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6ø0*(�VE KISALTMALAR 
 
 
BRCA1 : ( Breast cancer susceptibility gene )  

BrdU  : 5 – bromo 2’ – deoksi - üridine 

EGF  : Epidermal büyüme faktörü 

EGFR  : Epidermal büyüme faktör reseptörü 

ER  : Estrojen reseptörü 

ErbB              : ( Onkogen- erythroblastosis virus ) 

FAK  : Fokal adezyon  kinaz 

FGFR  : Fibroblast büyüme faktör reseptörü 

HCl  : Hidroklorik asit 

HER  : ( Human EGF – related ) reseptör 

IR  : øQV�OLQ�UHVHSW|U� 

JAK  : Janus kinaz 

MAPK : Mitojen aktivasyonlu protein kinaz 

NaOH  : Sodyum Hidroksit 

1)�%  : Nükleer faktör kappa B 

NRTK  : Reseptör olmayan tirozin kinaz 

PCNA  : Prolifere hücre nükleer antijeni 

PDGFR : Platelet derive büyüme faktör reseptörü 

PH                  : ( Pleckstrin homology ) 

PR  : Projesteron reseptörü 

PI3K  : Fosfatidil inositol –3  kinaz 

RTK  : Reseptör tirozin kinaz 

SH  : (Src homology)  

TGFαα  : Transforme edici  büyüme faktörü α  

TKIs  : Tirozin kinaz inhibitörleri 
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1. ÖZET 

 

%X�oDOÕúPDGD�PHPH�NDQVHUL�K�FUH VR\ODUÕ MDA MB 231 ve T47D hücrelerinde ErbB 

UHVHSW|UOHULQLQ� GD÷ÕOÕPÕQÕ� YH� K�FUHOHULQ� SUROLIHUDV\RQ� |]HOOLNOHULQL� LPPXQRVLWRNLP\DVDO�
yöntemle inceledik. MDA MB 231 hücrelerinde ErbB1 (EGFR) ve ErbB2 reseptörleri 

nuNOHXV� LoLQGH� \R÷XQ� RODUDN� VDSWDQÕUNHQ�� 7��'� K�FUHOHULQGH� VH\UHN� RODUDN� K�FUH�
PHPEUDQÕQGD� ER\DQGÕNODUÕ� görüldü. ErbB3 reseptörleri ise her iki hücre soyunda ErbB2 

reseptörlerine benzer fakat daKD� D]� \R÷XQ� ELU� GD÷ÕOÕP� J|]OHGLN. Hücre içi tirozin 

fosforilasyonuQX� LQFHOHGL÷LPL]GH� (UE%�� UHVHSW|U� GD÷ÕOÕPÕQD� EHQ]HU� ELU� GD÷ÕOÕP� J|VWHUGL��
$\UÕFD�� K�FUHOHULQ� SUROLIHUDV\RQ� G�]H\LQL� 3&1$� HNVSUHV\RQX� YH� %UG8� LQNRUSRUDV\RQX� LOH�
LPPXQRVLWRNLP\DVDO�\|QWHPOH�LQFHOHGL÷LPL]GH�0'$�0%�����K�FUHOHULQLQ�7��'�K�FUHOHULQH�
göre 2.5 NDW�GDKD�KÕ]OÕ�SUROLIHUH�ROGXNODUÕQÕ�J|UG�N�� 

Sonuç olarak,  MDA MB 231 hücrelerinde ErbB reseptör ailesinin nükleer 

ORNDOL]DV\RQ� J|VWHUPHVL� YH� SUROLIHUDV\RQ� KÕ]ÕQÕQ� GDKD� \�NVHN� ROPDVÕ� EX� K�FUHOHULQ� � 7��'�
K�FUHOHULQH�J|UH�GDKD�PDOLJQ�ELU�NDUDNWHUGH�ROGX÷XQX�J|VWHUPHNWHGLU��$\UÕFD��(UE%�UHVHSW|U�
HNVSUHV\RQXQD� UD÷PHQ� K�FUH� LoL� IRVIRWLUR]LQ� DNWLYLWHVLQLQ� D]� ROPDVÕ� EX� K�FUHOHUGH� EDúND�
IDNW|UOHULQ�GH�K�FUH�oR÷DOPDVÕQD�NDWNÕGD�EXOXQGX÷XQX�G�ú�QG�UPHNWHGLU� 
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2. SUMMARY 

 

In the present study we have investigated the distribution of ErbB receptors and the 

characteristics of cell proliferation in breast cancer cell lines MDA MB 231 and T47D by 

immunocytochemical analysis. In MDA MB 231 cells, ErbB1 (EGFR) and ErbB2 receptors 

were stained in the nucleus, while in T47D cells they were detected in the cell membrane. The 

distribution of ErbB3 receptors was similar but less dense than the ErbB2 receptors in both 

cell lines. The distribution of tyrosine phosphorylation was also found similar to ErbB3 

receptors. In addition, when we investigated the level of cellular proliferation with PCNA 

expression and BrdU incorporation, we found that the rate of cell proliferation in MDA MB 

231 cells was 2.5 fold higher than T47D cells. 

In conclusion, the nuclear localization of ErbB family receptors in MDA MB 231 and 

their higher rate of proliferation indicate the malignant phenotype of these cells compared to 

T47D cells. In addition, in the presence of  ErbB receptor expression, the low level of tyrosine 

phosphorylation suggests the involvement of other factors in the regulation of cell 

proliferation in  these cells.   
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���*ø5øù�9(�$0$d 

 

Meme kanseri kompleks ve klinik olarak heterojen kanser türlerinden birisidir. Meme 

NDQVHUL� ROXúXPXnun biyolojik mekanizmDODUÕQÕ� DQODPDN�PHPH� NDQVHUL� WDQÕ� YH� WHGDYLVLQGH�
\HQL�\|QWHPOHU�JHOLúWLUilmesi için önemlidir��6RQ�\LUPL�\ÕOGD�ELU�oRN�GLDJQRVWLN�YH�SURJQRVWLN�
PROHN�OHU� LúDUHWOH\LFL �]HULQGH� GXUXOPXú� IDNDW� EXQODUGDQ� SHN� D]Õ� NOLQLNWH� \DUDUOÕ� VRQXoODU�
YHUPLúWLU��.OLQLNWH�EXJ�Q�HQ�oRN�NXOODQÕODQ�LúDUHWOH\LFLOHU�HVWURMHQ�UHVHSW|U���(5���SURMHVWHURQ�
reseptörü (PR), epitelyal büyüme faktörü reseptörü (EGFR) ve ErbB2/HER2 reseptörleridir. 

Hücre proliferasyonu, tümörün ilerlemesini gösteren önemli bir kriterdir ve bunun 

immunohistokimyasal yolla incelenmesi güvenilir bir yöntemdir. Tümörün yüksek 

SUROLIHUDV\RQ� KÕ]Õ�� N|W�� SURJQR]XQ� IDNDW� JHQHOOLNOH� NHPRWHUDSL\H� L\L� \DQÕW� YHUHFH÷LQLQ�
J|VWHUJHVLGLU�� 3UROLIHUDV\RQ� LúDUHWOH\LFLOHULQLQ� IDUPDNRGLQDPLN� DoÕGDQ� PHGLNDO� WHGDYLQLQ�
HWNLQOL÷LQL� L]OHPHN� DPDFÕ� LOH� NOLQLNWH� NXOODQÕOPDVÕ� � \HQL� LODoODUÕQ� KÕ]OD� GH÷HUOHQGLULOPHVL��
DoÕVÕQGDQ�XPXW�YHULFL�RODUDN�J|U�OPHNWHGLU��%X�oDOÕúPDGD��insan meme kanser hücreleri MDA 

MB 231 ve T47D hücrelerinin proliferasyon özelliklerini ve EGFR ailesinin ekspresyon 

düzeylerini immunositokimyasal yöntemle incelemeyi YH�NDUúÕODúWÕUPD\Õ�DPDoODGÕN� 
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���*(1(/�%ø/*ø/(5 
 

