� \ROGD� LVH� +RS��
'1$¶\D� ED÷ODQPÕú� GXUXPGDNL� 65)¶\L� KHGHI� DOÕU� YH� WUDQVNULSVL\RQX� EDVNÕODPDk için 

VÕQÕI� ,� +'$&¶OHUH� JHUHNVLQLP� GX\DU� �ùHNLO� �-����� +RS�� VÕQÕI� ,� � +'$&� �\HVL� RODQ�
+'$&�¶QLQ� 65)¶\H� ED÷ODQPDVÕQÕ� VD÷OD\DUDN� 65)¶QLQ� WUDQVNULSVL\RQHO� HWNLQOL÷LQL�
EDVNÕODPDNWDGÕU�� .DOS� NDVÕQGDNL� \�NVHN� Hop ifadesinden kaynaklanan hipertrofinin, 

HDAC inhibLW|UOHUL� YDUOÕ÷ÕQGD� JHUoHNOHúPHPHVL�� +RS¶XQ� KLSHUWURILN� HWNLVLQL� +'$&�
DUDFÕOÕ÷Õ\OD� J|VWHUGL÷LQL� GR÷UXODPDNWDGÕU�� Hop� PXWDQW� IDUHOHUGH� ROGX÷X� JLEL�� \�NVHN�
düzeyde Hop� LIDGH� HGHQ� IDUHOHUGH� GH� NDUGL\DN� KLSHUWURIL� JHOLúWL÷L� J|U�OP�úW�U�� %X�
oHOLúNLOL�GXUXP��65)¶QLQ�KLSHUWURILN�\DQÕWWDNL�LNLOL�GDYUDQÕúÕQD�ED÷ODQPDNWDGÕU�����������
���������ùHNLO��-13). 

ùHNLO�2-11 +LSHUWURILN�\DQÕWWD�+23¶XQ�\HUL 
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ùHNLO� 2-12 Hop’un yoklu÷XQGD� �VRO�� YH� YDUOÕ÷ÕQGD� �VD÷��� 65)¶\H� ED÷OÕ� JHQ� LIDGHVLQLQ�
G�]HQOHQPHVLQL� DoÕNOD\DQ� LNL�PHNDQL]PD��+RS�� 65)¶QLQ�'1$¶\D� ED÷ODQPDVÕQÕ� HQJHOOH\HUHN�
�$���\D�GD�WUDQVNULSVL\RQ�UHSUHVV|U��+'$&¶\L�65)¶\H�ED÷OD\DUDN��%��65)¶QLQ�WUDQVNULSVL\RQHO�
HWNLQOL÷LQL�EDVNÕlar. 

ùHNLO� 2-13 +23� µXQ� GR÷XP� |QFHVLQGH� �$�� YH� VRQUDVÕQGDNL� �%�� � NDOS� E�\�PHVLQL� HWNLOHGL÷L�
basamaklar. 
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2.6 Kardiyomiyopatiler 

.DUGL\RPL\RSDWLOHU� �NDOS� NDVÕ� KDVWDOÕNODUÕ��� NDOS� NDVÕQGD�� NDOELQ� oDOÕúPDVÕQÕ�
aksDWDFDN�ELU� ER]XNOX÷XQ� RUWD\D� oÕNPDVÕ\OD� EHOLUHQ� NOLQLN� WDEORODUÕQ� JHQHO� DGÕGÕU��%X�
bozukluk virüs gibi bir enfeksiyon etkeninden, metabolik bir bozukluktan ya da 

NLP\DVDO�ELU�PDGGHGHQ�ND\QDNODQDELOLU��%X�W�U�HGLQVHO�NDOS�NDVÕ�KDVWDOÕNODUÕ��HQIHNWLI��
metaboOLN�YH�WRNVLN�NDUGL\RPL\RSDWLOHU��GÕúÕQGD�NDODQ�NDOÕWVDO�NDOS�NDVÕ�KDVWDOÕNODUÕ�LVH�
NDOELQ� \DSÕVDO��PHWDEROLN�YH\D�NRQWUDNWLO� SURWHLQOHULQGHNL�ER]XNOXNODUGDQ�ND\QDNODQÕU 
(98, 99). 

)DUNOÕ�QHGHQOHUGHQ�ND\QDNODQVD�GD�NDUGL\RPL\RSDWLOHU��JHQHOOLNOH�\DúDPÕ�WHKGit 

HGHELOHQ�ED]Õ�RUWDN�NRPSOLNDV\RQODUOD�VRQXoODQÕU��%X�NRPSOLNDV\RQODUÕQ�EDúÕQGD�NDOS�
\HWPH]OL÷L�� PL\RNDUG� HQIDUNW�V�� YH� NDUGL\DN� DULWPLOHU� JHOLU�� +DVWDOÕ÷ÕQ� VH\UL�� WHGDYL�
VHoHQH÷L�YH�SURJQR]X�NDUGL\RPL\RSDWLQLQ�QHGHQLQH�ED÷OÕ�RODUDN�GH÷LúLU (49,98,99,100). 

2.6.1 Hipertrofik Kardiyomiyopatiler (HKM) 

.DOÕWVDO� NDUGL\RPL\RSDWLOHULQ� E�\�N� ELU� NÕVPÕ� �|]HOOLNOH� NRQWUDNWLO� SURWHLQ�
ER]XNOX÷X�WDúÕ\DQODU���LQWHUYHQWULN�OHU�VHSWXPGD�DVLPHWULN�ELU�NDOÕQODúPD\D�QHGHQ�ROXU��
0L\RVLW� N�WOH� DUWÕúÕQGDQ� ND\QDNODQDQ� EX� NDOÕQODúPD�� VRO� YHQWULN�O� KLSHUWURILVL� RODUDN�
DGODQGÕUÕOÕU�YH�+.0�LoLQ�HQ�|QHPOL�EXOJXGXU������ 

6RO� YHQWULN�O� KLSHUWURILVL�� GH÷LúLN� QHGHQOHUGHQ� GROD\Õ� VRO� YHQWULN�O��
PL\RNDUGÕQGD�PH\GDQD� JHOHQ� E�\�PH\L� WDQÕPODU�� 6LVWHPLN� KLSHUWDQVL\RQ�� DRUW� NDSDN�
KDVWDOÕ÷Õ��NRURQHU�DUWHU�KDVWDOÕ÷Õ��DRUW�GDUOÕ÷Õ�YH�ED]Õ�GR÷XPVDO�NDOS�KDVWDOÕNODUÕQD�LNLQFLO�
RODUDN�JHOLúHELOHQ�VRO�YHQWULN�O�KLSHUWURILVL��EX�GXUXPODUGD��LOJLOL�KDVWDOÕ÷ÕQ�ELU�EHOLUWLVL�
�VHPSWRPX��RODUDN�GH÷HUOHQGLULOLU��.DOS�NDVÕQÕQ�NHQGL�KDVWDOÕ÷ÕQD��NDUGL\RPL\RSDWL\e) 

ELULQFLO�RODUDN�JHOLúHQ�VRO�YHQWULN�O�KLSHUWURILVL�LVH�KLSHUWURILN�NDUGL\RPL\RSDWL��+.0��
KDVWDOÕ÷Õ� DGÕ� DOWÕQGD� D\UÕ� GH÷HUOHQGLULOLU�� $OWÕQGD� \DWDQ� QHGHQOHULQ� IDUNOÕ� ROPDVÕQGDQ�
GROD\Õ� ELULQFLO� �NDUGL\RPL\RSDWLN�� KLSHUWURIL� LOH� LNLQFLO� �KLSHUWDQVLI� YH\D� Dortik) 

KLSHUWURILQLQ�D\ÕUÕPÕ�NOLQLN�RODUDN�|QHPOLGLU��%X�QHGHQOD�+.0�WDQÕVÕ��KLSHUWDQVL\RQ�YH�
DRUW� NDSDN� KDVWDOÕ÷Õ� JLEL� VRO� YHQWULN�O� KLSHUWURILVLQH� QHGHQ� RODELOHQ� GXUXPODUÕQ�
GÕúODQGÕ÷Õ�VRO�YHQWULN�O��E�\�PHVL�YDUOÕ÷ÕQGD�G�ú�Q�O�U��������� 

7DQÕ��Sol ventriN�O�KLSHUWURILVLQH�QHGHQ�ROGX÷X�ELOLQHQ�VLVWHPLN�KLSHUWDQVL\RQ��
NRURQHU� DUWHU� KDVWDOÕ÷Õ�� DRUWLN� NDSDN� KDVWDOÕ÷Õ�� DRUW� GDUOÕ÷Õ� YH�GR÷XPVDO� NDOS� KDVWDOÕ÷Õ�
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JLEL� KDVWDOÕNODUÕQ� \RNOX÷XQGD�� QRQGLODWH� RGDFÕ÷ÕQ� �YH� NRUXQPXú� VLVWROLN� LúOHYLQ�� HúOLN�
HWWL÷L�VRO�YHQWULN�O�KLSHUWURILVL�+.0�WDQÕVÕQÕ�G�ú�QG�UHQ�LON�QHGHQGLU��+.0�WDQÕVÕ��WLSLN�
RODUDN� DVLPHWULN� GD÷ÕOÕP� J|VWHUHQ� VRO� YHQWULN�O� KLSHUWURILVLQLQ� �-D ekokardiyografide 

J|VWHULOPHVL\OH�NROD\OÕNOD�NRQDELOLU (101). 

Görüntüleme teknikleriyle ölçülen sol ventrikül duvaU� NDOÕQOÕ÷ÕQÕQ� ���PP¶QLQ�
�]HULQGH� ROPDVÕ� +.0� LoLQ� HQ� |QHPOL� WDQÕ� NULWHULGLU�� $WOHW� NDOEL� RODUDN� DGODQGÕUÕODQ�
IL]\RORMLN�KLSHUWURILGH�|Oo�OHQ�VRO�YHQWULN�O�GXYDU�NDOÕQOÕ÷Õ�����PP��LOH�+.0�WDQÕ�VÕQÕUÕ�
���� PP�� DUDVÕQGD� NDODQ� ���-��� PP�� |Oo�POHULQ� GH÷HUOHQGLULlmesi daha dikkat 

JHUHNWLUHQ�GXUXPODUGÕU��102). 

+DVWDODUÕQ� \DNODúÕN� �� ��¶LQGH� LQWHUYHQWULN�OHU� VHSWXPXQ� DVLPHWULN� WXWXOXPX�
J|U�O�UNHQ��KDVWDODUÕQ����-10’u,  asimetrik septal hipertrofi yerine konsantrik hipertrofi 

JHOLúWLULU��%D]DO�\HUOHúLPOL�VHSWDO�KLSHUWURIL�KDVWDODUÕQ�����-20’sinde görülürken, apikal 

\D�GD� ODWHUDO�GXYDU�\HUOHúLPOL�KLSHUWURIL�EDWÕ� WRSOXPODUÕQGD�oRN�G�ú�N� ��������� -DSRQ�
toplumunda ise yüksek (% 25) oranda bulunur (98,100). 

Etiyoloji: +.0�� NDOS� NDVÕ� K�FUHOHULQLQ� VDUNRPHU� ELOHúHQOHULQL� NRGODyan 

JHQOHUGHNL�PXWDV\RQODUÕQ�QHGHQ�ROGX÷X�JHQHWLN�ELU�KDVWDOÕNWÕU��.RQWUDNWLO��\DSÕVDO�\D�GD�
G�]HQOH\LFL� LúOHYL� RODQ�� ��¶WHQ� ID]OD� VDUNRPHULN� SURWHLQ� JHQLQGH� ���¶GHQ� ID]OD�
PXWDV\RQXQ�+.0�QHGHQL�ROGX÷X�ELOGLULOPLúWLU��7DQÕPODQDQ�EX�PXWDV\RQODU� LoLQGH�HQ�
yayJÕQ� RODQODUÕQ� �MyHC (% 35), MyBPC (% 20) ve TNNT (% 15) genlerinde 

EXOXQGX÷X� J|U�OP�úW�U�� �MyHC geninde HKM nedeni olan 65’ten fazla, MyBPC 

JHQLQGH�����7117�JHQLQGH�LVH����PXWDV\RQ�EXOXQPXúWXU��.TM, TNNI, MLC-2, MLC-

2, .$&�YH�771�JLEL�GL÷HU�JHQOHUGH�EXOXQDn mutasyonlar ile birlikte �MyHC, MyBPC 

YH� 7117� � JHQOHULQGHNL� PXWDV\RQODU�� WDQÕPODQDQ� W�P� +.0� KDVWDODUÕQÕQ� \DNODúÕN���
��¶LQGHQ� VRUXPOXGXU�� *HQo� Q�IXVWD� VÕNOÕ÷Õ� ������ RODUDN� |Oo�OHQ� +.0�� KDVWDODUÕQ�
\DNODúÕN�����¶VLQGH�DLOHYL�RODUDN�NDOÕWÕOÕU��$LOH��KLND\HVL�ROPD\DQODUGD�KDVWDOÕ÷ÕQ�\HQL�
PXWDV\RQODUGDQ� ND\QDNODQGÕ÷Õ� \D� GD� DLOH� LoLQGH� J|]GHQ� NDoDFDN� NDGDU� VLOLN� EHOLUWL�
YHUGL÷L�G�ú�Q�OPHNWHGLU���������������� 

Klinik Bulgular ve Prognoz: 'LVSQH�� DQMLQD�� NRQMHVWLI� NDOS� \HWPH]OL÷L��
miyokard iskemisi, aritmi ve mitrDO�UHJ�UJLWDV\RQ�JLEL�IDUNOÕ�EHOLUWLOHU�YHUHELOHQ�+.0��
NOLQLN� JLGLúDWÕ� GH÷LúNHQOLN� J|VWHUHQ� ELU� KDVWDOÕNWÕU��%D]Õ� KDVWDODUGD�+.0�\DúDP�ER\X�
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EHOLUWLVL]�NDOÕUNHQ��ED]Õ�KDVWDODUGD�PHNDQLN�\D�GD�HOHNWULNVHO�DQRPDOLOHUH�ED÷OÕ�DQL�NDOS�
ölümlerine neden olabilmektedir (98, 100, 103, 104, 105). 

