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7EùEKKh5 

Doktora H÷LWLPLP ER\XQFD ve oDOÕúPDODUÕP VÕUDVÕQGD J|VWHUPLú ROGX÷X 

|]YHUL\OH E�\�N HPHN VDUIHGHQ, KLoELU ]DPDQ \DUGÕPÕQÕ YH GHVWH÷LQL EHQGHQ 

HVLUJHPH\HQ, WH] GDQÕúPDQÕP 6D\ÕQ 3URI. DU. A. /DOH DR÷DQ¶D VRQVX] VD\JÕ YH 

ú�NUDQODUÕPÕ VXQDUÕP. 

<DSPÕú ROGX÷XPX] RUWDN oDOÕúPaODUGD YH KHU NRQXGD GHVWH÷LQL \DQÕPGD 

EXOGX÷XP, WHFU�EH YH ELOJLVLQGHQ ROGXNoD \DUDUODQGÕ÷ÕP 6D\ÕQ DRo. DU. *�UFDQ 

*�QD\GÕQ¶D ú�NUDQODUÕPÕ VXQDUÕP. 

7�P H÷LWLPLP V�UHVLQFH HQJLQ ELOJL YH WHFU�EHOHULQGHQ \DUDUODQGÕ÷ÕP, gerek 

DNDGHPLN JHUHN VRV\DO KD\DWÕPGD, VDKLS ROGX÷X ELOLPVHO \DNODúÕPOD yolumu 

D\GÕQODWDQ 6D\ÕQ 3URI. DU. EPLQ .DQVX¶\D, YDUOÕNODUÕ ve WHFU�EHOHUL ile desteklerini 

KLoELU ]DPDQ esirgemeyen 6D\ÕQ 3URI. DU. DLFOH *�o YH 6D\ÕQ DRo. DU. +DQGH 

CDQSÕQDU¶D VD\JÕ YH ú�NUDQODUÕPÕ VXQDUÕP. 

*HUHN GHUVOHUGH JHUHNVH GHUV GÕúÕQGD \DUGÕPODUÕQÕ HVLUJHPH\HQ 6D\ÕQ Prof. 

DU. *�QHú EVHQGD÷OÕ ve 6D\ÕQ DRo. DU. F�VXQ g]PHQ¶H WHúHNN�UOHULPL VXQDUÕP. 

7H] oDOÕúPDPGD NXOODQPÕú ROGX÷XP K�FUH KDWODUÕ SD\ODúÕPODUÕQGDQ |W�U� 

6D\ÕQ DRo. DU. g]J�U .�W�N YH Dr. BDKUL\H .DUDNDú¶D WHúHNN�UOHULPL VXQDUÕP. 

Tez izleme komiteVL �\HOHULQGHQ 6D\ÕQ 3URI. DU. AVXPDQ 6XQJXUR÷OX¶QD 

NÕ\PHWOL NDWNÕODUÕQGDQ |W�U� WHúHNN�UOHULPL VXQDUÕP. 

DRNWRUD H÷LWLPLP V�UHVLQFH \DSPÕú ROGX÷XPX] NÕ\PHWOL oDOÕúPDODU YH 

GRVWOXNODUÕQGDQ |W�U� GH÷HUOL oDOÕúPD DUNDGDúODUÕP DU. EOLI +D]QHGDUR÷OX BHQOLR÷OX, 

DU. BXUFX ùLULQ .HVLNOL, DU. 6H\ODQ A\DQ, DU. BHW�O *|N <DYX], 8]P. DU. AEGulsamet 

Sandal, Dr. Mohammed Azim Ebrahimi, 0RO. BLRO. *|NVX 6DUÕR÷OX ve MD/PhD 

|÷UHQFLVL EOLI dDNDQ¶D WHúHNN�UOHULPL VXQDUÕP. 

7�P H÷LWLP V�UHFLP ER\XQFD KHU W�UO� GHVWHN YH \DUGÕPODUÕ LOH \DQÕPGD RODQ 

Temel Onkoloji AQDELOLP DDOÕ NÕ\PHWOL personelleri 6HPUD 6ROPD], BXUoLQ 7DúEDVDQ, 

BDQX AYúDU, 1HFOD dHOLN, +�VH\LQ hQDO, .DQVHU EQVWLW�V� NÕ\PHWOL SHUVRQHOOeri *�OD\ 

dHOLN, 6HYLOD\ .D\D ve 7HPHO 2QNRORML AQDELOLP DDOÕ GH÷HUOL |÷UHQFLOHULQH 

WHúHNN�UOHULPL VXQDUÕP.  

0DGGL PDQHYL \DUGÕPODUÕQÕ KLoELU ]DPDQ EHQGHQ HVLUJHPH\HQ, KHU ]DPDQ 

GHVWHNOHULQL \DQÕPGD KLVVHWWL÷LP, KDNODUÕQÕ KLoELU ]DPDQ |GH\HPHFH÷LP VHYJLOL aileme 

PLQQHW YH ú�NUDQODUÕPÕ VXQDUÕP. ø\L J�QGH, N|W� J�QGH KHU GDLP \DQÕPGD RODQ, YDUOÕ÷Õ 

YH VRKEHWLQGHQ EHQL PDKUXP EÕUDNPD\DQ NÕ] DUNDGDúÕP EOLI *|]GH AUVODQ¶D 

WHúHNN�UOHULPL VXQDUÕP. BX WH] +DFHWWHSH hQLYHUVLWHVL BLOLPVHO AUDúWÕUPDODU BLULPL 

WDUDIÕQGDQ GHVWHNOHQPLúWLU (BA3 3URMH 12: TSA-2018-16740). 
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g=E7 

Gedik, M. E., HE52 ENVSUHV\RQX OODQ MHPH KDQVHUL H�FUHOHULQGH gNDU\RWLN 
EORQJDV\RQ FDNW|U-2 KLQD] (HEF2K) ANWLYDV\RQXQXQ 5RO�, Hacettepe 
hQLYHUVLWHVL 6D÷OÕN BLOLPOHUL EQVWLW�V� 7�P|U BL\RORMLVL YH øPP�QRORMLVL 
Doktora Tezi, Ankara, 2021. HER2'nin s�UHNOL DNWLYDV\RQX, K�FUH oR÷DOPDVÕ, 

VD÷NDOÕPÕ YH PLJUDV\RQX JLEL oHúLWOL EL\RORMLN FHYDSODUÕQ UHJ�ODV\RQXQXQ ER]XOPDVÕQD 

ve t�P|U JHOLúLPLQH \RO DoPDNWDGÕU. HEF2., SURWHLQ VHQWH]LQLQ G�]HQOHQPHVLQGH rol 

R\QD\DQ ELU SURWHLQ NLQD]GÕU. BD]Õ NDQVHU K�FUHlerinde, HEF2. DNWLYLWHVLQLQ DUWPDVÕ\OD 

ELUOLNWH K�FUHOHULQ VWUHV NRúXOODUÕQD DGDSWDV\RQ YH LODo GLUHQFL JHOLúWLUGL÷L ELOLQPHNWHGLU. 

HER2 ifadesi olan NDQVHU K�FUHOHULQGH HEF2.'nÕQ HNVSUHV\RQ G�]H\L YH DNWLYLWHVL 

KHQ�] ELOLQPHPHNWHGLU. BX DPDo GR÷UXlWXVXQGD \DSÕODQ in silico analizler sonucunda, 

+E52 LOLúNLOL VLQ\DO \ROD÷Õ SURWHLQOHUL JHQ HNVSUHV\RQODUÕ LOH HEF2. gen 

ekspresyonunun koreODV\RQ J|VWHUGL÷L ve �oO� QHJDWLI meme kanserine oranla 

+E52+ PHPH NDQVHULQGH HEF2.¶QÕQ GDKD NXYYHWOL G�]HQOHQGL÷L belirlendi. HER2 

ifadesi olan 5 K�FUH GL]LVLQGH WUDVWX]XPDEÕQ 3,3./ANW/P725 VLQ\DO \ROD÷Õ �]HULQGH 

LQKLELW|U HWNLVL J|VWHULOGL YH HEF2./HEF2 SURWHLQ DNWLYLWHOHUL LOH LOLúNLVL LQFHOHQGL. 

7UDVWX]XPDEÕQ VLQ\DO NDVNDGÕQGD HQ J�oO� LQKLELW|U HWNLVLQLQ ANW DNWLYDV\RQX 

�]HULQGH ROGX÷X EHOLUOHQGL. øODo X\JXODQDQ B7-474, MDA-MB-361, MDA-MB-453 ve 

UACC-893 K�FUHOHULQGH HEF2.¶QÕQ DNWLYDV\RQXQXQ 6 VDDWLQ VRQXQGD D]DOPDNOD 

EHUDEHU, 48 VDDWLQ VRQXQGD DUWWÕ÷Õ YH HEF2 IRVIRULODV\RQX DUWÕúÕ LOH K�FUHOHUGH 

SUROLIHUDV\RQXQ D]DOGÕ÷Õ J|VWHULOGL. eEF2K aktivitHVLQGHNL GH÷LúLNOLNOHU WUDVWX]XPDEÕQ 

66. SURWHLQ DNWLYDV\RQX �]HULQGHNL HWNLVL LOH X\XPOX EXOXQGX. BXQD J|UH, +E52 

HNVSUHVH HGHQ PHPH NDQVHULQGH A.7 YH 66. DNWLYLWLOHULQLQ EDVNÕODQPDVÕQÕQ HEF2 

DUDFÕOÕ K�FUH SUROLIHUDV\RQXQD HWNLVL LON NH] J|VWHULOGL. +�FUH proliferasyonu 

DQDOL]OHULQH J|UH, B7-474 ve SKBR-3 K�FUHOHULQGHNL SUROLIHUDV\RQXQ GDKD J�oO� 

RODUDN EDVNÕODQPDVÕ GLNNDW oHNWL. BX VRQXoODUD LODYH RODUDN, WUDVWX]XPDEÕQ HEF2.¶QÕQ 

DNWLYDW|U� RODQ A03.¶QÕQ HNVSUHV\RQXQX GD B7-474 ve SKBR-3 K�FUHOHULQGH 

istatLVWLNVHO DQODPOÕ RODUDN D]DOGÕ÷Õ VDSWDQGÕ. 6RQXo RODUDN, +E52 LIDGHVL RODQ PHPH 

NDQVHUL K�FUH GL]LOHULQGH 3,3./ANW/P7RU VLQ\DO \ROD÷ÕQÕQ HEF2. DNWLYLWHVL �]HULQGH 

G�]HQOH\LFL HWNLVL ROGX÷XQD YH +E52 PHPH NDQVHULQGH HEF2.¶QÕQ |QHPOL ELU 

WHUDS|WLN KHGHI RODELOHFH÷LQL NDQDDW HGLOGL. 

 

Anahtar Kelimeler: Meme Kanseri, eEF2K, eEF2, HER2, Trastuzumab 

Destekleyen kurumlar: +.h.B.A.3 (BA3 3URMH 1R: 76A-2018-16740)  



 viii 

ABSTRACT 

Gedik, M. E., The Role of Eukaryotic Elongation Factor-2 Kinase (eEF2K) 
activation in HER2 expressing breast cancer cells, Hacettepe University 
Graduate School Health Sciences, Tumor Biology and Immunology Doctor of 
Philosophy Thesis, Ankara, 2021. Continuous activation of HER2 leads to the 

deregulation of various biological responses such as cell proliferation, survival, and 

migration, and tumor growth. eEF2K is a protein kinase involved in the regulation of 

protein synthesis. It is known that, in some cancer cells, with the increase of eEF2K 

activity, the cells develop adaptation to stress conditions and drug resistance. The 

expression level and activity of eEF2K in HER2-expressing cancer cells is not yet 

known. As a result of the in silico analyzes performed in line with this purpose, it was 

determined that gene expressions  of HER2-related signaling pathway were 

correlated with eEF2K gene expression and eEF2K was more regulated in HER2+ 

breast cancer compared to TNBC (triple negative breast cancer) breast cancer. the 

inhibitory effect of trastuzumab on the PI3K/Akt/mTOR signaling pathway was 

demonstrated and its relationship with eEF2K/eEF2 protein activities in five HER2-

expressing cell lines. It was determined that the strongest inhibitory effect of 

trastuzumab in the signal cascade was on Akt activation. In BT-474, MDA-MB-361, 

MDA-MB-453 and UACC-893 cells treated with drugs, it was shown that the activation 

of eEF2K decreased after 6 hours, but increased at the end of 48 hours and 

decreased proliferation with the increase in eEF2 phosphorylation. Changes in eEF2K 

activity were found to be consistent with the effect of trastuzumab on S6K protein 

activation. Accordingly, the effect of suppression of AKT and S6K activities on eEF2-

mediated cell proliferation in HER2-expressing breast cancer was demonstrated for 

the first time. According to cell proliferation analysis, a stronger suppression of 

proliferation in BT-474 and SKBR-3 cells was noted. In addition to these results, the 

expression of AMPK, which is the activator of eEF2K, was also found to be statistically 

significantly decreased in BT-474 and SKBR-3 cells. As a result, it was concluded that 

PI3K/Akt/mTor signaling pathway has a regulatory effect on eEF2K activity in HER2-

expressing breast cancer cell lines with, and eEF2K may be an important therapeutic 

target in HER2-expressing breast cancer. 

 

Keywords: Breast Cancer, eEF2K, eEF2, HER2, Trastuzumab 
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1. Gø5øù 

0HPH NDQVHUL LQVLGDQVÕ NDGÕQODU DUDVÕQGD ELULQFL VÕUDGD, |O�POH LOLúNLOL 

NDQVHUOHU DUDVÕQGD LNLQFL VÕUDGD \HU DOPDNWDGÕU (1). 7�P NDQVHU W�UOHULQGH 

ROGX÷X JLEL PHPH NDQVHULQGH GH QRUPDO K�FUHOHULQ NDQVHUOL K�FUHOHUH 

G|Q�úPHVL oRN EDVDPDNOÕ ELU V�UHo VRQXFX JHUoHNOHúLU. +�FUH LoL VLQ\DO LOHWLP 

\RODNODUÕQÕQ UHJ�ODV\RQXQXQ ER]XOPDVÕ LOH JHUoHNOHúHQ EX G|Q�ú�P, PDOLJQ 

K�FUHOHUH VD÷NDOÕP YH E�\�PH DYDQWDMÕ VD÷ODPDNWDGÕU (2). 

0HPH NDQVHULQLQ PROHN�OHU VÕQÕIODQGÕUÕOPDVÕQGD, JHQ HNVSUHV\RQ SURILOL 

DoÕVÕQGDQ PHPH NDQVHUL DOW WLSOHUL /XPLQDO A, /XPLQDO B, +E52+ ve Basal 

Benzeri/hoO� QHJDWLI (Basal-like = Triple Negative Breast Cancer (TNBC)) 

ROPDN �]HUH G|UW NDWHJRUL\H D\UÕOPDNWDGÕU. +E52+ PHPH NDQVHUL DOW WLSL DJUHVLI 

IHQRWLSWH ROXS, N|W� SURJQR] J|VWHUPHNWH YH VLVWHPLN NHPRWHUDSL\H NDUúÕ 

GLUHQo ROXúWXUPDNWDGÕU.  A\UÕFD, RUWDODPD VD÷NDOÕP V�UHVL GL÷HU DOW WLSOHUH 

RUDQOD GDKD NÕVDGÕU (3, 4). +E52 UHVHSW|U� LQVDQ HSLGHUPDO E�\�PH IDNW|U� 

UHVHSW|U DLOHVLQLQ ELU �\HVLGLU. +E5 UHVHSW|UOHULQGHQ +E52¶QLQ OLJDQG 

ED÷ODQPD E|OJHVL EXOXQPDPDNWDGÕU. DL÷HU ELU +E5 UHVHSW|U� RODQ +E53 LVH 

NLQD] DNWLYLWHVLQH VDKLS E|OJH LoHUPHPHNWHGLU. BXQD J|UH, +E52 LOH +E53 

KHWHURGLPHU ROXúWXUDUDN VLQ\DO LOHWLPLQGH URO R\QDPDNWDGÕU. +E52 UHVHSW|U�, 

+E53 UHVHSW|U� LOH ROXúWXUGX÷X KHWHURGLPHU J�oO� PLWRMHQLN VLQ\DOOHU 

ROXúWXUPDVÕ EDNÕPÕQGDQ PHPH NDQVHUL SDWRORMLVLQGH |QHPOLGLU. g]HOOLNOH 

+E52¶QLQ DúÕUÕ HNVSUHVH ROGX÷X K�FUHOHUGH +E53, W�P|U JHOLúLPL YH K�FUH 

SUROLIHUDV\RQX LoLQ JHUHNOL ELU UHVHSW|UG�U (5). 

B�\�PH IDNW|UOHULQLQ UHVHSW|U WLUR]LQ NLQD]ODUÕ X\DUPDVÕ LOH EDúODWÕODQ 

sinyal aktivasyonu 3,3./ANW VLQ\DO \ROD÷Õ LOH K�FUH LoLQH LOHWLOHUHN, K�FUHGH 

PHWDEROL]PD, oR÷DOPD, E�\�PH, VD÷NDOÕP YH PRWLOLWHyi kontrol etmektedir. 

+E52+ PHPH NDQVHUL K�FUHOHULQGHNL DUWPÕú UHVHSW|U LIDGHVL VHEHEL\OH VLQ\DO 

\ROD÷ÕQÕQ NRQWUROV�] DNWLYDV\RQX ROXúPDNWDGÕU (6). +E52 UHVHSW|U�QH |]J�O 

KHGHIOHQPLú WHGDYL DMDQODUÕQGDQ ELUL RODQ WUDVWX]XPDE, NOLQLNWH +E52+ PHPH 

NDQVHULQGH NXOODQÕODQ WHUDS|WLN ELU DMDQGÕU (7). .XOODQÕODQ EX WHUDS|WLN DMDQ LOH, 

3,3./ANW \ROD÷Õ PROHN�OOHULQLQ K�FUH SUROLIHUDV\RQX, VD÷NDOÕP YH PRWLOLWH 

DUWÕúÕQD \RO DoDQ HWNLOHULQLQ LQKLELV\RQX KHGHIOHQPHNWHGLU (8).  
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gNDU\RWLN HORQJDV\RQ IDNW|U 2 kinaz (eEF2K), protein sentezinin 

G�]HQOHQPHVLQGH |QHPOL URO R\QD\DQ Į-kinaz grubuna ait bir kalsiyum-

NDOPRGXOLQ ED÷ÕPOÕ SURWHLQ NLQD]GÕU (9, 10). eEF2. KLSRNVL YH EHVLQ D]OÕ÷Õ JLEL 

K�FUHVHO VWUHV NRúXOODUÕQGD DNWLYH RODUDN HEF2 SURWHLQLQL IRVIRULOH HGHU. HEF2. 

LoLQ |]J�O ELU VXEVWUDW RODQ HEF2 SURWHLQL, WUHRQLQ 56 E|OJHVLQGHQ IRVIRULODV\RQX 

VRQXFX LQDNWLYH ROPDNWD YH SURWHLQ WUDQVODV\RQX EDVNÕODQPDNWDGÕU (11, 12). 

HEF2 SURWHLQL |NDU\RWLN K�FUHOHUGH EXOXQDQ, 90-110 NDD D÷ÕUOÕ÷ÕQGD RODQ, 

SURWHLQ VHQWH]LQLQ WUDQVORNDV\RQ DúDPDVÕQÕ NDWDOL]OH\HQ, G�]HQOH\LFL bir 

proteindir (13, 14). eEF2 proteininin fosforillenmesi sonucunda, peptidil-

W51A'QÕQ ULER]RPDO A E|OJHVLQGHQ 3 E|OJHVLQH \HU GH÷LúWLUPHVL GXUPDNWDGÕU. 

6RQXo RODUDN, ULER]RPDO A E|OJHVL VHUEHVW KDOH JHoHPHPHNWHGLU. B|\OHFH, 

peptid zincirinin X]DPDVÕ HQJHOOHQPLú ROXU (15).  

3URWHLQ VHQWH]L, K�FUHGH HQHUML (A73) W�NHWLPLQLQ \�NVHN ROGX÷X WHmel 

V�UHoOHUGHQ ELULGLU. A73 NXOODQÕPÕQÕQ \DNODúÕN %99'X SURWHLQ X]DPD 

EDVDPD÷ÕQGD JHUoHNOHúPHNWHGLU. BHVLQ YH HQHUML D]OÕ÷Õ durumunda K�FUHQLQ 

HQHUML NXOODQÕPÕQÕ HQ D]D LQGLUPHVL JHUHNPHNWHGLU (9). Bu yol ile stres 

NRúXOODUÕQGD QRUPDO K�FUHQLQ VD÷NDOÕPÕ VD÷ODQPDNWDGÕU. .DQVHU K�FUHVLQGH 

LVH, HEF2. DNWLYLWHVLQLQ DUWPDVÕ\OD ELUOLNWH K�FUHOHULQ VWUHV NRúXOODUÕQD 

DGDSWDV\RQX YH WHGDYL\H NDUúÕ GLUHQFL JHOLúPHNWHGLU. HEF2. DNWLYLWHVL G�ú�N 

RODQ YH VWUHV NRúXOODUÕQD DGDSWH RODPD\DQ NDQVHU K�FUHOHUL DSRSitoza 

X÷UDPDNWDGÕU (16, 17).  

eEF2K aktivasyonunda rol oynayan yolak proteinlerinin mutasyonu 

YH\D LQDNWLYDV\RQX VRQXFX, NDQVHU K�FUHOHULQLQ VWUHV NRúXOXQD \|QHOLN 

DGDSWDV\RQ PHNDQL]PDODUÕ ER]XOPDNWDGÕU (17). hoO� negatif meme kanseri 

K�FUHOHULQGH, HEF2.'QÕQ VXVWXUXOPDVÕQGDQ VRQra doksorubisine olan direncin 

D]DOGÕ÷Õ belirtilmektedir. BXQD J|UH HEF2. LQKLELV\RQX YH GRNVRUXELVLQ 

NRPELQDV\RQXQXQ, WHN EDúÕQD GRNVRUXELVLQ X\JXODPDVÕQD oranla daha etkili 

WHUDS|WLN VRQXo VD÷ODGÕ÷Õ EHOLUWLOPHNWHGLU (18). hoO� negatif meme kanseri 

K�FUHOHULQGH, PL5-603 ekspresyonunun eEF2K aktivasyonunu durdurarak 

W�P|U JHOLúLPLQL EDVNÕODGÕ÷Õ J|VWHULOPHNWHGLr (19). <DSÕODQ oDOÕúPDODU, 

HEF2.'QÕQ NDQVHU K�FUHOHULQGH KHGHIOHQPHVLQLQ WHGDYL\H \|QHOLN |QHPOL ELU 

WHUDS|WLN hedef olaELOHFH÷LQH LúDUHW HWPHNWHGLU (20, 21). 
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Normal K�FUHOHUGH 3,3./ANW VLQ\DO \ROD÷Õ, K�FUHQLQ EL\RORMLN LKWL\DoODUÕQÕ 

NDUúÕOD\DFDN úHNLOGH NRQWUROO� oDOÕúPDNWDGÕU. .DQVHU K�FUHOHULQGH LVH, EX 

\ROD÷ÕQ NRQWUROV�] DNWLYDV\RQX VRQXFXQGD K�FUH LoHULVLQGH PHWDEROLN 

LúOHYOHUGH DGDSWDV\RQ PHNDQL]PDODUÕ JHUoHNOHúmektedir. KRQWUROV�] oR÷DODQ 

NDQVHU K�FUHOHULQGH, HQHUML ND\QDNODUÕQÕQ VÕQÕUOÕ YH\D \HWHUVL] KDOH JHOPHVL 

VHEHEL\OH, 3,3./ANW/P725 DUDFÕOÕ SURWHLQ VHQWH]L D]DOPDNWD YH EX GXUXP 

K�FUH\H VD÷NDOÕP DYDQWDMÕ VD÷ODPDNWDGÕU. HEF2. SURWHLQ DNWLYDV\RQX, EX 

adaptasyRQ V�UHFLQGH URO R\QD\DQ |QHPOL ELU RQNRMHQLN SURWHLQGLU (10, 22). 