 

�����+h&5(�ødø�6ø1<$/�ø/(7ø�0(.$1ø=0$/$5, 
 

�������3URWHLQ�.LQD]ODU�YH�6LQ\DO�øOHWLPL 
 

 Protein fosforilasyonu K�FUHVHO� ROD\ODUÕQ� NRQWURO� HGLOPHVLQL� VD÷OD\DUDN�� |]HOOLNOH�
K�FUH�LoL�VLQ\DO�LOHWL�YH�JHQ�HNVSUHV\RQX�UHJXODV\RQXQGD�|QHPOL�URO�R\QDPDNWDGÕU����� Protein 

NLQD]ODU� K�FUH� \DSÕVÕQGDNL� ED]Õ� SURWHLQOHULQ� \DSÕODUÕQD� IRVIDW� JUXEX� HNOH\HUHN� PRGLIL\H�
ROPDODUÕQÕ�YH�KHGHI�SURWHLQlerde fonksiyonHO�GH÷LúLNOLNOHULQ�ROXúPDVÕQÕ�VD÷OD\DQ�HQ]LPOHUGLU��
3URWHLQ�NLQD]ODU� LOH�PRGLIL\H�ROPXú�SURWHLQOHU�K�FUH�LoL�VLQ\DO�LOHWL�\ROODUÕQÕQ�UHJ�ODV\RQXQX�
VD÷ODU��3URWHLQ�NLQD]ODU�JHQHO�RODUDN�DNWLYLWHOHULQL�$73�\DSÕVÕQGDNL�IRVIDW�JUXEXQX�DOÕS�KHGHI�
SURWHLQ�\DSÕVÕQGDNL��o�DPLQR�DVLWWHQ�VHUEHVW�KLGURNVLO�JUXEX�LoHUHQ�ELU�DPLQR�DVLGH�ED÷ODPDVÕ�
LOH�J|VWHULU��%XQD�J|UH�6HULQ��7UHRQLQ��YH\D�7LUR]LQ�NLQD]ODU�RODUDN�DGODQGÕUÕOÕUODU� 
  3URWHLQ� NLQD]� DNWLYLWHVLQGHNL� G�]HQVL]OLNOHU� NDQVHUOHULQ� YH� oHúLWOL� KDVWDOÕNODUÕQ�
ROXúPDVÕQGD� URO� R\QDPDNWDGÕU�� %D]Õ� LODoODU� VHOHNWLI� RODUDN� SURWHLQ� NLQD]ODUÕ� LQKLEH� HWWLNOHUL�
LoLQ�NOLQLN�RODUDN�WHGDYL�DPDoOÕ�NXOODQÕOPDNWDGÕUODU����� 
 

4.1.2. Tirozin Kinazlar  

 

 3URWHLQ�NLQD]ODUÕQ� DOW� JUXEX�ROXS� WHPHO�RODUDN�SURWHLQOHULQ� WLUR]LQ� UH]LG�OHULQH� Iosfat 

JUXSODUÕQÕQ�WUDQVIHULQL�VD÷OD\DQ�HQ]LPOHUGLU��7LUR]LQ�NLQD]ODU��JHQHO�RODUDN�QHRSODVWLN�ROXúXP�
EDVDPDNODUÕQGD� YH� EXQODUÕQ� LOHUOHPHVLQGHNL� DúDPDODUGD�|QHPOLGLU��7LUR]LQ� NLQD]ODU� UHVHSW|U�
tirozin kinazlar (RTK); EGFR, PDGRF, FGRF, IR vb., ve reseptör olmayan tirozin kinazlar 

(NRTK); SRC, ABL, FAKve JAK vb., RODUDN�LNL�JUXEWD�VÕQÕIODQGÕUÕOÕUODU (3,4). RTK’lar hücre 

\�]H\LQGHNL�WUDQVPHPEUDQ�UHVHSW|UOHUL�ROPDODUÕQÕQ�\DQÕ�VÕUD�LQWULQVLN�NLQD]�DNWLYLWHVLQH�VDKLS�
enzimlerdir. NRTK’ODU� \DSÕVDO� RODUDN� GH÷LúLNOLk gösterebilen sitoplazmik proteinlerdir. 

NRTK’lar, bir kinaz bölgesine ve buna ilave 57.¶ODUGD�ROGX÷X�JLEL�pek çok protein protein 

HWNLOHúLP� E|OJHVLQH� VDKLSWLU�� |UQH÷LQ� 6+��� 6+�� YH� 3+� ����� 57.’ODU� K�FUH� GÕúÕ� E|OJHOHULQH�
OLJDQGÕQ�ED÷ODQPDVÕ�LOH�DNWLYH�olurlar, bunu reseptörlerin dimerizasyonu takip eder (6). 
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4.1����7LUR]LQ�.LQD]ODUÕQ�2QNRMHQLN Aktivasyonu  

 

 1RUPDO� RODUDN� K�FUH� LoLQGHNL� WLUR]LQ� XoODUÕQÕQ� IRVIRULODV\RQX� WLUR]LQ� NLQD]� YH�
IRVIDWD]ODUÕQ� DQWDJRQLVWLN� HWNLOHUL� LOH� NRQWURO� HGLOLUOHU�� %D]Õ� PHNDQL]PDODU� WLUR]LQ� NLQD]Õn 

HWNLOHPLú� ROGX÷X� K�FUH� LoL� ROD\ODUÕ� HWNLOH\HUHN� K�FUHQLQ� \DQÕWÕ� RODQ� K�FUH� E|O�QPHVL��
GLIHUDQVL\DV\RQX� YH� K�FUH� |O�P�� ROD\ODUÕQÕQ� GD� HWNLOHQPHVLQH� QHGHQ� ROXU� ����� %X�
PHNDQL]PDODU�úX�úHNLOGH�|]HWOHQHELOLU� 
i) Mutasyonlar ile Aktivasyon:� 7LUR]LQ� NLQD]ODUÕQ� DNWLYDV\RQXQGDNL� G�]HQVL]OLN�
J|VWHUPHOHULQGHNL� |QHPOL� PHNDQL]PDODUGDQ� ELUL� PXWDV\RQODUGÕU�� +�FUH� GÕúÕQGDNL� ELU�
E|OJHGHNL� PXWDV\RQ�� |UQH÷LQ� (*)5Y�� PXWDQGÕQGDNL� DPLQR� DVLW� �-���� HNVLNOL÷L� WLUR]LQ�
UHVHSW|U�DNWLYLWHVLQLQ�V�UHNOLOL÷LQH��EX�ROD\�GD�K�FUH�oR÷DOPDVÕQÕQ�KÕ]ODQPDVÕQD�QHGHQ�ROXU��
%X� PXWDV\RQ� |]HOOLNOH� JOLREODVWRPD�� RYHU� W�P|UOHUL� YH� N�o�N� ROPD\DQ� K�FUHOL� DNFL÷HU�
kanserlerinde gözlenir (8).  