%HOLUWLOHULQLQ�\DQÕQGD��KLSHUWURILQLQ�\HUOHúLPL�EDNÕPÕQGDQ�GD�+.0�GH÷LúNHQOLN�
J|VWHULU��+LSHUWURILQLQ� \HUOHúLPLQH�ED÷OÕ� RODUDN�RUWD\D� oÕNDQ�EX�GH÷LúNHQOLN� KDVWDOÕ÷ÕQ�
DGODQGÕUÕOPDVÕQD� GD� \DQVÕPÕúWÕU�� +.0¶QLQ� EDúODQJÕoWD� +LSHUtrofik Obstrüktif 

.DUGL\RPL\RSDWL�� 0�VN�OHU� 6XEDRUWLN� 6WHQR]� YH� øGL\RSDWLN� +LSHUWURILN� 6XEDRUWLN�
6WHQR]� JLEL� IDUNOÕ� ELoLPGH� DGODQGÕUÕOPDVÕQÕQ� QHGHQL� KLSHUWURILQLQ� \HUOHúLPLQGHNL�
GH÷LúNHQOLNWLU���������� 

+LSHUWURILN�NLWOHQLQ�\HUOHúLPLQH�ED÷OÕ�RODUDN�RUWD\D�oÕNDELOHFHN�HQ�|QHPOL�NOLQLN�
EXOJX� WÕNDQPDGÕU� �REVWU�NVL\RQ��� $RUW� D÷]ÕQD� \DNÕQ� �VXE-DRUWLN�� \HUOHúLP� J|VWHUHQ�
KLSHUWURILN�NLWOH��VLVWRO�VÕUDVÕQGD�VRO�YHQWULN�OGHQ�DRUWD\D�NDQ�JHoLúLQL�GHUHFHOL�RODUDN�\D�
GD� WDPDPHQ� HQJHOOH\HELOLU�� .DOS� DWÕP� \ROX� WÕNDQÕNOÕ÷Õ� RODUDN� DGODQGÕUÕODQ� EX� GXUXP�
+.0� KDVWDODUÕQGD� \DNODúÕN� �� ��� RUDQÕQGD� J|U�O�U� YH� DQL� |O�POHULQ� |QHPOL� ELU�
QHGHQLGLU�� %X� QHGHQOH� +.0¶QLQ� WÕNDo� ROXúWXUDQ� �REVWU�NWLI�� YH� ROXúWXUPD\DQ� �QRQ-

REVWU�NWLI�� ELoLPOHULQLQ� D\ÕUÕPÕ� NOLQLN� RODUDN� |QHPOLGLU�� 6XE-aortik \HUOHúLPOL� VHSWDO�
KLSHUWURIL� GÕúÕQGD� YHQWULN�O� LoL� SDSLOOHU� NDV� KLSHUWURILVL� GH� VLVWRO� VÕUDVÕQGD� WÕNDo�
ROXúWXUDELOPHNWHGLU���������������� 

+.0�KDVWDODUÕ� LoLQ�HQ�FLGGL� ULVN��NDOS�DWÕP�\ROX� WÕNDQÕNOÕ÷ÕQD�\D�GD�DULWPLOHUH�
ED÷OÕ� DQL�NDOS�|O�POHULGLU��%D]Õ�GXUXPODUGD�KDVWDOÕ÷ÕQ� LON�EHOLUWLVL�RODUDN�RUWD\D�oÕNDQ�
DQL�NDOS�|O�POHUL��|]HOOLNOH�JHQo�VSRUFXODUGDNL�DQL�|O�POHULQ�LON�QHGHQOHUL�DUDVÕQGDGÕU��
'DKD� LOHUL� \DúODUGD� LVH� +.0�� NDOS� \HWPH]OL÷LQH� LOHUOH\HELOHFH÷L� JLEL� NOLQLN� EXOJX�
vermeden de kalabilir (100, 108). 

Histopatoloji: HKM’deki üç temel histolojik bulgu miyofibriler düzensizlik, 

LQWHUVWLVL\DO� ILEUR]� YH� NDUGL\RPL\RVLW� KLSHUWURILVLGLU�� +.0¶\L� GL÷HU� KLSHUWURILN�
GXUXPODUGDQ� D\ÕUDQ� YH� +.0¶\H� |]J�� RODQ� HQ� |QHPOL� KLVWRORMLN� EXOJX� PL\RVLW�
G�]HQVL]OL÷LGLU�� 0XWDQW� YH� QRUPDO� VDUNRPHULN� SURWHLQOHU� DUDVÕQGDNL� LúOHYVHO�
X\XPVX]OXNWDQ� ND\QDNODQGÕ÷Õ� G�ú�Q�OHQ� PL\RILEULOHU� G�]HQVL]OL÷LQ� RUDQÕ� GH÷LúNHQOLN�
J|VWHULU� YH� VRO� YHQWULN�O� GXYDUÕQÕQ� �� ��¶�Q�� WXWDELOLU�� <DSÕODQ� RWRSVLOHU� VRQXFX��
|]HOOLNOH�KDVWDOÕNWDQ�GROD\Õ�|OHQ�JHQoOHUGH�EX�RUDQÕQ�GDKD�\�NVHN�ROGX÷X�J|U�OP�úW�U��
øQWHUVWLVL\HO�ILEUR]�LVH��JHQHOOLNOH�LVNHPLQLQ�WHWLNOHGL÷L�DSRSWR]�VRQXFX�|OHQ�PL\RVLWOHULQ�
\HULQH�ED÷�GRNXVX�K�FUHOHULQLQ�JHoPHVL\OH�ROXúXU��.DOS�NDVÕQÕQ�HVQHNOL÷LQGH�D]DOPD\D�
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neden olan interstisiyel fibroz,� D\QÕ�]DPDQGD�NDOS� LOHWL� VLVWHPLQGH�GH�DNVDNOÕNODUD�\RO�
açabilmektedir. HKM’nin en önemli, fakat özgül olmayan histolojik bulgusu ise miyosit 

hipertrofisidir. Miyosit hipertrofisi konsentrik tiptedir ve HKM‘deki kalp büyümesinin 

esas sorumlusudur (49, 109). 

.�o�N� LQWUDPXUDO� NRURQHU� DUWHUOHULQ� GXYDUODUÕQGDNL� PHGL\DO� KLSHUWURIL� GH�
+.0¶GH� VÕN� J|U�OHQ�ELU�EXOJXGXU��+DVWDODUÕQ�����¶LQGHQ� ID]ODVÕQGD�J|U�OHQ�PHGL\DO�
KLSHUWURIL��NRURQHU�DUWHU�O�PHQLQLQ�GDUDOPDVÕQD�QHGHQ�ROXU��.RURQHU�DUWHU�O�PHQLQGHNL�
daralma, miyoNDUGÕQ� RNVLMHQOHQPHVLQL� D]DOWÕU�� 0L\RNDUG� KLSHUWURILVLQH� ED÷OÕ� RODUDN�
DUWDQ� RNVLMHQ� JHUHNVLQLPL� LOH� ELUOLNWH� EX� GXUXP� +.0� KDVWDODUÕQGD� LVNHPL� RODVÕOÕ÷ÕQÕ�
DUWWÕUÕU���������������� 

Patogenez: HKM patogenezinden sorumlu olan hücresel ve moleküler 

mekanizmalar� WDP� RODUDN� ELOLQPHVH� GH� LNL� |QHPOL� DoÕNODPD� |QH� V�U�OPHNWHGLU�� øON�
DoÕNODPD\D�J|UH�QRUPDO�YH�PXWDQW�SURWHLQOHULQ�VDUNRPHU�LoLQGHNL�KHWHURMHQ�GD÷ÕOÕPODUÕ��
aktin-PL\R]LQ� DUDVÕQGDNL� X\XPX� ER]DU�� øNLQFL� DoÕNODPD\D� J|UH� PXWDV\RQ� \D� $73D]�
HWNLQOL÷LQL� GH÷LúWLUGL÷L� LoLQ� GR÷UXGDQ�� \D� GD� GROD\OÕ� \ROODUOD�� PXWDQW� PL\RVLWLQ� HQHUML�
JHUHNVLQLPLQL� DUWWÕUÕU�� +HU� LNL� GXUXPGD� GD� KLSHUWURILN� JHQ� SURJUDPÕQÕQ� GHYUH\H�
JLUPHVL\OH�K�FUHGH�\HQLGHQ�\DSÕODQPD�EDúODU��+�FUH�E�\�PHVL��KLSHUWURIL��LOH�EHOLUJLQ�
RODQ�\HQLGHQ�\DSÕODQPD�HQHUML�JHUHNVLQLPLQL�RUJDQ�G�]H\LQGH�DUWWÕUÕU����������� 

)DUNOÕ� PXWDQW� SURWHLQOHULQ� PL\RVLWOHUGH� KLSHUWURILN� \DQÕWÕ� IDUNOÕ� VLQ\DO� \ROODUÕ�
DUDFÕOÕ÷Õ\OD�WHWLNOHGLNOHUL�G�ú�Q�O�\RU�ROVD�GD�NDOVL\XP�KHSVL�LoLQ�|QHPOL�ELU�RUWDN�QRNWD�
ROXúWXUPDNWDGÕU�� +.0� SDWRJHQHzinde kalsiyumun önemi hayvan deneylerinde de 

J|VWHULOPLúWLU��+.0¶OL� IDUHOHUH�/-WLSL�NDOVL\XP�NDQDO� LQKLELW|U��GLOWLD]HP�YHULOGL÷LQGH�
KLVWRSDWRORMLN�GH÷LúLNOLNOHULQ�G�]HOGL÷L�J|U�OP�úW�U����������� 

0\+&�� YH� 0\%3&�� PXWDV\RQODUÕQGD�� VRO� YHQWULN�O� KLSHUWURILVL� JHOLúPH\H�
EDúODPDGDQ�|QFH�GDKL�D]DOPÕú�GL\DVWROLN�LúOHY�JHOLúPH\H�EDúODGÕ÷Õ�J|U�OP�úW�U��+D\YDQ�
PRGHOOHPHOHUL\OH�� GL\DVWROLN� JHYúHPHGHNL� EX� \HWHUVL]OL÷LQ� DUWPÕú� NDOVL\XP�
GX\DUOÕOÕ÷ÕQGDQ�ND\QDNODQGÕ÷Õ�DQODúÕOPÕúWÕU����������� 

Mutant proteinin yüksek kalsi\XP� GX\DUOÕOÕ÷Õ� QHGHQL\OH� DUWWÕ÷Õ� G�ú�Q�OHQ�
sitoplazmik kalsiyum düzeyi, kalsinörin (Cn��YH�&D0.�JLEL�HQ]LPOHULQ�HWNLQOHúPHVLQH�
QHGHQ� ROXU�� +�FUH� LoL� NDOVL\XP� DUWÕúÕQÕQ� \DQÕQGD� K�FUH� GÕúÕ� X\DUÕODU� GD� 0$3.�



 30 

HQ]LPOHULQLQ�HWNLQOHúPHVLQH�QHGHQ�ROXU��+�FUH�LoL�\D�GD�K�FUH�GÕúÕ�X\DUÕODUOD�HWNLQOHúHQ�
EX� HQ]LPOHULQ� VXEVWUDWODUÕ� DUDVÕQGD� \HU� DODQ� 0()��� *$7$��� 1)$7� YH� 65)� JLEL�
WUDQVNULSVL\RQ� IDNW|UOHULQLQ� LVH� \HWLúNLQ� NDOELQGH� KLSHUWURILN� \DQÕWD� |]J�� I|WDO� JHQ�
UHDNWLYDV\RQXQGDQ�VRUXPOX�ROGXNODUÕ�ELOLQPHNWHGLU���������. 