HER2 ekspresyonu olan PHPH NDQVHUL K�FUHOHULQGH, 3,3./ANW RQNRMHQLN 

VLQ\DO \ROD÷ÕQÕQ V�UHNOL DNWLYDV\RQX K�FUHOHULQ SUROLIHUDV\RQXQX YH VD÷NDOÕPÕQÕ 

DUWWÕUPDNWDGÕU. 3,3./ANW VLQ\DO \ROD÷ÕQÕQ DNWLYDV\RQX, eEF2K aktivitesini inhibe 

HWPHNWHGLU. BX \RO LOH K�FUHOHULQ SURWHLQ VHQWH]L KÕ]ODQPDNWDGÕU. DL÷HU PHPH 

NDQVHUL DOW WLSOHULQH RUDQOD +E52 LIDGHVL YH SUROLIHUDV\RQ NDSDVLWHVL \�NVHN 

RODQ PHPH NDQVHUL K�FUHOHULQLQ, K�FUH G|QJ�V�Q� DUWWÕUPD\D \|QHOLN ELU 

X\DUÕPÕ ROPDVÕ JHUHNWL÷L JLEL, VWUHV NRúXOXQGDQ NXUWXOPDVÕ LoLQ D\QÕ ]DPDQGD 

SURWHLQ VHQWH]LQL EDVNÕODPDVÕ JHUHNPHNWHGLU. +E52 ekspresyonu olan kanser 

K�FUHOHULQGH HEF2.'QÕQ HNVSUHV\RQ G�]H\L YH DNWLYLWHVL KHQ�] 

bilinmemektedir.    

BX oDOÕúPDGD, HER2 monoklonal DQWLNRU RODQ WUDVWX]XPDE LOH LQN�EH 

HGLOPLú, HER2 ifadesi olan BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve 

UACC-893 PHPH NDQVHUL K�FUH dizilerinde, PI3K/AKT RQNRMHQLN VLQ\DO \ROD÷Õ 

ve eEF2K SURWHLQ DNWLYDV\RQX DUDVÕQGDNL LOLúNLQLQ LQFHOHQPHVL 

DPDoODQPDNWDGÕU.   
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2. GENEL BøLGøLE5 

2.1. Meme Kanseri  

2018 \ÕOÕ .�UHVHO .DQVHU øVWDWLVWLN YHULOHULQH (GLOBOCAN) J|UH, 36 

NDQVHU W�U� DUDVÕQGDQ PHPH NDQVHUL LQVLGDQVÕ NDGÕQODU DUDVÕQGD ELULQFL, JHQHO 

VÕUDODPDGD LVH \DNODúÕN 2,1 PLO\RQ \HQL YDND VD\ÕVÕ LOH LNLQFL VÕUDGD \HU 

DOPDNWDGÕU. 7�P NDQVHU LOLúNLOL |O�POHULQ %6,6¶VÕQÕ PHPH NDQVHULQGHQ 

ROXúWXUPDNWDGÕU. 2018 GLOB2CA1 YHULOHULQH J|UH WRSODPGD 185 �ONHQLQ 

154¶�QGH NDGÕQODU DUDVÕQGD HQ VÕN J|U�OHQ NDQVHU W�U�Q�Q PHPH NDQVHUL 

ROGX÷X SD\ODúÕOPDNWDGÕU. hONHOHUH J|UH EHOLUWLOHQ YHULOHU D�ú�N/2UWD YH 

<�NVHN/dRN \�NVHN LQVDQL JHOLúPLúOLN LQGHNVL RODUDN NDWHJRUL]H HGLOGL÷LQde, 

<�NVHN/dRN \�NVHN LQVDQL JHOLúPLúOLN LQGHNVL NDWHJRULVLQH GDKLO RODQ �ONHOHUGH 

PHPH NDQVHUL LQVLGDQVÕ GDKD \�NVHN RODUDN J|U�OPHNWHGLU. BX GXUXPun, erken 

PHQDUú, JHo PHQDSR], nuliparite veya LOHUL \Dú KDPLOHOLNOHUL, eksojen hormon 

DOÕPÕ, DONRO W�NHWLPL YH obezite JLEL ELOLQHQ ULVN IDNW|UOHULQGHQ ND\QDNOÕ 

olabilHFH÷L EHOLUWLOPHNWHGLU (23).  7�P EX WHWLNOH\LFL IDNW|UOHUe ilaveten, aile 

|\N�V� YH JHQHWLN DEHUDV\RQODUÕQ meme kanseri riskini DUWWÕUDQ PDM|U HWNHQOHU 

olGX÷X bilinmektedir (24). ALOHVHO PHPH NDQVHUL |\N�V� RODQ NLúLOHULQ, JHQHO 

SRS�ODV\RQD RUDQOD PHPH NDQVHUL SDWRJHQH]LQH \DWNÕQOÕ÷Õ GDKD ID]ODGÕU. BX 

GXUXP, PHPH NDQVHUL JHOLúLPLQGH URO R\QD\DQ GX\DUOÕ JHQHWLN YDU\DV\RQODU LOH 

DoÕNODQDELOPHNWHGLU (25). 

*HQHWLN GX\DUOÕOÕN DoÕVÕQGDQ PHPH NDQVHUL, NDOÕWsal ve sporadik olmak 

�]HUH LNL úHNLOGH JHOLúPHNWHGLU (26). .DOÕWVDO RODUDN JHOLúHQ JHQHWLN 

DEHUDV\RQODUÕQ EDúÕQGD, D1A RQDUÕP JHQOHUL RODQ B5CA1 YH B5CA2 

JHQOHULQGH ROXúDQ PXWDV\RQODU JHOmektedir. BRCA1, 17. kromozomda 

(17q21), BRCA2 ise 13. Kromozomda (13q13) lokalize olan, D1A RQDUÕPÕQGDQ 

sorumlu ve PXWDV\RQX VRQXFX PHPH NDQVHUL JHOLúLPLQGH PDM|U URO R\QD\DQ 

NDQVHU \DWNÕQOÕN JHQOHULGLU. 7HN EDúÕQD EX LNL JHQ E|OJHVLQGH ROXúDQ 

PXWDV\RQODU VRQXFX PHPH NDQVHUL ROXúPD ULVNL %25 RUDQÕQGD DUWPDNWDGÕU 

(26-28). B5CA1/B5CA2 PXWDV\RQX RODQ PHPH NDQVHUL YDNDODUÕ LOH B5CA 

PXWDV\RQX ROPD\DQ (B5CA[) PHPH NDQVHUL YDNDODUÕ SDWRORMLN DoÕGDQ 
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NDUúÕODúWÕUÕOGÕ÷ÕQGD, B5CA PXWDV\RQX WDúÕ\DQ PHPH NDQVHUOHUL SOHRPRUILN, 

W�E�OHU \DSÕ YH DJUHVLI NDUDNWHU J|VWHUPHNWHGLU (29). 

0HPH NDQVHUL JHOLúLPLQGH URO R\QD\DQ, 7353 W�P|U EDVNÕOD\ÕFÕ gen 

PXWDV\RQX ELU GL÷HU |QHPOL ULVN IDNW|U�G�U. A\QÕ ]DPDQGD, 7353 PXWDV\RQX 

Li-Fraumeni Sendromunun (LFS) primer sebebidir. /F6'OX NLúLOHULQ, PHPH 

NDQVHUL JHOLúiPLQH \DWNÕQ ROPDVÕQÕQ \DQÕ VÕUD, GL÷HU NDQVHU W�UOHULQH JHOLúLPLQe 

de \DWNÕQ olduNODUÕ ELOLQPHNWHGLU. 7353 PXWDV\RQX VRQXFX |]HOOLNOH +E52+ 

meme kanseri alt WLSL LQVLGDQVÕQÕQ DUWWÕ÷Õ ve bu durumun HER2 ve TP53 

JHQOHULQLQ D\QÕ NURPR]RPGD (17. NURPR]RP) ORNDOL]H ROPDVÕQGDQ 

ND\QDNODQGÕ÷Õ EHOLUWLOPHNWHGLU. A\QÕ ]DPDQGD 7353 PXWDV\RQX VRQXFX, S53 

IRQNVL\RQHO |]HOOL÷LQL ND\EHWPHNWH YH +E5 DUDFÕOÕ VLQ\DO LOHWLP \RODN 

DNWLYDV\RQX V�UHNOilik ka]DQPDNWDGÕU. BX VHEHSWHQ |W�U�, K�FUHOHULQ tedaviye 

\|QHOLN GLUHQo J|VWHUGL÷L ELOLQPHNWHGLU (30-32). 

Sporadik mHPH NDQVHUL NDGÕQODU DUDVÕQGD HQ VÕN J|U�OHQ YH PROHN�OHU 

G�]H\GH KHWHURMHQLWHVL \�NVHN RODQ KDVWDOÕNODUÕQ EDúÕQGD gelmektedir (33). 

Histolojik olarak meme kanseri non-LQYDVLI YH LQYD]LI ROPDN �]HUH 2 gruba 

D\UÕOPDNWDGÕU. 1RQ-invazif grup duktal karsinoma in-VLWX (DC,6) YH ORE�OHU 

karsinoma in-situ (LCIS) ROPDN �]HUH LNL VÕQÕID, LQYD]LI YH\D GL÷HU DGÕ\OD 

LQILOWUDWLI JUXS DC,6 VÕQÕIÕQGDQ JHOLúHQ LQYD]LI GXNWDO NDUVLQRPD (,DC), /C,6 

VÕQÕIÕQGDQ JHOLúHQ LQYD]LI OREXODU NDUVLQRPD (,/C), PHGXOODU NDUVLQRPD, 

P�VLQ|] NDUVLQRPD YH W�E�OHU NDUVLQRPD ROPDN �]HUH EHú fDUNOÕ VÕQÕID 

D\UÕOPDNWDGÕU (34, 35). +LVWRORMLN VÕQÕIODQGÕUPD\D J|UH PHPH NDQVHUOHULQLQ 

\DNODúÕN %75¶L LQYD]LI JUXSWD YH EHQ]HU RUDQGD ,DC VÕQÕIÕQGD \HU DOPDNWDGÕU 

(33, 36).  Konvansiyonel PROHN�OHU PHPH NDQVHUL VÕQÕIODQGÕUPDVÕ E5 (gVWURMHQ 

5HVHSW|U� = EVWURJHQ 5HFHSWRU), 35 (3URJHVWHURQ 5HVHSW|U�) YH +E52 

(øQVDQ ESLGHUPDO B�\�PH FDNW|U� 5HVHSW|U� 2) PROHN�OHU EHOLUWHoOHUL ED] 

DOÕQDUDN, /XPLQDO A (ER+, PR+, HER2-), Luminal B (ER+, PR+, HER2+), 

HER2+ (ER-, PR-, HER2+) YH BD]DO BHQ]HUL (= hoO� QHJDWLI, ER-, PR-, HER2-

) ROPDN �]HUH 4 temel DOW WLSH D\UÕOPDNWDGÕU (3, 37). øOHUOH\HQ \ÕOODUGD \DSÕODQ 

oDOÕúPDODU sayesinde, adipoz doku gen ekspresyon profiline sahip normal 

benzeri meme kanseri (38), epitelyal-PH]HQNLPDO G|Q�ú�P (E07) 
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EHOLUWHoOHULQLQ YDUOÕ÷ÕQD J|UH VÕQÕIODQGÕUÕODQ NDQVHU N|N K�FUHsi fenotipine 

EHQ]HU |]HOOLNOHUH VDKLS claudin-low (39), DQGURMHQ UHVHSW|U YDUOÕ÷ÕQD J|UH 

VÕQÕIODQGÕUÕODQ PROHN�OHU DSRNULQ (40) YH LQWHUIHURQ UHJ�ODV\RQXQX VD÷OD\DQ 

JHQ LIDGHOHULQLQ YDUOÕ÷ÕQD J|UH VÕQÕIODQGÕUÕODQ LQWHUIHURQ-LOLúNLOL PHPH NDQVHUL 

(41) ROPDN �]HUH 4 yeni alt tip eklendi.  Meme kanserleri YDNDODUÕQGD %60-65 

RUDQÕQGD KRUPRQ UHVHSW|U SR]LWLIOL÷LQH UDVWODQPDNWDGÕU. Bu durum hormonal 

WDEDQOÕ WHUDS|WLNOHULQ X\JXODQDELOPHVL LoLQ X\JXQ ROPDNWDGÕU. øNLQFLO HQ \�NVHN 

oran olarak %15-20 RUDQÕQGD +E52+'OLN LOH NDUúÕODúÕOPDNWDGÕU. BX GXUXP, 

+E52'\H \|QHOLN ELU WHUDSL X\JXODQPDVÕ LPNDQÕQÕ VD÷ODPDNWDGÕU. AQFDN, JHUL 

kalan %15-20 RUDQÕQGD PHPH NDQVHUL YDNDVÕQGD, KRUPRQ UHVHSW|U� YH +E52 

DoÕVÕQGDQ QHJDWLIOLN (�oO�-QHJDWLI) J|U�OPHNWHGLU. BX GXUXP, X\JXQ WHUDSL 

NXOODQDELOPH LKWLPDOLQL RUWDGDQ NDOGÕUPDNWDGÕU (42). 

2.2. 5HVHSW|U 7LUR]LQ KLQD]ODU YH HE52+ MHPH KDQVHUL  

5HVHSW|U WLUR]LQ NLQD]ODU (57.) K�FUH PHPEUDQÕQGD \HU DODQ YH 

\DNODúÕN 60 IDUNOÕ SURWHQLQ EXOXQGX÷X ELU UHVHSW|U DLOHVLGLU (43, 44). Fonksiyonel 

RODUDN K�FUH SUROLIHUDV\RQX, E�\�PHVL, VD÷NDOÕPÕ YH G|QJ�V� JLEL oHúLWOL 

EL\RORMLN FHYDSODUÕQ UHJ�ODV\RQXQGD |QHPOL URO R\QDPDNWDGÕU (45). <DSÕVDO 

RODUDN K�FUH GÕúÕ GRPDLQL, WUDQVPHPEUDQ GRPDLQ YH K�FUH LoL GRPDLQ ROPDN 

�]HUH �o E|OJHGHQ ROXúPDNWDGÕU. +�FUH GÕúÕ GRPDLQ, ,J-benzeri 

(LPP�QRJOREXOLQ-benzeri) GRPDLQ, VLVWHLQGHQ ]HQJLQ GRPDLQ YH\D O|VLQGHQ 

]HQJLQ PRWLIOHUGHQ ROXúPDNta YH D\QÕ ]DPDQGD UHVHSW|U�Q OLJDQG LOH HWNLOHúWL÷L 

E|OJH\L LoHUPHNWHGLU. 7UDQVPHPEUDQ GRPDLQ, Į KHOLNV \DSÕVÕQGD ELU ]LQFLrden 

ROXúPDNWDGÕU. +�FUH LoL GRPDLQ LVH W�P UHVHSW|UOHUGH RUWDN RODQ YH 

IRVIRULODV\RQX LOH K�FUH LoL SURWHLQ DNWLYDV\RQXQX JHUoHNOHúWLUHQ WLUR]LQ NLQD] 

NDWDOLWLN E|OJHOHULQGHQ ROXúPDNWDGÕU (44, 46).  

B�\�PH IDNW|UOHUL YH UHVHSW|U WLUR]LQ NLQD]ODU, K�FUHnin proliferasyonu 

ve VD÷NDOPDVÕ LoLQ LKWL\Do GX\GX÷X YLWDO VLQ\DO DNWLYDV\RQ PHNDQL]PDVÕQÕQ 

PDM|U NRPSRQHQWOHULGLU. 5HVHSW|U WLUR]LQ NLQD] DLOHVLQH DLW UHVHSW|U�Q VSHVLILN 

SROLSHSWLW OLJDQGÕ LOH ED÷ODQPDVÕ VRQXFX oR÷X UHVHSW|U�Q dimerizasyonu 

WHWLNOHQPHNWHGLU. DLPHUL]H RODQ UHVHSW|UOHU WLUR]LQ NLQD] NDWDOLWLN GRPDLQLQGH 

NLQD]ODUD |]J� RODQ activation loop �]HULQGHQ NDUúÕOÕNOÕ IRVIRULOHQPHOHULQL 
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(WUDQVIRVIRULODV\RQX) VD÷ODPDNWDGÕU. 5HVHSW|UOHULQ IRVIRULODV\RQX sonucu 

NLQD] DNWLYDV\RQX JHUoHNOHúPLú ROXU. BD]Õ GXUXPODUGD LVH, GLPHUL]DV\RQ 

VRQUDVÕ GLUHNW RODUDN DOORVWHULN G�]HQOHPH VRQXFX NLQD] DNWLYDV\RQX 

JHUoHNOHúPHNWHGLU (44, 47). +�FUH LoHULVLQGH 6+2 (6UF KRPRORJ\ 2 = 6UF 

Homolog Domaini) ve/veya PTB (Phosphotyrosine-binding = Fosfotirozin-

ED÷OD\ÕFÕ DRPDLQ) GRPDLQLQH VDKLS SURWHLQOHU, DNWLYH RODQ UHVHSW|UOHULQ 

IRVIRULOH WLUR]LQ E|OJHOHULQH ED÷ODQDUDN UHVHSW|UH |]J�O VLQ\DO LOHWLP \ROD÷ÕQÕ 

aktive etmektedir. RAS/MAPK, PI-3./A.7/P725 YH -A./67A7 \RODNODUÕ 57. 

DUDFÕOÕ VLQ\DO \RODNODUÕ DNWLYDV\RQODUÕQD |UQHN RODUak verilebilir. Fizyolojik 

NRúXOODU DOWÕQGD VLQ\DO \ROD÷Õ DNWLYDV\RQODUÕ, oHúLWOL JHUL ELOGLULP PHNDQL]PDODUÕ 

VD\HVLQGH IRVIDWD]ODU DUDFÕOÕ÷Õ\OD VRQODQGÕUÕOPDNWDGÕU. BX VD\HGH K�FUH LoL 

VHUEHVW HQHUML YH EL\RNLP\DVDO GHQJH NRUXQPXú ROXU. AQFDN NDQVHU JHOLúimi 

JLEL oHúLWOL SDWRIL]\RORMLN NRúXOODU DOWÕQGD VLQ\DO \RODNODUÕQÕQ GHUHJ�ODV\RQX 

VRQXFX NRQWUROV�] YH V�UHNOL DNWLYDV\RQODU JHUoHNOHúHELOPHNWHGLU (48, 49).  

*HQHO RODUDN NDUVLQRJHQH] V�UHFLQGH LúOHY ND]DQÕPÕ (JDLQ-of-function) 

PXWDV\RQODUÕ, JHQRPLN DPSOLILNDV\RQ, NURPR]RPDO \HQLGHQ G�]HQOHPHOHU 

YH/YH\D RWRNULQ DNWLYDV\RQ ROPDN �]HUH G|UW IDUNOÕ PHNDQL]PD VHEHEL\OH 

K�FUHGH NRQWUROV�] YH V�UHNOL 57. DNWLYDV\RQX ROXúDELOPHNWHGLU (47, 50, 51). 

0HPH NDQVHULQGH HQ VÕN NDUúÕODúÕODQ 57. LUUHJ�ODV\RQODUÕ, E*F5 WLUR]LQ NLQD] 

DLOHVLQGH J|]OHPOHQPHNWHGLU (52). 

øQVDQ HSLGHUPDO E�\�PH IDNW|U� UHVHSW|U� (+E5=ErbB) DLOHVL G|UW 

�\HGHQ ROXúXU. Bunlar; EGFR (ErbB1), HER2 (ErbB2), HER3 (ErbB3) ve 

HER4 (ErbB4)¶W�U. 0HPH NDQVHULQGH +E5 DLOHVL NDSVDPOÕ ELU úHNLOGH 

inFHOHQPLúWLU. +E5 DLOHVL UHVHSW|UOHUL PHPH YH DNFL÷HU NDQVHUOHUL EDúWD ROPDN 

�]HUH oHúLWOL NDQVHU W�UOHULQGH \�NVHN HNVSUHV\RQ YH DNWLYDV\RQ 

J|VWHUPHNWHGLUOHU. <DNODúÕN RODUDN KHU 5 PHPH NDQVHUL YDNDVÕQGDQ ELUL +E52 

\|Q�QGHQ SR]LWLIOLN J|VWHUPHNWHGLU (53). 

HER2/neu geni 17. kromozomda lokalize olmakta YH OLJDQG ED÷ODQPD 

DODQÕ ROPD\DQ ELU WUDQVPHPEUDQ WLUR]LQ NLQD] E�\�PH IDNW|U� UHVHSW|U�Q� 

kodlaPDNWDGÕU. HER2/neu gen amplifikasyonu meme kanserlerinin %30'unda 

(Luminal B ve HER2+) J|U�Omektedir. 1RUPDO ELU K�FUH \�]H\LQGH \DNODúÕN \�] 
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bin +E52 UHVHSW|U� EXOXQXUNHQ EX VD\Õ ELU PHPH NDQVHUL K�FUHsinde tahmini 

olarak iki PLO\RQD NDGDU oÕNPDNWDGÕU (54). +E52+ PHPH NDQVHULQGH \�NVHN 

G�]H\GH DQ|SORLGL, 7353 PXWDV\RQX JLEL VRPDWLN PXWDV\RQODU, F*F5 

(FLEUREODVW B�\�PH FDNW|U� 5HVHSW|U�), E*F5, CD.4 (VLNOLQH ED÷ÕPOÕ NLQD]-

4) ve siklin D1 amplifikaV\RQODUÕ VÕNOÕNOD ELUOLNWH EXOXQPDNWDGÕU (5). +E52 DúÕUÕ 

ekspresyonu, meme kanserinde N|W� SURJQR]OD LOLúNLOHQGLULOPHNWHGLU. HER2 

UHVHSW|U� NHQGLVL\OH KRPRGLPHUL]DV\RQ YH\D HER1, HER3 veya HER4 ile 

heterodimerizasyon yapabilmektedir. DL÷HU LNL UHVHSW|U�Q DNVLQH +E52¶QLQ 

ELOLQHQ ELU OLJDQGÕ EXOXQPDPDNWDGÕU. HER3¶�Q LVH kinaz domaini aktivasyon 

J|VWHUHPHPHNWHGLU (55-57). +E53 UHVHSW|U� C-terminalinde, DGDSW|U 

SURWHLQOHULQ ED÷ODQPDVÕ LoLQ PHYFXW DOWÕ IRVIR-WLUR]LQ E|OJHVL EXOXQPDNWDGÕU. 

Ancak DGDSW|U SURWHLQOHULQ +E53'�Q NLQD] DODQÕQD ED÷ODQPDVÕQD UD÷PHQ, 

NLQD] GRPDLQ GHIHNWL ROPDVÕ VHEHEL\OH reaksiyonu katalitik olarak devam 

ettirememektedir. <LQH D\QÕ VHEHSWHQ |W�U� +E53 KRPRGLPHUL]DV\RQX K�FUH 

LoL VLQ\DO \RODNODUÕQÕ DNWLYH HGHPHPHNWHGLU (58). BX LNL GHIHNWWHQ |W�U�, 

HER2/HER3 heterodimerizasyonunun K�FUH LoL VLQ\DO \ROD÷Õ DNWLYDV\RQXQX 

GL÷HU GLPHU \DSÕODUÕQa oranla GDKD NXYYHWOL X\DUGÕ÷Õ EHOLUWLOPHNWHGLU (59, 60) 

(ùHNLO 2.1). 

 

ùHNLO 2.1  5HVHSW|U WLUR]LQ NLQD] DLOHVL YH GLPHU \DSÕODUÕ (Hervent A.S. ve De 

.HXOHQDHU *.:., 2012¶GHQ (61) X\DUODQGÕ.) 

+E52+ PHPH NDQVHUL DOW WLSL N|W� SURJQR] J|VWHUPHNWH YH VLVWHPLN 

VLWRWRNVLN WHGDYLOHUH NDUúÕ IDUNOÕ FHYDSODU YHUHELOPHNWHGLU. øOHUL HYUHOL 

W�P|UOHUGH, 3,3. DúÕUÕ DNWLYDV\Rnu ile karakterize edilebilmektedir. HER2+ 
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W�P|UOHULQ HUNHQ HYUHGH, W�P|U�Q OHQIDWLN LQILOWUDV\RQX L\L SURJQR] LOH 

LOLúNLOHQGLULOPHNWHGLU. D�ú�N OHQIDWLN LQILOWUDV\RQ LVH W�P|U�Q GDKD DJUHVLI ELU 

NDUDNWHUH VDKLS ROGX÷XQX J|VWHUPHNWHGLU. A\UÕFD, G�ú�N OHQIDtik infiltrasyon ile 

3,3. VLQ\DO \ROD÷Õ YH ,*F15 LIDGHVLQLQ DUWPDVÕ LOH LOLúNLOL ROGX÷X EHOLUWLOPHNWHGLU 

(62).  