LL�� �2WRNULQ�3DUDNULQ�8\DUÕODU��g]HOOLNOH�57.�DNWLYDV\RQXQGDNL�|QHPOL�URO�R\QDPDNWDGÕUODU. 
%X�DNWLYDV\RQ�G|QJ�V��57.
ÕQ� YH\D� OLJDQGÕQÕQ� DúÕUÕ� HNVSUHVH� ROPDVÕQD� ED÷OÕ� RODUDN�RUWD\D�
oÕNDU�� 3HN� oRN� NDQVHU� W�U�QGH� EX� PHNDQL]PD� HWNLOL� ROPDNWDGÕU�� (*)5�� 3'*)5� YH� ,*)�
UHVHSW|UOHUL� YH� OLJDQGODUÕ� EXQD� |UQHNWLU�� (*)5
QLQ� EX� RWRNULQ� YH� SDUDNULQ� G|QJ�V�QGHki 

OLJDQGODUÕ�RODQ�(*)�YH�7*)-.��LOH�PHPH�NDQVHUL�JOLREODVWRPD�PXOWLIRUPH��PHVDQH�NDQVHUOHUL�
DUDVÕQGDNL�VÕNÕ�LOLúNL�EXOXQPDNWDGÕU������ 
 

4.1.4. EGFR Ailesi 

  

 (*)5� DLOHVL� G|UW� UHVHSW|UGHQ� ROXúXU�� %XQODU�� (*)5� �(UE%���� +(5-2/neu (ErbB2), 

Her-3(ErbB3) ve HER-4 (ErbB4)'tür (5,10). Tüm bu transmembran  reseptörleri intrinsik  

tirozin kinaz aktivitelerine sahiptir. EGFR'nün  tirozin kinaz aktivitesi EGF ailesindeki 

E�\�PH� IDNW|UOHULQLQ� UHVHSW|UH� ED÷ODQPDVÕ� LOH� VWLP�OH� ROXU�� (*)� GÕúÕQGD� SHN� oRN� OLJDQG�
EGFR aile ü\HOHUL�NDUúÕOÕNOÕ�HWNLOHúLP�LoLQGHGLU�YH�EXQODUÕQ�LoHULVLQGHNL�7*)-.�VSHVLILN�RODUDN�
DLOH��\HOHULQGHQ�\DOQÕ]FD�(*)5�LOH�HWNLOHúLPH�JLUHU� 

(*)5� DLOHVLQLQ� KHSVLQGH� RUWDN� ELU� \DSÕ� EXOXQXU�� (*)5� �o� \DSÕVDO� SDUoD\D� D\UÕúÕU��
Bunlar; ekstrasellüler, transmembran ve sitoplazmik bölümlerdir. Her bir bölümün fDUNOÕ�
J|UHYOHUL�YDUGÕU. Ekstrasellüer bölüm sistein’den�]HQJLQ�\DSÕ�LoHULU�YH�EX�\DSÕ\D�SHN�oRN�IDUNOÕ�
(*)� ED÷ÕPOÕ� E�\�PH� IDNW|UOHULQL� ED÷ODU�� 6DQWUDO� OLSRILOLN� NÕVÕP� LVH� UHVHSW|U�� K�FUH�
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PHPEUDQÕQD� VÕNÕFD� ED÷ODPDNOD� J|UHYOLGLU�� 5HVHSW|U�Q� K�FUH� LoL� NÕVPÕQGD� LVH� WLUR]LQ� NLQD]�
DNWLYDV\RQXQD�VDKLS�VLWRSOD]PLN�X]DQWÕVÕ�EXOXQPDNWDGÕU (5,10).  

 

 

 

ùHNLO����57.¶ODUÕQ�OLJDQG�ED÷ODQGÕNWDQ�VRQUD�GLPHUL]H�ROPDVÕ���.D\QDN �¶GHQ�X\DUODQPÕúWÕU�� 
 

EGFR  sLQ\DO� LOHWLPLQLQ� ROXúPDVÕ� SHN� oRN� DúDPD\Õ� LoHULU�� /LJDQGÕQ� K�FUH� � GÕúÕ��
NÕVPÕQD�ED÷ODQPDVÕ�����UHVHSW|U�Q�����GLPHUL]DV\RQXQX���LQG�NOHPHNWHGLU���'LPHUL]DV\RQ���D\QÕ��
�KRPRGLPHUL]DV\RQ�� YH\D� IDUNOÕ� (heterodimerizasyon) (*)5�DLOHVL� �\HOHUL� DUDVÕQGD� ROXU� YH�
KHU�ELU�UHVHSW|UGH�EXOXQDQ�K�FUH�LoL�WLUR]LQ�NÕVÕPODUÕ�DNWLYH�RODUDN�GL÷HU�(UE%�PROHN�O�QGHki 

kinaz rezidülerini çapraz foVIRULOH�HGHU��%X�IRVIRULODV\RQ��DGDSW|U�SURWHLQOHU�YH�GL÷HU�WLUR]LQ�
NLQD]�VXEVWUDWODUÕ�LoLQ�ED÷ODQPD�E|OJHVL�ROXúWXUXUODU, bu�úHNLOGH�sinyal ileti yolu sitoplazmada 

JHUoHNOHúLU�� (UE%� VLQ\DO� LOHWL� \ROODUÕ� ELU� oRN� � EL\RORMLN� ROD\GDQ� VRUXPOXGXU�� örnek olarak 

5DV�0$3�NLQD]�VL\DO�LOHWL�NDVNDGÕ��K�FUH�E|O�QPHVLQL�YH�D\QÕ�]DPDQGD�K�FUH�J|o�Q��Vitimüle 

ederek, karsinogenezde önemli rol oynar.  

MXWDV\RQODU� VRQXFX� (*)5� OLJDQGÕQGDQ� ED÷ÕPVÕ]� RODUDN� DNWLYH� RODELOLU� YH� EX�
DNWLYDV\RQ�(*)5�WLUR]LQ�IRVIRULODV\RQX�LQG�NOHU��EX�X\DUÕ\D�\DQÕW�YHUHQ�DGDSW|U�SURWHLQOHULQ�
resHSW|UH�ED÷ODQPDVÕQD�\RO�DoDU����). 
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(UE%��� (*)5� DLOHVLQH� ED÷OÕ� RODQ� ELU� WUDQVPHEUDQ� WLUR]LQ� NLQD]GÕU�� (UE%�� OLJDQG�

ED÷ODPD]��)DNDW�EXQXQ�\HULQH�OLJDQG�LOH�DNWLYH�ROPXú�(*)5��(UE%��LoLQ�KHWHURGLPHUL]DV\RQ�
J|VWHUHQ� SDUWQHU� RODUDN� J|UHY� DODQ� PLWRMHQLN� X\DUÕ� VLQ\DOLQLQ� DUWPDVÕQD� VHEHS� ROXU�� øQVDQ�
ND\QDNOÕ� PHPH� NDnserlerinin %25'inde ErbB2 gen ekspresyonu� DUWPÕúWÕU� YH� DúÕUÕ� HNVSUHVH�
ROPDVÕ� N|W�� SURJQR]� LOH� LOLúNLOLGLU� ���). Bu reseptörleri hedef alan tedavi stratejilerinin 

X\JXODPDODUÕ�IDUNOÕ�EDVDPDNODUGD�ROXúPDNWDGÕU��(UE%�
QLQ�K�FUH�GÕúÕ�E|OJHVL�LoLQ�PRQRNORQDO�
DQWLNRU� WDQÕPODQPÕú� ROXS� LQ� YLWUR�olarak  ErbB2 aktivasyonunu inhibe eder in vivo olarak 

antitümör aktivitesi mevcuttur (13).  

(UE%��YH�(UE%���(*)5�DLOHVLQLQ�GL÷HU�WUDQVPHPEUDQ�tirozin NLQD]ODUGÕU��+HU�ELULQLQ�
\DSÕVÕQGDNL� K�FUH� GÕúÕ� OLJDQG� ED÷ODQPD� E|OJHVLQH�+%-EGF, betaselülin, nörogulin 1-4 gibi 

IDUNOÕ� OLJDQGODUÕQ� ED÷ODQDELOGL÷L� WDQÕPODQPÕúWÕU�� øQWULQVLN� WLUR]LQ� NLQD]� DNWLYLWHVL� (UE%�
GH�
GL÷HU�UHVHSW|UOHULQ�DNVLQH�EXOXQPDPDNWDGÕU��%XQXQ�\HULQH�(UE%�
GH�K�FUH�LoL�DOWÕ�DGHW�3,�.�
ED÷ODQPD�E|OJHVL�EXOXQPDNWDGÕU��3,�.�YH�0$3.�\ROODUÕ�(*)5�UHVHptörleri ile aktive olan 

VLQ\DO�NDVNDGÕQÕQ�|QHPOL�NÕVPÕQÕ�ROXúWXUXU (10,15).  