HKM’deki temel sorun mutant sarkomerik proteinlerdir. Mutant proteinin neden 

ROGX÷X� NDOS� LúOHY� ER]XNOX÷X�� NDOS� LúOHYLQL� DUWWÕUPD\D� \|QHOLN� X\XPVDO� \DSÕODQPDODUÕ�
tetikler. %X� \HQLGHQ�\DSÕODQPDODUÕQ� HQ� |QHPOLVL� GH� KLSHUWURILGLU��+LSHUWURILN� \DQÕW� LOH�
kalp,�VD\ÕVÕQÕ�DUWWÕUDPDGÕ÷Õ�K�FUHOHULQLQ��VDUNRPHULN�LoHUL÷LQL�DUWWÕUDUDN�VRUXQX�o|]PH\H�
oDOÕúÕU��)DNDW��VRUXQXQ�DVÕO�ND\QD÷Õ�RODQ�ER]XN�VDUNRPHUOHUH�HNOHQHQ�\HQL�VDUNRPHUOHU�
GH�ER]XN�RODFD÷Õ�LoLQ��EX�X\XP�PHNDQL]PDVÕ�VRUXQXQ�o|]�P�QGHQ�oRN�E�\�PHVLQH�YH�
EDúND�\HQL�VRUXQODUÕQ�HNOHQPHVLQH�QHGHQ�ROXU��.ÕVD�G|QHPGH�ID\GDOÕ�ROPDVÕQD�UD÷PHQ�
X]XQ� G|QHPGH� \HQL� VRUXQODUD� ND\QDNOÕN� HGHQ� KLSHUWURILQLQ� |]HOOLNOH� VRO� YHQWULN�O��
WXWPDVÕ��VRO�YHQWULN�O�Lú�\�N�Q�Q�ID]OD�ROPDVÕQD�ED÷OÕGÕU��%X�QHGHQOH�+.0��E�\�PHQLQ�
YH�EXQD�ED÷OÕ RODUDN�VRO�YHQWULN�O� Lú�\�N�Q�Q�V�UHNOL�DUWWÕ÷Õ�HULúNLQ�|QFHVL� �oRFXNOXN-

JHQoOLN��G|QHPGH�EHOLUWLOHULQL�JHQHOOLNOH�J|VWHUPLú�ROXU���������������������� 
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3. GEREÇ VE YÖNTEM 

 

3.1. Gereçler 

3.1.1. Hasta Grubu 

dDOÕúPDPÕ]D�� .RúX\ROX� .DOS� (÷LWLP� YH� $UDúWÕUPD� +DVWDnesi’nde 

HNRNDUGL\RJUDIL�LOH�WDQÕVÕ�NRQXODQ����+LSHUWURILN�.DUGL\RPL\RSDWLOL��+.0��KDVWD�GDKLO�
HGLOGL��+DVWDODUD�\DSÕODFDN�oDOÕúPD�KDNNÕQGD�ELOJL�YHULOGL�YH�ELOJLOHQGLULOPLú�RQD\�IRUPX�
RNXQDUDN�LP]DODQPDVÕ�LVWHQGL��+DVWDODUGDQ�('7$¶OÕ�W�SH����FF�NDQ�DOÕQGÕ ve amonyum 

DVHWDW�\|QWHPL�LOH�'1$�L]RODV\RQX�\DSÕOGÕ� 

�������6D÷OÕNOÕ�.RQWURO�*UXEX 

.RQWURO�JUXEX�LoLQ�KLSHUWURILN�NDUGL\RPL\RSDWL��EXOJXODUÕQD�VDKLS�ROPD\DQ�����
VD÷OÕNOÕ�ELUH\�VHoLOGL��.RQWUROOHUGHQ�('7$¶OÕ�W�SH����FF�NDQ�DOÕQGÕ�YH�DPRQ\XP�DVHWDW�
yöntemi�LOH�'1$�L]RODV\RQX�\DSÕOGÕ�� 

3.1.3. Enzimler 

Taq DNA Polimeraz 

Proteinaz K 

3.1.4. Primerler 

Tablo 3-1 : .XOODQÕODQ�SULPHUOHU� 

 

 

 

Bölge Ekzon Primer Primerin Dizisi (5'-3') Beklenen Bant Boyu (bç)

+23�H�) $$&*7*&7$7&$*&$*&&7*
+23�H�5 *&$7777**7&7$*77&&7*&$&
+23�H�) &*$&&*&&77&&77&*&7*&
+23�H�5 *$&*$$&$**$&&*&&&$*&
+23�H�) &77*7*&&$&$*$**&7$&&
+23�H�5 &&77&$7**$*7*$$*&7*7&

���

���

���

�

�

�

�

�

�
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3.1.5. Kimyasal Maddeler 

Agaroz 

Akrilamid 

Amonyum Asetat 

Amonyum Klorür (NH4Cl) 

Amonyum Persülfat (APS) 

Asetik Asit 

Bisakrilamid 

Borik Asit 

Brom Fenol Mavisi 

Etanol 

Etidyum Bromid 

EDTA ( Etilen Diamid Tetraasetik Asit) 

Formaldehit 

Formamid  

Gliserol 

*�P�ú�1LWUDW� 

Ksilen Siyanol 

Potasyum Bikarbonat (KHCO3) 

Sodyum Dodesil Sülfat (SDS) 
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Sodyum Hidroksit (NaOH) 

Sodyum Klorür (NaCl) 

TEMED (Tetrametiletilendiamin) 

Tris baz 

�������.XOODQÕODQ�&LKD]ODU 
%X]GRODEÕ�YH�'HULQ�'RQGXUXFX  (+ 4 oC ve -20 o&�8÷XU��-80oC Memmert) 

CCD kamera-ELOJLVD\DU�GRQDQÕPÕ  (Mitsubishi-Machintosh) 

dDONDODPDOÕ�VX�Eanyosu   (Memmert) 

dDONDOÕ\ÕFÕ��VKDNHU�    (Memmert) 

Çeker Ocak      (Kermanlar) 

'LVWLOH�VX�FLKD]Õ    (Milipore) 

Dikey elektroforez aleti   (Owl Separation System) 

'LNH\�MHO�VR÷XWXWFX    (Polyscience) 

Elektroforez aleti    (Owl) 

Etüv      (Heraeus) 

Güç kayQD÷Õ     (Ec Appatus Corporation) 

Hassas terazi     (Shimadzu) 

+LEULGL]DV\RQ�IÕUÕQÕ    (Techne) 

Homojenizatör               (Heidolph) 

+RUL]RQWDO�EH\D]�ÕúÕN�ND\QD÷Õ            (Fotodyne)  

,VÕ�EOR÷X     (Vive scientific) 
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Masaüstü mini santrifüj   (Eppendorf) 

Otomatik pipetler    (Gilson) 

3=5�FLKD]Õ     (Techne-Perkin Elmer-Eppendorf) 

PH metre     (Corning) 

6R÷XWPDOÕ�VDQWULI�M    (Heraus) 

Spektrofotometre    (Labomed) 

UV- transluminatör    (Fotodyne) 

UV-crosslink     (Stratagene) 

 

�������'1$�ø]RODV\RQ�d|]HOtileri 

 5%/��$O\XYDU�3DUoDOD\ÕFÕ�d|]HOWL���S+���������� 
              NH4Cl                                                                                                 8.74 g 

              KHCO3                                                                                                     1 g 

              0,5 M EDTA, pH 8.0                                                                         200 ml 

              Distile Su                                                                                           800 ml. 

 

             :%/��$N\XYDU��3DUoDOD\ÕFÕ�d|]HOWL� 
             4 M NaCl                                                                                            10 ml 

             0,5 M EDTA, pH 8.0                                                                          20 ml 

�������������6WHULO�GLVWLOH�VX�LOH�����PO¶\H�WDPDPODQGÕ��2GD�ÕVÕVÕQGD�VDNODQGÕ� 
 

Amonyum Asetet Çözeltisi ( 9.5 M ) 

            Amonyum Asetat                                                                                  770 g 

Distile su                                                                                           1 000 ml 
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�6WHULOL]DV\RQ�LoLQ������PLNURQOXN�ILOWUH�NXOODQÕOGÕ�YH�RGD�ÕVÕVÕQGD�VDNODQGÕ��������������������������������������������������������������������������������������

         

            TE  (TrisEDTA) Tampon Çözeltisi (1000 ml, pH 8.0) 

            1 M Tris-HCl (pH 8.0)                                                                   10 ml 

            0.5 M EDTA                                                                                    20 ml 

            Distile su                                                                                       970 ml 
  

             SDS %1   (50 ml, pH 7.2) 

           SDS (Sodyum dodesil sülfat)                                                          5 g 

             6WHULO�GLVWLOH�VX�LOH���PO¶\H�WDPDPODQGÕ��S+�+&O�LOH����¶\H�D\DUODQGÕ�� 
�������������2GD�ÕVÕVÕQGD�VDNODQGÕ� 

3.1.8. Elektroforez Çözeltileri 

��������<�NOHPH�7DPSRQODUÕ 

             Agaroz Jel ElektroforH]L�øoLQ�<�NOHPH�7DPSRQX���;� 

             0.25%  brom fenol mavisi 

            30%     gliserol 

������������3ROLDNULODPLG�-HO�(OHNWURIRUH]L�øoLQ�<�NOHPH�7DPSRQX���;� 

             0.25%    brom fenol mavisi 

             0.25%    ksilen siyanol 

             95%       formamid 
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         <�U�WPH�7DPSRQODUÕ 

��������������$JDUR]�-HO�(OHNWURIRUH]L�øoLQ�<�U�WPH�7DPSRQX� 

           

              TAE (50X) 

              Tris baz:    242 g 

              Glasiyal asetik asit:  57.1 g 

              EDTA (0.5M):  100 ml  

��������������'LVWLOH�VX�LOH���OW¶\H�WDPDPODQGÕ�YH�RWRNODY�LOH�VWHULO�HGLOGL� 

 

���������������3ROLDNULODPLG�-HO�HOHNWURIRUH]L�øoLQ�<�U�WPH�7DPSRQX��� 

               TBE (5X) 

               Tris baz:                                       60.57 g 

               Borik asit:                                       30.90 g 

               EDTA (0.5M):                                       40 ml 

              % 10 Poliakrilamid Jel Çözeltisi (SSCP için) (99:1)  

              Akrilamid                                                           10 g   

              Bisakrilamid                                                       0,1 g 

              5 X TBE çözeltisi                                              10 ml 

              Distile Su                                                           90 ml 
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     % 10 Poliakrilamid Jel Çözeltisi (100 ml) 

              % 40 Akrilamid –Bisakrilamid (19:1)              20 ml 

              5 X TBE çözeltisi                                             20 ml 

              Distile Su                                                          60 ml 

*�P�ú�%R\DPD�d|]HOWLOHUL 

                 A Çözeltisi (10X)                            

                %95 Etil alkol                                                         

                %5 Asetik asit 

                

                 B Çözeltisi (10X) 

�����������������*�P�ú�QLWUDW���������JU 

                 Distile su             300 ml 

            

               &�d|]HOWLVL��7D]H�KD]ÕUODQÕU� 

                NaOH            4.5 gr 

                Borik Asit      0.03 gr 

                Formaldehit   %0.4 

                Distile su       300 ml 

               D Çözeltisi (10X) 

               Sodyum bikarbonat  22.5 gr 

               Distile su                  300 ml 
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3.2. Yöntemler 

3.2.1. Yöntem Bilgisi 

PZR (Polimeraz Zincir Reaksiyonu) 

PZR, biyolojik bLU�PDGGHGH��YDUOÕ÷Õ�ELOLQHQ�\D�GD�WDKPLQ�HGLOHQ�ELU�'1$��\D�GD�
51$�� SDUoDVÕQÕQ�� in vitro� NRúXOODUGD�� |Oo�OHELOHFHN� PLNWDUODUD� NDGDU� oR÷DOWÕOPDVÕ�
LúOHPLGLU�� 3=5�� YDUOÕ÷Õ� WDKPLQ� HGLOHQ� ELU� '1$� E|OJHVLQLQ� YDUOÕ÷ÕQÕ� J|VWHUPHN� \D� GD�
YDUOÕ÷Õ� ELOLQHQ� ELU� '1$� E|OJHVLQL� EDúND� DPDoODUOD� NXOODQÕODELOHFHN� PLNWDUODUGD� HOGH�
HWPHN� DPDFÕ\OD� X\JXODQDELOLU�� 3=5� \|QWHPL�� Taq DNA Polimeraz enziminin, tek 

]LQFLUOL� ELU�'1$�PROHN�O�Q�� NDOÕS� RODUDN� NXOODQDUDN� � VHUEHVW� ELU� �¶2+� XFXQD�� NDOÕS�
diziye uygun nükleotidleri ekleyebilme yeWHQH÷LQH� GD\DOÕGÕU�� +�FUH� LoLQGH� '1$�
3ROLPHUD]� LoLQ� VHUEHVW��¶2+�XFX�WHN�]LQFLUOL�NÕVD�51$�PROHN�OOHUL\OH�VD÷ODQÕUNHQ, in 

vitro� NRúXOODUGD� �3=5¶GH�� �¶2+� Xo�� \DSD\� RODUDN� �UHWLOHQ� WHN� ]LQFLUOL� NÕVD� '1$�
PROHN�OOHUL� LOH� VD÷ODQÕU�� 3ULPHU� DGÕ� YHULOHQ� EX� WHN� ]LQFLUOL� '1$�PROHN�OOHUL�� 3=5¶ÕQ�
VHoLFLOL÷LQL�EHOLUOH\HQ�HVDV�ELOHúHQGLU���3ULPHU�GL]LVL�NXUJXODQDUDN�VHUEHVW��¶2+�XFXQXQ�
KHGHI�'1$¶GD�ED÷ODQDFD÷Õ�\HU��GROD\ÕVÕ\OD�oR÷DOWÕODFDN�E|OJH�|QFHGHQ�EHOLUOHQHELOLU� 