+E52 DUDFÕOÕ VLQ\DO DNWLYDV\RQX WHPHO RODUDN, 3,3. (IRVIRLQRVLWLG 3-

kinaz)/AKT (protein kinaz B)/mTOR (mechanistic target of rapamycin= 

mammalian target of rapamycin)  ve RAS (rat sarcoma)/RAF (rapidly 

accelerated fibrosarcoma)/0A3. (PLWRMHQOH DNWLYH HGLOPLú SURWHLQ NLQD]) VLQ\DO 

\ROD÷Õ �]HULQGHQ UHJ�OH HWPHNWHGLU (33). BX \RODNODU +E5 DUDFÕOÕ WHPHO 

RQNRMHQLN VLQ\DO \RODNODUÕ RODUDN LVLPOHQGLULOPHNWHGLU.  .DQVHU K�FUHOHULQGH 

E�\�PH IDNW|U� UHVHSW|UOHULnde, DúÕUÕ OLJDQG �UHWLPL, IRQNVL\RQ ND]DQÕPÕ 

PXWDV\RQODUÕ, DúÕUÕ LIDGH YH/YH\D JHQ DPSOLILNDV\RQX JLEL \DSÕVDO GH÷LúLNOLNOHU 

ROXúDELOPHNWHGLU. BX \DSÕVDO GH÷LúLNOHU, RQNRMHQLN VLQ\DOLQ V�UHNOL RODUDN DNWLYH 

ROPDVÕQD \RO DoDELOPHNWHdir. Bunun sonucunda RUWD\D oÕNDQ NRQWUROV�] 

SUROLIHUDV\RQ, VD÷NDOÕP, DQMLyogenez, invazyon ve metastaz gibi biyolojik 

\DQÕWODUÕQ DUWPDVÕ\OD ELUOLNWH NDQVHU SURJUHVe ROPDNWDGÕU (63, 64).  

2.3. PI3K/ANW/P7O5 6LQ\DO <ROD÷Õ 

2.3.1. PI3K (FRVIDWLGLO øQR]LWRO 3 KLQD]) 

PI3K (Fosfatidil inositol-3-kinaz) p85 G�]HQOH\LFL ve p110 katalitik olmak 

�]HUH LNL IDUNOÕ DOW ELULPOHULQGHQ ROXúDQ, KHWHURGLPHULN \DSÕ\D VDKLS ELU NLQD]GÕU. 

Fonksiyonel olarak PI3K, K�FUH ]DUÕQGD EXOXQDQ IRVIDWLGLO LQR]LWROOOHULQ 

fosforilasyonundan sorumludur. Aktivasyonu genel olarak hormonlar ve 

E�\�PH IDNW|UOHUL WDUDIÕQGDQ LQG�NOHQPHNWHGLU. BL\RORMLN RODUDN UHJ�ODV\RQX, 

K�FUH LVNHOHW \DSÕVÕQÕQ G�]HQOHQPHVLQL, K�FUH SUROLIHUDV\RQXQX YH E�\�PHVLQL 

VD÷ODPDNWDGÕU (65, 66).  

PI3K, direkt veya indirekt olarak aktive olabilmektedir. Direkt 

DNWLYDV\RQGD, 3,3.¶QÕQ S85 G�]HQOH\LFL alt biriminde bulunan SH2 domaini 

RTK aktivasyonu sonucu YxxM (tirozin-x-x-PHWLRQLQ) PRWLIL �]HULQGH 
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IRVIRULOOHQHQ WLUR]LQ UH]LG�V�QH ED÷ODQmakta ve PI3K katalitik alt birimi olan 

S110 DOW ELULPLQGH EXOXQDQ S85 ED÷ODQPD GRPDLQ LOH S85 DOW ELULPLQGH EXOXQDQ 

,6+2 GRPDLQL ED÷ODQDUDN WDP DNWLYDV\RQX VD÷ODPDNWDGÕU. øQGLUHNW 

DNWLYDV\RQGD LVH, 57. DNWLYDV\RQX VRQUDVÕ *UE2 YH\D ,56 1/2 JLEL DGDSW|U 

proteinlerin SH2 domDLQOHULQLQ 57.¶GDNL IRVIRWLUR]LQ E|OJHOHULQH 

ED÷ODQPDVÕ\OD ELUOLNWH DNWLYDV\RQX JHUoHNOHúmektedir. FRVIRULOH RODQ DGDSW|U 

SURWHLQOHULQH 3,3.¶QÕQ |QFH S85 G�]HQOH\LFL DOW ELULPL, GHYDPÕQGD S110 NDWDOLWLN 

alt birimi, S85 DOW ELULPL LOH HWNLOHúPHktedir. Her iki HWNLOHúLP sonucunda PI3K¶ÕQ 

WDP DNWLYDV\RQX JHUoHNOHúPLú ROXU. 3,3. DNWLYDV\RQX K�FUH ]DUÕQGD EXOXQDQ 

PIP2¶QLQ (Fosfatidilinositol 4,5-difosfat) fosforillenerek PIP3 (Fosfatidilinositol 

3,4,5-WULIRVIDW)¶H G|Q�ú�P�Q� VD÷ODPDNWDGÕU. 3,33 IRQNVL\RQHO RODUDk, Akt 

(Protein kinaz B) proteini gibi PH (Plekstrin hRPROR÷X) GRPDLQLQH VDKLS 

SURWHLQOHULQ PHPEUDQD oD÷UÕOPDVÕQÕ X\DUPDNWD YH 3+ GRPDLQLQLQ 3,33 LOH 

HWNLOHúHUHN SURWHLQOHULQ DNWLYDV\RQXQX VD÷ODPDNWDGÕU. FL]\RORMLN NRúXOODU 

DOWÕQGD, 37E1 (Fosfataz ve tensiQ KRPROR÷X) 3,33¶�Q 3¶ SR]LV\RQXQGD 

EXOXQDQ IRVIDWÕQ NHVLOPHVLQL YH 3,33-3,32 G|Q�ú�P�Q� VD÷ODPDNWDGÕU. BX 

VD\HGH, 3,3. DUDFÕOÕ VLQ\DO DNWLYDV\RQX LQKLEH ROPDNWD YH 3+ GRPDLQLQH VDKLS 

SURWHLQOHULQ DNWLYDV\RQODUÕ EDVNÕODQPDNWDGÕU. 3,3. LQDNWLI ROGX÷X GXUXPGa 

S110 DOW ELULPLQLQ KHOLNDO GRPDLQL LOH S85 DOW ELULPLQLQ Q6+2 GRPDLQLQH ED÷OÕ 

RODUDN EXOXQPDNWDGÕU. S85 DOW ELULPLQLQ 6+2 GRPDLQL EX VD\HGH NDSDOÕ (LQDNWLI) 

konumda EXOXQPDNWDGÕU (67-71). 

dHúLWOL NDQVHU W�UOHULQGH |]HOOLNOH PHPH NDQVHULQGH %20-25 RUDQÕQGD, 

PIK3CA geninin katalitik alt birimi olan p110a ve/veya PTEN mutasyonuna 

rastlanÕOPDNWDGÕU. S110¶XQ IRQNVL\RQ ND]DQÕPÕ PXWDV\RQX (gain-of-function) 

3,3.¶ÕQ V�UHNOL RODUDN DNWLYDV\RQXQD, 37E1¶LQ IRQNVL\RQ ND\EÕ PXWDV\RQX 

(loss-of-function) LVH 3,3. DUDFÕOÕ VLQ\DO \ROD÷ÕQÕQ EDVNÕODQDPDPDVÕQD \RO 

DoDELOPHNWHGLU (72, 73). E542., E545. YH +10575 PXWDV\RQODUÕ \D\JÕQGÕU YH 

PI3K, RTK aktivasyonuna gerek NDOPDGDQ V�UHNOL RQNRMHQLN DNWLYLWH ND]DQÕU. 

3,3.CA PXWDV\RQX, PHPH NDQVHULQGH |VWURMHQ YH SURJHVWHURQ UHVHSW|U� 

(E5/35) GXUXPX, OHQI G�÷�P� PHWDVWD]Õ YH +E52 DúÕUÕ HNVSUHV\RQX LOH 

ELUOLNWH 37E1 ND\EÕ\OD LOLúNLOHQGLULOHELOLU.  BX GXUXP, NDQVHU K�FUHOHULQLQ V�UHNOL 

RODUDN SUROLIHUDV\RQXQD, E�\�PHVLQH YH oHúLWOL LODoODUD NDUúÕ GLUHQo 
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J|VWHUPHVLQH VHEHS ROPDNWDGÕU. EN RODUDN, oHúLWOL PHPH NDQVHUL YDNDODUÕQGD 

\DEDQÕO WLS 37E1¶LQ LIDGHVLQLQ G�ú�N ROGX÷X, 37E1 LIDGHVL G�ú�N RODQ 

YDNDODUÕQ NDQVHU SURJUHV\RQXQXQ GDKD DJUHVLI ROGX÷X EHOLUWLOPHNWHGLU (74-76) 

(ùHNLO 2.2). 

 

ùHNLO 2.2.  57. DUDFÕOÕ 3,3./ANW/P725 VLQ\DO \ROD÷Õ DNWLYDV\RQX (Gedik M.E 

YH DR÷DQ A./., 2019¶GDQ (77) X\DUODQGÕ.) 

2.3.2. Akt (Protein Kinaz B) 

ANW (SURWHLQ NLQD] B=3.B) JOLNR] PHWDEROL]PDVÕ, DSRSitoz, anjiyogenez, 

K�FUH SUROLIHUDV\RQX YH protein sentezi gibi biroRN biyolojik V�UHoOHUGH DQDKWDU 

rol oynayan bir serin/treonin SURWHLQ NLQD]GÕU. <DSÕVDO RODUDN, 1-terminalde 

PHPEUDQ LOH HWNLOHúLPL VD÷OD\DQ 3+ GRPDLQL, VÕUDVÕ LOH RUWD YH C-terminal 

E|OJHOHULQGH IRVIRULODV\RQ YH DNWLYDV\RQX VD÷OD\DQ NDWDOLWLN NLQD] GRPDLQL YH 

G�]HQOH\LFL GRPDLQL EXOXQPDNWDGÕU. +�FUHQLQ X\DUÕOPDGÕ÷Õ YH\D VLQ\DO 

\ROD÷ÕQÕQ LQDNWLI ROGX÷X NRúXOGD ANW SURWHLQL VLWR]ROGH EXOXQPDNWDGÕU. <ROD÷ÕQ 

VWLP�ODV\RQX\OD ELUOLNWH ANW SURWHLQLQLQ \DNODúÕN 100 DPLQR DVLWWHQ ROXúDQ 3+ 

GRPDLQL DUDFÕOÕ÷Õ\OD K�FUH PHPEUDQÕ LOH HWNLOHúLPL JHUoHNOHúLU. DHYDPÕQGa, 
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3D.1 (FRVIR ED÷ÕPOÕ NLQD] 1) WDUDIÕQGDQ ANW NDWDOLWLN GRPDLQLQGH EXOXQDQ 

WUHRQLQ308 (7308) UH]�G�V�Q�Q IRVIRULODV\RQX JHUoHNOHúPHNWHGLU. .DWDOLWLN 

E|OJHQLQ IRVIRULODV\RQX, G�]HQOH\LFL E|OJHGH EXOXQDQ VHULQ473 (6473) 

UH]LG�V�Q�Q RWRIRVIRULODV\RQXQX WHWLNleyebilmektedir. Ek olarak, G�]HQOH\LFL 

E|OJHGHNL 6473 UH]LG�V� P725C2 (mammalian target of rapamycin complex 

2) DUDFÕOÕ÷Õ\OD GD IRVIRULOH HGLOHELOPHNWHGLU. ANW SURWHLQLQLQ WDP DNWLYDV\RQX LoLQ 

KHU LNL E|OJHGHQ IRVIRULOH ROPDVÕ JHUHNPHNWHGLU. PHLPP (PH domaini ve zengin 

O|VLQ WHNUDUÕ SURWHLQ IRVIDWD]) IRVIDWD]ODU DUDFÕOÕ÷Õ\OD ANW SURWHLQLQLQ 

LQDNWLYDV\RQX JHUoHNOHúPHNWHGLU (78, 79). Akt proteininin Akt1, Akt2 ve Akt3 

ROPDN �]HUH 3 IDUNOÕ L]RIRUPX EXOXQPDNWDGÕU. BX L]RIRUPODUÕ NRGOD\DQ JHQOHU 

LVH VÕUDVÕ\OD A.71, A.72 YH A.73¶W�U. 

ANW DNWLYDV\RQX VRQXFX K�FUH SUROLIHUDV\RQXQX UHJ�OH HGHQ SURWHLQOHU 

olan GSK-3 (Glikojen sentez kinaz-3), GLUT4 (membrane translocation of the 

glucose transporter), VLNOLQ ED÷ÕPOÕ NLQD] LQKLELW|UOHUL (S21, S27), P725 YH 

76C2 (W�EHUR] VNOHUR] NRPSOHNVL) DNWLYDV\RQODUÕ JHUoHNOHúPHNWHGLU. ANW¶ÕQ 

VLNOLQ ED÷ÕPOÕ NLQD]ODUÕ IRVIRULODV\RQX\OD ELUOLNWH, VLNOLQ ED÷ÕPOÕ NLQD]ODUÕQ 

VLWR]ROGH NDOPDVÕ YH Q�NOHXVD WUDQVORNDV\RQX EDVNÕODQPÕú ROXU. BX VD\HGH, 

VLNOLQOHU DUDFÕOÕ K�FUH SUROLIHUDV\RQX LQG�NOHQPLú ROXU. ANW DUDFÕOÕ P725 

aktivasyonu translasyonel G�]HQOH\LFL proteinleri olan p70S6K (p70 ribozomal 

proWHLQ 66 NLQD]) YH 4EB31 (|NDU\RWLN EDúODWPD IDNW|U� 4E ED÷OD\ÕFÕ SURWHLQ 

1) VD\HVLQGH SURWHLQ VHQWH]L LQG�NOHQLU. A\UÕFD K�FUH E�\�PHVLQL UHJ�OH HGHQ 

YH W�P|U EDVNÕOD\ÕFÕ fonksiyona sahip TSC2 proteininin fosforilasyonu sonucu 

IRQNVL\RQHO LQKLELV\RQX K�FUHQLQ E�\�PHVLQL GHVWHNOH\LFL ELU GL÷HU 

PHNDQL]PDGÕU (65, 80, 81). 

6HNL] IDUNOÕ W�P|U WLSLQGHQ 450 W�P|U |UQH÷LQGH 3,3./ANW \ROD÷Õ YH EX 

|UQHNOHULQ %55'LQGH ANW DNWLYDV\RQODUÕQÕQ \�NVHN ROGX÷X UDSRU HGLOPHNWHGLU. 

Meme, pankreas, over, EDú YH ER\XQ NDQVHUOHULQGH ANW NLQD]ODUÕ NRGOD\DQ 

JHQOHULQ DNWLYH HGLFL PXWDV\RQODUÕ UDSRU HGLOPLúWLU. 0HPH kanserL K�FUHOHULQGH 

AKT1 PH domainindeki E17K mutasyonu, K�FUH LoL VLQ\DO \ROD÷ÕQÕQ V�UHNOL ve 

NRQWUROV�] RODUDN VWLPXOH ROPDVÕQD QHGHQ ROPDNWDGÕU. BX VRQXoODU, ANW 



 13 

aktivitesinin LODo GLUHQFLQGHQ, W�P|U JHOLúLPL YH E�\�PHVLQin VRUXPOX ROGX÷XQX 

J|VWHUPHNWHGLU (82-84). 

2.3.3. mTOR (Mammalian Target of Rapamycin) 

mTOR, mTOR kompleksi 1 (mTORC1) ve mTOR kompleksi 2 

(P725C2) RODUDN ELOLQHQ LNL IDUNOÕ SURWHLQ NRPSOHNVLQLQ NDWDOLWLN DOW ELULPLQL 

ROXúWXUDQ 3,3. LOH LOLúNLOL NLQD] (3,..) DLOHVLQe ait VHULQ/WUHRQLQ SURWHLQ NLQD]GÕU. 

mTORC1, \DSÕVDO RODUDN 3 NRU SURWHLQGHQ ROXúPDNWDGÕU. BXQODU, mTOR, 

5DSWRU (P725 LOH LOLúNLOL G�]HQOH\LFL SURWHLQ) YH P/678 (mammalian lethal with 

Sec13 protein 8)¶GLU. Raptor, mTORC1 DNWLYDV\RQXQGDQ VRUXPOX GL÷HU ELU 

|QHPOL DGDSW|U SURWHLQGLU. mLST8, mTORC1'in katalitik domaini ile 

HWNLOHúPHNWH ve kinaz aktivasyonunu stabilize etmektedir. mTORC1 

DNWLYDV\RQXQX LQKLEH HGHQ LNL IDUNOÕ G�]HQOH\LFL SURWHLQ EXOXQPDNWDGÕU. BXQODU; 

35A640 (40 NDD'OÕN SUROLQ EDNÕPÕQGDQ ]HQJLQ ANW VXEVWUDWÕ) YH DE3725 

(P725 HWNLOHúLPOL SURWHLQ LoHUHQ DE3 domaini)¶GXU. PI3K/Akt yROD÷ÕQÕQ 

aktivasyonuyla birlikte, \ROD÷ÕQ downstreaminde bulunan mTORC1 VWLP�OH 

olmakta ve E|\OHFH protein sentezi YH K�FUH E�\�PHVL \DQÕWÕ ROXúPDNWDGÕU. 

P725C1¶GHQ IDUNOÕ RODUDN P725C2, DNWLYDV\RQXQGDQ VRUXPOX 5LFWRU 

(rapamycin insensitive companion of mTOR) DGDSW|U SURWHLQLQH VDKLSWLU. EN 

olarak, mSin1 ve Protor1/2 G�]HQOH\LFL SURWHLQOHUL LOH HWNLOHúPHNWHGLU. 

mTORC2, Akt proteininin G�]HQOH\LFL E|OJHVLQLQ 6473 UH]LG�V�Q� 

fosforilleyerek ve WDP DNWLYDV\RQXQX VD÷OD\DUDN 3,3./ANW \ROD÷ÕQÕ UHJ�OH 

etmektedir (85-88). 

Herediter kanserlerin, P725¶XQ QHJDWLI G�]HQOH\LFL proteinleri olan 

TSC1-TSC2 ve LKB1 (serine±threonine kinase liver kinase B1)¶LQ 

PXWDV\RQODUÕ VRQXFX P725 DNWLYLWHVLQLQ EDVNÕODQDPDPaVÕ\OD LOLúNLOL ROGX÷X 

EHOLUWLOPHNWHGLU. 6SRUDGLN NDQVHUOHUGH LVH, P725C1¶LQ downstreaminde 

EXOXQDQ YH K�FUH SUROLIHUDV\RQXQGDQ VRUXPOX RODQ 4E-BP1 proteinin 

GHUHJ�ODV\RQX LOH LOLúNLOL ROGX÷X LIDGH HGLOPHNWHGLU. EN RODUDN, P725 VLQ\DOLQL 

UHJ�OH HGHQ upstream SURWHLQOHULQLQ PXWDV\RQODUÕ LQGLUHNW RODUDN P725 DUDFÕOÕ 

VLQ\DOOHULQ V�UHNOL DNWLYDV\RQODUÕQÕ LQG�NOH\HELOPHNWHGLU. gUQHN RODUDN, 

P725C1¶LQ \D÷ DVLGL VHQWD] HQ]LPOHULQL LQGLUHNW RODUDN UHJ�OH HWWL÷L ve bunun 
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OLSLW EL\RJHQH]LQGHNL GHUHJ�ODV\RQ VRQXFX NDQVHU K�FUHOHULQLQ 

SUROLIHUDV\RQX\OD LOLúNLOL ROGX÷X EHOLUWLOPHNWHGLU (89, 90). 

.DQVHU K�FUHOHULQGH 3,3./ANW/P725 \ROD÷Õ VÕNOÕNOD GHUHJ�ODV\RQD 

X÷UDPDNWDGÕU. 0eme kaQVHULQGH 3,3./ANW/P725 \ROD÷ÕQÕQ WHUDS|WLN olarak 

hedeflenmesi XPXW YDDW HGHQ VRQXoODU YHUPHVLQH NDUúÕQ, \DSÕODQ oDOÕúPDODU, 

NDQVHU K�FUHOHULQLQ JHOLúWLULOHQ \HQL WHGDYL VWUDWHMLOHULQH NDUúÕ GLUHQo 

JHOLúWLUHELOGLNOHULQL J|VWHUPHNWHGLU. 

2.4. HER2+ Meme Kanseri Tedavi Stratejileri YH GHOLúHQ DLUHQo 
MHNDQL]PDODUÕ 

0HPH NDQVHUL VWDQGDUW WHGDYL \|QWHPL RODUDN FHUUDKL, KRUPRQ WHGDYLVL, 

VLVWHPLN NHPRWHUDSL YH/YH\D UDG\RWHUDSL VHoHQHNOHUL NXOODQÕOPDNWDGÕU (91). 

<HQL QHVLO WHGDYL \|QWHPOHUL DUDVÕQGD KHGHIH \|QHOLN PRQRNORQDO DQWLNRUODU, 

N�o�N PROHN�O LQELW|UOHUL YH LPP�QRWHUDSLOHU EXOXQPDNWDGÕU (92). HER2+ 

meme kanseriQH \|QHOLN, anti-+E52 DQWLNRUODUÕ (WUDVWX]XPDE YH SHUWX]XPDE 

JLEL) YH N�o�N PROHN�O WLUR]LQ NLQD] LQKLELW|UOHUL (ODSDWLQLE YH QHUDWLQLb gibi) dahil 

ROPDN �]HUH +E52 KHGHIOL WHGDYL VWUDMHOHUL JHOLúWLULOPHNWHGLU. +E52'QLQ K�FUH 

GÕúÕ OLJDQG ED÷ODQPD E|OJHVLQL hedefleyen bir monoklonal antikor olan 

trastuzumab, ilk olarak 1998 \ÕOÕQGD klinik olarak metastatik meme kanseri 

tedavisinde NXOODQÕPÕ FDA WDUDIÕQGDQ RQD\ODQGÕ. <DSÕODQ UDGRPL]H oDOÕúPDODU, 

+E52+ PHPH NDQVHUL DGMXYDQW NHPRWHUDSL\H HN RODUDN 1 \ÕOOÕN WUDVWX]XPDE 

NXOODQÕPÕQÕQ KDVWDOÕNVÕ] YH JHQHO VD÷NDOÕPÕ DUWWÕUGÕ÷ÕQÕ J|VWHUPHNWHGLU. 

*�Q�P�]GH, \�NVHN ULVNOL +E52+ PHPH NDQVHUL RODQ KDVWDODUGD, VWDQGDUW 

tedaviye +E52 GLPHUL]DV\RQ E|OJHVLQL KHGHIOH\HQ pertuzumab gibi 

monoklonal antikorlarla birlikte veya lapatinib, neratinib ve tucatinib gibi tirozin 

NLQD] LQKLELW|UOHUL\OH NRPELQH NXOODQÕPÕQD \|QHOLk oHúLWOL ID] oDOÕúPDODUÕ 

\DSÕOPDNWDGÕU (93-95). Ek olarak, mevcut anti-+E52 DMDQODUÕ LOH 3,3., CD.4 

YH CD.6 LQKLELW|UOHUL, VEGF (YDVN�OHU HQGRWHO\DO E�\�PH IDNW|U�) ve P725¶X 

KHGHIOH\HQ WHUDS|WLN DMDQODU YH\D LPP�QRWHUDS|WLNOHU (|UQ., AQWL-PD-L1 

DQWLNRUODUÕ) LOH NRPELQDV\RQODUÕQÕQ SUHNOLQLN oDOÕúPDODUÕ \DSÕOPDNWDGÕU (96-100). 
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Uygulanan tedavi stratejilerinin EDúDUÕOÕ ROPDODUÕQD UD÷PHQ ED]Õ NDQVHU 

W�UOHULQGH WHGDYL\H NDUúÕ GLUHQo JHOLúPHNWH YH SURJQR] N|W�\H HYULOPHNWHGLU 

(101). +E52+ PHPH W�P|UOHULQGH NXOODQÕODQ +E52 PRQRNORQDO DQWLNRUX RODQ 

WUDVWX]XPDEÕQ ED]Õ +E52+ W�P|rlerde EHOOL ELU ]DPDQ VRQUD GLUHQo 

ROXúWXUGX÷X EHOLUWLOPHNWHGLU. +E52 YH +E53¶�Q K�FUH GÕúÕ GRPDLQLQGHNL 

mutasyonlar VRQXFX W�P|U K�FUHOHULQLQ onkojenik potansiyeli artabilmektedir 

(102). 2OXúDQ EX PXWDV\RQODU YH HER2 ifadesinin DúÕUÕ HNVSUHV\RQX W�P|U 

K�FUHOHULQGH OLJDQGGDQ ED÷ÕPVÕ] +E52/+E53 KHWHURGLPHUL]DV\RQXnun 

ROXúXPXQD YH h�FUH LoL 3,3. \ROD÷ÕQÕQ V�UHNOL DNWLYDV\RQXQD \RO 

DoDELOPHNWHGLU (103, 104). Ek olarak, 3,3.'QÕQ NDWDOLWLN DOW ELULPLQL NRGOD\DQ JHQ 

RODQ 3,.3CA'QÕQ DNWLYH HGLFL PXWDV\RQODUÕ, E�\�PH IDNW|U� UHVHSW|U�QH OLJDQG 

ED÷ÕPVÕ] ED÷ODQDUDN VLQ\DO \ROD÷ÕQÕQ DNWLYH ROPDVÕQD \RO DoDELOLU. gWH \DQGDQ, 

37E1 W�P|U EDVNÕOD\ÕFÕ JHQLQ PXWDV\RQ YH/YH\D GHOHV\RQX yoluyla 

LQDNWLYDV\RQX, PHPH NDQVHUL GDKLO oHúLWOL W�P|U W�UOHULQGH \D\JÕQ RODUDN WHVSLW 

HGLOPHNWHGLU. 37E1 ND\EÕ, membranda 3,33 ELULNLPLQH QHGHQ ROXU, E|\OHFH 

3,3./ANW \ROD÷Õ V�UHNOL RODUDN DNWLYH RODELOPHNWHGLU (31, 105, 106) (ùHNLO 2.3). 