 

4.1.5. Meme Kanser Hücrelerinde EGFR 

 

<DNODúÕN� RODUDN� RQEHú� \ÕOGÕU� (*)5� YH� (UE%�
QLQ�PHPH� NDQVHU� ROXúXPXQGD� |QHPOL�
HWNLOHUL� ROGX÷X� ELOLQPHNWHGLU�� (*)5� YH� (UE%�
QLQ� EX� WLS� � W�P|UOHUGH� HNVSUHVH� ROPDVÕQÕQ�
W�P|U�Q�HQGRNULQ�WHGDYLOHUH�N|W��\DQÕW�YHUGL÷L�YH�\DúDP�V�UHVLQGH�D]DOPDVÕ�LOH�LOLúNLOL�ROGX÷X�
VDSWDQPÕúWÕU�(15,16���'�ú�N�DILQLWHOL�(*)5
OHU�|VWURMHQ� UHVHSW|U� �(5��QHJDWLI� �PHPH�NDQVHU�
K�FUH�VR\ODUÕ��0'$-0%�����YH�+V���7��YH�D\UÕFD�(5�SR]LWLI��PHPH�NDQVHU�K�FUH�VR\ODUÕQGD�
(MCF-7, T47D, ZR-75-�
GH�� J|VWHULOPLúWLU�� (UE%��(UE%�� KHWHURGLPHUOHUL� PHPH� NDQVHU�
hücrelerinde en yüksek mitojenik potansiyele sahiptir (10,15).  

 

4.2��+h&5(�6ø./h6h 

 

 Hücre siklüsü, hücrenin ikiye bölünmesi için JHUHNOL�RODQ�ROD\ODU�VHULVLGLU�� øNL�PDMRU�
ROD\GDQ�ROXúXU� 

 i) Mitoz, hücrenin  çekirdek ve�VLWRSOD]PDVÕQÕQ�E|O�QPHVL�VÕUDVÕQGDNL�NÕVD�ELU�]DPDQ�
dilimidir. 0LWR]�� K�FUHQLQ� E|O�QHUHN� LNL� K�FUH� ROXúWXUPDVÕ� LOH� VRQXoODQDQ� ELU� V�UHoWLU�� %X�
V�UHo�EHú�EHOLUJLQ�DúDPDGDQ�ROXúXU��3URID]��3URPHWDID]��0HWDID]��$QDfaz, Telofaz (17). 
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LL�� øQWHUID]�� GDKD� X]XQ� ELU� ]DPDQ� GLOLPL� ROXS� K�FUH� ER\XWODUÕQÕQ� YH� LoHUL÷LQLQ� DUWPDVÕQÕ� YH�
genetik materyalin replikasyonunu içerir. TeloID]� VDIKDVÕQGDNL� K�FUHGH� PLWR]� E|O�QPH� LOH�
interfaz�EDúODU��øQWHUID]�PLWRWLN�ROD\ODU�DUDVÕQGD�JHoHQ�]DPDQGÕU�YH��o�DOW�ID]D�D\UÕOÕU�� 
 *Õ� �JDS��)D]��'1$�NRS\DODQPDVÕ� LoLQ�PDNUR�PROHN�OOHULQ�VHQWH]L�� K�FUH�E�\�PHVL��
51$�VHQWH]L�YH�VRQUDNL�PLWR]�LoLQ�JHUHNOL�ROD\ODUÕQ�KD]ÕUODQPDVÕ�LoLQ�JHUHNOL�VDIKDGÕU� 

Hücre siklüsünde� KHU� DúDPD�ELUELULQL� WDPDPOD\DQ� EDVDPDNODU� úHNOLQGH� LOHUOHU� YH� EX�
EDVDPDNODUGD� NRQWURO� QRNWDODUÕ� PHYFXWWXU�� %X� NRQWURO� QRNWDODUÕ� JHo� *Õ� YH� *��0� LQWHUID]�
EDVDPDNODUÕQGDGÕU� 
 S Faz:� '1$� VHQWH]L� ROXúXU�� .URPDWLQ� PDWHU\DOLQLQ� ROXúPDVÕ� LoLQ� E�W�Q� JHrekli 

Q�NOHRSURWHLQOHU�KLVWRQODU��GDKLO�ROPDN��]HUH�'1$�PROHN�O�QH�WDúÕQÕS�ELUOHúWLULOLU�� 
 *���JDS��)D]��'1$�VHQWH]LQLQ�VRQODQÕS�PLWR]XQ�EDúODPDVÕ�DUDVÕndaki geçen süredir. 

*���ID]ÕQGD�K�FUH�E|O�QPHVL�LoLQ�JHUHNOL�RODQ�51$�YH�SURWHLQOHU�VHQWH]OHQLU��PLWR]da gerekli 

RODQ� PLNURW�E�OOHULQ� ROXúPDVÕ� LoLQ� W�ELOLQ� VHQWH]L�� '1$� UHSOLNDV\RQX� VÕUDVÕQGD� ROXúDQ�
KDWDODUÕQ�DQDOL]�HGLOLS�G�]HOWLOPHVL�EX�ID]GD�JHUoHNOHúLU� 
+�FUH�VLNO�V��ELU�VHUL�SURWHLQ�NLQD]ODUÕQ�DNWLYDV\RQX�ile ilerler. Bunlar CDKs(siklin dependent 

kinase)’lar sLNOLQ� LOH� ELU� NRPSOHNV� ROXúWXUXUODU� YH� IRVIRULODV\RQODUÕ� LOH� DNWLYDV\RQ� EDúODU��
Siklin regulatör ünite olup CDK ise katalitik partnerdir.  

+�FUH�VLNO�V��VÕUDVÕQGD�HQ�|QHPOL�YH�NRQWURO�QRNWDVÕ�“restricted point” (R) ,G1 in son üçte 

ELUOLN� NÕVPÕQGD� \HU� DOÕU�� S veya G2/0� ID]ÕQGDNL� KDWDODU� E�\�NO�NOHULQH� J|UH� GL÷HU� FKHFN�
SRLQWOHU�WDUDIÕQGDQ�NRQWURO�HGLOLUOHU�6LNO�V�*��GH�'�VLNOLQLQ�HNVSUHV\RQXQXQ�DUWPDVÕ�LOH�EDúODU��
D siklin CDK4 ve CDK6 LOH� LOLúNLOLGLU� ELUOHúHUHN� ELU� NPSOHNV� ROXúWXUXODU� YH�&'.V� DNWLYH 
ROXU�� $NWLYH� ROPXú� &'.V� UHWLQREODVWRPD� SURWHLQLQL� IRVIRULOL]H� HGHU� YH� *�� ID]ÕQÕQ�
UHJ�ODV\RQXQGD�|QHPOL�ELU�URO�R\QDPDNWDGÕU�� 
 .OLQLN� RODUDN� K�FUH� VLNOXVX� NDQVHU� NHPRWHUDSLVLQGH� |QHPOL� ELU� URO� R\QDPDNWDGÕU��
.HPRWHUDSDWLN�RODUDN�NXOODQÕODQ�SHN�oRN�LODo�K�FUH�VLNO�V�QGHNL�EHOLUOL�ID]ODUÕ�LQKLEH�HGHUHN�
etki gösterirler. 

 

�������+�FUH�3UROLIHUDV\RQ�øúDUHWOH\LFLOHUL 
 

 øNL�JUXS�K�FUH�SUROLIHUDV\RQ�LúDUHWOH\LFLVL�NXOODQÕOPDNWDGÕU��QLWURMHQ�ED]�DQDORJODUÕ� ve 

HQGRMHQ�SUROLIHUDV\RQ�LúDUHWOH\LFLOHUL. 
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4.2.2. BrdU øQNRUSRUDV\RQX  

 

+�FUH� SUROLIHUDV\RQX� VÕUDVÕQGD� '1$� VHQWH]LQLQ� |Oo�OPHVLQGH� NXOODQÕOÕU�� <DSÕODQ�
oDOÕúPDODUGD� K�FUHVHO� '1$
GD� WLPLGLQ� \DSÕVÕQÕQ� |Oo�OPHVL� '1$� sentezinin hücre 

SUROLIHUDV\RQX�VÕUDVÕQGD�|Oo�OPHVL�DoÕVÕQGDQ�|QHPOLOLN�ND]DQPÕúWÕU��7LPLGL
QLQ�'1$ içerisine 

GDKLO�ROPDVÕ�RWRUDGLRJUDIL�LOH�WDQÕPODQDELOLU��%X�ROGXNoD�SDKDOÕ�ELU�\|QWHP�ROGX÷XQGDQ�EXQD�
alternatif olarak 5-bromo 2'- deoksi - üridine (BrdU) DNA'ya inkorporasyonu ölçülmektedir. 