SSCP (Tek Zincir Biçimlenme Polimorfizmi) 

Primerler NXOODQÕODUDN�\DSÕODQ�3=5�VRQXFXQGD�HOGH�HGLOHQ��U�Q�ELUoRN�DPDo�LoLQ�
NXOODQÕODELOLU�� %X� DPDoODUGDQ� ELUL� GH�� LQFHOHQHQ� E|OJHGHNL� PXWDV\RQODUÕQ� �\D� GD�
SROLPRUILN� GH÷LúLNOLNOHULQ�� EHOLUOHQPHVLGLU�� 9DUOÕ÷Õ� GDKD� |QFH� EDúND� |UQHNOHUGH�
J|VWHULOPLú��ELOLQHQ�ELU�PXtasyonu görebilmek için RFLP ve ASO-PZR gibi yöntemler 

NXOODQÕOÕUNHQ��GDKD�|QFH�WDQÕPODQPDPÕú�\HQL�PXWDV\RQODUÕ�EXODELOPHN�LoLQ�GDKD�GH÷LúLN�
\|QWHPOHU� NXOODQÕOÕU�� 3=5� �U�Q�Q�Q� GR÷UXGDQ� GL]LOHQPHVL�� \HQL� PXWDV\RQODUÕ�
görebilmek için uygulanabilecek en kesin yöntemdir. Fakat, yüksek maliyeti nedeniyle 

'1$�GL]LOHPH�\|QWHPL��oRN�VD\ÕGD�|UQHN�LoHUHQ�oDOÕúPDODU�LoLQ�NXOODQÕOPDPDNWDGÕU��%X�
QHGHQOH�PXWDV\RQXQ�YDUOÕ÷ÕQÕ�GROD\OÕ�RODUDN�J|VWHUHUHN�GL]LOHQHFHN�|UQHN�VD\ÕVÕQÕ� �HQ�
aza indirmeyi amaçlayan hetodubleks-homoGXEOHNV�DQDOL]��+3/&�YH�66&3�JLEL�IDUNOÕ�
\|QWHPOHU� JHOLúWLULOPLúWLU�� %X� \|QWHPOHUGHQ� ELUL� RODQ� 66&3�� WHN� ]LQFLUOL� '1$�
PROHN�O�Q�Q� SROLDNULODPLG� MHOGHNL� \�U�PH� WDU]ÕQÕQ�PROHN�O�Q� ELoLPLQH� ED÷OÕ� ROGX÷X�
YDUVD\ÕPÕQD� GD\DQÕU�� 7HN� ]LQFLUOL� '1$� PROHN�O�Q�Q� ELoLPL, yani kendi üzerine 
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NDWODQPD�WDU]Õ�LVH�RUWDPÕQ�IL]LNRNLP\DVDO�GXUXPXQD�YH�'1$¶QÕQ�ED]�GL]LVLQH�ED÷OÕGÕU��
'ROD\ÕVÕ\OD� D\QÕ� IL]LNRNLP\DVDO� NRúXOODU� DOWÕQGD�� D\QÕ� GL]L\H� VDKLS� WHN� ]LQFLUOL� '1$�
PROHN�OOHULQLQ� D\QÕ� ELoLPGH� NDWODQDFDNODUÕ� YH� SROLDNULODPLG� MHOGH� D\QÕ� WDU]GD�
\�U�\HFHNOHUL� YDUVD\ÕOÕU�� 'L]LVLQGH� ELU� IDUNOÕOÕN� RODQ� '1$� PROHN�O�Q�Q� � LVH� D\QÕ�
IL]LNRNLP\DVDO� NRúXOODU� DOWÕQGD� IDUNOÕ� ELU� NDWODQPD� ELoLPLQH� VDKLS� RODFD÷Õ�� EXQXQ� GD�
|UQH÷LQ��MHOGHNL�\�U�PH�WDU]ÕQÕ�GH÷LúWLUHFH÷L�YDUVD\ÕOÕU�� 

    SSCP’de kullanÕODFDN�RODQ�WHN�]LQFLUOL�'1$��3=5�LOH�HOGH�HGLOHQ�oLIW�]LQFLUOL�
'1$��U�QOHULQLQ�GHQDW�UDV\RQX�LOH�VD÷ODQÕU����3=5��U�Q�Q�Q�GHQDW�UDV\RQX�\�NVHN�ÕVÕ�
LOH� JHUoHNOHúWLULOLU�� 'HQDW�UDV\RQOD� HOGH� HGLOHQ� WHN� ]LQFLUOL� '1$� PROHN�OOHULQLQ�
renatürasyonunu engellemek DPDFÕ\OD� IRUPDPLG� JLEL� GHQDW�UH� HGLFL� NLP\DVDOODUÕQ�
YDUOÕ÷ÕQGD� úRN� VR÷XWPD� X\JXODQÕU�� ùRN� VR÷XWPD� VÕUDVÕQGD� NHQGL� �]HULQH� NDWODQDQ� WHN�
zincirli PZR ürünü, denatüre halde poliakrilamid jele yüklenir ve elektrik alanda 

poliakrilamid jelde yürütülür. ElektrofRUH]� VRQXQGD� MHO� J�P�ú� ER\DPD� \|QWHPL� LOH�
J|U�QW�OHQLU�YH�|UQHNOHU�NHQGL�DUDODUÕQGD�NDUúÕODúWÕUÕODUDN�GH÷HUOHQGLULOLU�� 

'HQDW�UDV\RQGDQ� HOHNWURIRUH]� VRQXQD� NDGDU� X\JXODQDQ� KHU� DúDPDGDNL�
IL]LNRNLP\DVDO�NRúXOODU��VRQXFX�HWNLOH\HELOHFH÷L�LoLQ�66&3�KHU�|UQH÷H�D\QÕ�NRúXOODUGD�
X\JXODQPDOÕGÕU�� 

����������66&3¶GH�VRQXFX�HWNLOH\HQ�ELUoRN�HWPHQ�YDUGÕU�� 
 -3=5��U�Q�Q�Q�X]XQOX÷X�� 
 -PCR ürünü-IRUPDPLG�RUDQÕ� 
 -'HQDW�UDV\RQ�VÕFDNOÕ÷Õ�YH�V�UHVL� 
 -Poliakrilamid jelin yüzdesi, akrilamid-ELVDNULODPLG� RUDQÕ�� JOLVHURO� LoHUL÷i ve 

RUDQÕ�� 
 -(OHNWURIRUH]GH�X\JXODQDQ�YROWDM��VÕFDNOÕN�YH�V�UH 

 

������3HULIHULN�.DQGDQ�'1$�ø]RODV\RQX 

�����PO�('7$¶OÕ�SHULIHULN�NDQ�����PO¶OLN�IDONRQ�W�S�QH�DNWDUÕOGÕ��h]HULQH����PO�
�����RUDQÕQGD���5%/��(ULWURVLW�3DUoDOD\ÕFÕ�d|]HOWL��HNOHQGL��5%/�LOH�NDUÕúWÕUÕODQ�NDQ����
dakika, +4 0&�VÕFDNOÕNWD�EHNOHWLOGL�YH����GDNLND�������USP�GHYLUGH�VDQWLI�M�HGLOGL� 
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�� 6DQWULI�M� VRQUDVÕQGD� IDONRQ� W�SWHNL� VÕYÕ� NÕVÕP� �V�SHUQDWDQ�� G|N�OG��� 7�S�
GLELQGHNL�NDWÕ�NÕVÕP��o|NHOWL��UHV�VSDQVH�HGLOHUHN��]HULQH����PO�5%/�HNOHQGL����00 rpm 

devirde tekrar 10 dakika santrifüj edildi.  

��6�SHUQDWDQ�NÕVÕP�DWÕODUDN�SHOHW�UHV�VSDQVH�HGLOGL��h]HULQH������O�6'6��������
����O�SURWHLQD]�.�����PJ�PO��YH�����PO�:%/��/|NRVLW�3DUoDOD\ÕFÕ�d|]HOWL���HNOHQHUHN�
gece boyu 55 0C’lik su banyosunda bekletildi (inkübasyon). 

�� øQN�EDV\RQXQ� DUGÕQGDQ� VX� EDQ\RVXQGDQ� DOÕQDQ� IDONRQ� W�S�QH� ����� �O�� ����
PRODUOÕN�DPRQ\XP�DVHWDW�o|]HOWLVL�HNOHQGL�YH�L\LFH�NDUÕúWÕUÕOGÕ� 

5 Örnekler –20 0C’de 10 dakika bekletildikten sonra +4 0C’de 20 dakika 4500 

rpm devirde santrifüj edildi. 

�� 6DQWULI�M� VRQUDVÕQGD� �VW� NÕVPGDNL� EHUUDN� VÕYÕ� �V�SHUQDWDQ�� \HQL� ELU� IDONRQ�
W�S�QH�DNWDUÕOGÕ��<HQL�IDONRQ�W�S�QGHNL�EHUUDN�VÕYÕ��]HULQH����PO�VDI�HWDQRO�HNOHQHUHN�
'1$¶QÕQ� WRSODQPDVÕ� VD÷ODQGÕ�� '1$�� ���� PO¶OLN� HSSHQGRUI� W�SH� DNWDUÕODUDN� �PO¶OLN�
%70’lik� HWDQROGH� \ÕNDQGÕ�� 0LNURVDQWULI�M� LOH� ������� USP� GHYLUGH� �� GDNLND� VDQWULI�M�
edilerek çöktürüldü. 

��$ONRO�DWÕODUDN�o|NHOWL�KDOLQGHNL�'1$�NXUXPD\D�EÕUDNÕOGÕ�� 

�� <HWHUOL� |Oo�GH� NXUX\DQ� '1$¶QÕQ� �]HULQH�� PLNWDUÕQD� J|UH� ���-���� � �O� 7(�
(Tris-EDTA) tamponu eklendi ve çözünmesi için 55 0C’de 1 saat bekletildi. Eppendof 

tüpteki DNA 4 0&¶GH�VDNODQGÕ� 

�������'1$¶QÕQ�0LNWDU�YH�6DIOÕ÷ÕQÕQ�gOo�P� 

1 Elde edilerek  4 0&¶GH�VDNODQDQ�'1$¶GDQ����O�DOÕQGÕ�YH������O¶OLN�HSSHQGRUI�
W�S�QH�DNWDUÕOGÕ� 

�� $OÕQDQ� �� �O¶OLN� '1$�� üzerine ��� �O� 7(� WDPSRQX� HNOHQHUHN� ����� RUDQÕQGD�
VXODQGÕUÕOGÕ� 

�� 8OWUDYL\ROH� VSHNWURIRWRPHWUHVL� LOH� |UQH÷LQ� ���� QP� YH� ���� QP�
GDOJDER\ODUÕQGDNL�HPLOLP��DEVRUEVL\RQ��GH÷HUOHUL�|Oo�OG�� 
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��'1$¶QÕQ�NRQVDQWUDV\RQX���VXODQGÕUPD�RUDQÕ������������QP¶GH�RNXQDQ�GH÷HU�
(OD260)� YH� VDELW� ELU� VD\ÕQÕQ� �� oLIW� ]LQFLUOL� '1$� LoLQ� ���� oDUSÕPÕ� LOH�� PLNUROLWUHGH�
QDQRJUDP��QJ��O��FLQVLQGHQ�KHVDSODQGÕ���&�QJ��O� �����;����;�2'��� 

�� 6SHNWURIRWRPHWUHGH� ���� QP� YH� ���� QP¶GH� |Oo�OHQ� GH÷HUOHULQ� RUDQÕ�
(OD260/OD280) 

øOH��HOGH�HGLOHQ�'1$¶QÕQ�VDIOÕ÷Õ�GH÷HUOHQGLULOGL� 

        

         OD 260/OD 280 < 1.8 ise protein kontaminasyonu 

��������2'�����2'�����!�����LVH�51$�NRQWDPLQDV\RQX�ROGX÷X�G�ú�Q�OG�� 

3.2.4. PZR 

��������������������3=5�.DUÕúÕPODUÕ� 
                                                              PZR1                                PZR2 

                                             (HOP-e1 ve HOP-e5 için)             (HOP-e4 için) 

        H22������������������������������������������������O����������������������������������������������O� 

      ����;�7DPSRQ�����������������������������������O���������������������������������������������O 

        MgCl2����Q0���������������������������������O ������������������������������������������O 