 

ùHNLO 2.3.  DLUHQo PHNDQL]PDVÕ: /LJDQG ED÷ÕPVÕ] VLQ\DO DNWLYDV\RQX (Hynes 

1.E. YH DH\ -.+., 2009¶GDQ (31) X\DUODQGÕ.) 
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BLU GL÷HU GLUHQo PHNDQL]PDVÕQÕQ, +E52 UHVHSW|U�Q�Q HNVWUDVHO�OHU 

E|OJHVLQLQ WUXQNDV\RQD X÷UDPDVÕ VRQXFX S95+E52 YDU\DQWÕQD G|Q�úPHVL 

olGX÷X EHOLUWLOPHNWHGLU. +�FUH GL]LOHUL �]HULQGH \DSÕODQ SUHNOLQLN oDOÕúPDODUGD 

EX PHNDQL]PDQÕQ +E52 DUDFÕOÕ VLQ\DO \ROD÷Õ PROHN�OOHUL RODQ 37E1, 3,3., 

P725, 0A3. YH 9E*F JHQOHUL ND\QDNOÕ ROGX÷X EHOLUWLOPHNWHGLU. AQFDN GRNX 

|UQHNOHUL LOH \DSÕODQ oDOÕúPDODU sonucunda, AKT, IGFR1, p27 Kip1 ve MUC4 

JHQOHULQLQ GLVUHJ�OH ROGXNODUÕ, |]HOOLNOH 373111 JHQLQLQ WUDVWX]XPDE 

LQN�EDV\RQX VRQXFX HQ ID]OD JHQHWLN GH÷LúLNOL÷H X÷UD\DQ PROHN�O ROGX÷X 

belirtilmektedir (5, 107, 108) (ùHNLO 2.4). 

 

ùHNLO 2.4.  DLUHQo PHNDQL]PDVÕ: S95 +E52 DUDFÕOÕ VLQ\DO DNWLYDV\RQX (Arribas 

-. YH DUN., 2011¶GHQ (108) X\DUODQGÕ.) 
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.DQVHU K�FUHOHULQLn WHGDYL\H NDUúÕ GLUHQo JHOLúLPLQH \RO DoDQ GLUHQo 

PHNDQL]PDODUÕQGDQ ELUL LVH, bypass PHNDQL]PDVÕGÕU. <DEDQÕO WLS UHVHSW|U 

WLUR]LQ NLQD] PROHN�OOHULQH VDKLS NDQVHU K�FUHOHULQLQ KHGHIOL WHGDYLOHUH NDUúÕ 

GX\DUOÕ ROGX÷X YH HWNLQ WHGDYL \DQÕWÕ DOÕQGÕ÷Õ ELOLQPHNWHGLU. AQFDN PXWDQW 

mROHN�OOHUGH, X\JXODQDQ WHGDYL VRQXFX K�FUH LoL VLQ\DO \ROD÷Õ, IDUNOÕ ELU WLUR]LQ 

NLQD] X\DUÕPÕ DUD\ÕFÕOÕ÷Õ\OD K�FUH LoL VLQ\DO DNWLYDV\RQXQX VWLP�OH HGHUHN, 

K�FUHQLQ VD÷NDOÕPÕ YH E�\�PHVLQL VD÷OD\DELOPHNWHGLU (109) (ùHNLO 2.5). 

 

ùHNLO 2.5.  DLUHQo PHNDQL]PDVÕ: 57. bypass PHNDQL]PDVÕ (Niederst M. ve 

EQJHOPDQ -.A., 2013¶WHQ (109) X\DUODQGÕ.) 
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+E52 KHGHIOL WHGDYL\H GLUHQo PHNDQL]PDODUÕQD LOLúNLQ HGLQLOHQ ELOJL KHU 

JHoHQ J�Q DUWPDVÕQD UD÷PHQ GLUHQo PHNDQL]PDODUÕ KHQ�] WDP RODUDN 

o|]�POHQHPHPLúWLU (110). HER2+ PHPH NDQVHULQLQ SDWRJHQH]LQLQ DOWÕQGD 

\DWDQ PROHN�OHU PHNDQL]PDODUÕQ GDKD L\L DQODúÕOPDVÕ, yeni tedavi strajelerinin 

JHOLúWLULOPHVLQe RODQDN VD÷ODPDNWDGÕU (111). +�FUH LoL VWUHV NRúXOODUÕQD NDUúÕQ 

DNWLYDV\RQX LOH K�FUH\H VD÷NDOÕP DYDQWDMÕ VD÷OD\DQ HEF2.¶QÕQ (gNDU\RWLN 

HORQJDV\RQ IDNW|U 2 NLQD]) NDQVHU K�FUHOHULQGH JHOLúHQ GLUHQo 

PHNDQL]PDODUÕQGDQ ELUL RODELOHFH÷L YH SRWDQVL\HO ELU KHGHI RODELOHFH÷L 

belirtilmektedir. gUQHN RODUDN, �oO� QHJDWLI PHPH NDQVHUL K�FUHOHULQGH, 

HEF2.'QÕQ VXVWXUXOPDVÕQGDQ VRQUD GRNVRUXELVLQH RODQ GLUHQFLQ D]DOGÕ÷Õ 

J|]OHmlendi. BunD J|UH HEF2. LQKLELV\RQX YH GRNVRUXELVLQ 

NRPELQDV\RQXQXQ, WHN EDúÕQD GRNVRUXELVLQ LQN�EDV\RQXQD RUDQOD GDKD HWNLOL 

WHUDS|WLN VRQXo VD÷ODGÕ÷Õ EHOLUWLOPHNWHGLU (18). <DSÕODQ oDOÕúPDODU, HEF2.'QÕQ 

NDQVHU K�FUHOHULQGH KHGHIOHQPHVLQLQ WHGDYL\H \|QHOLN |QHPOL ELU WHUDS|WLN 

RODFD÷Õ \|Q�QGHGLU (20, 21). +E52+ NDQVHU K�FUHOHULQGH HEF2.'QÕQ 

HNVSUHV\RQ G�]H\L YH DNWLYLWHVL KHQ�] ELOLQPHPHNWHGLU.    

2.5. gNDU\RWLN EORQJDV\RQ FDNW|U 2 KLQD] (eEF2K) YH gNDU\RWLN 
EORQJDV\RQ FDNW|U 2 (HEF2) 

2.5.1. <DSÕVDO g]HOOLNOHUL 

T�P K�FUHOHUGH |QHPOL ELU LNLQFL KDEHUFL olan kalsiyum, ELUoRN K�FUH LoL 

sinyal yolD÷ÕQÕQ PDM|U komponentidir. +�FUH LoL CD2+'GHNL GH÷LúLNOLNOHU, 

Q|URWUDQVPLWHU VDOÕQÕPÕ, LPP�Q K�FUH DNWLYDV\RQX, JHQ LIDGHVL YH K�FUH 

G|QJ�V� GDKLO ROPDN �]HUH ELUoRN EL\RORMLN V�UHFL G�]HQOHU (112, 113). Serbest 

Ca2+ PL\R]LQ, IRVIROLSD] A2 YH SURWHLQ NLQD] C JLEL ED]Õ SURWHLQOHUL GR÷UXGDQ 

DNWLYH HGHELOPHVLQH UD÷PHQ, ELUoRN HQ]LPLQ DNWLYLWHVLQL NDOPRG�OLQ (CD0)  gibi 

G�ú�N PROHN�O D÷ÕUOÕNOÕ Ca2+ ED÷OD\ÕFÕ SURWHLQOHU DUDFÕOÕ÷Õ\OD G�]HQOHU. CD0, KHU 

C- ve N- WHUPLQDO ROPDN �]HUH LNL DGHW JORE�lar loba sahiptir ve her lobun iki 

Ca+2 ED÷ODPD E|OJHVL ROPDVÕ VHEHEL\OH WRSODPGD 4 DGHW CD2+ 

ED÷ODyabilmektedir. Ca2+'un ED÷ODQPDVÕ, CD0'LQ konformasyonunu |QHPOL 

|Oo�GH GH÷LúWLULU YH Ca2+/CD0'LQ oHúLWOL SURWHLQ NLQD]lar GDKLO ROPDN �]HUH IDUNOÕ 

proteinlerle interaksiyonunu VD÷ODyabilir (114, 115). Ca2+/CD0 LOH X\DUÕODQ 
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SURWHLQ NLQD]ODU, |]J�QO�NOHULQH J|UH \DOQÕ]FD ELU YH\D D] VD\ÕGD VXEVWUDWÕ 

IRVIRULOH HGHQ VÕQÕUOÕ NLQD]ODU YH JHQLú VXEVWUDW VSHVLILWHVLQH VDKLS oRN 

fonksiyoQOX NLQD]ODU ROPDN �]HUH 2 VÕQÕID D\UÕOPDNWDGÕU (112).  

gNDU\RWLN HORQJDV\RQ IDNW|U 2 NLQD] (HEF2.), GL÷HU DGÕ LOH 

kalsiyum/kalmodulin-ED÷ÕPOÕ SURWHLQ NLQD] ,,, (CD0 NLQD]-III), tek bir proteini 

KHGHIOHPHVL (HEF2= gNDU\RWLN HORQJDV\RQ IDNW|U 2) VHEHEL\OH VÕQÕUOÕ NLQD]ODU 

NDWHJRULVLQGH \HU DOPDNWDGÕU. HEF2., 725 amino asit UH]LG�V�QH VDKLS, 95-103 

NDD D÷ÕUOÕ÷ÕQD VDKLS PRQRPHULN ELU NLQD] SURWHLQLGLU. øQVDQ 16S12.2 

NURPR]RPXQGD \HU DOPDNWDGÕU. HEF2 JHQL LQVDQ 19. NURPR]RPXQGD EXOXQDQ 

YH 9407 ED]GDQ ROXúDQ ELU JHQGLU. HEF2 SURWHLQL VLWRSOD]PDGD ORNDOL]H RODQ 

857 aminoasit reziG�V�QH VDKLS YH 95,2 NDD D÷ÕUOÕ÷D VDKLS ELU SURWHLQGLU. HEF2 

PROHN�O� GRPDLQ ,-II, domain III ve domain IV-9 ROPDN �]HUH 3 IDUNOÕ \DSÕVDO 

GRPDLQH VDKLSWLU. HEF2 SURWHLQ DPLQRDVLW GL]LVL PHPHOLOHU DUDVÕQGD \�NVHN 

RUDQGD (>%99) NRUXQPXúWXU. HEF2., HEF2 SURWHLQLQL 7KU56 UH]LG�V�QGHQ 

IRVIRULOOH\HUHN ULER]RPDO HORQJDV\RQX V�UHFLQL EDVNÕODPDNWDGÕU. HEF2., W�P|U 

K�FUHOHULQGH HQGRSOD]PLN UHWLNXOXP VWUHVL DUDFÕOÕ RWRIDML YH DSRSitozisi kontrol 

HGHQ NULWLN |QHPH VDKLS ELU PROHN�OG�U (116, 117). eEF2K, CaM-ED÷ODQPD 

E|OJHVL EXOXQDQ 1-WHUPLQDO Į-NLQD] NDWDOLWLN GRPDLQL, oHúLWOL IRVIRULODV\RQ 

UH]LG�OHULQLQ EXOXQGX÷X linker GRPDLQL YH HEF2 ED÷ODQPD E|OJHVLQLQ 

EXOXQGX÷X, Į-KHOLNDO WHNUDUODUÕQ EXOXQGX÷X C-terminal domaini (TPR-

EHQ]HUL=6E/1) ROPDN �]HUH 3 IDUNOÕ GRPDLQGHQ ROXúPDNWDGÕU (9, 118). eEF2K, 

ED]Õ GRNX\D |]J� L]RIRUPODU  ROPDVÕQD NDUúÕQ W�P |NDU\RWLN K�FUHOHUGH 

eksprese edilir. FL]\RORMLN NRúXOODU DOWÕQGD HEF2., ELOLQHQ WHN VXEVWUDWÕ RODQ 

HEF2¶\L IRVIRULOH Htmekte, K�FUHQLQ protein sentezi DúDPDVÕQGD enerjinin 

E�\�N oR÷XQOX÷XQX (>%99) W�NHWHQ mRNA translasyonu elongasyon 

DúDPDVÕQÕ EDVNÕODPDNWD, K�FUHQLQ HQHUML D]OÕ÷Õ YH/YH\D K�FUHVHO VWUHV JLEL 

oHúLWOL ROXPVX] NRúXOODU DOWÕQGD VD÷NDOPDVÕQÕ VD÷ODPDNWDGÕU (112, 119). eEF2K 

aktivasyonu, Ca2+/CD0 DUDFÕOÕ, HQHUML D]OÕ÷Õ GXUXPXQGD A03. DUDFÕOÕ, K�FUH LoL 

FA03 DUWÕúÕ\OD ELUOLNWH 3.A DUDFÕOÕ olarak, KLSRNVLN NRúXOODUGD YH\D G�ú�N 

S+¶GD GLUHNW RODUDN DNWLYH RODELOPHNWHGLU. øQGLUHNW RODUDN, 3,3./P725C1/66. 

veya cdc2 DUDFÕOÕ YH/YH\D Ras/Raf/ERK7p90RSK DUDFÕOÕ LQDNWLYH RODELOPHNWHGLU 

(120-122) (ùHNLO 2.6). 
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ùHNLO 2.6.  HEF2. \DSÕVÕ YH IRVIRULODV\RQ E|OJHOHUL (Tavares C.D.J. ve ark., 

2012¶GHQ (120) X\DUODQGÕ.) 

2.5.2. FRQNVL\RQHO g]HOOLNOHUL 

HEF2., HEF2 SURWHLQLQL IRVIRULOH HGHUHN SURWHLQ VHQWH]LQL UHJ�OH 

HWPHNWH YH SURWHLQ WUDQVODV\RQXQGD ULER]RPXQ *73 ED÷ÕPOÕ W51A-mRNA 

dupleks translokasyonunu LQG�NOHPHNWHGLU. BX VHEHSWHQ, HEF2.¶nÕQ 

LQKLELV\RQX SURWHLQ VHQWH]L �]HULQH QHJDWLI \|QGH HWNL HWPHNWHGLU. HEF2. 

ekspresyonu ubikitin-SURWHR]RP VLVWHPL DUDFÕOÕ÷Õ\OD GD LQKLEH HGLOHELOPHNWHGLU. 

HEF2. \ROD÷Õ, EHVLQ YH\D HQHUML D]OÕ÷Õ GXUXPODUÕQGD K�FUHVHO KRPHRVWD]Õ 

GHQJHOHPHN DGÕQD SURWHLQ VHQWH]LQLQ HORQJDV\RQ ID]ÕQGD WUDQVODV\RQX 

D]DOWPDNWDGÕU (10). 3URWHLQ WUDQVODV\RQX NRQWURO�QH HN RODUDN HEF2.¶QÕQ 

IL]\RORMLN K�FUH G|QJ�V� DUHVWL \DSDUDN K�FUH\L DSRSiWR]GDQ NRUXGX÷X, 

V�EYDQVH HGLOHPH\HQ \�NVHN IL]\RORMLN VWUHV NRúXOODUÕ DOWÕQGD SUR-apoptotik 

\ROD÷Õ LQG�NOH\HELOGL÷L LIDGH HGLOPHNWHGLU (123). 0RGHO RUJDQL]PDODUGD \DSÕODQ 

oDOÕúPDODUGD, RNVLGDWLI VWUHV LOLúNLOL VD÷OÕNVÕ] RRVLWOHULQ JHOLúLPL DúDPDVÕQGD 

HEF2.¶QÕQ DSRSiWR]X LQG�NOHGL÷L, VD÷OÕNOÕ NRúXOODU DOWÕQGD HEF2.¶QÕQ ;,A3 (X-

linked inhibitor of apoptosis protein) ve c-FLIP (cellular FLICE-inhibitory 

protein) anti-DSRSWRWLN SURWHLQOHU DUDFÕOÕ DSRSiWR]X EDVNÕODGÕ÷Õ J|VWHULOPHNWHGLU 

(124).  
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+�FUHGHNL EHVLQ D]OÕ÷Õ YH\D K�FUHVHO HQHUMLQLQ D] ROGX÷X GXUXPODUGD, 

\DSÕVDO RODUDN \�NVHN RUDQGD NRUXQPXú oHúLWOL VLQ\DO PROHN�OOHUL 

etkilenPHNWHGLU. 2OXúDQ EX VWUHVL EDVNÕODPDN DPDFÕ\OD, EHVLQ YH HQHUML W�NHWHQ 

DQDEROLN V�UHoOHULQ DQLGHQ GXUPDVÕQÕ LoHUHQ HQWHJUH YH X\DUODQDELOLU ELU \DQÕWOD 

VRQXoODQÕU. BX \DQÕWÕ HEF2. DUDFÕOÕ UHJ�OH HGHQ P725C1 YH A03. (5ƍ-

adenozin monofosfat (AMP) ile aktive HGLOPLú SURWHLQ NLQD]) LNL PDM|U VHQV|U 

proteinidir (16, 17, 125).  +�FUHVHO VWUHV GXUXPXQGD QRUPDO K�FUH, K�FUHVHO 

HQHUMLQLQ E�\�N ELU NÕVPÕQÕ W�NHWHQ V�UHo RODQ SURWHLQ VHQWH]LQL EDVNÕODPDN 

DPDFÕ\OD A03. YH/YH\D P725C1 DUDFÕOÕ HEF2. DNWLYDV\RQXQX DUWWÕUDUDN 

HEF2 SURWHLQ DNWLYDV\RQXQX EDVNÕODU YH EXQXQ VRQXFXQGD SURWHLQ 

WUDQVODV\RQX X]DPD EDVDPD÷ÕQGD GXUGXUXOXU. A03.¶QÕQ K�FUHGHNL SURWHLQ 

VHQWH]LQL EDVNÕODPDVÕ GLUHNW RODUDN HEF2. DNWLYDV\RQX Lle ve/veya indirekt 

RODUDN P725C1 VLQ\DO LQDNWLYDV\RQX LOH JHUoHNOHúHELOPHNWHGLU (126). A\QÕ 

adaptif mekanizPD D1A KDVDUODUÕ VRQXFX JHOLúHQ JHQRWRNVLN VWUHV GXUXPXQGD 

(127, 128), \R÷XQ KLSRNVLN NRúXO (129) YH/YH\D G�ú�N S+ (130) GXUXPODUÕQGD 

GD ROXúDELOPHNWHGLU (ùHNLO 2.6). 

 

ùHNLO 2.7.  HEF2. DNWLYDV\RQXQX UHJ�OH HGHQ VLQ\DOOHU YH X\DUDQODU (Liu R. 

YH 3URXG *., 2016¶GDQ (11).X\DUODQGÕ)  
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+LSRWHUPLN NRúXOODU DOWÕQGD VLWR]ROLN CD2+ YH A03 PLNWDUÕ DUWPDNWD YH 

bu durumda HEF2. YH A03. IRVIRULODV\RQX DUWPDNWDGÕU. BX GXUXP K�FUH\L 

ROXPVX] NRúXOODU DOWÕQGD K�FUHVHO HQHUML W�NHWLPLQL UHJ�OH HGHUHN NRUXPDNWDGÕU 

(131). BX PHNDQL]PDQÕQ AODVND¶GD \DúD\DQ Rana sylvatica W�U� NXUED÷DODUÕQ 

LVNHOHW NDVODUÕQGD QRUPDOLQ on NDWÕ NDGDU ID]OD ROGX÷X ve bu sayede 

NXUED÷DODUÕQ X]XQ V�UH GRQXN ELU KDOGH \DúDPODUÕQÕ V�UG�UHELOGLNOHUL YH 

VR÷X÷D NDUúÕ GLUHQoOL ROGXNODUÕ EHOLUWLOPHNWHGLU (132). 

HEF2. DNWLYLWHVL YH HEF2'QLQ IRVIRULODV\RQX, Q|URQODUGD YH EH\LQGH 

oHúLWOL X\DUDQODU WDUDIÕQGDQ VWLP�OH ROPDNWDGÕU. 1|URQDO DNWLYLWHQLQ SRVW-

VLQDSWLN E|OJHGH HEF2. LOH UHJ�OH ROGX÷X EHOLUWLOPHNWHGLU (133). 

Depolarizas\RQ VRQXFX GHQGULWOHUGHNL DUWDQ NDOVL\XP G�]H\L LOH ELUOLNWH DNWLYH 

RODQ HEF2.¶QÕQ BDNF (brain-derived neurotrophic factor), Arc (activity-

regulated cytoskeletal-associated protein), CaMKII (kalsiyum/kalmodulin 

ED÷ÕPOÕ SURWHLQ NLQD] ,,), ve 0A31B (PLNURW�E�O-assosiye protein 1B) 

SURWHLQOHULQL KHGHIOH\HUHN VLQDSWLN SODVWLVLWH\L UHJ�OH HWWL÷L EHOLUWLOPHNWHGLU. BX 

GXUXPD HN RODUDN, HEF2.¶QÕQ NDOVL\XP ED÷ÕPVÕ] DNWLYDV\RQ PHNDQL]PDVÕQD 

VDKLS ROGX÷X ELOLQPHNWH YH G�ú�N NDOVL\XP G�]H\LQGH GH DNWLYH ROGX÷X 

belirtilmektedir (134). .HWDPLQ JLEL 10DA UHVHSW|U LQKLELW|UOHULQLQ VLQDStik 

JHoLúL NXYYHWOHQGLUHUHN DQWL-GHSUHVDQW HWNLQOL÷L ROXúWXUDELOHFH÷L 

G�ú�Q�OPHNWHGLU. 1|URQDO DNWLYLWHGHNL URO� JHUH÷L HEF2. LQKLELW|UOHULQLQ GH 

EHQ]HU úHNLOGH VLQDSWLN JHoLúL DUWWÕUGÕ÷Õ YH GHSUHV\RQ JLEL oHúLWOL PHQWDO YH\D 

HSLOHSVL, AO]KHLPHU JLEL Q|URORMLN UDKDWVÕ]OÕNODUGD HWNLQ ELU WHGDYL VHoHQH÷L 

ROXúWXUDELOHFH÷L EHOLUWLOPHNWHGLU (135-137). 

.DOS \HWPH]OL÷L YH\D NDUGL\DN KLSHUWURIL VRQXFX JHOLúHQ JOXNR] 

deprivasyonunda, kardiyomi\REODVW K�FUHOHULQGH HEF2. HNVSUHV\RQXQXQ 

DUWWÕ÷Õ J|VWHULOPHNWHGLU. HEF2.¶QÕQ LIDGHVLQGHNL DUWÕú LOH ELUOLNWH A03. 

DNWLYDV\RQX JHUoHNOHúPHNWHGLU. A03.¶QÕQ DOW \RODN SURWHLQL RODQ 8/.1 (Unc-

51 Like Autophagy Activating Kinase 1) IRVIRULODV\RQX VRQXFX K�FUHOHUGH 

RWRIDMLQLQ LQG�NOHQGL÷L YH EX VD\HGH K�FUHOHULQ DSRSiWR]GDQ NRUXQGX÷X 

J|VWHULOPHNWHGLU (138). 