 %LU� QLWURMHQ� ED]� DQDOR÷X� RODQ� %UG8� SUROLIHUDV\RQGDNL� K�FUHOHUL� LúDUHWOHPHN� LoLQ�
VÕNOÕNOD� NXOODQÕOPDNWDGÕU� ������ 5DG\RDNWLI� ROPD\DQ� ELU� WLPLGLQ� DQDOR÷XGXU� YH�
immünohistokimyasal yöntem ile görüntülenebilir. BrdU, 1970'lerden beri izole 

kromozomlarda, hücre ve dokularda�'1$�VHQWH]LQL�|OoPHN�LoLQ�NXOODQÕODQ�ELU�DUDoWÕU. DNA 

]LQFLUOHULQH�LQNRUSRUH�RODQ�%UG8
QL�WD\LQ�HWPHN�LoLQ�VSHVLILN�PRQRNORQDO�DQWLNRUODU�NXOODQÕOÕU��
%UG8
QLQ� DQWLNRU� WDUDIÕQGDQ� WDQÕQPDVÕ� LoLQ� '1$
QÕQ� |QFe denatüre edilmesi gerekir. HCl, 

1D2+�YH�ED]Õ�HP]LPOHU�EX�DPDoOD�NXOODQÕOPDNWDGÕU�������+�FUH�\DSÕVÕQGDNL�'1$
\D�NDWÕODQ�
%UG8�EXQD�NDUúÕOÕN�UHDNVL\RQ�J|VWHUHQ�PRQRNORQDO�DQWLNRUODU�LOH�NROD\OÕNOD�WDQÕPODQDELOLU. 
 

4.2.3. PCNA Ekspresyonu 

 

�(Q� VÕN� NXOODQÕODQ� HQGRMHQ� SUROLIHUDV\RQ� LúDUHWOH\LFLVL� 3&1$� �3UROLIHUDWLQJ� &HOO�
Nuclear Antigen)'dir. DNA polimeraz enzimi için gerekli bir proteindir (20,21). PCNA'nin 

\DUÕODQPD�|PU��\LUPL� VDDWWLU� YH� HNSUHV\RQX�JHo�*��YH�6� ID]ODUÕQGD�DUWPD\D�EDúODU��*��YH 

PLWR]� ID]ODUÕQD� GR÷UX� G�úHU� ������ 3&1$�� '1$
QÕQ� UHSOLNDV\RQX� YH� WDPLUL� VÕUDVÕQGD� J|UHY���
DOÕU��.OLQLN�RODUDN�DúÕUÕ�ekspresyonu invaziv büyüme ve nükleer atipi�LOH�LOLúNLOLGLU� 
 

4.3��0(0(�7h0g5/(5ø 
 

+HU� \ÕO� G�Q\DGD� ELU� PLO\RQ� NDGÕQ� PHPH� NDQVHUL� WHúKLVL� NRQXODUDN� WHGDYL� HGLOPH\H�
oDOÕúÕOPDNWDGÕU�� 0HPH� NDQVHU� ROXúXPXQGDNL� ULVN� IDNW|UOHUL� úX� úHNLOGH� VÕQÕIODQGÕUÕODELOLU��
CinVL\HW�� \Dú� YH� JHQHWLN� IDNW|UOHU�� 0HPH� NDQVHUOHUL� LoHULVLQGH� HQ� VÕN� NDUúÕODúÕODQ� JUXS�
PHPHQLQ�GXNWDO�NDUVLQRPXGXU��+LVWRORMLN�RODUDN�PHPHQLQ�V�W�NDQDO� HSLWHOLQGHQ�N|NHQ�DOÕU��
øNLQFL� VÕNOÕNOD�NDUúÕODúWÕ÷ÕPÕ]� LVH� OREXOHU�NDUVLQRPGXU��0HPH�NDQVHUOHULQGH�SURJQRzu tümör 

E�\�NO�÷��� W�P|U� JUDGL�� PLWR]� VD\ÕVÕ�� Q�NOHHU� SROLPRUIL]LP�� WXEXOHU� ROXúXP�� |VWU|MHQ� YH�
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SURJHVWHURQ� UHVHSW|U� YDUOÕ÷Õ� YH� SHULW�PRUDO� YDVNXOHU� LQYD]\RQXQ� YDUOÕ÷Õ� EHOLUOHPHNWHGLU����
0HPH�NDQVHULQGH�HWNLOL�RODQ�JHQOHUGHQ�ED]ÕODUÕ�(*)5��(UE%���%5&$���S53, E-Kaderin'dir.  

 0HPH�NDQVHUOHUL�|VWURMHQ�UHVHSW|U���(5���SR]LWLI�YH�QHJDWLI�RODUDN�WDQÕPODQDELOLU��(5�
�����W�P|UOHU�KRUPRQ�WHGDYLVLQH�oRN�L\L�FHYDS�YHUGLNOHUL�LoLQ�SURJQR]ODUÕ�ROGXNoD�L\LGLU��(5��
(-) olanlar ise kötü prognozludur ve hormon tedavisine direnç gösterirler (23,24). ER (-) 

tümörlerde EGFR ve ErbB2 daha yüksek düzeylerde eksprese olurlar.  Bu durum  meme 

NDQVHUOHULQGH� SURJQR]� DoÕVÕQGDQ� |QHPOLGLU�� (*)5� YH� (UE%�� DNWLYDV\RQX�� 5DV�0$3.�
aktivitesinin DUWPÕú� ROGX÷XQX� J|VWHULU� YH� EXQD� ED÷OÕ� RODUDN� gen transkripsiyonu da artar. 

%|\OHFH�KRUPRQ�WHUDSLVLQH�GLUHQoOL�PHPH�NDQVHU�K�FUHOHULQGH�DUWÕú�V|]�NRQXVX�ROXU� 
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5. MATERYAL VE YÖNTEM 

 

 

�����.8//$1,/$1�.ø0<$6$//$5 

 

1) NaCl, Atabay AT091-950 

2) KCl, Carlo Erba 360107 

3) Na2HPO4, Riedel-de Häen 81890 

4) KH2PO4, Riedel-de Häen 8210A 

5) HCl, Merck K23226314 632 

6) Triton X-100, Applichem R 11116 

7) DMEM, Sigma D5546 

8) Nutrient mixture F-12, Sigma N6658 

9) L-Glutamin, Biological Industries 03-020-IC 

10) Penisilin+Streptomisin, Sigma 

11) Fetal Calf Serum, Seromed S0115 

12) Anti-fosfotirozin antikoru, NeoMarkers 

13) Anti-EGFR antikoru, NeoMarkers 

14) Anti-ErbB2 antikoru, Santa Cruz 

15) Anti-ErbB3 antikoru, Santa Cruz 

16) Anti-PCNA antikoru, Santa Cruz 

17) Anti-BrdU antikoru, Sigma 

18) Biyotinile HRP, Lot 40480457 Zymed 

19) Biyotin-ED÷OÕ�VHNRQGHU�DQWLNRU��/RW����������=\PHG 

20)  Streptavidin, Lot 40480457 Zymed 

21) Aminoethylkarbazole (AEC), Lab Vision TA-060-HA 

22) Metanol, Riedel-DC-Haen 24229 

23) Tripsin EDTA, Biological idutries 243338  

24) DMSO, Sigma D 2650 

25) Boric Asit, Sigma B0252 

26) Na2+ tetra borat, Sigma  
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�����.8//$1,/$1�dg=(/7ø/(5 

 

1) 1XPBS  

NaCl 8 g  Na2HPO4  1.44 g 

KCl 0.2 g   KH2PO4  0.24  

2)  Borat Tamponu  

Borik Asit 0,12M 

Na2+ tetra borate 0,05M 

 

5.3. KULLANILAN YÖNTEMLER  

 

5.3.1. Hücre Kültürü 

 

 MDA-MB-231 ve T47 D hücreleri %10 fetaO� VÕ÷ÕU� VHUXPX�YH� � DQWLELRWLN� �����8�PO�
penisilin G, 100 �g/ml streptomycin) içeren  (Dulbecco’s modified Eagle’s medium) DMEM-

F12 medyumu içinde flasklar içerisinde 37 °C de  5% CO2 ve 95% O2 ve nem  içeren  

inkübatörde büyütüldü. 