��������G173���P0�����������������������������������O����������������������������������������������O 

��������3ULPHU��������������������������������������������O�����������������������������������������������O� 

��������3ULPHU��������������������������������������������O�����������������������������������������������O� 

        DMSO                                        -�����������������������������������������������������O 

        Taq�'1$�3ROLPHUD]�����������������������O����������������������������������������������O 

        Toplam                                     ��������O��������������������������������������������O 

��������'1$�������������������������������������������������O��������������������������������������������O 
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3=5�.RúXOODUÕ 

 


��3ULPHU�ED÷ODQPD�VÕFDNOÕ÷Õ 

        HOP-e1 ve HOP-e5 için       59 oC   

        HOP-e4 için                          65 oC   

$JDUR]�-HOLQ�+D]ÕUODQÕúÕ 

��¶OLN� DJDUR]� MHO� KD]ÕUODPDN� LoLQ� EHKHU� LoLQGH� ��� PO� 7$(� WDPSRQXQD� �JU�
DJDUR]�HNOHQHUHN�NDUÕúWÕUÕOGÕ��$JDUR]��WRPSRQGD�o|]�Q�QFH\H�NDGDU�NDUÕúÕP�PLNURGDOJD�
IÕUÕQGD�\DNODúÕN���GDNLND�ÕVÕWÕOGÕ����o&¶\H�NDGDU�VR÷X\DQ�NDUÕúÕPD�����O�HWLG\XP�EURPLG�
HNOHQHUHN�NDUÕúWÕUÕOGÕ��.DUÕúÕP��|QFHGHQ�KD]ÕUODQDQ�YH�MHO�WDUD÷Õ�LOH�MHO�WHSVLVLQGHQ�ROXúDQ��
G�]HQH÷H�G|N�OG��� 

3=5�6RQXoODUÕQÕQ�.RQWURO� 

�����O¶OLN�Wüplerde 25 �O¶OLN�NDUÕúÕP�LoLQGH��JHUoHNOHútirilen PZR reaksiyonunun 

VRQXoODUÕQÕ� � NRQWURO� HWPHN� LoLQ�� 3=5� �U�QOHULQGHQ� �� �O¶OLN� |UQHN� DOÕQDUDN� 7$(�
tamponundaki %2’lik agaroz jele 6X yükleme tamponu ile birlikte yüklendi. Ürün 

ER\ODUÕQÕ�|OoHELOPHN�LoLQ�MHOH�S8&- mix�LúDUHW�|UQH÷L�GH�\�NOHQGL��$JDUR] jele yüklenen 

|UQHNOHU� ��� YROW� YH� ��� P$� DNÕPGD� \DNODúÕN� �� VDDW� \�U�W�OG��� -HO� WUDQVLO�PLQDW|U�
NXOODQÕODUDN�89�DOWÕQGD�&''�NDPHUDVÕ\OD�J|U�QW�OHQGL� 

 

 

6ÕFDNOÕN Süre

D���'HQDW�UDV\RQ����������������������������� 95 oC 5 dakika

E���'HQDW�UDV\RQ����������������������������� 94  oC 45  saniye

E���3ULPHU�%D÷ODQPDVÕ��������������������� * 1 dakika

E���6HQWH]��������������������������������������� 72   oC 1 dakika

F���6RQ�VHQWH]��������������������������������� 72   oC 10 dakika

E���$PSOLILNDV\RQ������������������������������������������G|QJ�

F���6RQODQPD�����������������������������������������������G|QJ�

 a- Ön Denatürasyon                             1 döngü         
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3.2.5. SSCP 

������3ROLDNULODPLG�-HOLQ�+D]ÕUODQÕúÕ 

������gQFHGHQ�KD]ÕUODQPÕú�RODQ�SROLDNULODPLG�o|]HOWLVLQGHQ����PO�DOÕQDUDN�����O�
$36� YH� ���� �O� 7(0('� LOH� � NDUÕúWÕUÕOGÕ�� øNL� FDP� \�]H\� DUDVÕQGD� KD]ÕUODQDQ� ���� PP�
JHQLúOL÷LQGHNL� ERúOX÷D� G|N�OHUHN� MHOLQ� SROLPHUOHúPHVL� EHNOHQGL�� 3ROLPHUOHúHQ� MHO�
VÕUDVÕ\OD� RGD� VÕFDNOÕ÷ÕQGD�� ��� 0&¶GH� YH� \�U�WPH� WDPSRQX� VÕFDNOÕ÷ÕQGD� Hn az bir saat 

bekletildi. 

      gUQHNOHULQ�+D]ÕUODQÕúÕ 

�����$JDUR]� MHO� HOHNWURIRUH]L� LOH� DPSOLILNDV\RQXQ� JHUoHNOHúWL÷L� J|U�OHQ�|UQHNOHU�
seçildi. 4 �O�3=5�ürünü 12 �O�IRUPDPLGOL�\�NOHPH�WDPSRQX�LOH�����RUDQÕQGD�NDUÕúWÕUÕOGÕ��
Örnekler 95 0C’de 10 dakika denaW�UH� HGLOGLNWHQ� KHPHQ� VRQUD� EX]� LoLQH� DNWDUÕOGÕ� YH�
VR÷XPD\D�EÕUDNÕOGÕ� 

      Elektroforez 

�����6LUN�ODW|UO��VR÷XWXFX\D�ED÷OÕ�GLNH\�HOHNWURIRUH]�FLKD]ÕQD�\�U�WPH�WDPSRQX�
LOH� \HUOHúWLULOHQ� MHOH�� GHQDW�UH� |UQHNOHU� \�NOHQGL� YH� EHOLUOL� ELU� YROWDMGD� |UQHNOHULQ� Mel 

ER\XQFD� \�U�PHVL� VD÷ODQGÕ�� <�NOHPH� WDPSRQXQGD� EXOXQDQ� YH� |UQHNOH� ELUOLNWH� MHOH�
\�NOHQHQ� EURP� IHQRO� PDYLVL� YH� NVLOHQ� VL\DQRO� ER\DODUÕQÕQ� \�U�\�úOHUL�� G�]HQH÷LQ�
YROWDMÕ��GLUHQFL�YH�VÕFDNOÕ÷Õ� � WDNLS�HGLOHUHN� �HOHNWURIRUH]�NRQWURO�HGLOGL��%HOLUOL�ELU�V�UH�
sRQXQGD�HOHNWURIRUH]�LúOHPL�GXUGXUXOGX�YH�MHOOHU�ER\DPD�LoLQ�HOHNWURIRUH]�G�]HQH÷LQGHQ�
DOÕQGÕ���oC) 

Tablo 3-2 : ho�E|OJH�LoLQ�NXOODQÕODQ�66&3�NRúXOODUÕ 

 

 

 

Bölge Ekzon

Jel 

yüzdesi

Gliserol 

øoHUL÷L
6ÕFDNOÕN� Voltaj 

(volt)

Süre 

(saat)

1 � � ��� �� ��� ���
2 � �� � �� ��� �
3 � �� ��� �� ��� ���

(oC) 
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����*�P�ú�%R\DPD 

����&DPGDQ�D\UÕODQ�MHOLQ�VÕUDVÕ\OD�$, B, ,C ve D çözeltilerinde hafif çalkalanarak 

ER\DQPDVÕ�VD÷ODQGÕ��&�o|]HOWLVL�ER\DPD�VÕUDVÕQGD�WD]H�RODUDN�KD]ÕUODQGÕ� 

A-�%DúODQJÕoWD���;�RODUDN�KD]ÕUODQDQ�YH�VDNODQDQ�$�YH�%�o|]HOWLOHULQGHQ�ELU�MHO�
LoLQ�����PO�DOÕQDUDN�����PO�GLVWLOH�VXGD��;�RODFDN�úHNLOGH�VXODQGÕUÕOGÕ�� 

B- Jel, 300ml 1X A çözeltisinde 6 dakika çalkalanarak örneklerin tespiti 

VD÷ODQGÕ 

C-�%R\DPD�LúOHPL�LoLQ�MHO������PO��;�%�o|]HOWLVLQGH����GDNLND�oDONDODQGÕ 

D-�7D]H�KD]ÕUODQDQ�����PO�&�o|]HOWLVLQGH����GDNLND�oDONDODQDQ�MHO�VRQ�RODUDN�
300 ml¶OLN�'�o|]HOWLVLQH�DNWDUÕOGÕ 

�������øVWDWLVWLN�$QDOL]OHU 

øVWDWLVWLN� DQDOL]� SPSS for windows 10.0 LVWDWLVWLN� SDNHW� SURJUDPÕQGD� \DSÕOGÕ��
.DUúÕODúWÕUPDODUGD� $2, Fisher exact test ve Hardy-Weinberg� HúLWOL÷L� NXOODQÕOGÕ��
$QODPOÕOÕN�VÕQÕUÕ�RODUDN�S������NDEXO�HGLldi. 
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4. BULGULAR 

4.1 Hasta Verileri 

dDOÕúPDGD�NXOODQÕODQ�KDVWDODUD� DLW� NOLQLN�YHULOHUH�J|UH�����+.0�KDVWDVÕQÕQGDQ�
25 tanesi (%50) non-REVWU�NWLI��WÕNDo�ROXúWXUPD\DQ������WDQHVL�������REVWU�NWLI��WÕNDo�
ROXúWXUDQ��WLSWHGLU��7DEOR��-1). Hipertrofi, obstrüktif olanlardan 18 tanesinde (%78) sub-

DRUWLN� \HUOHúLP� J|VWHULUNHQ� �� WDQHVLQGH� ������� DSLNDO�� �� WDQHVLQGH� ������� PLG-

YHQWULN�OHU�\HUOHúLP�J|VWHUPHNWHGLU��+DVWD�JUXEX����������HUNHN�YH����������NDGÕQGDQ�
ROXúPDNWDGÕU��<Dú�RUWDODPDVÕ�NDGÕQODUGD��������HUNHNOHUGH�������RODUDN�KHVDSODQGÕ� 

 

Tablo 4-1 : +DVWD�JUXEXQD�DLW�ED]Õ�NOLQLN�YHULOHULQ�YH�FLQVL\HWLQ�GD÷ÕOÕPÕ 
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����3=5�6RQXoODUÕ 
+HU��o�E|OJHQLQ�3=5�VRQXoODUÕ�DJDUR]�MHO�HOHNWURIRUH]L�LOH�GH÷HUOHQGLULOGL��ùHNLO�

4-1). 

 

ùHNLO� 4-1:  HOP geninin PZR ile incelenen HN]RQODUÕ, genomik DNA üzerinde 

SULPHUOHULQ� ED÷ODQGÕ÷Õ� \HUOHU ve PZR ürünlerinin agaroz jeldeki görüntüsü. Örnek 1 ve 2; 

ekzon1, örnek 3; ekzon 4, örnek 4; ekzon 5 (Kromozom 4; http://www.ensembl.org’dan) 

 

 

 

 

Kromozom 4 

145 

501 

300 

404 

240 
190 

HOP Geni 
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����66&3�YH�'L]LOHPH�6RQXoODUÕ 
Ekson1:     øQFHOHQHQ� ���+.0�KDVWDVÕ� YH� ���� VD÷OÕNOÕ� NRQWUROGH��HOP geni 

ELULQFL�HN]RQXQD�DLW�66&3�MHOLQGH�J|U�Q�P�IDUNOÕOÕ÷Õ�J|]OHQPHGL��ùHNLO��-2). 

ùHNLO�4-2- HOP geni 1. ekzonuna ait SSCP jel görüntüsü 

 

Ekson 4:    Hasta ve kontrol grubunda, ekzon 4’ün SSCP�WDUDPDVÕ�VRQXFXQGD��o�
IDUNOÕ�EDQW�J|U�Q�P���J���J���J���WHVSLW�HGLOGL��ùHNLO��-3). Hasta ve kontrol grubundaki 

W�P�|UQHNOHUGH�GD÷ÕOÕP�J|VWHUHQ�EX��o�IDUNOÕOÕN�GÕúÕQGD��NRQWURO�JUXEXQGDNL�ELU�|UQHNWH�
G|UG�QF��ELU�J|U�Q�P�IDUNOÕOÕ÷Õ��J���EHOLUOHQGL��ùHNLO��-3). 

66&3�MHOLQGH�\�U�\�ú�ELoLPL�IDUNOÕOÕN�J|VWHUHQ�|UQHNOHULQ�GL]LOHQPHVL�LOH�EX�G|UW�
IDUNOÕOÕ÷ÕQ�� LNL� SROLPRUILN� GH÷LúLNOLNWHQ� ND\QDNODQGÕ÷Õ� DQODúÕOGÕ�� .RQWURO� JUXEXQGDNL�
GH÷LúLNOL÷L� �J��� WDúÕ\DQ�|UQH÷LQ�GL]LOHQPHVL� LOH��HN]RQ��¶�Q��¶�NRPúXOX÷XQGDNL� LQWUon 

LoLQGH�� GDKD� |QFH� WDQÕPODQPÕú� �UV��������� ELU� *-$� G|Q�ú�P�� EXOXQGX� �ùHNLO� �-4). 