 23 

FL]\RORMLN NRúXOODUGD HEF2. LQKLELW|U�Q�Q G�] NDV K�FUHOHULQGH 

SRWDV\XP NDQDOODUÕQÕ DoDUDN K�FUHGH YDzodilatas\RQD \RO DoWÕ÷Õ 

J|VWHULOPHNWHGLU. 6SRQWDQ KLSHUVHQVLWLI UDW PRGHOLQGH \DSÕODQ oDOÕúPDGD, 71F-

Į (7�P|U QHNUR] IDNW|U� DOID) DUDFÕOÕ HEF2. LIDGHVLQLQ UHDNWLI RNVLMHQ W�UOHUL 

(526) ED÷ÕPOÕ YDVN�OHU LQIODPDV\RQX WHWLNOHGL÷L, EXQXQ VRQXFXQGD LVH 

endotelyal disfRQNVL\RQXQ DUWPDVÕ\OD ELUOLNWH KLSHUWURIL YH KLSHUWDQVL\RQ 

JHOLúWL÷L J|VWHULOPHNWHGLU (139). BX GXUXP KLSHUWDQVL\RQ JLEL NDUGL\RYDVN�OHU 

KDVWDOÕNODUGD HEF2. LQKLELW|UOHULQLQ WHGDYL\H \|QHOLN HWNL ROXúWXUDELOHFH÷LQL 

G�ú�QG�UPHNWHGLU (140). 

2.5.3. KDQVHU H�FUHOHULQGH HEF2K¶nÕQ 5RO� 

HEF2., W�P|U PLNURoHYUHVLQLQ D\ÕUW HGLFL |]HOOLNOHUL RODQ KLSRNVLN RUWDP, 

G�ú�N S+, EHVLQ D]OÕ÷Õ, JOLNROLWLN, HQGRSOD]PLN UHWLNXOXP YH SURWHRWRNVLN VWUHV 

JLEL oHúLWOL K�FUH VWUHVOHUL DOWÕQGD YH DPLQR DVLWOHU JLEL HQHUML YH\D EHVLQ 

WDVDUUXIX ROXúWXUDUDN W�P|U K�FUHVLQLQ KD\DWWD NDOPDVÕQD DGDSWLI RODUDN NDWNÕ 

VD÷ODPDNWDGÕU (141-143). HEF2. D\QÕ ]DPDQGD NDQVHU K�FUHOHULQGH, K�FUH 

G|QJ�V� SURJUHV\RQXQX, RWRIDML\L YH DSRSiWR]X UHJ�OH HWPHNWHGLU. FDUNOÕ 

NDQVHUOHUGH ROGX÷X JLEL KHSDWRVHOO�OHU NDUVLQRP (+CC) K�FUHOHULQGH HEF2. 

ifadesinin \�NVHN ROGX÷X ELOLQPHNWHGLU. <DSÕODQ oDOÕúPDGD, FLVSODWLQ (CDD3) 

ile kombine edilen calyxin Y LQN�EDV\RQX VRQXFX, ubikitin-proteozom sistemi 

LQG�NOHQHUHN HEF2.µnÕQ EDVNÕODQPDVÕ YH bu sayede K�FUHQLQ VD÷ODPÕú ROGX÷X 

DGDSWLI VD÷NDOÕP PHNDQL]PDODUÕQÕQ LQKLELV\RQX VD÷ODQPÕúWÕU. DX\DUOÕ YH 

GLUHQoOL +CC K�FUHOHULQH \|QHOLN X\JXODQDQ WHGDYL VWUDWHMLVLQLQ WHNOL WHGDYL\H 

RUDQOD GDKD HWNLOL ROGX÷X EHOLUWLOPHNWHGLU (144, 145) (ùHNLO 2.8). 
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ùHNLO 2.8.  .DQVHU K�FUHOHULQGH HEF2. DUDFÕOÕ DGDSWLI VD÷NDOÕP PHNDQL]PDVÕ 

(/HSULYLHU *. YH 6RUHQVHQ 3.+., 2014¶WHQ (21) X\DUODQGÕ.) 

HEF2. DNWLYDV\RQXQXQ NDQVHU K�FUHOHULQLQ PHWDVWD] YH 

miJUDV\RQXQGD URO R\QDGÕ÷Õ ELOLQPHNWHGLU (146). +CC K�FUHOHULQGH \DSÕODQ 

oDOÕúPDGD, HEF2.¶nÕQ VL51A LOH VXVWXUXOPDVÕ VRQXFX 3,3., ANW Ye STAT 

DNWLYDV\RQODUÕQÕQ D]DOGÕ÷Õ J|VWHULOPLúWLU. HEF2.¶nÕQ VXVWXUXOPDGÕ÷Õ NRQWURO 

|UQHNOHULQGH 9E*F LQN�EDV\RQX\OD ELUOLNWH 3,3., Akt ve STAT ifadelerinin 

DUWWÕ÷Õ DQFDN VL51A LOH HEF2.¶nÕQ VXVWXUXOGX÷X |UQHNOHUGH EX SURWHLQOHULQLQ 

LIDGHVLQLQ DUWPDGÕ÷Õ VRQXFXQD XODúÕOPÕúWÕU (147). 3DUDOHO ELoLPGH, RYHU NDQVHUL 

�]HULQGH \DSÕODQ oDOÕúPDGD VL51A LOH HEF2¶QLQ KHGHIOHQPHVL VRQXFX 3,3./ANW 

\ROD÷ÕQÕQ GHUHJ�OH ROGX÷X YH K�FUH SUROLIHUDV\RQXQXQ DUWWÕ÷Õ EHOLUWLOPHNWHGLU 

(148). hoO� QHJDWLI PHPH NDQVHUL K�FUHOHULQGH \DSÕODQ oDOÕúPDGD NDQVHU 

K�FUHOHULQLQLQ SUROLIHUDV\RQX, PLJUDV\RQX YH LQYD]\RQX DúDPDVÕQGD |QHPOL URO 
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R\QD\DQ F2;01 (FRUNKHDG BR[ 01) WUDQVNULSV\LRQ IDNW|U�Q�Q HEF2.¶\Õ 

UHJ�OH HWWL÷L EHOLUWLOPHNWHGLU. F2;01¶LQ VL51A LOH VXVWXUXOPDVÕ VRQXFX HEF2. 

protein ifadesi ile birlikte, siklin D1, Src, MAPK-E5. \ROD÷Õ SURWHLQOHULQLQ 

LIDGHVL EDVNÕODQPÕúWÕU. .DQVHU K�FUHOHULQGH F2;01/HEF2. \ROD÷ÕQÕQ 

KHGHIOHQPHVL LOH K�FUHOHULQ VD÷NDOÕP DYDQWDMÕ VD÷OD\DPDGÕNODUÕ YH EX 

sebeSWHQ |W�U� SRWDQVL\HO ELU KHGHI RODELOHFH÷L EHOLUWLOPHNWHGLr (149). Ek 

RODUDN, W�P|U EDVNÕOD\ÕFÕ bir miRNA olan miR-34D¶QÕQ F2;01/HEF2. \ROD÷ÕQÕ 

KHGHIOHGL÷L YH �oO� QHJDWLI PHPH NDQVHUL WHGDYLVLQH \|QHOLN SRWDnsiyel bir 

WHUDS|WLN RODUDN NXOODQÕODELOHFH÷L LIDGH HGLOPHNWHGLU (150). 5HQDO K�FUHOL 

NDUVLQRPGD HEF2. LIDGHVLQLQ DUWWÕ÷Õ, PL5-877¶QLQ W�P|U EDVNÕOD\ÕFÕ bir miRNA 

IRQNVL\RQXQD VDKLS ROGX÷X YH HEF2.¶Õ KHGHIOH\HUHN K�FUH SUROLIHUDV\RQXQX 

YH PLJUDV\RQXQX EDVNÕODGÕ÷Õ EHOLUWLOPHNWHGLU (151).  

HEF2.¶QÕQ NDQVHU K�FUHOHULQGH RWRIDMLN DNWLYLWH\L DUWWÕUGÕ÷Õ YH EX VD\HGH 

NDQVHU K�FUHOHULQe VD÷NDOÕP DYDQWDMÕ ROXúWXUGX÷X EHOLUWLOPHNWHGLU. .olon 

NDQVHUL K�FUHOHULQGH HEF2.-AMPK-8/.1 DUDFÕOÕ RWRIDMLQLQ LQG�NOHQPHVL\OH 

ELUOLNWH NDQVHU K�FUHOHULQLQ VD÷NDOÕP DYDQWDMÕ VD÷ODGÕ÷Õ YH K�FUH 

proliferasyonunu arttÕUGÕ÷Õ LIDGH HGLOPHNWHGLU (152). Fare embriyonik fibroblast 

K�FUHOHULQGH \DSÕODQ oDOÕúPDGD, RWRIDMLQLQ HEF2.¶GHQ ED÷ÕPVÕ] ELU ELoLPGH, 

stres sonucu AMPK¶ÕQ aktivasyonu ve mTORC1¶LQ inhibisyonuna ED÷ÕPOÕ 

ROXúWX÷X LIDGH HGLOPHNWHGLU (153). miR-4487 ve miR-595¶LQ HEF2.-ULK1 

aUDFÕOÕ RWRIDMLN DNWLYDV\RQX UHJ�OH HWWL÷L EHOLUWLOPHNWHGLU (154). g]DIDJHDO 

VNXDPR] K�FUHOL NDUVLQRPODUGD HEF2. DúÕUÕ HNVSUHV\RQXQXQ K�FUH 

proliferasyonu, invazyon ve migrasyonu ile NRUHODV\RQ J|VWHUGL÷L belirtilmekte, 

HEF2.¶QÕQ VXVWXUXOPDVÕ LOH K�FUHOHUGH RWRIDMLQLQ D]DOGÕ÷Õ, apopitozun ve 

UDG\RWHUDSL\H GX\DUOÕOÕ÷ÕQ DUWWÕ÷Õ LIDGH HGLOPHNWHGLU. BX ED÷ODPGD, |]DIDJHDO 

VNXDPR] K�FUHOL NDUVLQRPGD HEF2.¶QÕQ SRWDQVL\HO ELU KHGHI RODELOHFH÷i 

belirtilmektedir (155). Ek olarak, E5 VWUHVL DOWÕQGD D1A KDVDUÕ LOH LQG�NOHQHELOLU 

transkript 4 proteini (DD,74) DUDFÕOÕ HEF2. SURWHLQLQLQ 6HU398 UHVLG�V� 

IRVIRULOOHQHUHN RWRIDML LQG�NOHQGL÷L EHOLUWLOPHNWHGLU. Bu sayede, metabolik stres 

DOWÕQGD NDQVHU K�FUHOHUL NRUXQPXú ROXU. BX ED÷ODPGD, HEF2. LQKLELW|U� RODUDN 

NHI125 (1-benzyl-3-cetyl-2-methylimidazolium iodide), NDQVHU K�FUHOHULQH 

NDUúÕ HWNLOL DQWL-SURIOLIHUDWLI HWNL J|VWHUHQ ELU DMDQ RODUDN NXOODQÕOPDNWDGÕU. 
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<DSÕODQ oDOÕúPDODU 1+125¶LQ PHNDQLVWLN RODUDN HEF2. LQKLELV\RQXnun aksine, 

eEF2 deIRVIRULODV\RQX LOH HWNL VD÷ODGÕ÷ÕQÕ J|VWHUPHNWHGLU. g]HOOLNOH PHPH 

kanserinde, glioma ve pankreas kanserinde anti-SUROLIHUDWLI HWNL J|VWHUPHVL 

VHEHEL\OH, HEF2. |QHPOL WHUDS|WLN ELU KHGHI RODUDN GLNNDW oHNPHNWHGLU (116).  

BD]Õ W�P|UOHUGH HEF2. JHQLQGH PXWDV\RQ PH\GDQD JHOGL÷L LIDGH 

HGLOPHNWHGLU. gUQHN RODUDN HEF2. linker domainindeki Thr348 mutasyonu 

HEF2.¶nÕQ RWRIRVIRULODV\RQXQX HWNLOHPHNWHGLU. BX PXWDV\RQ VRQXFX, 

eEF2K'nÕQ HEF2'\H NDUúÕ DNWLYLWHVL DUWPDNWDGÕU. HEF2.'nÕQ NDQVHU K�FUHOHULQL 

EHVLQ DoOÕ÷ÕQD NDUúÕ NRUXPD\D \DUGÕPFÕ ROGX÷X J|] |Q�QH DOÕQGÕ÷ÕQGD, EX 

PXWDV\RQ, NDQVHU K�FUHOHULnin VD÷NDOPDVÕ LoLQ |QHPOL ELU DYDQWDM 

ROXúWXUPDNWDGÕU (156, 157). 

7�P|U GRNXVXQGD \R÷XQ RODUDN DNWLYH RODQ VLQ\DOOHULQGHQ ELUL P725C1 

DUDFÕOÕ JHUoHNOHúPHNWHGLU. 7�P|U K�FUHVL, besin ve/YH\D HQHUML D]OÕ÷Õ 

GXUXPXQGD KÕ]OÕ ELU ELoLPGH A03. LIDGHVLQL DUWWÕUÕU, P725C1 LIDGHVLQL D]DOWÕU 

YH EX VD\HGH HEF2. DNWLYDV\RQXQX DUWWÕUDUDN DGDSWLI ELU PHNDQL]PD 

ROXúWXUDELOLU. 2OXPVX] NRúXOODU DOWÕQGD \R÷XQ RQNRMHQLN VLQ\DOLQ EDVNÕODQPDVÕ 

W�P|U K�FUHVLQH VD÷NDOÕP DYDQWDMÕ VD÷ODPDNWDGÕU. BX DGDSWLI PHNDQL]PD\Õ 

JHUoHNOHúWLUHPH\HQ W�P|U K�FUHVL DSRSitoza gitmektedir (21, 158). mTOR 

LQKLELW|U� RODQ UDSDPLVLQ, mTORC1±S6K±eEF2K±HEF2 \ROD÷ÕQÕ 

hedefleyerek, APC (Adenomatozis polipozis koli)  PXWDV\RQX RODQ ED÷ÕUVDN 

NULSW DGHQRP K�FUHOHULQLQ IDUNOÕODúPDVÕQa YH K�FUH E�\�PHVLQLQ 

EDVNÕODQPDVÕQD QHGHQ ROPDNWDGÕU. APC PXWDV\RQXQGDQ ND\QDNOÕ NRORUHNWDO 

NDQVHU ULVNL RODQ NLúLOHUGH WHUDS|WLN RODUDN UDSDPLVLQ NXOODQÕPÕQÕQ ID\GDOÕ 

RODELOHFH÷L LIDGH HGLlmektedir (159). +RUPRQ UHVHSW|U SR]LWLI 190 PHPH 

NDQVHUL KDVWDVÕQGD SURWHLQ WUDQVODV\RQX PHNDQL]PDVÕQGD URO R\QD\DQ 

SURWHLQOHU �]HULQGH \DSÕODQ oDOÕúPDGD, \�NVHN S66, S4E-B31, HEF2. YH G�ú�N 

SGFG4 LIDGHVLQLQ N|W� SURJQR] LOH LOLúNLOL ROGX÷X J|VWHULOPHNWHGLU. BX NDSVDPGD, 

belirlenen protein ifadelerine sahip olan hastalarda PI3./P725 \ROD÷Õ LQKLELW|U 

NXOODQÕPÕQÕQ WHGDYL\L GHVWHNOH\LFL |QHPOL ELU DMDQ RODELOHFH÷L EHOLUWLOPHNWHGLU 

(160). p53/PTEN dual mutant �oO� QHJDWLI meme kanseri fare modelinde 

\DSÕODQ oDOÕúPDGD, Akt SURWHLQ LIDGHVL \�NVHN RODQODUGD HEF2. LQKLELW|UOHULQLQ  
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W�P|U SURJUHV\RQXQX EDVNÕODGÕ÷Õ DQFDN Akt SURWHLQ LIDGHVL G�ú�N RODQODUGD 

HEF2. LQKLELW|U�QH NDUúÕ GLUHQo ROXúWX÷X EHOLUWLOPHNWHGLU (161).  

HEF2.¶D \|QHOLN oHúLWOL N�o�N PROHN�O LQKLELW|UOHUL WDVDUODQPDNWDGÕU. 

HEF2.¶D \|QHOLN WHUDS|WLNOHULQ PHPH NDQVHULQGH DSRSiWR]X LQG�NOHGL÷L YH 

W�P|U SURJUHV\RQXQX EDVNÕODGÕ÷Õ J|VWHULOPLúWLU (162). AQFDN EX GXUXPD ]ÕW 

olarak, HEF2.¶\D KHGHIOH\HQ N�o�N PROHN�O LQKLELW|UOHUL IDUNOÕ VRQXoODUD \RO 

DoPDNWDGÕU. gUQHN RODUDN, 1+125 LVLPOL DMDQÕQ K�FUHOHU YH in vivo oDOÕúPDODUGD 

EDúWD LQKLELV\RQ J|VWHUGL÷L DQFDN ]DPDQ LoHULVLQGH HWNLQOL÷LQL ND\EHWWL÷LQL 

J|VWHrmektedir. Bu durumun aksine, A-484954 isimli ilk jenerasyon eEF2K 

LQKLELW|U DMDQÕQÕQ, oHúLWOL K�FUH GL]LOHULQGH GDKD HWNLQ LQKLELV\RQ VD÷ODGÕ÷Õ 

belirtilmektedir. Benzer durum anti-YLUDO LODoODU LoLQ de JHoHUOLGLU. /RSLQDYLU JLEL 

anti-YLUDO LODoODUÕQ A03.-HEF2. DUDFÕOÕ SURWHLQ VHQWH]LQL EDVNÕODGÕ÷Õ 

J|VWHULOPLúWLU (163). dHúLWOL DQWL-YLUDO LODoODUÕQ, |]HOOLNOH FDA RQD\OÕ YH +,9 

WHGDYLVLQGH NXOODQÕODQ SURWHD] LQKLELW|U� RODQ QHOILQDYLULQin, kanser 

K�FUHOHULQGH HEF2. IRVIRULODV\RQXQX DUWWÕUGÕ÷Õ J|VWHULOPLúWLU. eEF2K 

IRVIRULODV\RQX\OD ELUOLNWH NDQVHU K�FUHOHULQLQ DSRSiWR]D JLWWL÷L YH NDQVHU 

SURJUHV\RQXQX D]DOWWÕ÷Õ EHOirtilmektedir (164, 165).  

HEF2.¶\D \|QHOLN NXOODQÕODQ N�o�N PROHN�O LQKLELW|U DNWLYLWHOHULQLQ 

DQDOL]OHUL LoLQ NXOODQÕODQ EL\RNLP\DVDO YH K�FUHVHO deney sistemleri yetersiz 

NDOPDNWDGÕU. BX DPDoOD, IORUHVDQ YH OXPLQHVDQ deney sistemleri LOH oHúLWOL 

HEF2. LQKLELW|UOHULQLQ HWNLOHUL \�NVHN oÕNWÕOÕ J|U�QW�OHPH \|QWHPi (HTS, High 

Throughput Screen) LOH DQDOL] HGLOPLúWLU. 6R[ (soxtide) WHPHOOL LúDUHWOHPH 

\|QWHPLnin, GDKD |QFHNL GHQH\OHUGH NXOODQÕODQ *67 LúDUHWOHPH \|QWHPLQH 

oranla daha etkin oDOÕúWÕ÷Õ EHOLUWLOPHNWHGLU. 6R[ NURPRIRU-modifiye peptit 

VXEVWUDWODUÕQÕQ úeODV\RQ NXYYHWOHQGLULOPLú (chelation-enhanced) floresan 

IRVIRULODV\RQX DQDOL]OHULQGH KDVVDVL\HWLQLQ GDKD ID]OD ROGX÷X EHOLUWLOPHNWHGLU. 

Sox-WHPHOOL SHSWLG DNWLYH ROGX÷X ]DPDQ 0J+ LOH ED÷ODQPD DILQLWHVL 

DUWPDNWDGÕU. BX SUHQVLS LOH, NLQD] DNWLYLWHVL DQDOL] HGLOPHNWHGLU (166). 
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2.6. APDo 

HER2 eksprese eden meme kanseri K�FUHOHULQGH HEF2.'QÕQ 

HNVSUHV\RQ G�]H\L YH +E52 DNWLYDV\RQX LOH LOLúNLOL K�FUH LoL VLQ\DO \ROD÷Õ LOLúNLVL 

KHQ�] ELOLQPHPHNWHGLU. BX oDOÕúPDGD, +E52 UHVHSW|U�QH |]J�O monoklonal 

DQWLNRU RODQ WUDVWX]XPDE LOH LQN�EH HGLOPLú +E52 eksprese eden meme 

NDQVHUL K�FUH dizilerinde, +E52 DUDFÕOÕ RQNRMHQLN VLQ\DO \ROD÷Õ LOH eEF2K 

DUDVÕQGDNL fonksiyonel LOLúNLQLQ LQFHOHQPHVL DPDoODQPDNWDGÕU. 
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3. GE5Ed 9E <gN7EM 

BX WH] oDOÕúPDVÕQGD NXOODQÕODQ W�P PDO]HPHOHU YH FLKD]ODU, E�W�Q 

GHQH\OHULQ \�U�W�OG�÷� +DFHWWHSH hQLYHUVLWHVL .DQVHU EQVWLW�V� 7HPHO 

Onkoloji Anabilim DDOÕ DUDúWÕUPD ODERUDWXYDUÕQGD EXOXQPDNWDGÕU. 

3.1 Kimyasal Maddeler, Kitler ve Tamponlar 

BX WH] oDOÕúPDVÕQGD NXOODQÕODQ NLP\DVDO PDGGHOHULQ, NLWOHULQ YH 

WDPSRQODUÕQ DGODUÕ YH �UHWLOGLNOHUL ILUPDODUÕQ DGODUÕ DúD÷ÕGD VÕUDODQPDNWDGÕU 

(Tablo 3.1). 