 

5.3.2. Immünositokimya  

           

 .RYHUVOLSOHU� �]HULQGH� E�\�W�OHQ� K�FUHOHU� HNLOGLNWHQ� �� J�Q� VRQUD� 3%6� LOH� \ÕNDQÕS�
metanol ile 5 dakika -20 ºC’de fikse edildi. BrdU boyanacak hücreler ise fiksasyon öncesi 

BrdU ile 1 saat 37o&¶GH�LQN�EH�HGLOGL��+�FUHOHULQ�oLIW�]LQFLUOL�'1$¶VÕ��1 HCl ile  37oC’de 30 

GDNLND�GHQDWXUH�HGLOGL��VRQUD�ERUDW� WDPSRQX�LOH��S+����Q|WUDOL]H�HGLOGL��3%6�LOH�\ÕNDQGÕNWDQ�
sonra primer antikorlar, anti-EGFR, anti-ErbB2, anti-ErbB3 ve Anti-fosfotirozin antikoru 

��������� LOH� RGD� VÕFDNOÕ÷ÕQGD� �� VDDW� LQN�EH� HGLOGL�� 3%6� LOH� \ÕNDQGÕNWDQ� VRQUD� EL\RWLQ-ED÷OÕ�
sekonder antikor ve streptavidin ve biyotin LOH�+53� ��� GDNLND� RGD� VÕFDNOÕ÷ÕQGD� X\JXODQGÕ��
Aminoethylkarbazole (AEC) substrat olarak uygulanarak hücreler görüntülendi.  
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6.  BULGULAR 

 

 

6.1. MDA MB 231 VE T47D MEME .$1(6(5ø�+h&5(/(5ø1'(�(UE%�
5(6g37g5/(5ø1ø1�'$ö,/,0, 
 

Malign birer meme kanseri hücre soyu olan MDA MB 231 ve T47D hücrelerinde 

PHPH�NDQVHU�K�FUH�SUROLIHUDV\RQXQGD�|QHPOL�ELU�DUDFÕ�RODQ�(UE%�UHVHSW|UOHULQLQ�GD÷ÕOÕPÕQÕ�
EX� UHVHSW|UOHUL� WDQÕ\DQ� VSHVLILN� DQWLNRrODUÕ� NXOODQDUDN� LPP�nositokimyasal yöntemle 

inceledik. Daha malign bir hücre soyu olan MDA MB 231 hücrelerinde ErbB1 (EGFR) 

UHVHSW|UOHUL�QXNOHXV�LoLQGH�\R÷XQ�RODUDN�VDSWDQÕUNHQ��7��'�K�FUHOHULQGH�VH\UHN�RODUDN�K�FUH�
PHPEUDQÕQGD�ROGXNODUÕ�J|U�OG���ùHNLO���.  

%X�K�FUHOHUGH�GDKD�VRQUD�PHPH�NDQVHU�ROXúXPXQGD�RYHUHNVSUHV\RQXQXQ�PDOLJQLWH�LOH�
GR÷UX�RUDQWÕOÕ�ROGX÷X�ELOLQHQ�(UE%���+(5��� UHVHSW|UOHULQLQ�GD÷ÕOÕPÕQÕ�NDUúÕODúWÕUGÕN��(UE%��
reseptörleri MDA MB 231 hücrelerinde EGFR’leri gibi nükleer lokalizasyon gösterirken, 

7��'�K�FUHOHULQGH�ED]Õ�K�FUHOHULQ�PHPEUDQÕQGD�VDSWDQGÕ��+HUHJXOLQ�DGOÕ�E�\�PH�Iaktörünün 

GLUHNW�RODUDN�ED÷ODQDUDN (*)5�YH�(UE%��UHVHSW|UOHUL�LOH�GLPHUL]H�ROPDVÕQÕ�YH�meme kanser 

hücre prolifreasyonunu VD÷OD\DQ� (UE%�� UHVHSW|UOHUL� GH� LNL� K�FUH� VR\XQGD� ErbB2 

UHVHSW|UOHULQH�EHQ]HU�IDNDW�GDKD�D]�\R÷XQ�ELU�GD÷ÕOÕP�J|VWHUGL��ùHNLO���� 
EGFR, ErbB2 ve ErbB3 reseptörleri tirozin kinaz aktivitesine sahip reseptörler 

ROGXNODUÕQGDQ� K�FUH� LoL� WLUR]LQ� IRVIRULODV\RQ� G�]H\LQL� DQWL-fosfotirozin antikoru kullanarak 

inceOHGLN�� 7LUR]LQ� IRVIRULODV\RQX� (UE%�� UHVHSW|U� GD÷ÕOÕPÕQD� EHQ]HU� ELU� GD÷ÕOÕP� J|VWHUGL��
0'$� 0%� ���� K�FUHOHULQGH� Q�NOHHU� ORNDOL]DV\RQ� J|VWHULUNHQ�� 7��'� K�FUHOHULQGH� ED]Õ�
K�FUHOHULQ�PHPEUDQÕQGD�D]�\R÷XQOXNWD�VDSWDQGÕ��ùHNLO���� 

%X� oDOÕúPDGD�� 0'$� 0%� ���� K�FUHOHUinde ErbB reseptör ailesinin nükleer 

ORNDOL]DV\RQ� J|VWHUPHVL� OLWHUDW�UGH� GDKD� PDOLJQ� YH� PHWDVWDWLN� ROGX÷X� ELOGLULOHQ� EX� K�FUH�
VR\XQXQ�7��'�K�FUHOHULQH�J|UH�GDKD�KÕ]OD�SUROLIHUH�ROGX÷XQX�J|VWHUPHNWHGLU��)DNDW��\R÷XQ�
Q�NOHHU�(*)5�YH�(UE%��HNVSUHV\RQXQD�UD÷PHQ�IRVIRWLUR]LQ�DNWLYLWHVLQLQ�D]�ROPDVÕ�|]HOOLNOH�
0'$�0%�����K�FUHOHULQGH�(UE%�UHVHSW|U�DNWLYDV\RQXQGDQ�EDúND�IDNW|UOHULQ�GH�PDOLJQLWH\H�
NDWNÕGD�EXOXQGX÷XQX�G�ú�QG�UPHNWHGLU� 
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ùHNLO��� MDA MB 231 ve T47D hüFUHOHULQGH�(*)5��(UE%��YH�(UE%��UHVHSW|U�GD÷ÕOÕPÕ�YH� WLUR]LQ�
fosforilasyonunun gösterilmesi. 
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�����0'$�0%�����9(�7��'�+h&5(�352/ø)(5$6<218181�3&1$�9(�
%UG8�ø/(�*g67(5ø/0(6ø 

 

PCNA,�SHN�oRN�W�P|UGH�LúDUHWOH\LFL�RODUDN�NXOODQÕODQ�K�FUH�SUROLIHUDV\RQXQX�YH�'1$�
sentezini gösteren bir proteindir. Prolifere hücrelerin nükleusunda G1-ID]ÕQGD�VHQWH]OHQHQ�YH�
E�W�Q� K�FUH� VLNO�V�� ER\XQFD� YDU� RODQ� 3&1$� SURWHLQLQH� NDUúÕ� �UHWLOPLú� RODQ� DQWLNRU� LOH�
K�FUHOHUL�ER\DGÕ÷ÕPÕ]GD�KHU�LNL�K�FUH�WLSLQGH�GH�QXNOHXVWD������ER\DPD�J|U�Odü �ùHNLO���� 
%X� EXOJX�� 0'$� 0%� ���� YH� 7��'� K�FUHOHULQLQ� WDPDPÕQÕQ� SUROLIHUDV\RQGD� ROGX÷XQX�
göstermektedir.  