.RQWURO� JUXEXQGD� \HU� DODQ� |UQH÷LQ�� EX�SROLPRUIL]PL� KRPR]LJRW� �$�$�� RODUDN� WDúÕGÕ÷Õ�
görüldü.  

'L÷HU��o�GH÷LúLNOL÷L���J���J��YH�J����WDúÕ\DQ��VHoLOPLú�ED]Õ�|UQHNOHULQ�GL]LOHQPesi 

LOH��HN]RQ��¶�Q��¶�NRPúXOX÷XQGDNL�LQWURQ�LoLQGH����ED]OÕN�ELU�GHOHV\RQ-insersiyon (8-bç 

'�,�� SROLPRUIL]PL� EXOXQGX� �ùHNLO� �-���� %X� SROLPRUIL]PLQ� GH� GDKD� |QFH� WDQÕPODQPÕú�
�UV����������ROGX÷X�J|U�OG���66&3�MHOLQGH�J|]OHQHQ��o�IDUNOÕ�EDQW�GH÷LúLNOL÷LQLQ��J1, 

J�� YH� J���� EX� SROLPRUIL]PLQ� ROXúWXUGX÷X� �o� JHQRWLSL� �� ,�,�� ,�'� YH� '�'�� \DQVÕWWÕ÷Õ�
DQODúÕOGÕ� �ùHNLO� �-4). Her iki grupta da bulunan ve poliakrilamid jelde gözlenebilen 

�ùHNLO��-������ED]OÕN�'�,�SROLPRUIL]PL��KDVWD�YH�NRQWURO�JUXEXQGDNL�GD÷ÕOÕPODUÕ�YH�KDVta 
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JUXEXQD� DLW� ED]Õ� NOLQLN� YHULOHUH� J|UH� GD÷ÕOÕPODUÕ� 6366� SURJUDPÕ� NXOODQÕODUDN�
NDUúÕODúWÕUÕOGÕ� 

'DKD�|QFH�WDQÕPODQPÕú�ROGX÷X�DQODúÕODQ���ED]OÕN�'�,�SROLPRUIL]PLQLQ��JHQRWLS�
�''��',�YH�,,��GD÷ÕOÕPÕ�KDVWD�YH�VD÷OÕNOÕ�JUXS�DUDVÕQGD�NDUúÕODúWÕUÕOGÕ÷ÕQGD�DQODPOÕ�ELU�
IDUN�ROPDGÕ÷Õ�J|U�OG���7DEOR��-1).  

+LSHUWURILQLQ� WLSL�YH�\HUOHúLPL��KDVWDQÕQ�FLQVL\HWL��DLOH�KLND\HVLQLQ�\D�GD�DLOHGH�
DQL� |O�P� KLND\HVLQLQ� YDUOÕ÷Õ� JLEL� KDVWD� YHULOHUL�� '�,� JHQRWLSL� LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD�
LVWDWLVWLNVHO�RODUDN�DQODPOÕ�ELU�LOLúNLQLQ�ROPDGÕ÷Õ�J|U�OP�úW�U��7DEOR��-2).  

+DVWDQÕQ�FLQVL\HWL�YH�'�DOOHOLQLQ�YDUOÕ÷Õ�DUDVÕQGD�J|U�OHQ�RODVÕ�]D\ÕI���p = 0,058 ) 

LOLúNL�QHGHQL\OH�JHQRWLS�GD÷ÕOÕPÕ��KHU�LNL�FLQVL\HWWH�D\UÕ�RODUDN�LQFHOHQGL��7DEOR��-3 ve 

Tablo 4-4). 

 

 

 

ùHNLO�4-3- HOP geni 4. eksonuna ait SSCP jel görüntüsü 
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�������������������ùHNLO�4-5- ��ED]OÕN�'�,�SROLPRUIL]PLQLQ�����¶OXN�SROLDNULODPLG�MHOGHNL�J|U�Q�P���
Örnek 3 ve 6; D/D, örnek 2 ve 5; I/I, örnek 1, 4 ve 7; D/I genotipine sahiptir. 

ùHNLO�4-4-   (N]RQ���66&3¶VLQGH�IDUNOÕOÕN�J|VWHUHQ�G|UW�|UQH÷LQ�MHOGHNL�J|U�Q�POHUL�YH�
GL]LOHPH� VRQXoODUÕ��*�$� �VD÷� DOW� YH� VD÷��VW��SROLPRUIL]PL� �WHUV�\|QGH�GL]LOHPH��YH���
ED]OÕN�GHOHV\RQ��VRO�DOW���LQVHUVL\RQ��VRO��VW��Solimorfizmi.  

  

 

 pUC 
mix 8 1 2 3 4 5 6 7 

1118 bç 

331 bç 

242 bç 

110 bç 

111 bç 

190 bç 

147 bç 

404 bç 

489 bç 

501 bç 
692 bç 

881 bç 

308 bç 

300 bç 

Heterodubleks bant 
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Tablo 4-2: (N]RQ���\DNÕQÕQGD�EXOXQDQ��LQWURQ�\HUOHúLPOL����ED]OÕN�LQVHUVL\RQ���GHOHV\RQ�����Eo�
I/D ) polimorfizminin (rs11279383) genotiS� YH� DOOHO� GD÷ÕOÕPÕQÕQ� LNL� oDOÕúPD� JUXEX�
�+DVWD�6D÷OÕNOÕ��LOH�NDUúÕODúWÕUÕOPDVÕ��,��øQVHUVL\RQ��'��'HOHV\RQ� 

 

Tablo 4-3-� � � �� Eo� ,�'� SROLPRUIL]PLQLQ� JHQRWLS� YH� DOOHO� GD÷ÕOÕPÕQÕQ�� ED]Õ� KDVWD� YHULOHUL� LOH�
NDUúÕODúWÕUÕOPDVÕ 

 

 

 

 

 

 

 

 

 

 

,�, ,�' '�' S�'H÷HUL ,�,�,�' '�' S�'H÷HUL ,�, ,�'�'�' S�'H÷HUL
R�
 � �� � �� � � ��
QR�
 � �� � �� � � ��
<RN �� �� � �� � �� ��
9DU � � � � � � ��
<RN � �� �� �� �� � ��
9DU � � � �� � � �
(UNHN � �� �� �� �� � ��
.DGÕQ � � � �� � � ��
<RN � � � �� � � �
9DU � �� �� �� �� � ��
<RN �� �� �� �� �� �� ��
9DU � � � � � � �

R�
�� REVWU�NWLI��WÕNDo�ROXúWXUDQ�
QR�
�� QRQ�REVWU�NWLI��WÕNDo�ROXúWXUPD\DQ�

*HQRWLS ,�$OOHOL '�$OOHOL

�����

�����

�����

�����

�����

�����

�����

�����

�����

�����

�����

����

�����

�����

+LSHUWURILQLQ�7LSL

$LOHGH�+DVWDOÕN�+LND\HVL

$LOHGH�$QL�gO�P�+LND\HVL

&LQVL\HW

$VLPHWULN�6HSWDO�
+LSHUWURIL

.RQVHQWULN�+LSHUWURIL

�����

�����

�����

�����
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Ekzon 5: �66&3�LOH�KDVWD�YH�NRQWURO�JUXEXQXQ�WDUDQPDVÕ�VRQXFXQGD�HOP geni 

���HN]RQXQGD�IDUNOÕOÕ÷D�UDVWODQPDGÕ �ùHNLO��-6). 

ùHNLO�4-6-  HOP geni 5. ekzonuna ait SSCP jel görüntüsü 
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5. 7$57,ù0$ 

+.0��VRO�YHQWULN�O�GXYDUÕQGD�NDOÕQODúPD\OD�EHOLUJLQ��NOLQLN�EXOJXODUÕ�YH�JLGLúDWÕ�
GH÷LúNHQOLN� J|VWHUHQ� JHQHWLN� ELU� KDVWDOÕNWÕU�� +DVWDOÕ÷ÕQ� DQODúÕOPDVÕQGD� NDUúÕODúÕODQ� HQ�
önemli sorun klinLN� EXOJXODUÕQGDNL� YH� LOHUOH\LúLQGHNL� GH÷LúNHQOLNWHQ� ND\QDNODQDQ�
KHWHURMHQLWHGLU� ������ ������ .OLQLN� KHWHURMHQLWHQLQ�� KDVWDOÕ÷D� QHGHQ� RODQ� PXWDQW� JHQH�
ED÷OÕ� ROGX÷XQX� J|VWHUHQ� QHW� ELU� IHQRWLS-JHQRWLS� LOLúNLVL� NXUXODPDPÕúWÕU�� $QFDN� ED]Õ�
JHQOHUGHNL�ED]Õ�PXWDV\RQODUÕQ��KDVWDOÕ÷ÕQ�RUWD\D�oÕNÕú�\DúÕ������������DQL�|O�PH�QHGHQ�
ROPD�RODVÕOÕ÷Õ� ������YH�KLSHUWURILN�NLWOHQLQ�\HUOHúLPL� ������JLEL�+.0�GH÷LúNHQOHUL� LOH�
LOLúNLOL�ROGX÷X�J|VWHULOPLúWLU��0XWDQW�JHQL�HVDV�DODQ�IHQRWLS-JHQRWLS�LOLúNLVL�W�P�ROJXODUÕ�
DoÕNOD\DPDGÕ÷Õ� LoLQ�� +.0¶GHNL� NOLQLN� KHWHURMHQLWHQLQ�PRGLIL\H� HGLFL� IDNW|UOHUGHQ� GH�
HWNLOHQGL÷L� NDEXO� HGLOPHNWHGLU�� %HVOHQPH� YH� IL]LNVHO� HWNLQOLN� JLEL� oHYUHVHO� PRGLIL\H�
HGLFL�IDNW|UOHULQ�\DQÕQGD��PXWDQW�JHQ�GÕúÕQGDNL�JHQOHUGH�EXOXQDQ�YH�NLúLQLQ�JHQHWLN�DUND�
SODQÕQÕ� ROXúWXUDQ� SROLPRUILN� IDUNOÕOÕNODUÕQ� GD� PRGLIL\H� HGLFL� IDNW|U� ROGXNODUÕ�
G�ú�Q�OPHNWHGLU�� +.0� LoLQ� PRGLIL\H� HGLFL� JHQ� DGD\ODUÕ� DUDVÕQGD� \HU� DODQ� $&(�
genindeki DD (Delesyon/Delesyon) genotipinin, hipertrofi ve ani kardiyak ölüm 

RODVÕOÕ÷Õ�LOH�LOLúNLOL�ROGX÷X�EXOXQPXúWXU�������� 
0RGLIL\H� HGLFL� JHQOHULQ� YDUOÕ÷ÕQÕ� J|VWHUHQ� HQ� |QHPOL� GHOLO�� .MyHC (403/+) 

PXWDV\RQX� WDúÕ\DQ� IDUHOHU� �]HULQGH� \DSÕODQ� ELU� oDOÕúPD\OD� J|VWHULOPLúWLU� �������
øQVDQGDNL� HQ� |QHPOL� +.0� QHGHQL� RODQ� .0\+&� PXWDV\RQODUÕQGDQ� $UJ���*OQ�
GH÷LúLPLQLQ��LNL�D\UÕ�IDUH�VR\XQGD�KDVWDOÕ÷Õ�IDUNOÕ�RUDQODUGD�DoÕ÷D�oÕNDUGÕ÷Õ�J|U�OP�úW�U��
.0\+&� �������� PXWDV\RQXQX� WDúÕ\DQ� 129SvEv soyundan olan farelerin hepsinde 

������� VRO� YHQWULN�O� KLSHUWURILVL� JHOLúLUNHQ�� D\QÕ� PXWDV\RQX� WDúÕ\DQ� Black Swiss 

soyundan olan farelerin yaUÕVÕQGD�������VRO�YHQWULN�O�KLSHUWURILVL�JHOLúWL÷L�ELOGLULOPLúWLU��
$\QÕ�PXWDV\RQXQ�LNL�D\UÕ� IDUH�VR\XQGD�IDUNOÕ�RUDQODUGD�KLSHUWURIL�JHOLúWLUPHVL�� LNL�VR\�
DUDVÕQGDNL� JHQHWLN� IDUNOÕOÕNODU� LOH� DoÕNODQPDNWDGÕU�� %X� IDUNOÕOÕNWDQ� VRUXPOX� RODQ�
modifiye edici gen \D�GD�JHQOHU�LVH�KHQ�]�WDQÕPODQPDPÕúWÕU������� 

+.0¶GHNL� NOLQLN� GH÷LúNHQOL÷L� DoÕNOD\DELOHFHN� PRGLIL\H� HGLFL� \HQL� JHQ�
DGD\ODUÕQÕQ� WDQÕPODQPDVÕ� KDVWDOÕ÷ÕQ� GDKD� L\L� DQODúÕOPDVÕQÕ�� GROD\ÕVÕ\OD� WDQÕVÕQÕ� YH�
WHGDYLVLQL� NROD\ODúWÕUDFDNWÕU�� 1|URK�PRUDO� VDOJÕODU� �NDWHNRODPLQ� KRUPRQODUÕ� YH�
VLWRNLQOHUL��YH�DUDODUÕQGD�$&(¶QLQ�GH�EXOXQGX÷X� UHQLQ-anjiyotensin-aldosteron sistemi 