Tablo 3.1. Kimyasal maddeler, kitler ve tamponlar 

h5h1 AD, h5E7øCø AD, YH h5E7ø/Døöø h/.E 

Phospho-EGF Receptor (Tyr1068) 

(D7A5) XP� Rabbit mAb primer 

antikor #3777S 

Cell Signaling Technology- ABD 

EGF Receptor (C74B9) mAb primer 

antikor #2646S 

Cell Signaling Technology- ABD 

Phospho-HER2/ErbB2 

(Tyr1221/1222) (6B12) Rabbit mAb 

primer antikor #2243S 

Cell Signaling Technology- ABD 

HER2/ErbB2 (D8F12) XP� Rabbit 

mAb primer antikor #4290S 

Cell Signaling Technology- ABD 

Phospho-HER3/ErbB3 (Tyr1289) 

(21D3) Rabbit mAb primer antikor 

#4791S 

Cell Signaling Technology- ABD 

HER3/ErbB3 (D22C5) XP� Rabbit 

mAb primer antikor #12708S 

Cell Signaling Technology- ABD 
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Tablo 3.1. Kimyasal maddeler, kitler ve tamponlar (Devam) 

Phospho-eEF2k (Ser366) Antibody 

primer antikor #3691S 

Cell Signaling Technology- ABD 

eEF2k Antibody primer antikor 

#3692S 

Cell Signaling Technology- ABD 

Phospho-eEF2 (Thr56) Antibody 

primer antikor #2331S 

Cell Signaling Technology- ABD 

eEF2k Antibody primer antikor 

#2332S 

Cell Signaling Technology- ABD 

Phospho-p70 S6 Kinase (Thr389) 

(108D2) Rabbit mAb primer antikor 

#9234S 

Cell Signaling Technology- ABD 

p70 S6 Kinase (49D7) Rabbit mAb 

primer antikor #2708S 

Cell Signaling Technology- ABD 

Phospho-Akt (Thr308) (D25E6) 

XP� Rabbit mAb primer antikor 

#13038S 

Cell Signaling Technology- ABD 

Phospho-Akt (Ser473) (D9E) 

XP� Rabbit mAb primer antikor 

#4060S 

Cell Signaling Technology- ABD 

Akt (pan) (C67E7) Rabbit mAb 

primer antikor #4691S 

Cell Signaling Technology- ABD 

Phospho-Cyclin D1 (Thr286) 

(D29B3) XP� Rabbit mAb primer 

antikor #3300S 

Cell Signaling Technology- ABD 
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Tablo 3.1. Kimyasal maddeler, kitler ve tamponlar (Devam) 

Cyclin D1 (92G2) Rabbit mAb 

primer antikor #2978S 

Cell Signaling Technology- ABD 

p21 Waf1/Cip1 (12D1) Rabbit mAb 

primer antikor #2947S 

Cell Signaling Technology- ABD 

p27 Kip1 (D69C12) XP� Rabbit 

mAb primer antikor #3686S 

Cell Signaling Technology- ABD 

Caspase-3 (8G10) Rabbit mAb 

primer antikor #9665S 

Cell Signaling Technology- ABD 

PARP (46D11) Rabbit mAb primer 

antikor #9532S 

Cell Signaling Technology- ABD 

ADAM10 Antibody primer antikor 

#14194S 

Cell Signaling Technology- ABD 

PhosphoPlus� A03.Į (7KU172) 

Antibody Duet primer antikor 

#8208S 

Cell Signaling Technology- ABD 

GAPDH (14C10) Rabbit mAb 

primer antikor #2118S 

Cell Signaling Technology- ABD 

ȕ-Actin (13E5) Rabbit mAb primer 

antikor #4970S 

Cell Signaling Technology- ABD 

Anti-rabbit IgG, HRP-linked 

Antibody sekonder antikor #7074S 

Cell Signaling Technology- ABD 

Herceptin� (Trastuzumab) Roche - øVYLoUH 

Leibovitz L-15 Medium Biological Industries - øVUDLO 
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Tablo 3.1. Kimyasal maddeler, kitler ve tamponlar (Devam) 

DMEM (Dulbecco's Modified Eagle 

Medium) Medium 

Biological Industries - øVUDLO 

RPMI (Roswell Park Memorial 

Institute)-1640 Medium 

Biological Industries - øVUDLO 

DMEM:F12 Medium Biological Industries - øVUDLO 

FB6 (F|WDO DDQD 6HUXPX) Biological Industries - øVUDLO 

L-glutamin Biological Industries - øVUDLO 

Penisilin/Streptomisin Biological Industries - øVUDLO 

7ULSVLQ ED7A 6RO�V\RQX A 

(0.25%), EDTA (0.02%) 

Biological Industries - øVUDLO 

EZ-PCR Mikoplazma Kiti Biological Industries- øVUDLO 

PBS (Phosphate Buffered Saline) Biological Industries- øVUDLO 

TBS (Tris Buffered Saline) Bio-Rad - ABD 

Tween-20 (%10) Bio-Rad - ABD 

10x Tris/Glycine/SDS Bio-Rad - ABD 

Bovine Serum Albumin Standart 

Seti 

Bio-Rad - ABD 

4; /DHPPOL gUQHN 7DPSRQX Bio-Rad - ABD 

Trans-Blot Turbo RTA Transfer Kit, 

Mini, PVDF, for 40 Blots 

Bio-Rad - ABD 
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Tablo 3.1. Kimyasal maddeler, kitler ve tamponlar (Devam) 

Mini-PROTEAN TGX Gels, 10 

gels/box, 4-20% resolving gels 

Bio-Rad - ABD 

Super Signal West-femto Maximum 

Sensitivity Substrate 

Thermo Scientific - ABD 

+DOW� 3URWHDVH DQG 3KRVSKDWDVH 

inhibitor cocktail 

Thermo Scientific - ABD 

5,3A 7DPSRQ 6RO�V\RQX Thermo Scientific - ABD 

3DJH5XOHU� 3UHVWDLQHG 3URWHLQ 

Ladder 
Thermo Scientific - ABD 

3LHUFH� BCA 3URWHLQ AVVD\ .LW Thermo Scientific - ABD 

CHOO7UDFH� CF6E CHOO 3UROLIHUDWLRQ 

Kit 

Thermo Scientific - ABD 

ȕ-merkaptoetanol Sigma Aldrich - ABD 

Etil alkol (Etanol) Sigma Aldrich - ABD 

Tripan Mavisi Sigma Aldrich - ABD 

Thiazolyl Blue Tetrazolium Bromide 

(MTT) 

Sigma Aldrich - ABD 

6D6 (6RG\XP GRGHVLO V�OIDW) Sigma Aldrich - ABD 

DMF (N,N-Dimethylformamide) Isolab - Almanya 

BlueBlock PF (10x) Serva - Almanya 

DLPHWLO V�OIRNVLW (DMSO) Serva - Almanya 
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3.2 Aletler ve Cihazlar 

BX WH] oDOÕúPDVÕQGD NXOODQÕODQ DOHWOHULQ YH FLKD]ODUÕQ DGODUÕ YH 

�UHWLOGLNOHUL ILUPDODUÕQ DGODUÕ DúD÷ÕGD VÕUDODQPDNWDGÕU (Tablo 3.2). 

Tablo 3.2. Aletler ve cihazlar 

h5h1 AD, h5E7øCø AD, YH h5E7ø/Døöø h/.E 

.RGDN *HO /RJLF 1500 *|U�QW�OHPH 

Sistemi 

Carestream Healty Inc.-ABD 

Faz/Kontrast Mikroskop Olympus-øQJLOWHUH 

EW�Y Heraeus-Almanya 

2WRPDWLN dDONDOD\ÕFÕ  Heidolphy-Almanya 

6R÷XWPDOÕ 0LNURVDQWULI�M Eppendorf-Almanya 

Spektrofotometre Spectramax-ABD 

-80 �C DHULQ DRQGXUXFX Thermo Electron-ABD 

6DQWULI�M Heraeus-Almanya 

-196 6ÕYÕ A]RW 7DQNÕ Taylor Wharton- ABD 

BX] PDNLQDVÕ Scotsman AF200-øQJLOWHUH 

Trans-Blot Membran Transfer 

Sistemi 

Bio-Rad - ABD 

EOHNWURIRUH] *�o .D\QD÷Õ Bio-Rad - ABD 

EOHNWURIRUH] *�o .D\QD÷Õ Amerscham 

-HO <�U�WPH 7DQNÕ Bio-Rad - ABD 
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Tablo 3.2. Aletler ve cihazlar (Devam) 

-HO <�U�WPH 7DQNÕ Amerscham 

Hassas Terazi Denver Instrument-ABD 

Vorteks Clofton Cycline-øQJLOWHUH 

DLVWLOH 6X CLKD]Õ GFL-Almanya 

dDONDOD\ÕFÕ GFL-Almanya 

,VÕWPD BOR÷X Techne Dri Bloc-øQJLOWHUH 

0DQ\HWLN .DUÕúWÕUÕFÕ Ika RH Basic-Almanya 

dHNHU 2FDN hQLWHVW-7�UNL\H 

DLNH\ ANÕPOÕ +DYD .DELQL Thermo-Electron-ABD 

Su Banyosu GFL-Almanya 

+4 oC 6R÷XN 2GD Alarko Carrier-7�UNL\H 

+4 oC BX]GRODEÕ Bosch-Almanya 

-20 oC Derin Dondurucu Bosch-Almanya 

7KRPD /DPÕ Neubauer-ABD 

RTCA iCELLigence Sistemi  Acea - ABD 

BD FAC6AULD ,, CHOO 6RUWHU ANÕP 

Sitometri 
Becton Dickinson - ABD  
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3.3 H�FUH K�OW�U� 

dDOÕúPD NDSVDPÕQGD +E52 ekspresyonu olan PHPH NDQVHUL K�FUH 

dizileri olan BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 

NXOODQÕOGÕ. +�FUHOHU 25 FP2 ve/veya 75 cm2 IODVN LoHULVLQGH, %10¶OXN I|WDO GDQD 

serumu (FBS), %1 antibiyotik (Penisilin/Streptomisin) (100 IU penisilin ve 100 

�g/ml streptomisin) ve %1 L-JOXWDPLQ LoHUHQ D0E0 (DXOEHFFR¶V 0RGLILHG 

Eagle Medium) (SKBR-3 K�FUH dizisi LoLQ), 530,-1640 (Roswell Park Memorial 

Institute) (MDA-MB-361 ve BT-474 K�FUH dizileri LoLQ), D0E0:F12 (0DA-MB-

453 K�FUH dizisi LoLQ) YH\D Leibovitz L-15 (UACC-893 K�FUH dizisi LoLQ) tam 

EHVL\HUL RUWDPÕQGD 37 oC %5 CO2¶OLN HW�YGH oR÷DOWÕOGÕ. +HU 3 J�QGH ELU EHVL 

\HUL GH÷LúWLULOGL, WHN WDEDND KDOLQGH E�\�\HQ K�FUHOHULQ GROXOXN RUDQODUÕ �%70¶H 

XODúWÕ÷ÕQGD WULSVLQL]DV\RQ \DSÕODUDN SDVDMODQGÕ. +�FUHOHULQ \R÷XQOXN WD\LQL 

ID]/NRQWUDVW PLNURVNREX LOH \DSÕOGÕ. +�FUHOHULQ LON SDVDMÕ DúDPDVÕQGD, NUD\RYLDO 

W�S EDúÕQD 1 [ 106 K�FUH/PO RODFDN úHNLOGH NRQXOGX YH GDKD VRQUDNL GHQH\OHUGH 

NXOODQÕOPDN �]HUH VÕYÕ D]RW WDQNÕQGD PXKDID]D HGLOGL. 3. LOH 11. SDVDjlar 

DUDVÕQGDNL K�FUHOHU NXOODQÕODUDN GHQH\OHU \�U�W�OG�. 8\JXQ SDVDM VD\ÕVÕQD YH 

GHQH\OHUGH NXOODQÕODFDN PLNWDUD XODúDQ K�FUHOHU NDOGÕUÕOGÕNWDQ VRQUD WULSDQ 

PDYLVL LOH ER\DQGÕ YH 7KRPD /DPÕ NXOODQÕODUDN ÕúÕN PLNURVNREX YDVÕWDVÕ\OD 

VD\ÕOGÕ. 

3.4. Mikoplazma Testi 

dDOÕúPD NDSVDPÕQGD NXOODQÕODQ K�FUH dizilerinin, K�FUH LoL EDNWHUL 

(PLNRSOD]PD) NRQWDPLQDV\RQX WD\LQL DPDFÕ\OD PLNRSOD]PD WHVWL X\JXODQGÕ. 

+�FUHOHULQ GROXOXN RUDQODUÕ �%70¶H XODúWÕ÷ÕQGD EHVL\HULQGHQ 1 PO |UQHN 

DOÕQDUDN, 1,5 PO¶OLN GHQH\ W�S� LoHULVLQH NRQXOGX. AOGÕ÷ÕPÕ] |UQHN +4 oC'de 

2000 USP'GH 90 VDQL\H VDQWULI�M HGLOGL. 6DQWULI�M VRQUDVÕ ROXúDQ V�SHUQDWDQW 

D\UÕ ELU W�SH DOÕQGÕ YH SHOOHW DWÕOGÕ. AOÕQDQ V�SHUQDWDQW 14000 USP'GH 10 VDQL\H 

VDQWULI�M HGLOGL. BX LúOHPGHQ VRQUD V�SHUQDWDQW SLSHW LOH oHNLOHUHN DWÕOGÕ. 7�S�Q 

DOW NÕVPÕQGD ROXúDQ SHOHW 25 �O PLNRSOD]PD WDPSRQ VRO�V\RQX LoHULVLQGH 

V�VSDQVH KDOH JHWLULOGL. 6�VSDQVL\RQ 95 oC'ye getiriOPLú NXUX EORN �]HULQGH 3 

GDNLND LQN�EH HGLOGL. BX DúDPDGDQ VRQUD EZ-PCR 0LNRSOD]PD NLWLQGH |QHULOHQ 

PLNWDUODUGD |UQHN W�S, SR]LWLI NRQWURO W�S� YH QHJDWLI NRQWURO W�S� RODUDN 



 37 

KD]ÕUODQGÕ. 3ROLPHUD] ]LQFLU UHDNVL\RQX VRQXQGD W�SOHULQ LoHULVLQGHNL �U�QOHU 

%2'OLN DJDUR] MHOH \�NOHQGL YH PLNRSOD]PD YDUOÕ÷Õ NRQWURO HGLOGL. dDOÕúPD 

NDSVDPÕQGD NXOODQÕODQ K�FUH dizisi |UQHNOHULQGH PLNRSOD]PD NRQWDPLQDV\RQX 

ROPDGÕ÷Õ J|]OHPOHQGL. 

3.5. øODo 8\JXODPDVÕ 

HER2 ekspresyonu olan PHPH NDQVHUL K�FUH dizileri MTT ve western 

EORW GHQH\OHUL LoLQ WUDVWX]XPDE (+HUFHSWLQ�) LOH LQN�EH HGLOdi. MTT deneyinde 

NXOODQÕODFDN GHQH\ GR] DUDOÕNODUÕ OLWHUDUW�UGHNL oDOÕúPDODU VRQXFX EHOLUOHQdi 

(167-170). Trastuzumab, K�FUH dizileri LoLQ NXOODQÕODQ WDP besiyeri ile 5-10-20-

40-80 �J/PO test NRQVDQWUDV\RQODUÕ WD]H RODUDN KD]ÕUODQDUDN VLWRWRNVLVLWH 

GHQH\OHUL \DSÕOGÕ. +�FUHOHU LODo LOH 48 VDDW YH 72 VDDW ROPDN �]HUH LNL IDUNOÕ VDDW 

NRúXOXQGD WHVW HGLOGL. 077 VLWRWRNVLVLWH GHQH\L VRQXFX W�P K�FUH dizileri LoLQ 

belirlenen 10 �J/PO trastuzumab dozu, ZHVWHUQ EORW GHQH\L LoLQ NXOODQÕOGÕ.  

3.6. MTT Sitotoksisite Testi 

077 \|QWHPL, FDQOÕ K�FUHOHULQ PLWRNRQGUL\DO V�NVLQDW GHKLGURJHQD]ODUÕ 

DUDFÕOÕ÷Õ\OD o|]�Q�U PHWLO-tiyazol-WHWUD]RO\XP WX]XQX, o|]�QPH\HQ IRUPD]DQD 

G|Q�úW�UPHVL YH o|]�QPH\HQ EX NULVWDOOHULQ 6D6 LOH VXGD o|]�Q�U KDOH 

JHWLULOPHVL LOH ROXúDQ UHQN úLGGHWLQLQ NRORULPHWULN RODUDN |Oo�P� HVDVÕQD 

GD\DQDQ ELU VLWRWRNVLVLWH WHVWLGLU. BHOLUOHQHQ LODo GR]ODUÕQÕQ 48 YH 72 VDDWOLN 

LQN�EDV\RQODUÕ VRQUDVÕQGD 077, 3B6 LoLQGH 5 PJ/PO RODFDN úHNLOGH o|]�OHUHN 

KD]ÕUODQGÕ. 077¶QLQ 4 VDDWOLN LQN�EDV\RQXQGDQ VRQUD HNVWUDNVL\RQ WDPSRQX 

RODUDN, %45 D0F (DLPHWLOIRUPDPLG) LoLQGH o|]�OP�ú %23 6D6 (6RG\XP 

G|GHVLO V�OIDW) o|]HOWLVL (S+= 4.7) NXOODQÕOGÕ. D0F/6D6 LOH 24 VDDWOLN V�UH 

VRQXQGD o|]�QHQ IRUPD]DQ NULVWDOOHUL NX\XODUGD IRUPD]DQÕQ \R÷XQOX÷XQD 

J|UH UHQN GH÷LúLPOHUL ROXúWX. 5HQN GDQVLWHOHUL, SODND WHPHOOL VSHNWURIRWRPHWUH 

DUDFÕOÕ÷Õ\OD 570 QP GDOJD ER\XQGD RNXQGX. 7HN EDúÕQD D0F/6D6 RSWLN 

dansitesi blank RODUDN NXOODQÕOGÕ. øODoVÕ] NRQWURO NX\XODUÕ �]HULQGHQ LODoVÕ] 

NX\XODUÕQ QRUPDOL]DV\RQX \DSÕODUDN GR]ODUÕQ K�FUH FDQOÕOÕ÷ÕQD olan etkileri 

analiz edildi. 
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3.7. PURWHLQ LL]DWODUÕQÕQ HD]ÕUODQPDVÕ 

BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 K�FUHOHUL, 

N�OW�U RUWDPÕQGD oR÷DOWÕOPDVÕ DúDPDVÕQGDQ 725 IODVNODUÕQ KHU ELULQH 200.000 

± 1.000.000 K�FUH HNLOGL. +�FUHOHULQ NX\X ]HPLQOHULQH \DSÕúPDVÕ LoLQ 37 oC¶GH 

%5 CO2¶OLN HW�YGH 24 VDDW LQN�EDV\RQ JHUoHNOHúWLULOGL. 24 VDDW VRQUD IODVN 

LoHULVLQGH EXOXQDQ WDP EHVL\HUOHUL oHNLOGL. BX DúDPDGDQ VRQUD, VHUXP DoOÕ÷Õ 

NRúXOX X\JXODQPDVÕ DPDFÕ\OD VHUXPVX] EHVL\HUL HNOHQGL. 24 VDDW EHNOHQGLNWHQ 

VRQUD |UQHN IODVNODUD, EHVL\HUL LoLQGH KD]ÕUODQDQ 10 ȝJ/PO trastuzumab 

HNOHQHUHN 6 YH 48 VDDW ROPDN �]HUH LNL IDUNOÕ GHQH\ V�UHVL ER\XQFD LQN�EH 

ediOGL. øODoVÕ] NRQWURO |UQHNOHULQH VDGHFH EHVL\HUL HNOHQGL. øQN�EDV\RQGDQ 

VRQUD IODVNODUGDNL EHVL\HUL oHNLOGL YH IODVNODU VR÷XN 3B6 LOH \ÕNDQGÕ. 

DHYDPÕQGD 3B6 oHNLOGL, 400 ȝO  OL]LV WDPSRQX (RIPA, Proteaz&Fosfataz 

LQKLELW|U NRNWH\OL, ED7A) LOH IODVN LoHULVLQGH EXOXQDQ K�FUHOHU OL]LV HGLOGL YH 

K�FUH OL]DWODUÕ HOGH HGLOGL. 

3.8. Protein Kantitasyonu 

:HVWHUQ EORW GHQH\LQGH NXOODQÕODFDN RODQ SURWHLQ OL]DWODUÕQÕQ, SURWHLQ 

PLNWDUODUÕQÕQ WD\LQL DPDFÕ\OD BCA Protein Assay Kit ile protein kantitasyonu 

\DSÕOGÕ. D�] WDEDQOÕ 96 NX\XOX SODNWD EXOXQDQ NX\XODUD 10¶DU �O protein lizat 

|UQHNOHULQGHQ HNOHQGL. 3URWHLQ VWDQGDUWÕ RODUDN, 2 mg/ml, 1,5 mg/ml, 1 mg/ml, 

0,75 PJ/PO, 0,5 PJ/PO, 0,25 PJ/PO YH 0,125 PJ/PO ROPDN �]HUH WRSODPGD 7 

IDUNOÕ NRQVDQWUDV\RQGD BSA (Bovine Serum Albumin) proteini NXOODQÕOGÕ. Blank 

RODUDN OL]LV WDPSRQX NXOODQÕOGÕ. Her bir protein standarGÕ, |UQHN protein lizatODUÕ 

YH EODQN RODUDN NXOODQÕlan OL]LV WDPSRQX �]HULQH 200 �O NLW LoHULVLQGH EXOXQDQ 

BCA 3URWHLQ AVVD\ .LW A:B (50:1 RUDQÕQGD) VRO�V\RQ NDUÕúÕPÕ eklendi. 

DHYDPÕQGD, 96 NX\XOX SODN NDUDQOÕN RUWDPGD YH 37 oC VÕFDNOÕkta 30 dakika 

LQN�EH HGLOGL. øQN�EDV\RQ DúDPDVÕQGDQ VRQUD renk dansiteleri, plaka temelli 

VSHNWURIRWRPHWUH DUDFÕOÕ÷Õ\OD 562 QP GDOJD ER\XQGD RNXQGX. Western blot 

GHQH\OHULQGH KHU ELU |UQHkten 20 �J SURWHLQ NXOODQÕODFD÷ÕQGDQ GROD\Õ, elde 

HGLOHQ GH÷HUOHU 20 �J WRWDO SURWHLQ PLNWDUÕ LoLQ LKWL\Do GX\XODQ KDFLP RODUDN 

KHVDSODQGÕ. :HVWHUQ EORW GHQH\LQH EDúODPDGDQ |QFH W�P SURWHLQ OL]DWODUÕQD 

4x laemmli \�NOHPH WDPSRQX 3:1 RUDQÕQGD HNOHQdi. 
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3.9. Western Blot 

3URWHLQ NDQWLWDV\RQODUÕ LúOHPLQGHQ VRQUD \�NOHQHFHN SURWHLQ 

NRQVDQWUDV\RQODUÕ EHOLUOHQPLú SURWHLQ OL]DWODUÕQÕQ, 95 oC¶\H JHWLULOPLú RODQ NXUX 

ÕVÕWPD EOR÷X LoHULVLQGH 5 GDNLND LQN�EH HGLOHUHN GHQDW�UDV\RQODUÕ VD÷ODQGÕ. 

3URWHLQ GHQDW�UDV\RQX DúDPDVÕQGDQ VRQUD, OL]DW LoHULVLQGH EXOXQDQ IDUNOÕ 

D÷ÕUOÕ÷D (NDD) VDKLS SURWHLQOHULQ %4-20 precast poliakrilamid jel LoHULVLQGH 

HOHNWURIRUH] LOH \�U�W�OHUHN D\UÕúPDVÕ VD÷ODQGÕ. <�U�WPH LúOHPL 5 GN. 50 9. 

DUGÕQGDQ 85 GN. 100 9. RODUDN JHUoHNOHúWLULOGL. Bu DúDPD WDPDPODQGÕNWDQ 

VRQUD, MHO LoHULVLQGH D÷ÕUOÕNODUÕQD J|UH D\UÕúDQ SURWHLQOHULQ, MHOGHQ 39DF 

PHPEUDQD WUDQVIHUL VD÷ODQGÕ. 7UDQVIHU LúOHPL 3 GN. 25 9. RODUDN JHUoHNOHúWLULOGL. 

7UDQVIHU DúDPDVÕQGDQ VRQUD PHPEUDQÕQ, 1X BlueBlock PF blokasyonu 

VRO�V\RQX LoHrisinde 1 VDDW V�UHVLQFH, RGD VÕFDNOÕ÷ÕQGD YH 100 USP KÕ]D 

D\DUODQPÕú oDONDOD\ÕFÕ �]HULQGH EORNDV\RQX JHUoHNOHútirildi. BX DúDPDGDQ 

sonra, membran primer antikor ile muamele edildi. DHQDW�UH ROPXú SURWHLQOHULQ 

WHN ELU GHWHUPLQDQWÕQÕ \�NVHN DILQLWH YH |]J�OO�NWH WDQÕ\DQ PRQRNORQDO 

DQWLNRUODU KHGHIOHGL÷LPL] SURWHLQOHULQ (p-EGFR/EGFR, p-HER2/HER2, p-

HER3/HER3, p-AKT/AKT, p-S6K/S6K, p-eEF2K/eEF2K, p-eEF2/eEF2, p-

siklin D1/siklin D1, p-AMPK/AMPK, p27, p21, ADAM10, PARP ve Kaspaz 3) 

WD\LQL LoLQ NXOODQÕOGÕ. KontroO SURWHLQL RODUDN ȕ-aktin veya GAPDH NXOODQÕOGÕ. 

3ULPHU DQWLNRU LQN�EDV\RQX 50 USP KÕ]GDNL oDONDOD\ÕFÕGD, 4 oC¶GD 18 VDDW 

V�UHVLQFH \DSÕOGÕ. 3ULPHU DQWLNRU LQN�EDV\RQXQGDQ VRQUD, 1; 7B6-T ile 

PHPEUDQ 3 GHID 10¶DU GDNLND 100 USP KÕ]GDNL oDONDOD\ÕFÕGD \ÕNDQGÕ. 