 

 

ùHNLO� �� MDA MB 231 ve T47D hücrelerinde PCNA ve BrdU ile hücre proliferasyonunun 

gösterilmesi. 

 

 

PCNA proteini hücre siklüsünün geç G1-ID]ÕQGD�VHQWH]OHQGL÷L�K�FUH�VLNO�V��ER\XQFD�
YH�'1$�UHSOLNDV\RQX�VÕUDVÕQGD�YDU�ROGX÷X� için MDA MB 231 ve T47D hücrelerinin hücre 

VLNO�V�Q�Q� KDQJL� ID]ÕQGD� ROGX÷XQX� DUDúWÕUGÕN�� %X� QHGHQOH�� '1$¶\D� VHOHNWLI� RODUDN� K�FUH�
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siklüsünün G1-S� ID]ÕQGD� LQNorpore olan BrdU antikoru ile hücreleri immunositokimyasal 

\|QWHPOH� ER\DGÕN�� 0'$� 0%� ���� K�FUHOHULQGH� K�FUHOHULQ� \DNODúÕN� ���¶��� YH� 7��'�
K�FUHOHULQLQ� ���¶L� %UG8� DQWLNRUX� LOH� ER\DQGÕ� �ùHNLO� ���� Bu durum, MDA MB 231 

hücrelerinin 63%’nün G1-S-ID]ÕQGD� ROGX÷XQX� YH� 7��'� K�FUHOHULQH� J|UH� ���� NDW� GDKD� KÕ]OÕ�
SUROLIHUH�ROGXNODUÕQÕ�J|VWHUPHNWHGLU�� 

MDA MB 231 ve T47D hücrelerine ErbB2 reseptör antikoru Herceptin, veya EGFR 

tirozin kinaz inhibitörü Tyrophostin �$*������ X\JXODQGÕ÷ÕQGD� K�FUH� SUROLIHUDV\RQXQGD� ELU�
GH÷LúLNOLN�ROPDGÕ÷Õ�J|U�OG���YHULOHU�J|VWHULOPHGL�� 
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���7$57,ù0$ 

 

%X� oDOÕúPDGD�� 0'$� 0%� ���� YH� 7��'� LQVDQ� PHPH� NDQVHU� K�FUHOHULQGH� (UE%�
UHVHSW|UOHULQLQ� GD÷ÕOÕPÕQÕ� YH� K�FUH� SUROLIHUDV\RQ� GXUXPXQX� LPPXQRVLWRNLP\DVDO� \|QWHPOH�
inceledik. MDA MB 231 hücrelerinde EGFR ekspresyonunun yüksek, ErbB2 ve östrojen 

UHVHSW|U��(5��HNVSUHV\RQXQXQ�LVH�D]�ROGX÷X�EXQGDQ�|QFHNL�\D\ÕQODUGD�ELOGLULOPLúWLU (25,26). 

Biz de buna paralel olarak MDA MB 231 hücrelerinde EGFR’lerinin ErbB2 reseptörlerine 

J|UH�GDKD�\R÷XQ�ROGX÷XQX�VDSWDGÕN��+HU�LNL�UHVHSW|U�GH�Q�NOHHU�ORNDOL]DV\RQ�J|VWHUGL��EX�GD�
0'$�0%�����K�FUHOHULQLQ�ELOGLULOHQ�\�NVHN�RUDQGD�PDOLJQ�YH�PHWDVWDWLN�|]HOOL÷LQH�SDUDOHO�
ELU� EXOJXGXU�� +HUHJXOLQ¶LQ� ED÷ODQGÕ÷Õ� (UE%�� UHVHSW|UOHUL� LVH� \LQH� Q�NOHHU� IDNDW� (*)5� YH�
ErbB2�UHVHSW|UOHULQH�J|UH�GDKD�D]�\R÷XQOXNWD�EXOXQGX��/LJDQG�ED÷ODQGÕ÷ÕQGD�YH\D�NRQVWLWXWLI�
RODUDN�DNWLYH� ROGXNODUÕQGD�(*)5��(UE%��YH�(UE%�� UHVHSW|UOHUL� KRPR- veya heterodimerize 

RODUDN�WLUR]LQ�XoODUÕQGDQ�IRVIRULOH�ROXUODU��)DNDW��DQWL-fosfotirozin antikoru ile MDA MB 231 

K�FUHOHULQL� ER\DGÕ÷ÕPÕ]GD� K�FUH� LoL� IRVIRWLUR]LQ� DNWLYDV\RQXQ� (UE%�� UHVHSW|U� GD÷ÕOÕPÕQD�
EHQ]HU� ROVD� GD� EHOLUJLQ� úHNLOGH� \�NVHN� ROPDGÕ÷ÕQÕ� J|UG�N�� %X� GXUXP�� EX� K�FUHOHUGH� (UE%�
reseptör aktivasyonundan çok downstream bir sinyal ileti proteininin konstitutif olarak aktif 

ROGX÷XQX� YH� GDKD� oRN� VHULQ�WUHRQLQ� IRVIRULODV\RQXQ� K�FUH� SUROLIHUDV\RQXQGD� URO� R\QDGÕ÷ÕQÕ�
G�ú�QG�UPHNWHGLU�� %XQD� NDQÕW� RODUDN�0'$�0%� ���� K�FUHOHULQGH� 5DV� PXWDV\RQX� VRQXFX�
basal ERK1/ERK2 aktivasyonun \�NVHN�ROGX÷X�ELOGLULOPLúWLU���5). 

7��'� K�FUHOHULQGH� (UE%� UHVHSW|UOHULQLQ� GD÷ÕOÕPÕQÕ� DUDúWÕUGÕ÷ÕPÕ]GD��0'$�0%� ����
hücrelerinde nükleer olan EGFR, ErbB2 ve ErbB3 reseptörlerinin T47D hücrelerinde 

VLWRSOD]PD� PHPEUDQÕQGD� ROGX÷XQX� J|UG�N�� (R pozitif olan bu hücrelerde (26). ErbB2 ve 

EGFR’leULQLQ� D]� VD\ÕGD� ROGX÷X� ELOGLULOPLúWLU�� (UE%�� UHVHSW|U� GD÷ÕOÕPÕ� LOH� IRVIRWLUR]LQ�
DNWLYDV\RQX� 0'$� 0%� ���� K�FUHOHULQGH� ROGX÷X� JLEL� 7��'� K�FUHOHULQGH� GH� SDUDOHOOLN�
J|VWHUPLúWLU�� (*)5�� (UE%�� YH� (UE%�� UHVHSW|UOHULQLQ� SODVPD� PHPEUDQÕQGD� ROPDVÕ� YH�
fosfotirozin boyDPDVÕQÕQ� D]OÕ÷Õ�7��'�K�FUHOHULQLQ�0'$�0%�����K�FUHOHULQH�J|UH�GDKD�D]�
PDOLJQ� NDUDNWHUOL� ROPDVÕ� LOH� |UW�úPHNWHGLU�� %X� EXOJXODU�� 7��'� K�FUH� SUROLIHUDV\RQXQ� (UE%�
UHVHSW|U�DNWLYDV\RQX�\HULQH�(5�UHVHSW|U�DNWLYDV\RQXQD�ED÷OÕ�RODELOHFH÷LQL�G�ú�QG�UPHNWHGLU� 