+.0�LoLQ��PRGLIL\H�HGLFL�ROGXNODUÕ�G�ú�Q�OHQ�JHQOHULQ��U�QOHULGLU� .DOSWH�EX�VDOJÕODUÕQ�
ED÷ODQGÕ÷Õ�� D\QÕ� ]DPDQGD� +.0¶GH� X\JXODQDQ� WHGDYLOHULQ� KHGHILQL� ROXúWXUDQ��
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reseptörleri (beta adrenoseptör, endotelin reseptörü) kodlayan genlerdeki polimorfik 

IDUNOÕOÕNODUÕQ�GD�+.0¶GH�PRGLIL\H�HGLFL�URO�R\QD\DELOHFH÷L�G�ú�Q�OPHNWHGLU��$QFDN�EX�
JHQOHUGH�KHQ�]�+.0�LOH�LOLúNLOL�SROLPRUILN�GH÷LúLNOLNOHU�WDQÕPODQPDPÕúWÕU������ 

6D÷OÕNOÕ� NDOSWH� X\XPVDO� ELU� \DQÕW� RODUDN� JHOLúHQ� IL]\RORMLN� KLSHUWURIL�� JHQHWLN�
DUND� SODQD� ED÷OÕ� RODUDN� NLúLOHU� DUDVÕQGD� IDUNOÕOÕN� J|VWHUHELOLU�� 7DúÕGÕ÷Õ� SROLPRUILN�
GH÷LúLNOLNOHU� QHGHQL\OH� KLSHUWURILN� \DQÕWÕQ� HúLN� GH÷HULQL�� V�UHVLQL�� úLGGHWLQL� \D� da 

VRQODQPD� ELoLPLQL� GH÷LúWLUHELOHFHN� RODQ� PRGLIL\H� HGLFL� JHQOHU� HWNLOHULQL��
NDUGL\RPL\RSDWLOL� KDVWDODUGD� NOLQLN� EXOJX� IDUNOÕOÕ÷Õ� ELoLPLQGH� \DQVÕWDELOLU�� 6D÷OÕNOÕ�
NLúLOHUGH�LVH�D\QÕ�HWNL�D÷ÕU�IL]LNVHO�DNWLYLWH\H�\DWNÕQOÕN�GHUHFHVL�ELoLPLQGH�\DQVÕ\DELOLU��
BX� QHGHQOH� KLSHUWURILN� \DQÕW� IDUNOÕOÕ÷ÕQD� QHGHQ� RODQ� PRGLIL\H� HGLFL� JHQOHULQ�
EHOLUOHQPHVL�� \DOQÕ]� +.0�� '.0� YH� NDOS� \HWPH]OL÷L� JLEL� KLSHUWURIL� JHOLúWLUHQ� NDOS�
KDVWDOÕNODUÕ�LoLQ�GH÷LO��VD÷OÕNOÕ�NLúLOHUGHNL�VSRU�\DWNÕQOÕ÷ÕQÕ�DoÕNOD\DELOPHN�LoLQ�GH�|QHP�
WDúÕ\DFDNWÕU� 

+.0¶GH� YH� GL÷HU� SDWRIL]\RORMLN� GXUXPODUGD� JHOLúHQ� NDUGL\DN� KLSHUWURILQLQ�
EDúODQJÕo��LOHUOHPH�\D�GD�VRQODQPD�DúDPDODUÕQGD�J|UHY�DODQ�*$7$-4, NFAT, MEF2C 

YH�65)�JLEL�WUDQVNULSVL\RQ�IDNW|UOHULQL�NRGOD\DQ�JHQOHU�GH��GR÷UXGDQ�NDUGL\DN�KLSHUWURIL�
LOH�LOLúNLOL�ELU�PXWDV\RQ�WDQÕPODQPDPÕúWÕU��*|UHYOHUL�JHUH÷L�L\L�NRUXQPXú�ROGXNODUÕ�LoLQ��
hipertrofik transkripsiyon faktörlerinden çok, bu transkripsiyon faktörlerini denetleyen 

YH� GDKD� D]� NRUXQPXú� RODQ� G�]HQOH\LFL� SURWHLQOHULQ� +.0� LoLQ� PRGLIL\H� HGLFL� HWNL�
gösterdikleri söylenebilir.  

Kardiyak hipertrofide, hem pro-hipertrofik hem de anti-hipertrofik genleri 

HWNLQOHúWLUHUHN� KLSHUWURILN� \DQÕWÕQ� G�]HQOHQPHVLQL� VD÷OD\DQ� HQ� |QHPOL� WUDQVNULSVL\RQ�
IDNW|U��65)¶GLU��<DNÕQ�]DPDQGD�WDQÕPODQD�HOP JHQL��65)¶QLQ�'1$¶\D�ED÷ODQPDVÕQÕ�
HQJHOOH\HUHN�\D�GD�+'$&¶\L�65)¶\H�ED÷OD\DUDN��NDOSWHNL�65)¶\H�ED÷OÕ�JHQ� LIDGHVLQL�
EDVNÕOD\DQ� N�o�N� ELU� G�]HQOH\LFL� SURWHLQ� NRGODU�� 65)¶QLQ� NDUGL\DN� KLSHUWURILGHNL�
|QHPOL� J|UHYL� QHGHQL\OH�� 65)� EDVNÕOD\ÕFÕVÕ� RODQ�HOP¶XQ� GD�� WHPHO� ELOHúHQL� NDUGL\DN�
hipeUWURIL�RODQ�+.0�LoLQ�PRGLIL\H�HGLFL�JHQ�DGD\Õ�RODELOHFH÷LQL�YDUVD\GÕN�� 

HOP¶XQ� +.0� LoLQ� PRGLIL\H� HGLFL� ELU� JHQ� ROGX÷X� YDUVD\ÕPÕQÕ� VÕQDPDN� LoLQ�
+.0�WDQÕVÕ�DOPÕú�YH�ED]Õ�NOLQLN�YHULOHUL� WRSODQPÕú�KDVWDODUGD�HOP genini incelemeyi 

SODQODGÕN�� %LOLQHQ� SROLPRUILN� IDUNOÕOÕNODU� GÕúÕQGD�� ELOLQPH\HQ� \HQL� PXWDV\RQODUÕQ�
EXOXQPDVÕ� DPDoODQGÕ÷Õ� LoLQ� JHQ� 66&3� \|QWHPL� LOH� LQFHOHQGL�� +.0�� NDUGL\DN�
VDUNRPHULQ� \DSÕVDO� \D� GD� NRQWUDNWLO� SURWHLQOHULQGHNL�PXWDV\RQODUGDQ� ND\QDNODQDQ� ELU�
KDVWDOÕN�ROGX÷X�LoLQ��VDUNRPHUOH�LOLúNLVL]��oHNLUGHN�\HUOHúLPOL�ELU�SURWHLQ�RODQ�+23¶WD��
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+.0�QHGHQL�RODELOHFHN�PXWDV\RQODUÕQ�EXOXQPD�RODVÕOÕ÷Õ�G�ú�NW�U��HOP JHQLQGH��G�ú�N�
GH�ROVD�+.0�LOH�QHGHQVHO�LOLúNLVL�RODQ�ELU�PXWDV\RQ�EXOXQDELOHFH÷L�LoLQ��+.0�KDVWDODUÕ�
LOH�ELUOLNWH�VD÷OÕNOÕ�NLúLOHU�GH�LQFHOHQGL�  

0RGLIL\H� HGLFL� ELU� JHQGHNL� SROLPRUIL]POHULQ�� LOJLOL� KDVWDOÕ÷ÕQ� IHQRWLSLQL�� JHQ�
�U�Q�QGH�\DSÕVDO� �QLWHO��\D�GD�PLNWDUVDO� �QLFHO��ELU�GH÷LúLNOL÷H�QHGHQ�RODUDN�HWNLOHGL÷L�
G�ú�Q�OPHNWHGLU�� 3URWHLQ� �U�Q�QGH� PLNWDUVDO� GH÷LúLNOL÷H� QHGHQ� RODELOHFHN�
polimorfizmleULQ��JHQHOOLNOH�JHQLQ�SURPRWRUXQGD�\D�GD�SURWHLQ�NRGODPDVÕQD�NDWÕOPD\DQ�
E|OJHOHULQGH�� \DSÕVDO� GH÷LúLNOL÷H� QHGHQ� RODELOHFHN� SROLPRUIL]POHULQ� LVH� SURWHLQ�
NRGODPDVÕQD� NDWÕODQ� HN]RQ� E|OJHOHULQGH� \HUOHúWL÷L� NDEXO� HGLOPHNWHGLU�� +.0� LoLQ�
PRGLIL\H� HGLFL� JHQ� ROGX÷XQX� G�ú�QG�÷�P�]� HOP geninde, öncelikle gen ürününde 

\DSÕVDO� GH÷LúLNOL÷H� QHGHQ� RODELOHFHN� SROLPRUIL]POHUL� EXOPD\Õ� DPDoODGÕN�� %X� QHGHQOH�
JHQLQ�SURWHLQ�NRGODPDVÕQD�NDWÕODQ�E|OJHOHULQLQ�EXOXQGX÷X�LNL�HN]RQX�66&3�LOH�WDUDGÕN��
$\UÕFD��JHQLQ�NDOSWHNL�WUDQVNULSWLQdeki 5’ UTR bölgesini kodlayan ekzon da incelendi.  

dDOÕúPD� VRQXFXQGD�� JHQ� �U�Q�QGH� \DSÕVDO� GH÷LúLNOL÷H� QHGHQ� RODELOHFHN� ELU�
PXWDV\RQ�EXOXQPDGÕ��.RGODPD�E|OJHVL�GÕúÕQGD�LNL�SROLPRUILN�GH÷LúLNOLN�EHOLUOHQGL��+HU�
LNLVL� GH� ��� HN]RQD� \DNÕQ� \HUOHúLP� J|VWHUHQ� SRlimorfizmlerden biri, ekzonun 5’ 

NRPúXOX÷XQGDNL� LQWURQGD� �-��� Eo��� GL÷HUL� �¶� NRPúXOX÷XQGDNL� LQWURQGD� ����� Eo��
EXOXQPDNWDGÕU�� 

(N]RQXQ����ED]�VRQUDVÕQGD������Eo��¶�\|Q�QGH��\HUOHúLN�EXOXQDQ���ED]OÕN�'�,�
SROLPRUIL]PLQLQ� KDVWD� YH� VD÷OÕNOÕ� JUXSWDNL� GD÷ÕOÕPÕQGD� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� ELU�
IDUNÕQ� EXOXQPDPDVÕ� �7DEOR� ���� EX� SROLPRUIL]PLQ� +.0� LOH� QHGHQVHO� ELU� LOLúNLVL�
ROPDGÕ÷ÕQÕ� G�ú�QG�UPHNWHGLU�� '�,� SROLPRUIL]PLQLQ� RODVÕ� PRGLIL\H� HGLFL� HWNLVLQL�
DQODPDN� LoLQ� LVH�� KDVWDODUÕQ� JHQRWLSL� LOH� ED]Õ� NOLQLN� YHULOHU� NDUúÕODúWÕUÕOGÕ� �7DEOR� ����
+LSHUWURILQLQ� WLSL� YH� GD÷ÕOÕPÕ�� KDVWDQÕQ� FLQVL\HWL�� DLOHVLQGH� KDVWDOÕN� YH� DQL� |O�P�
KLND\HVLQLQ�YDUOÕ÷Õ�JLEL�YHULOHUOH�'�,�SROLPRUIL]PL�DUDVÕQGD� LVWDWLVWLNVHO�RODUDN�DQODPOÕ�
ELU�LOLúNL�J|U�OPHGL�� 

Ekzonun 42 baz öncesinde (-42 bç 5’ y|Q�QGH�� \HUOHúLN� EXOXQDQ� *�$�
SROLPRUIL]PL� \DOQÕ]� ELU� NRQWURO� |UQH÷LQGH� KRPR]LJRW� $$� ELoLPLQGH� EXOXQPXúWXU��
8OXVODUDUDVÕ�+$30$3�oDOÕúPDVÕQGD�LVH�$$�JHQRWLS�VÕNOÕ÷Õ��IDUNOÕ�WRSOXPODUGD�����LOH�
�����DUDVÕQGD�KHVDSODQPÕúWÕU��(OLPL]GHNL�oDOÕúPD�JUXEXQGD�$$�JHQRWLS�VÕNOÕ÷ÕQÕQ�EX�
NDGDU�G�ú�N�EXOXQPDVÕ��NXOODQGÕ÷ÕPÕ]�66&3�\|QWHPLQLQ�GX\DUOÕOÕ÷ÕQD�ED÷OÕ�RODELOLU��%X�
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nedenle, Türk toplumundaki G-$�DOOHO�YH�JHQRWLSOHULQLQ�JHUoHN�VÕNOÕ÷ÕQÕ�DQFDN�5)/3�\D�
GD�DOOHO�VSHVLILN�3=5�JLEL�\|QWHPOHU�NXOODQÕODUDN�KHVDSODQDELOLU�� 