DHYDPÕQGD, PHPEUDQ \�]H\LQGHNL DQWLNRUODUD VSHVLILN RODUDN ED÷ODQDQ primer 

antikorODUÕQ J|U�QW�OHQHELOPHVL LoLQ +53 (Horseradish peroksidaz) konjuge 

SULPHU DQWLNRUXQ �UHWLOGL÷L RUJDQL]PD\D NDUúÕ (anti-rabbit) �UHWLOPLú VHNRQGHU 

DQWLNRU LOH LQN�EDV\RQ DúDPDVÕQD JHoLOdi. 6HNRQGHU DQWLNRU LQN�EDV\RQX RGD 

VÕFDNOÕ÷ÕQGD 100 USP KÕ]GDNL oDONDOD\ÕFÕGD 1 VDDW V�UHVLQFH \DSÕOGÕ. 6HNRQGHU 

DQWLNRU LQN�EDV\RQXQGDQ VRQUD 1; 7B6-7 LOH PHPEUDQ 3 GHID 10¶DU GDNLND 

100 USP KÕ]GDNL oDONDOD\ÕFÕGD \ÕNDQGÕ. Son olarak, sekonder antikorun 

ED÷ODQPÕú ROGX÷X SURWHLQOHULQ NHPROXPLQHVDQV ÕúÕPD \DSDELOPHVL LoLQ, 

VHNRQGHU DQWLNRUD NRQMXJH +53¶GH EXOXQDQ SHURNVLGD] HQ]LPLQLQ VXEVWUDWÕ 

RODQ OXPLQRO LoHUHQ EC/ (Enhanced chemiluminescence) VRO�V\RQX NXOODQÕOGÕ. 
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EC/ LQN�EDV\RQX SURWHLQ LIDGHVL YH DQWLNRU \R÷XQOX÷XQD ED÷OÕ RODUDN 10 VQ. ± 

5 GN. DUDOÕ÷ÕQGD JHUoHNOHúWLULOGL. 6RQ RODUDN, NHPRO�PLQHVDQV J|U�QW�OHPH LOH 

HOGH HGLOHQ EDQWODUÕQ GDQVLWRPHWULN \R÷XQOXNODUÕ J|U�QW�OHPH VLVWHPL LOH tespit 

edildi. Relatif bant dansiteleri Fiji (ImageJ) X\JXODPDVÕ LOH EHOLUOHQGL. 

3.10. [CHOOLJHQFH AUDFÕOÕ GHUoHN-=DPDQOÕ H�FUH PUROLIHUDV\RQ 
Analizi 

*HUoHN-]DPDQOÕ K�FUH DQDOL] VLVWHPL, DOWÕQ EL\RVHQV|U PLNURHOHNWURWODU 

NXOODQDUDN HOHNWULNVHO HPSHGDQV |OoPHNWHGLU. BX VLVWHPLQ K�FUH VD÷OÕ÷Õ YH 

GDYUDQÕúÕ �]HULQH ]DUDUÕ ROPDGÕ÷Õ J|VWHULOdi (171). +�FUH VD\ÕVÕQÕQ DUWÕúÕ, 

HPSHGDQVÕ GH÷LúWLUPHNWHGLU. BX VD\HGH GH JHUoHN-]DPDQOÕ NDQWLWDWLI K�FUH 

DQDOL]L \DSÕODELOPHNWHGLU. BX X\JXODPDODU LoLQ K�FUHQLQ LúDUHWOHQPHVL GH 

gerekmemektedir (172). BX oDOÕúPDGD, 57CA 63 [CHOOLJHQFH 6LVWHPL (ACEA, 

6DQ DLHJR, CA, ABD) NXOODQÕODUDN GLQDPLN YH JHUoHN-]DPDQOÕ K�FUH 

proliferasyonu incelendi. *HUoHN-]DPDQOÕ K�FUH DQDOL] VLVWHPL LoLQGHNL DOWÕQ 

PLNURHOHNWURWODUÕQ HPSHGDQVÕ, LoLQGH K�FUH EXOXQPD\DQ WDP K�FUH EHVL\HUL 

NXOODQÕODUDN |Oo�OG�. DHYDPÕQGD B7-474, MDA-MB-361, MDA-MB-453 ve 

SKBR-3 K�FUH dizileri E-plakaya ekildi. UACC-893 K�FUH dizisi E�\�PH 

RUWDPÕQÕQ C22 JD] GH÷LúLPLQGHQ HWNLOHQPHVL YH EX VHEHSWHQ GHQH\VHO 

SURVHG�UH X\JXQ ROPDPDVÕQGDQ |W�U� DQDOL]L JHUoHNOHúWLULOHPHdi. +�FUHOHULQ 

SODND\D WXWXQPDODUÕ LoLQ 24 VDDW LQN�EH HGLOGL. BX V�UHQLQ VRQXQGD GH÷LúHQ 

NRQVDQWUDV\RQODUGD NRQWURO NX\XODUÕQD VDGHFH EHVL\HUL, WHVW NX\XODUÕQD LVH 10 

�J/PO trastuzumab eklendi. ENOHQHQ LODo YDUOÕ÷ÕQGD K�FUHOHULQ SUROLIHUDV\RQX 

WDNLS HGLOHUHN WRSODP 240 VDDWOLN SUROLIHUDV\RQ NLQHWL÷L LQFHOHQdi. Prolifere olan 

K�FUHOHU, ³E-SODWH´H WXWXQDQ WRSODP K�FUH VD\ÕVÕQÕ DUWWÕUGÕ÷Õ LoLQ HPSHGDQV 

GH÷LúPHNWHGLU. BX \|QWHPOH GLQDPLN K�FUH SUROLIHUDV\RQX NLQHWL÷L WHVSLW 

HGLOPLú YH IDUNOÕ ]DPDQ QRNWDODUÕQGDNL ³K�FUH LQGHNVOHUL (C,)´ KHVDSODQGÕ. 

3.11. CF6E H�FUH PUROLIHUDV\RQX 7HVWL 

CF6E K�FUH E|O�QPHVL WDNLS NLWL NXOODQÕODUDN \DSÕODFDN DNÕP VLWRPHWUL 

\|QWHPL LOH, K�FUHOHULQ LODo LQN�EDV\RQX VRQXFX SUROLIHUDV\RQ SDWHUQOHULndeki 

GH÷LúLNOLNOHU LQFHOHQdi. DHQH\VHO EDVDPDNODU NLWLQ |QHUGL÷L DGHUDQ K�FUH 
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SURWRNRO�QH J|UH \DSÕOGÕ. BX GR÷UXOWXGD K�FUHOHU �%75 \R÷XQOX÷D 

JHOGLNOHULQGH NDOGÕUÕOGÕ. 5 �M CFSE oDOÕúPD VRO�V\RQX ile, LoHULVLQGH 1-10 

PLO\RQ K�FUH EXOXQDQ 1 PO K�FUH V�VSDQVL\RQX NDUÕúWÕUÕOGÕ. DHYDPÕQGD, 20 

dakika 37 oC¶GH LQN�EH HGLOHFHN. DHYDPÕQGD, VÕYÕ PLNWDUÕQÕQ 5 NDWÕ NDGDU %10 

FB6 LoHUHQ EHVL\HUL HNOHQdi. +�FUHOHU IODVNODUD HNLOGL YH K�FUHOHULQ IODVN 

WDEDQÕQD WXWXQPDVÕ LoLQ \DNODúÕN ELU J�Q EHNOHQGL. EUWHVL J�Q 10 �J/PO 

WUDVWX]XPDE HNOHQGL. CF6E |QFHVL K�FUH doubling V�UHOHUL B7-474 LoLQ a65 

saat, MDA-MB-361 LoLQ a62 VDDW, 0DA-MB-453 LoLQ a57 VDDW, 6.B5-3 LoLQ a69 

saat ve UACC-893 LoLQa56 VDDW RODUDN EHOLUOHQdi. +�Frelerinde en az bir double  

JHoLUPHOHULQH GLNNDW HGLOGL. BX amaola, W�P K�FUHOHU LODo LOH 120 saat LQN�EH 

edildi. øODo LOH LQN�EDV\RQ V�UHVL VRQXQGD, K�FUHOHU NDOGÕUÕOGÕ YH 3B6 LoHULVLQGH 

UHV�VSanse edildi.  6RQ RODUDN LODo X\JXODPDVÕ YH CF6E LQN�EDV\RQX \DSÕOPÕú 

HER2 ekspresyonu olan PHPH NDQVHUL K�FUH dizilerinin protokolde belirtilen 

GDOJD ER\XQGD (ENVLWDV\RQ/EPLV\RQ: 492»517 QP) DNÕP VLWRPHWUL FLKD]ÕQGD 

|Oo�POHUL \DSÕOGÕ. 

3.12. Biyoenformatik Analiz 

dDOÕúPD NDSVDPÕQGD �o IDUNOÕ YHUL VHWL �]HULQGHQ PHWD-analiz 

JHUoHNOHúWLULOdi. øONL, Cancer Cell Line Encyclopedia (CCLE) (173) veri setinde 

HER2+ meme kanseri olan BT-474, MDA-MB-361, MDA-MB-453 SKBR-3 ve 

UACC-893 K�FUH dizilerinin belirlenen 20 gen setindeki bazal ekspresyonlar 

incelendi. Belirlenen genler: ADAM10, AKT1, AKT2, AKT3, CASP3, CCND1A 

(siklin D1), CDKN1A (p21), CDKN1B (p27), EEF2, EEF2K, EGFR, ERBB2 

(HER2), ERBB3 (HER3), MTOR, PARP1, PIK3CA, PRKAA1 (AMPKĮ1), 

PRKAA2 (AMPKĮ2), PTEN ve 5366.A1 (S7066.)¶GLU. Gen seti analizi Broad 

Institute Morpheus (https://software.broadinstitute.org/morpheus) \D]ÕOÕPÕ 

DUDFÕOÕ÷Õ\OD ROXúWXUXOdu.  

øNLQFL RODUDN, CCLE 51A VHNDQV YHUL VHWL NXOODQÕOGÕ. Veri setinde HER2+ 

meme kanseri olan BT-474, MDA-MB-361, MDA-MB-453 SKBR-3 ve UACC-

893 K�FUH GL]LOHULQLQ EHOLUOHQHQ 20 JHQ VHWLQGHNL ED]DO ekspresyonlar incelendi. 

EN RODUDN, 4 IDUNOÕ +E52 eksprese eden PHPH NDQVHUL K�FUH GL]LVL (B7-474, 

MDA-MB-453, SKBR-3 ve UACC-893) YH 4 IDUNOÕ �oO� QHJDWLI PHPH NDQVHUL 



 42 

K�FUH GL]LVL (B7-20, HCC38, MDA-MB-231 ve MDA-MB-468) bazal gen 

ekspres\RQODUÕ KEGG (174) ve GSEA (175, 176) DQDOL] VLVWHPOHUL NXOODQÕODUDN 

NDUúÕODúWÕUÕOGÕ. KEGG DQDOL]LQGH KVDB04012 YH KVDB04152 \RODNODUÕ NXOODQÕOGÕ. 

GSEA analizinde ise, 135 gen profiline sahip go_translational_elongation ve 

37 gen profilline st_p38_mapk_pathway PROHN�OHU LP]D YHUL VHWOHUL NXOODQÕOGÕ. 

ho�QF� YHUL VHWLQGH LVH, D\QÕ K�FUH dizileri ve gen setleri, Gene 

Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/) veri 

WDEDQÕQGD EXOXQDQ *6E48216 (177, 178) RNA sekans YHUL VHWL �]HULQGH ED]DO 

JHQ HNVSUHV\RQODUÕ LQFHOHQdi. RNA VHNDQV YHUL VHWLQLQ Q�PHULN KHVDSODPDODU 

7hBø7A. 8/A.Bø0, <�NVHN BDúDUÕP YH *ULG +HVDSODPD 0HUNH]L'QGH 

(758BA ND\QDNODUÕQGD) YH Galaxy (179) VXQXFXODUÕQGD JHUoHNOHúWLULOdi. 

FA674 GRV\DODUÕ 1CB, 65A-toolkit (http://ncbi.github.io/sra-WRROV/) DUDFÕOÕ÷Õ\OD 

\�NOHQPH LúOHPL JHUoHNOHúWLULOGL. 9HUL GRV\DODUÕ *5CK38 (KJ38) LQVDQ UHIHUDQV 

genomu ile STAR (180) GL]LOLPH \D]ÕOÕPÕ DUDFÕOÕ÷Õ\OD allign edildi. 2OXúDQ BA0 

GRV\DODUÕ featureCounts (181) \D]ÕOÕPÕ DUDFÕOÕ÷Õ\OD VD\ÕOGÕ. Son olarak elde 

HGLOHQ VRQXoODU heatmap2 (Visualization of RNA-Seq results with heatmap2 

(Galaxy Training Materials)) J|U�QW�OHPH \D]ÕOÕPÕ NXOODQÕODUDN NDUúÕODúWÕUÕOGÕ. 

Analiz pipeline Õ, Reference-based RNA-Seq data analysis (Galaxy Training 

Materials) ED] DOÕQDUDN ROXúWXUXOdu (182).  

3.13. øVWDWLVWLNVHO AQDOL] 

 EOGH HGLOHQ YHULOHU LoLQ Graphpad Prism 7 SURJUDPÕ NXOODQÕOGÕ. 

øVWDWLVWLNVHO DQDOL] DPDFÕ\OD student¶V t WHVWL X\JXODQGÕ. <DSÕODQ WHVWLQ 

VRQXFXQGD S�0,05 RODQ GH÷HUOHU LVWDWLVWLNVHO RODUDN DQODPOÕ NDEXO HGLOGL.  



 43 

4. BULGULAR 

4.1. HER2 Eksprese Eden MHPH KDQVHUL H�FUH Dizilerinde 
Belirlenen Gen Setinin Biyoenformatik Analizi 

BT-474, MDA-MB-361, MDA-MB-453 SKBR-3 ve UACC-893 K�FUH 

dizilerinde belirlenen 20 genin bazal ekspresyonlar incelendi. Belirlenen 

genler: ADAM10, AKT1, AKT2, AKT3, CASP3, CCND1A (siklin D1), CDKN1A 

(p21), CDKN1B (p27), EEF2, EEF2K, EGFR, ERBB2 (HER2), ERBB3 (HER3), 

MTOR, PARP1, PIK3CA, PRKAA1 (AMPKĮ1), PRKAA2 (AMPKĮ2), PTEN ve 

5366.A1 (S7066.)¶GLU. 

4.1.1. HER2 Eksprese Eden MHPH KDQVHUL H�FUH Dizilerinde 
Belirlenen Gen Setinin CCLE Mikrodizin 9HUL 7DEDQÕQGD 
DH÷HUOHQGLULOPHVL 

Cancer Cell Line Encyclopedia (CCLE) (173) veri WDEDQÕQGD HER2 

eksprese eden meme kanseri olan BT-474, MDA-MB-361, MDA-MB-453 

SKBR-3 ve UACC-893 K�FUH dizilerinin belirlenen gen setinin bazal 

ekspresyonlar incelendi. Gen seti analizi Broad Institute Morpheus 

(https://software.broadinstitute.org/morpheus) \D]ÕOÕPÕ DUDFÕOÕ÷Õ\OD, ÕVÕ KDULWDVÕ 

heatmap2 (Visualization of RNA-Seq results with heatmap2 (Galaxy Training 

Materials)) J|U�QW�OHPH \D]ÕOÕPÕ NXOODQÕODUDN ROXúWXUXOdu.  

Elde edilen gen ekspresyoQODUÕ, KL\HUDUúLN N�PHOHQGLUPH DOJRULWPDVÕQD 

J|UH JUXSODQGÕUÕOGÕ÷ÕQGD, BT-474 ile MDA-MB-361 bir grup, MDA-MB-453 ile 

UACC-893 D\UÕ ELU JUXS olarak elde edildi. SKBR-3 K�FUH GL]LVL ise bu 

JUXSODUGDQ ED÷ÕPVÕ] RODUDN VÕQÕIODQGÕUÕOGÕ (ùHNLO 4.1).  
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ùHNLO 4.1.  BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 

K�FUH dizilerinin JHQ HNVSUHV\RQ SURILOLQH J|UH N�PHOHQPHVL 

(CCLE, mikrodizin) 

4.1.2. HER2 Eksprese Eden MHPH KDQVHUL H�FUH DL]LOHULQGH 
Belirlenen Gen Setinin GEO 9HUL 7DEDQÕQGD DH÷HUOHQGLULOPHVL 

Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/) 

YHUL WDEDQÕQGD EXOXQDQ *6E48216 (177, 178) RNA sekans veri setinde BT-

474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 K�FUH GL]LOHULQde 

belirlenen 20 genin bazal ekspresyonlarÕ incelendi. *HQ VHWL DQDOL]L, 7hBø7A. 
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8/A.Bø0, <�NVHN BDúDUÕP YH *ULG +HVDSODPD 0HUNH]L'QGH (758BA 

ND\QDNODUÕQGD) YH Galaxy (179) VXQXFXODUÕQGD JHUoHNOHúWLULOdi. ,VÕ KDULWDVÕ 

heatmap2 (Visualization of RNA-Seq results with heatmap2 (Galaxy Training 

Materials)) J|U�QW�OHPH \D]ÕOÕPÕ NXOODQÕODUDN ROXúWXUXOdu.  

*HQ HNVSUHV\RQ SURILOOHULQH J|UH K�FUH GL]LOHUL N�PHOHQGLULOGL÷LQGH B7-

474 ile SKBR-3 bir grup, MDA-MB-453 ile UACC-893 D\UÕ ELU JUXS, 0DA-MB-

361 LVH EX JUXSODUGDQ ED÷ÕPVÕ] D\UÕ ELU JUXS RODUDN N�PHOHQdi (ùHNLO 4.2).  

 

ùHNLO 4.2.  BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 K�FUH 

dizilerinin JHQ HNVSUHV\RQ SURILOLQH J|UH N�PHOHQPHVL (GEO: 

GSE48216) 
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4.1.3. HER2 Eksprese Eden MHPH KDQVHUL H�FUH DL]LOHULQGH 
Belirlenen Gen Setinin CCLE 5NA 6HNDQV 9HUL 7DEDQÕQGD 
DH÷HUOHQGLULOPHVL YH HE52 Eksprese eden Meme ve hoO� NHJDWLI 
MHPH KDQVHUL H�FUH DL]LOHULQGH KEGG ve GSEA Analizi 

Veri setinde BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-

893 K�FUH GL]LOHULQLQ EHOLUOHQHQ JHQ VHWLQGHNL ED]DO HNVSUHV\RQ G�]H\OHUL 

incelendi. *HQ HNVSUHV\RQ SURILOOHULQH J|UH K�FUH GL]LOHUL N�PHOHQGLULOGL÷LQGH 

BT-474 ile MDA-MB-453 bir grup, SKBR-3 ile UACC-893 D\UÕ ELU JUXp, MDA-

MB-361 LVH EX JUXSODUGDQ ED÷ÕPVÕ] D\UÕ ELU JUXS RODUDN N�PHOHQdi (ùHNLO 4.3). 

 

ùHNLO 4.3.  BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 

K�FUH GL]LOHULQin JHQ HNVSUHV\RQ SURILOLQH J|UH N�PHOHQPHVL 

(CCLE, RNA sekans) 
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4.2. CCLE 5NA 6HNDQV 9HUL 7DEDQÕQGDQ EOGH EGLOHQ 7�P 5NA 
Sekans Verileri ile HER2 Eksprese eden ve hoO� NHJDWLI Meme 
KDQVHUL H�FUH DL]LOHULQGH KEGG ve GSEA Analizi 

4 IDUNOÕ +E52 eksprese eden PHPH NDQVHUL K�FUH GL]LVL (B7-474, MDA-

MB-453, SKBR-3 ve UACC-893) ve 4 fDUNOÕ �oO� QHJDWLI PHPH NDQVHUL K�FUH 

dizisi (BT-20, HCC38, MDA-MB-231 ve MDA-MB-468) W�P 51A VHNDQV 

verileri CCLE YHUL WDEDQÕQGDQ HOGH HGLOGL. Elde edilen bazal JHQ HNVSUHV\RQODUÕ 

KEGG (174) ve GSEA (175, 176) DQDOL] VLVWHPOHUL NXOODQÕODUDN NDUúÕODúWÕUÕOGÕ. 

KEGG analizinde hsa_04012 (E5BB \ROD÷Õ) (ùHNLO 4.4) ve hsa_04152 (AMPK 

\ROD÷Õ) (ùHNLO 4.5) \RODNODUÕ NXOODQÕOGÕ. E5BB \ROD÷ÕQGD, +E52, +E54, AKT ve 

E5. ED]DO 51A HNVSUHV\RQODUÕQÕQ +E52 eksprese eden K�FUH GL]LOHULQGH �oO� 

negatif meme kanseri K�FUH GL]LOHULQH RUDQOD \�NVHN ROGX÷X WHVSLW HGLOGL. E*F5 

YH 5DV HNVSUHV\RQODUÕQÕQ LVH +E52 eksprese eden PHPH NDQVHUL K�FUH 

dizilerinde �oO� QHJDWLI PHPH NDnseri K�FUH GL]LOHULQH RUDQOD G�ú�N ROGX÷X 

EHOLUOHQGL. A03. \ROD÷ÕQGD, A03. LIDGHVL +E52 eksprese eden meme 

NDQVHUL K�FUH GL]LOHULQGH G�ú�N ROPDVÕQD NDUúÕQ, HEF2. 51A LIDGHVLnin �oO� 

negatif meme kanseri K�FUH GL]LOHULQH RUDQOD \�NVHN ROGX÷X EHOLUOHQGL. BX 

durum, HER2 eksprese eden PHPH NDQVHUL GL]LOHULQGH HEF2. DUDFÕOÕ \RODN 

UHJ�ODV\RQXQXQ �oO� QHJDWLI PHPH NDQVHUL K�FUH GL]LOHULQH RUDQOD GDKD 

NXYYHWOL ROGX÷Xna YH |QHPOL ELU KHGHI RODELOHFH÷LQH LúDUHW HWPHNWHGLU.  
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ùHNLO 4.4.  HER2 eksprese eden meme kanseri grubunun �oO� QHJDWLI meme 

NDQVHUL JUXEXQD J|UH GH÷LúHQ +E52 VLQ\DO \ROD÷Õ PROHN�OOHUL 

(CCLE, RNA sekans) 
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ùHNLO 4.5.  HER2 eksprese eden meme kanseri grubunun �oO� QHJDWLI meme 

NDQVHUL JUXEXQD J|UH GH÷LúHQ A03. VLQ\DO \ROD÷Õ PROHN�OOHUL 

(CCLE, RNA sekans) 

GSEA analizinde ise, go_translational_elongation (ùHNLO 4.6) ve 

st_p38_mapk_pathway (ùHNLO 4.7) PROHN�OHU LP]D YHUL VHWOHUL NXOODQÕOGÕ. Her iki 

analiz sonucunda, eEF2K ekspresyonunun HER2 eksprese eden meme 

NDQVHUL K�FUH GL]LOHULQGH �oO� negatif PHPH NDQVHUL K�FUH GL]LOHULQH RUDQOD 

DQODPOÕ RODUDN \�NVHN ROGX÷X EHOLUOHQGL. 
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A) 
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B) 

 

ùHNLO 4.6.  HER2 eksprese eden meme kanseri ve �oO� QHJDWLI meme kanseri 

gruSODUÕ DUDVÕQGD GH÷LúHQ WUDQVODV\RQHO HORQJDVyon PROHN�OOHULnin 

GSEA analiz grafikleri: A) 3ORW DQDOL] JUDIL÷L. B) DH÷LúHQ 

WUDQVODV\RQHO HORQJDV\RQ PROHN�OOHUL (core enrichtment) ÕVÕ 

KDULWDVÕ 
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A) 

 

B) 

 

ùHNLO 4.7.  HER2 eksprese eden meme kanseri ve �oO� QHJDWLI meme kanseri 

gruSODUÕ DUDVÕQGD GH÷LúHQ p38/MAPK PROHN�OOHULnin GSEA analiz 

grafikleri: A) 3ORW DQDOL] JUDIL÷L. B) DH÷LúHQ p38/MAPK PROHN�OOHUL 

(core enrichtment) ÕVÕ KDULWDVÕ 



 53 

4.3. MHPH KDQVHUL H�FUH DL]LOHULQGH 7UDVWX]XPDE øoLQ 6XEWRNVLN 
DR]XQ M77 7HVWL øOH BHOLUOHQPHVL 

BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 HER2 

eksprese eden PHPH NDQVHUL K�FUH dizileri 48 YH 72 VDDW V�UH LOH 5-10-20-40-

80 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOGL. .RQWURO NX\XODUÕQD VDGHFH EHVL\HUL 

HNOHQGL. .RQWURO YH LODo LOH LQN�EH HGLOPLú NX\XODUGDNL 2D GH÷HUOHUL RUDQODQDUDN 

%FDQOÕOÕN JUDIL÷LQH G|Q�úW�U�OG�. 

BT-474 K�FUHOHULQLQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ LOH LQN�EDV\RQX VRQXFX 

elde edilen ]DPDQD ED÷OÕ K�FUH FDQOÕOÕ÷ÕQD RUDQODUÕ ùHNLO 4.8¶de 

J|VWHULOPHNWHGLU. 48 VDDWOLN IDUNOÕ WUDVWX]XPDE GR]ODUÕQÕQ LQN�EDV\RQX VRQXFX 

BT-474 K�FUHOHULQGH WRNVLVLWH J|]OHPOHQmedi. 72 VDDWOLN LQN�EDV\RQODUGD, 5 

�J/PO LODo GR]XQGDQ LWLEDUHQ K�FUH FDQOÕOÕ÷ÕQÕQ %50¶QLQ DOWÕQD G�úW�÷� WHVSLW 

edildi. 48 saatlik 10 �J/PO trastuzumab inN�EDV\RQX VXEWRNVLN RODUDN VHoLOGL. 