MDA MB 231 ve T47D  hücrelerini proliferasyon özelliklerine göre 

NDUúÕODúWÕUGÕ÷ÕPÕ]GD�� SUROLIHUH� RODQ� K�FUHOHUGH� K�FUH� VLNO�� ER\XQFD� YDU� RODQ� YH� K�FUH�
VLNO�V�Q�Q� E�W�Q� ID]ODUÕ� VÕUDVÕQGD� '1$¶\D� ED÷OÕ� RODQ� 3&1$� SURWHLQLQ� KHU� LNL� K�FUHGH� GH�
spesifik antikoru ile tDPDPHQ�ER\DQGÕ÷ÕQÕ�J|UG�N��Bu durum, MDA MB 231 ve T47D  
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K�FUHOHULQLQ� K�FUH� VLNO�V�Q�Q� oHúLWOL� ID]ODUÕQGD� � DNWLI� SUROLIHUDV\RQGD� RODQ� K�FUHOHU�
ROGXNODUÕQÕ�J|VWHUPHNWHGLU� 

 

 

 

 

ùHNLO����PCNA proteininin hücre siklüsündeki rolü ( Kaynak 27’deQ�X\DUODQPÕúWÕU�� 
 

 

DNA’ya selektif olarak hücre siklüsünün S-ID]ÕQGD�LQNRUSRUH�RODQ�%UG8�DQWLNRUX�LOH�
K�FUHOHUL�ER\DGÕ÷ÕPÕ]GD� LVH�0'$�0%�����K�FUHOHULQLQ�7��'�K�FUHOHULQH�J|UH�\DNODúÕN� LNL�
NDWÕQÕQ� �*�-S-ID]ÕQGD� ROGX÷XQX� gördük. Bu durum, MDA MB 231 hücrelerinin� GDKD� KÕ]OÕ�
SUROLIHUH�ROGXNODUÕQÕ�J|VWHUPHNWHGLU�� 

MDA MB 231 ve T47D hücrelerine inhibitör anti-ErbB2 reseptör antikoru Herceptin, 

EGFR tirozin kinaz inhibitörü Tyrophostin (AG1478)� X\JXODQGÕ÷ÕQGD� K�FUH�
SUROLIHUDV\RQXQGD� ELU� GH÷LúLNOLN� J|U�OPemesi bu insan meme kanser hücrelerinin 

oR÷DOPDVÕQÕQ�(UE%�UHVHSW|UOHULQGHQ�EDúND�IDNW|UOHUH��S����1)�-B gibi) ya da downstream bir 

VLQ\DO�LOHWL�SURWHLQLQLQ��5DV�0$3.�JLEL��NRQVWLWXWLI�RODUDN�DNWLI�ROGX÷XQX�G�ú�QG�UPHNWHGLU.  
 

 

 

 



 19 

 
8. SONUÇ 

 

• øQVDQ�PHPH�NDQVHri hücreleri olan MDA MB 231 hücrelerinde EGFR nukleus içinde 

\R÷XQ�RODUDN�VDSWDQÕUNHQ���7��'�K�FUHOHULQGH�K�FUH�PHPEUDQÕQGD�ROGXNODUÕ�J|U�OG��� 
 

• ErbB2 reseptörleri MDA MB 231 hücrelerinde EGFR’leri gibi nükleer lokalizasyon 

gösterirken, T47D hücrelerinde ED]Õ�K�FUHOHULQ�PHPEUDQÕQGD�VDSWDQGÕ�� 
 

• ErbB3 reseptörleri iki hücre soyunda seyrek, fakat ErbB2 reseptörlerine benzer bir 

GD÷ÕOÕP�J|VWHUGL� 
 

• +�FUH� LoL� WLUR]LQ� IRVIRULODV\RQX� (UE%�� UHVHSW|U� GD÷ÕOÕPÕQD� SDUDOHO� ELU� GD÷ÕOÕP�
gösterdi; MDA MB 231 hücrelerinde nükleer lokalizasyon gösterirken, T47D 

K�FUHOHULQGH�ED]Õ�K�FUHOHULQ�PHPEUDQÕQGD�D]�\R÷XQOXNWD�VDSWDQGÕ� 
 

• <R÷XQ�Q�NOHHU�(*)5�YH�(UE%�� HNVSUHV\RQXQD� UD÷PHQ� IRVIRWLUR]LQ� DNWLYLWHVLQLQ� D]�
ROPDVÕ� |]HOOLNOH�0'$�0%� ���� K�FUHOHULQGH� (UE%� UHVHSW|U� DNWLYDV\RQXQGDQ� EDúND�
IDNW|UOHULQ�GH�PDOLJQLWH\H�NDWNÕGD�EXOXQGX÷XQX�G�ú�QG�UPHNWHGLU� 

 

• 3HN�oRN�W�P|UGH�LúDUHWOH\LFL�RODUDN�NXOODQÕODQ�3&1$�SURWHLQ�HNVSUHV\RQX�0'$�0%�
����YH�7��'�K�FUHOHULQLQ�WDPDPÕQÕQ�SUROLIHUH�ROGX÷XQX�J|VWHUGL�� 

 

• Hücre siklüsünün G1-S ID]ÕQGD�JHUoHNOHúHQ BrdU inkorporasyonu ise MDA MB 231 

K�FUHOHULQLQ�7��'�K�FUHOHULQH�J|UH�����NDW�GDKD�KÕ]OÕ�SUROLIHUH�ROGXNODUÕQÕ�J|VWHUGL�� 
 

• Bu bulgular, MDA MB 231 ve T47D hücrelerinde ErbB reseptör aktivasyonundan çok 

downstream bir sinyal ileti proteininin konstitutif oODUDN� DNWLI� ROPDVÕQÕQ�YH\D� EDúND�
faktörlerin K�FUH�SUROLIHUDV\RQXQGD�URO�R\QDGÕ÷ÕQÕ�G�ú�QG�UPHNWHGLU� 
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���7(ù(..h5 

 

Yüksek lisans tezimin ROXúPDVÕQGD�\RO�J|VWHULFL�WDYÕUODUÕ\OD�KHU�W�UO��NDWNÕ\Õ�VD÷OD\DQ�
YH�WH]LPL�RNXPDN�LoLQ�GHIDODUFD�]DPDQ�D\ÕUDQ sa\ÕQ�KRFDP�'Ro��'U��1HGUHW�$OWÕRN¶D��H÷LWLP�
V�UHVLQFH�YH�GHQH\OHULQ�\DSÕOPDVÕ�VÕUDVÕQGDNL�\DUGÕPODUÕQGDQ�GROD\Õ�VDNLQ��VHYHFHQ�PL]DFÕ\OD�
GH÷HUOL� KRFDP� <DUG�� 'Ro�� 'U�� 0HUDO� .R\XW�UN¶H�� \R÷XQ� oDOÕúPDODUÕ� DUDVÕQGD� GHQH\OHUH�
\DUGÕPFÕ�RODQ�ODERUDWXYDU�VRUXPOXODUÕ�0HOLNH�(UV|]�YH�7�UNDQ�6DUÕR÷OX¶QD��\HWLúPHGL�]DPDQ��
\RN� GHUNHQ� KHS� ]DPDQ� \DUDWÕS� \DUGÕPD� NRúDQ� EHFHULNOL� HQVWLW�� VHNUHWHULPL]� øONQXU�
.DUDRVPDQR÷OX¶QD�HQ�LoWHQ�WHúHNN�UOHULPL�VXQDUÕP� 

(÷LWLPLP�VÕUDVÕQGD�YH�\DúDP�ER\X�KHU�]DPDQ�GHVWHN�RODQ��YH�DUNDPGD�GXUup bana güç 

YHUHQ�DQQHP�6HYLQo�.DUDFD��EDEDP�gPHU�%HVWDPL�.DUDFD�YH�DELP�=DIHU�.DUDFD¶\D�WHúHNN�U�
ederim. 

7�P� ]RUOXNODUD� UD÷PHQ� ELU� |P�U� SD\ODúPD\D� NDUDU� YHUGL÷LP� EDQD� GHVWHN� RODQ��
VHYGL÷LP��HúLP�6HGDW�*�]HO¶H�WHúHNN�U�HGHULP�� 
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