%X� oDOÕúPDGD�� +.0� LoLQ� PRGLIL\H� HGLFL� JHQ� DGD\Õ� ROGX÷XQX� G�ú�QG�÷�P�]�
HOP’XQ� �o� HN]RQX� 66&3� \|QWHPL� LOH� LQFHOHQPLú�� SURWHLQ� \DSÕVÕQÕ� GH÷LúWLUHFHN� ELU�
PXWDV\RQ� \D� GD� SROLPRUIL]P� EXOXQPDPÕúWÕU�� 3URWHLQ� PLNWDUÕQÕ� GH÷LúWLUHELOHFHN�
PXWDV\RQODUÕQ� EXOXQDELOHFH÷L� E|OJHOHU� LVH� EX� oDOÕúPD\D� GDKLO� HGLOPHPLúWLU�� $QFDN��
GLODWH� NDUGL\RPL\RSDWL� KDVWDODUÕQGD� JHOLúHQ� NDOS� \HWPH]OL÷LQGH�� 65)� X\DUÕFÕVÕ� RODQ�
myocardin� G�]H\L� DUWDUNHQ� 65)� EDVNÕOD\ÕFÕVÕ� HOP¶XQ� D]DOPDVÕ� ������ YH� ED]Õ�
W�P|UOHUGH�+23�PLNWDUÕQÕQ�DUWPÕú������\D�GD�D]DOPÕú��������ROPDVÕ��+23¶XQ�LúOHYLQGH�
\DSÕVDO� GH÷LúLNOLNOHUGHQ� oRN� PLNWDUVDO� GH÷LúLNOLNOHULQ� GDKD� |QHPOL� ROGX÷XQX�
göstermektedir. Bu nedenle HKM’de, varsa HOP’un modifiye edici etkisi, genin 

WUDQVNULSVL\RQXQX�G�]HQOH\HQ�E|OJHOHULQGHNL�SROLPRUILN�GH÷LúLNOLklerin sonucu olabilir. 

*HQ� �U�Q�QGHNL�PLNWDUVDO� GH÷LúLNOL÷LQ� LQFHOHQPHVL� EL\RSVL� |UQHNOHPHVLQL� YH\D� K�FUH�
N�OW�U�Q�� JHUHNWLUGL÷L� LoLQ�� oDOÕúPDPÕ]� JHQ� �U�Q�QGHNL� \DSÕVDO� GH÷LúLNOLNOHUL�
DUDúWÕUPDNOD�VÕQÕUODQGÕUÕOPÕúWÕU��dDOÕúPDPÕ]ÕQ�VRQUDNL�DúDPDVÕQGD��EXOGX÷XPX]�LQWURQLN�
SROLPRUIL]POHULQ� 5)/3� JLEL� GDKD� GX\DUOÕ� \|QWHPOHUOH� LQFHOHQPHVLQL� YH� HOGH� HGLOHQ�
JHQRWLS�GD÷ÕOÕPÕQÕQ�GDKD�D\UÕQWÕOÕ�YHULOHUOH�LVWDWLVWLN�DQDOL]LQL�DPDoODGÕN� 

Hop mutant (Hop-/-�� IDUHOHULQ� NDOELQGH� LIDGHVL� DUWDQ� JHQOHU� LQFHOHQGL÷LQGH��
oR÷XQXQ� 65)¶QLQ� KHGHI� JHQOHUL� DUDVÕQGD� ROGX÷X� J|U�OPHNWHGLU� �ùHNLO� �-1) (4). Bu 

JHQOHUGHQ�EHWD�PL\R]LQ�D÷ÕU�]LQFLUL���0\+&���YH�PL\R]LQ�ED÷OD\ÕFÕ�SURWHLQ�&��0\%3&��
JHQOHULQLQ�LIDGHVLQGH�VÕUDVÕ\OD����YH����NDW�DUWÕú�ROPDVÕ�GLNNDW�oHNLFLGLU��%X�LNL�JHQGHNL�
mutasyoQODUÕQ�� HQ� VÕN� UDVWODQDQ�+.0�QHGHQL� ROGX÷X� ��������� J|]� |Q�QH� DOÕQÕUVD�� EX�
JHQOHUGHQ�ELULQGH�PXWDV\RQ�WDúÕ\DQ�+.0�KDVWDODUÕQGD��HOP�JHQLQGHNL�RODVÕ�EDúND�ELU�
PXWDV\RQ�PXWDQW� SURWHLQ� ��0\+&�YH\D�0\%3&���UHWLPLQL� ���[�YH���[��� GROD\ÕVÕ\OD�
KDVWDOÕN�IHQRWLSLQL önemli ölçüde etkileyecektir. 

øOHULGH� SURPRWRU� E|OJHVLQLQ� YH� GL÷HU� G�]HQOH\LFL� E|OJHOHULQLQ� LQFHOHQPHVL\OH��
HOP� JHQLQLQ� +.0� \D� GD� NDOS� \HWPH]OL÷L� JLEL� NDUGL\DN� KLSHUWURIL� LOLúNLOL� GL÷HU�
KDVWDOÕNODUÕQGDNL�URO��GDKD�L\L�DQODúÕODFDNWÕU��$\UÕFD��GDKD�JHQLú�NOinik verileri bulunan 

+.0�KDVWDODUÕQGD��\D�GD�+.0�GÕúÕQGDNL�EDúND�KDVWD�JUXSODUÕQGD�HOP’un incelenmesi 

LOH�IDUNOÕ�VRQXoODUD�XODúÕODELOLU��Hop�PXWDQW�IDUHOHUGH�47�DUDOÕ÷ÕQÕQ�X]DPÕú�ROPDVÕ������
YH�+.0�KDVWDODUÕQGD�47�X]DPDVÕQD�ED÷OÕ�DQL�NDOS�|O�POHULQLQ�VÕN�ROPDVÕ������������
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HOP¶XQ�� |]HOOLNOH� +.0¶GHNL� DQL� |O�P� KLND\HVL� LOH� LOLúNLOL� RODELOHFH÷LQL� DNOD�
JHWLUPHNWHGLU�� $ULWPL� KDVWDODUÕQGD� \D� GD� NKX2-5� PXWDV\RQODUÕQÕQ� QHGHQ� ROGX÷X�
DWULRYHQWULN�OHU�EORN�������KDVWDODUÕQGD�GD�HOP¶XQ�LQFHOHQPHVL�DQODPOÕ�RODELOLU��1N[2-

��� NDOS� LOHWL� VLVWHPLQLQ� SURNVLPDO� �DWULRYHQWULN�OHU� G�÷�P�� NÕVPÕ� LoLQ� JHUHNOL� ROGX÷X�
halde, Nkx2-5’in hedef genlerinden biri olan Hop, kalp ileti sisteminin distal (His 

GHPHWL�VRQUDVÕ��NÕVPÕ�LoLQ�JHUHNOLGLU�������%X�GD�HOP’un, distal ileti sistemini tutan ve 

DWULRYHQWULN�OHU� EORN� NDGDU� D÷ÕU� ROPD\DQ� DULWPLOHUGH� URO� R\QD\DELOHFH÷LQL�
G�ú�QG�UPHNWHGLU� 

 

ùHNLO�5-1: +RS�PXWDQW�IDUHOHUGH�LIDGHVL�DUWDQ�JHQOHU��65)�KHGHIL�ROGX÷X�ELOLQHQ�JHQOHU�NÕUPÕ]Õ�
ok ile, genlerLQ� LIDGHVLQGHNL� DUWÕú�RUDQODUÕ�PDYL�SDUDQWH]� LoLQGH�J|VWHULOPLúWLU�� �.D\QDN��¶GHQ�
düzenlendi) 

HOP genindeki mutasyon veya polimorfizmlerin incelenmesi, genin 

KDVWDOÕNODUOD� LOLúNLVLQLQ� DoÕNODQPDVÕQGD� \DUDUOÕ� RODELOHFH÷L� JLEL�� +23¶ÕQ� � IRQNVL\RQHO�
oDOÕúPDODUOD�LQFHOHQPHVL�GH�LOJLOL�KDVWDOÕNODUÕQ�WHGDYLVLQGH�\DUDUOÕ�RODELOLU��6RQ�\ÕOODUGD��
NDUGL\DN� KLSHUWURIL� WHGDYLVLQGH� +'$&� LQKLELW|UOHULQLQ� NXOODQÕPÕ� J�QGHPH� JHOPLúWLU�
������ $QFDN� +'$&¶OHULQ� \D\JÕQ� LIDGH� HGLOL\RU� ROPDVÕ� QHGHQL\OH� EX� WHGDYL� KHQ�]�
uygulanamamaktDGÕU�� øOHULGH�� +'$&�¶QLQ� NDOS� NDVÕQGDNL� HWNLVLQH� DUDFÕOÕN� \DSDQ�
+23¶XQ� KHGHI� DOÕQGÕ÷Õ� ELU� \|QWHPLQ� JHOLúWLULOPHVL�� NDUGL\DN� KLSHUWURIL� WHGDYLVLQGH�
\DUDUOÕ�RODELOLU� 

 

Siklin D3   (3x)
egr  (3x)

SM22 (2x)
Kalponin (3x)
SM α aktin  (2x)
Alfa aktinin-2 (3x)
Sisteince zangin protein 2 (CRP 2) (3x)

ANF (5x)
BNP (5x)
SERCA (3x)
ββ MyHC (15x)
Kardiyak MLC (3x)
MyBPC (10x)

Büyüme ile 
ilgili genler

Düz kas  
genleri

.DOS�NDVÕ�
genleri

SRF
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dDOÕúPDQÕQ�.DSVDPÕ� 

<DSÕOPDVÕ� SODQODQDQ� JHQHWLN� LQFHOHPHOHU� LoLQ� VL]GHQ�|QFHOLNOH� ���PO� SHULIHULN�
NDQ� |UQH÷L� DOÕQDFDNWÕU�� $OÕQDQ� NDQ� |UQH÷LQGH� '1$� PDWHU\DOLQL]� L]ROH� HGLOHUHN�
VDNODQDFDNWÕU��2OXúWXUXODQ�EX�EDQNDGD�NLúL�LVLPOHUL�NXOODQÕOPD\DFDN��|UQHNOHU�QXPDUDOÕ�
RODUDN�NRUXQDFDNWÕU� 

$UDúWÕUÕODFDN� RODQ� KDVWDOÕ÷D� QHGHQ� ROGX÷X� G�ú�Q�OHQ� JHQGH� PXWDV\RQ��
SROLPRUIL]P� WDUDPDVÕ� \DSÕODFDNWÕU�� %|\OHFH�� KDVWDOÕ÷ÕQ� LOJLOL� JHQGHNL� PXWDV\RQODUOD�
PXKWHPHO�LOLúNLVL�DUDúWÕUÕOPÕú�RODFDNWÕU�� 

$UDúWÕUPDGDQ�EHNOHQHQ�WÕEEL�\DUDU��KDVWDOÕ÷ÕQ�HUNHQ�WDQÕVÕQÕQ�YH�DLOHVHO�JHQHWLN�
WDUDPDODUÕQ�P�PN�Q�RODELOHFH÷LGLU� 

$UDúWÕUPD�NDSVDPÕQGD�\DSÕODQ�oDOÕúPDODUÕQ�V�UHVL�NHVLQ�GH÷LOGLU�YH�VRQXFXQGD�
tedaviye yönelik cevap elde edilmeyebilir. 

$UDúWÕUPD� VÕUDVÕQGD� JHQHWLN� WHVW� VRQXoODUÕQÕQ� VL]L� YH� DLOHQL]LQ� SVLNRORMLN� YH\D�
GL÷HU� ELU� \|QGHQ� HWNLOH\HFH÷LQL� G�ú�QPHQL]� GXUXPXQGD�� DUDúWÕUPDGDQ� LVWH÷LQL]� �]HUH�
D\UÕODELOLUVLQL]� 

(OGH� HGLOHQ� JHQHWLN� ELOJL� VRQXoODUÕ� úLIUH� NRUXPDOÕ� ELU� ELOJLVD\DU� SURJUDPÕQGD�
NRUXQDFDN� ROXS�� VDGHFH� VL]H� YH� KHNLPLQL]H� ELOGLULOHFHN�� �o�QF�� úDKÕVODUD�
DNWDUÕOPD\DFDNWÕU� 

$UDúWÕUPDGD�����+LSHUWURILN�NDUGL\RPL\RSDWL�KDVWDVÕ�LOH�����VD÷OÕNOÕ�J|Q�OO��\HU�
DODFDNWÕU� 

<DSÕOPDVÕ� SODQODQDQ� JHQHWLN� LQFHOHPHOHU� LoLQ� VL]GHQ� PDGGL� GHVWHN� talep 

edilmeyecektir. 
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V|]NRQXVX� NOLQLN� DUDúWÕUPD\D� NHQGL� UÕ]DPOD� KLoELU� EDVNÕ� YH� ]RUODPD� ROPDNVÕ]ÕQ�
NDWÕOPD\Õ�NDEXO�HGL\RUXP� 
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