 

ùHNඈO 4.8.  B7-474 K�FUHOHUඈQඈQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ ඈOH ඈQN�EDV\RQX 

VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ. A) 48 VDDWOඈN ඈQN�EDV\RQX 

VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ, B) 72 VDDWOඈN ඈQN�EDV\RQX 

VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ 
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MDA-MB-361 K�FUHOHULQLQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ LOH LQN�EDV\RQX 

sonucu elde edilen ]DPDQD ED÷OÕ K�FUH FDQOÕOÕN RUDQODUÕ ùHNLO 4.9¶da 

J|VWHULOPHNWHGLU. 48 YH 72 VDDWOLN IDUNOÕ WUDVWX]XPDE GR]ODUÕQÕQ LQN�EDV\RQX 

sonucu MDA-MB-361 K�FUHOHULQGH WRNVLVLWH J|]OHPOHQPHdi. 48 saatlik 10 

�J/PO WUDVWX]XPDE LQN�EDV\RQX VXEWRNVLN RODUDN VHoLOdi. 

 

ùHNඈO 4.9.  0DA-0B-361 K�FUHOHUඈQඈQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ ඈOH 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ. A) 48 VDDWOඈN 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ, B) 72 VDDWOඈN 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ 

MDA-MB-453 K�FUHOHULQLQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ LOH LQN�EDV\RQX 

VRQXFX HOGH HGLOHQ ]DPDQD ED÷OÕ K�FUH FDQOÕOÕN RUDQODUÕ ùHNLO 4.10¶da 

J|VWHULOPHNWHGLU. 48 YH 72 VDDWOLN IDUNOÕ WUDVWX]XPDE GR]ODUÕQÕQ LQN�EDV\RQX 

sonucu MDA-MB-453 K�FUHOHULQGH WRNVLVLWH J|]OHPOHQPHdi. 48 saatlik 10 

�J/PO WUDVWX]XPDE LQN�EDV\RQX VXEWRNVLN RODUDN VHoLOdi. 
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ùHNඈO 4.10. 0DA-0B-453 K�FUHOHUඈQඈQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ ඈOH 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ. A) 48 VDDWOඈN 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ, B) 72 VDDWOඈN 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ 

SKBR-3 K�FUHOHULQLQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ LOH LQN�EDV\RQX VRQXFX 

HOGH HGLOHQ ]DPDQD ED÷OÕ K�FUH FDQOÕOÕN RUDQODUÕ ùHNLO 4.11¶Ge J|VWHULOPHNWHGLU. 

48 YH 72 VDDWOLN IDUNOÕ WUDVWX]XPDE GR]ODUÕQÕQ LQN�EDV\RQX VRQXFX 6.B5-3 

K�FUHOHULQGH WRNVLVLWH J|]OHPOHQmedi. 48 saatlik 10 �J/PO trastuzumab 

LQN�EDV\RQX VXEWRNVLN RODUDN VHoLOGL. 
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ùHNඈO 4.11.  6.B5-3 K�FUHOHUඈQඈQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ ඈOH ඈQN�EDV\RQX 

VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ. A) 48 VDDWOඈN ඈQN�EDV\RQX 

VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ, B) 72 VDDWOඈN ඈQN�EDV\RQX 

VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ 

UACC-893 K�FUHOHULQLQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ LOH LQN�EDV\RQX 

VRQXFX HOGH HGLOHQ ]DPDQD ED÷OÕ K�FUH FDQOÕOÕN RUDQODUÕ ùHNLO 4.12¶GH 

J|VWHULOPHNWHGLU. 48 VDDWOLN IDUNOÕ WUDVWX]XPDE GR]ODUÕQÕQ LQN�EDV\RQX VRQXFX 

UACC-893 K�FUHOHULQGH WRNVLVLWH J|]OHPOHQPHdi. 72 VDDWOLN LQN�EDV\RQODUGD, 

80 �J/PO LODo GR]X LOH LQN�EDV\RQ VRQXFX K�FUH FDQOÕOÕ÷ÕQÕQ %50¶QLQ DOWÕQD 

G�úW�÷� WHVSLW HGLOdi. 48 saatlik 10 �J/PO WUDVWX]XPDE LQN�EDV\RQX VXEWRNVLN 

olarak VHoLOGL. 
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ùHNඈO 4.12.  8ACC-893 K�FUHOHUඈQඈQ IDUNOÕ WUDVWX]XPDE GR]ODUÕ ඈOH 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ. A) 48 VDDWOඈN 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ, B) 72 VDDWOඈN 

ඈQN�EDV\RQX VRQXFX HOGH HGඈOHQ % FDQOÕOÕN JUDIඈ÷ඈ 

Elde edilen bulgular GR÷UXOWXVXQGD, ZHVWHUQ EORW GHQH\LQGH NXOODQÕODFDN 

optimal trastuzumab LQN�EDV\RQ V�UHVL 48 VDDW LODo GR]X 10 �J/PO RODUDN 

belirlendi.  

4.4. TrasWX]XPDE LOH øQN�EH EGLOPLú HE52 Eksprese Eden Meme 
KDQVHUL H�FUH Dizilerinde <RODN PURWHLQ øIDGHOHULQLQ øQFHOHQPHVL 

BT-474, MDA-MB-361, MDA-MB-453, SKBR-3 ve UACC-893 HER2 

eksprese eden PHPH NDQVHUL K�FUH dizileri 6 YH 48 VDDW V�UH LOH 10 �J/ml 

WUDVWX]XPDE LOH LQN�EH HGLOGL. .RQWURO |UQHNOHULQH (0 saat) sadece besiyeri 

eklendi. BHOLUOHQHQ V�UHOHULQ VRQXQGD SURWHLQ OL]DWODUÕ HOGH HGLOGL. +HU NRúXO LoLQ 

3 ED÷ÕPVÕ] GHQH\ \DSÕOGÕ (Q=3). 7�P SURWHLQOHU *A3D+ YH\D ȕ-aktin ile 

QRUPDOL]H HGLOGL. DHYDPÕQGD IRVIR SURWHLQOHU WRWDO SURWHLQOHULQH RUDQODQDUDN 

SURWHLQ LIDGHOHUL DQDOL] HGLOGL. EOGH HGLOHQ YHULOHU ED÷ÕPVÕ] JUXSODU VWXGHQW¶V W 

WHVWL NXOODQÕODUDN LVWDWLVWLNVHO RODUDN DQDOL] HGLOGL. 
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4.4.1. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX EGFR/HER2/HER3/Akt 

Protein FRVIRULODV\RQODUÕQÕQ =DPDQD BD÷OÕ OODUDN øQFHOHQPHVL 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH EGFR ve HER2 protein fosforilasyonunda istatistiksel olarak 

DQODPOÕ DUWÕú J|]OHPOHQdi (**p<0.01, ****p<0.0001). 6 saatlik 10 �J/PO 

trastuzumab LQN�EDV\RQX VRQXFX +E53 SURWHLQ IRVIRULODV\RQXQGD LVWDWLVWLNVHO 

RODUDN DQODPOÕ LQKLELV\RQ WHVSLW HGLOdi (*p<0.05). 48 saatlik trastuzumab 

LQN�EDV\RQX VRQXFX EGFR fosforilasyonu ED]DO G�]H\H JHULOHdi ve 6 saatlik 

HWNL\H RUDQOD LVWDWLVWLNVHO RODUDN DQODPOÕ LQKLELV\RQ J|]OHPOHQdi (*p<0.05). 48 

VDDWOLN WUDVWX]XPDE LQN�EDV\RQX VRQXFX HER2 fosforilasyonunda 6 saatlik 

HWNL\H RUDQOD LVWDWLVWLNVHO RODUDN DQODPOÕ LQKLELV\RQ ROGX÷X EHOLUOHQdi 

(***p<0.001). Ancak bu inhibisyon sonucu HER2 fosforilasyonunun istatistiksel 

DQODPOÕ RODUDN ED]DO G�]H\LQ �]HULQGH ROGX÷X J|U�OG� (**p<0.01). 48 saatlik 

WUDVWX]XPDE LQN�EDV\RQX VRQXFX +E53 IRVIRULODV\RQX NRQWURO |UQHNOHULQH 

oranla LVWDWLVWLNVHO DQODPOÕ RODUDN 6 VDDWOLN LQKLELV\RQD J|UH daha fazla inhibe 

ROGX÷X WHVSLW HGLOdi (**p<0.01). 6 YH 48 VDDWOLN LODo LQN�EDV\RQODUÕ VRQXFX 

NRQWURO K�FUHOHULQH RUDQOD ANW SURWHLQL WUHRQLQ 308 (7308) IRVIRULODV\RQ E|OJHVL 

DQODPOÕ RODUDN DNWLYH ROPDNWD, EX GXUXPXQ DNVLQH GL÷HU ELU ANW IRVIRULODV\RQ 

E|OJHVL RODQ VHULQ 473 (6473) E|OJHVL DQODPOÕ RODUDN LQKLEH ROPDNWDGÕU 

(*p<0.05, **p<0.01) (ùHNLO 4.13). 
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ùHNLO 4.13.  BT-474 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total EGFR/HER2/HER3/Akt sinyal yROD÷Õ 

protein bant J|U�QW�OHUL YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 
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48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-361 

K�FUHOHULQGH E*F5 SURWHLQ IRVIRULODV\RQX LVWDWLVWLNVHO DQODPOÕ olarak 

EDVNÕODQGÕ÷Õ WHVSLW HGLOGL (*p<0.05). 6 saatlik 10 �J/PO trastuzumab 

LQN�EDV\RQX VRQXFX +E52 protein fosforilasyonunda istatistiksel DQODPOÕ 

olarak aktive olGX÷X belirlendi. (*p<0.05). BX DQODPOÕOÕN 48 VDDWOLN LODo 

LQN�EDV\RQX VRQXFX ND\EROGX÷X WHVSLW HGLOGL. 6 ve 48 saatlik trastuzumab 

LQN�EDV\RQX VRQXFX HER3 fosforilasyonu istatistiksel olarak DQODPOÕ 

LQKLELV\RQ J|]OHPOHQGL (**p<0.01). 6 YH 48 VDDWOLN LODo LQN�EDV\RQODUÕ VRQXFX 

NRQWURO K�FUHOHULQH RUDQOD ANW SURWHLQL WUHRQLQ 308 (7308) IRVIRULODV\RQ E|OJHVL 

DQODPOÕ RODUDN DNWLYH ROPDNWDGÕU (***p<0.001). 6 saaWOLN LODo LQN�EDV\RQX 

sonucu Akt proteini IRVIRULODV\RQ E|OJHVL RODQ VHULQ 473 (6473) E|OJHVLnde 

DQODPOÕ ELU GH÷LúLNOLN ROPDPDVÕQD NDUúÕQ, 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX 

Akt proteini 6473 IRVIRULODV\RQX LVWDWLVWLNVHO DQODPOÕ RODUDN LQKLEH ROPDNWDGÕU 

(*S<0.05) (ùHNLO 4.14). 

 

 

 



 61 

 

 

ùHNLO 4.14.  MDA-MB-361 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total E*F5/+E52/+E53/ANW VLQ\DO \ROD÷Õ 

protein bant J|U�QW�OHUL YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 
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6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLlen MDA-MB-453 

K�FUHOHULQGH EGFR ve HER2 protein fosforilasyonunda istatistiksel olarak 

DQODPOÕ DUWÕú J|]OHPOHQGL (***p<0.001, **p<0.01). 6 VDDWOLN LODo LQN�EDV\RQX 

VRQXFX DUWDQ E*F5 IRVIRULODV\RQX, 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX 

LVWDWLVWLNVHO DQODPOÕ RODUDN EDVNÕODQPÕúWÕU (***S<0.001). 48 VDDWOLN LODo 

LQN�EDV\RQX +E52 IRVIRULODV\RQX 6 VDDWOLN HWNL LOH EHQ]HU ROGX÷X J|]OHPOHQGL.  

6 ve 48 saatlik 10 �J/PO trastuzumab LQN�EDV\RQX VRQXFX +E53 SURWHLQ 

IRVIRULODV\RQXQGD LVWDWLVWLNVHO RODUDN DQODPOÕ LQKLELV\RQ WHVSLW HGLOGL (**p<0.01). 

6 YH 48 VDDWOLN LODo LQN�EDV\RQODUÕ VRQXFX NRQWURO K�FUHOHULQH RUDQOD ANW 

SURWHLQL 7308 IRVIRULODV\RQ E|OJHVL DQODPOÕ RODUak aktive olmaktaGÕU (*S<0.05). 

BX GXUXPD ]ÕW RODUDN, Akt proteini S473 fosforilasyon E|OJHVL 48 VDDWOLN LODo 

LQN�EDV\RQX VRQXFXQGD istatistiksel DQODPOÕ RODUDN LQKLEH ROPDNWDGÕU (*S<0.05) 

(ùHNLO 4.15). 
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ùHNLO 4.15.  MDA-MB-453 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total E*F5/+E52/+E53/ANW VLQ\DO \ROD÷Õ 

protein bant J|U�QW�OHUL YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 
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10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 K�FUHOHULQGH EGFR 

protein fosforilasyonuQXQ ]DPDQD ED÷OÕ RODUDN D]DOGÕ÷Õ YH 48 VDDWOLN 

LQN�EDV\RQXQ NRQWURO K�FUHOHULQH RUDQOD LVWDWLVWLNVHO RODUDN DQODPOÕ 

EDVNÕODQGÕ÷Õ tespit edildi (*p<0.05). 6 VDDWOLN LODo LQN�EDV\Rnu sonucu artan 

HER2 IRVIRULODV\RQX, 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX LVWDWLVWLNVHO DQODPOÕ 

RODUDN EDVNÕODQPÕúWÕU (*S<0.05). 6 ve 48 VDDWOLN LODo LQN�EDV\RQX sonucu HER3 

fosforilasyonu NRQWURO K�FUHOHULQH RUDQOD LVWDWLVWLNVHO DQODPOÕ RODUDN 

EDVNÕODQPDNWDGÕU (***S<0.001). 6 YH 48 VDDWOLN LODo LQN�EDV\RQODUÕ VRQXFX 

NRQWURO K�FUHOHULQH RUDQOD ANW SURWHLQL 7308 IRVIRULODV\RQ E|OJHVL DQODPOÕ 

RODUDN DNWLYH ROPDNWDGÕU (****p<0.0001, **p<0.01). BX GXUXPD ]ÕW RODUDN, ANW 

SURWHLQL 6473 IRVIRULODV\RQ E|OJHVL 48 VDDWOLN LODo LQN�EDV\RQX VRQXFXQGD 

LVWDWLVWLNVHO DQODPOÕ RODUDN LQKLEH ROPDNWDGÕU (**p<0.01) (ùHNLO 4.16). 
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ùHNLO 4.16.  SKBR-3 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�EDV\RQX VRQUDVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total E*F5/+E52/+E53/ANW VLQ\DO \ROD÷Õ 

protein bant J|U�QW�OHUL YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 
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10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-893 K�FUHOHULQGH E*F5, 

HER2 ve HER3 protein fosforilasyonODUÕQÕQ ]DPDQD ED÷OÕ RODUDN istatistiksel 

DQODPOÕ RODUDN EDVNÕODQGÕ÷Õ tespit edildi (*p<0.05, *p<0.05, **p<0.01). 6 ve 48 

VDDWOLN LODo LQN�EDV\RQODUÕ VRQXFX NRQWURO K�FUHOHULQH RUDQOD ANW SURWHLQL 7308 

IRVIRULODV\RQ E|OJHVL DQODPOÕ RODUDN DNWLYH ROPDNWDGÕU (**S<0.01). ANW SURWHLQL 

6473 IRVIRULODV\RQ E|OJHVLQGH LODo LOH LQN�EH HGLOHQ K�FUHOHUGH NRQWURO 

K�FUHOHULQH RUDQOD DNWLYDV\RQXQ D]DOGÕ÷Õ DQFDN EX EDVNÕODQPDQÕQ LVWDWLVWLNVHO 

RODUDN DQODPOÕ ROPDGÕ÷Õ EHOLUOHQGL (ùHNLO 4.17). 
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ùHNLO 4.17.  UACC-893 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total E*F5/+E52/+E53/ANW VLQ\DO \ROD÷Õ 

protein bant J|U�QW�OHUL YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 
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4.4.2. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX p70S6K Protein 

Fosforilasyonunun =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLlen BT-474 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S7066. SURWHLQ DNWLYDV\RQXQGD DUWÕú 

ROGX÷X DQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ EHOLUOHQGL. 48 

VDDWOLN LODo LQN�EDV\RQX VRQXFX KHP NRQWURO K�FUHOHULQH KHP GH 6 VDDWOLN LODo 

LQN�EDV\RQ |UQHNOHULQH RUDQOD S7066. SURWHLQ DNWLYDV\RQXQGD LVWDWistiksel 

RODUDN DQODPOÕ ELU EDVNÕODQPD ROGX÷X WHVSLW HGLOGL (*S<0.05, **S<0.01). 6 saatlik 

LODo ile LQN�EH BT-474 K�FUHOHULQH RUDQOD S-p70S6K protein ekspresyonunda 

DQODPOÕ D]DOÕú J|U�OPHNWHGLU. S7066. SURWHLQ HNVSUHV\RQXQGD LVH, 6 VDDWOLN 

LODo LQN�EH |UQHNOHULQ NRQWURO |UQHNOHULQH RUDQOD D]DOGÕ÷Õ WHVSLW HGLOPLúWLU (ùHNLO 

4.18). 

 

ùHNLO 4.18.  BT-474 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total S7066. SURWHLQ HNVSUHV\RQ J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-361 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD p70S6K protein aktivasyonunda 

KHUKDQJL ELU GH÷LúLNOLN ROPDGÕ÷Õ EHOLUOHQGL. 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX 

S7066. DNWLYDV\RQX 6 VDDWOLN LODo LQN�EDV\RQX |UQHNOHULQH RUDQOD istatistiksel 

DQODPOÕ RODUDN EDVNÕODQPD tespit edildi (*p<0.05) (ùHNLO 4.19). 
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ùHNLO 4.19.  MDA-MB-361 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total p70S6K protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-361 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD p70S6K protein DNWLYDV\RQXQGD DUWÕú 

ROGX÷X DQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ EHOLrlendi. 48 

VDDWOLN LODo LQN�EDV\RQX VRQXFX S7066. DNWLYDV\RQX 6 VDDWOLN LODo 

LQN�EDV\RQX |UQHNOHULQH RUDQOD LVWDWLVWLNVHO DQODPOÕ RODUDN EDVNÕODQPD WHVSLW 

edildi (*p<0.05) (ùHNLO 4.20).  
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ùHNLO 4.20.  MDA-MB-453 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total p70S6K protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO trastuzumab ile inN�EH HGLOen SKBR-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S7066. SURWHLQ aktivasyonunda 

istatistiksel DQODPOÕ RODUDN EDVNÕODQPD WHVSLW HGLOGL (***S<0.001). BX GXUXPXQ 

48 VDDWOLN LODo LQN�EDV\RQXQGD GD GHYDP HWWL÷L EHOLUOHQGL (**S<0.01). Ek olarak, 

6 ve 48 VDDWOLN LODo LOH LQN�EH HGLOPLú |UQHNOHU NDUúÕODúWÕUÕOGÕ÷ÕQGD, 6 VDDWOLN 

HWNL\H RUDQOD 48 VDDWOLN LODo LQN�EH HGLOHQ |UQHNOHUGH S7066. SURWHLQ 

DNWLYDV\RQXQGD LVWDWLVWLNVHO RODUDN DUWÕú ROGX÷X EHOLUOHQGL (*S<0.05) (ùHNLO 

4.21).  

 



 71 

 

ùHNLO 4.21.  SKBR-3 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total p70S6K protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-893 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S7066. SURWHLQ DUWÕú, 48 VDDWOLN LODo 

LQN�EDV\RQX VRQXFXQGD EX DUWÕúÕQ ND\EROGX÷X DQFDN ROXúDQ HWNLQLQ 

istatistiksel olarak DQODPOÕ ROPDGÕ÷Õ tespit edildi (ùHNLO 4.22). 

 

ùHNLO 4.22.  UACC-893 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total p70S6K protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 
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4.4.3. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX eEF2K/eEF2 Protein 

FosforilasyonODUÕQÕQ =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD HEF2. SURWHLQ aktivasyonunda 

istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHspit edilmedi. 6 saatlik trastuzumab 

LQN�EDV\RQX VRQXFX HEF2 SURWHLQ DNWLYDV\RQXQGD LVWDWLVWLNVHO RODUDN DQODPOÕ 

ELU DUWÕú J|U�OG� (*S<0.05) (ùHNLO 4.23). 

 

ùHNLO 4.23.  BT-474 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total eEF2K ve eEF2 protein bant J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 

6 ve 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-

MB-361 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD HEF2 YH eEF2K protein 

DNWLYDV\RQODUÕQGD GH÷LúLNOLN tespit edilmedi (ùHNLO 4.24). 
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ùHNLO 4.24.  MDA-MB-361 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total eEF2K ve eEF2 protein bant J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-453 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD HEF2. protein DNWLYDV\RQX DUWÕú ROGX÷X 

DQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ tespit edildi. Trastuzumab 

LOH LQN�EH HGLOHQ K�FUHOHUGH HEF2 SURWHLQ DNWLYDV\RQXQGD GH÷LúLNOLN ROPDGÕ÷Õ 

belirlendi (ùHNLO 4.25).  



 74 

 

ùHNLO 4.25.  MDA-MB-453 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total eEF2K ve eEF2 protein bant J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD HEF2 YH HEF2. SURWHLQ 

DNWLYDV\RQODUÕQGD istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 

4.26).  
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ùHNLO 4.26.  SKBR-3 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total eEF2K ve eEF2 protein bant J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-

893 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD HEF2. SURWHLQ aktivasyonunda 

istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN J|]OHPOHQPedi. 6 VDDWOLN LODo 

LQN�EDV\RQX VRQXo NRQWURO K�FUHOHULQH RUDQOD HEF2 SURWHLQ aktivasyonunda 

istatistiksel olarak DQODPOÕ DUWÕú J|]OHPOHQdi (*p<0.05) (ùHNLO 4.27). 
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ùHNLO 4.27.  UACC-893 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total eEF2 ve eEF2K protein bant J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDILNOHUL 

4.4.4. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX AMPK Protein 
Fosforilasyonunun =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD A03. SURWHLQ DNWLYDV\RQODUÕQGD 

LVWDWLVWLNVHO RODUDN DQODPOÕ bir EDVNÕODQPD tespit edildi (*p<0.05) (ùHNLO 4.28). 
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ùHNLO 4.28.  BT-474 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total AMPK protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH Hdilen MDA-MB-361 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD A03. SURWHLQ aktivasyonunda 

LVWDWLVWLNVHO RODUDN DQODPOÕ DUWÕú, 48 VDDW V�UHVLQFH LODo LOH LQN�EH HGLOPLú 

|UQHNOHUGH LVH 6 VDDW LODo LOH LQN�EH HGLOPLú |UQHNOHUH RUDQOD LVWDWLVWLNVHO RODUDN 

DQODPOÕ bDVNÕODQPD J|U�OG� (*S<0.05). 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX 

D]DODQ SURWHLQ DNWLYDV\RQXQXQ NRQWURO K�FUHOHULQGHNL DNWLYDV\RQ G�]H\LQGH 

ROGX÷X WHVSLW HGLOGL (ùHNLO 4.29). 
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ùHNLO 4.29.  MDA-MB-361 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total AMPK protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-

MB-453 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD A03. SURWHLQ 

DNWLYDV\RQODUÕQGD istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 

4.30).  
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ùHNLO 4.30.  MDA-MB-453 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total AMPK protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDIL÷L 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD A03. SURWHLQ aktiYDV\RQODUÕQGD 

NDGHPHOL RODUDN EDVNÕODQPD WHVSLW HGLOGL. 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX 

D]DODQ A03. DNWLYDV\RQXQXQ NRQWURO K�FUHOHULQH RUDQOD LVWDWLVWLNVHO RODUDN 

DQODPOÕ÷Õ ROGX÷X EHOLUOHQGL (*S<0.05) (ùHNLO 4.31).  
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ùHNLO 4.31.  SKBR-3 K�FUH GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total AMPK protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-893 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD A03. SURWHLQ aktivasyonunda 

KHUKDQJL ELU GH÷LúLNOLN ROXúPDPDVÕQD NDUúÕQ, 48 VDDWOLN LODo LQN�EDV\RQX 

VRQXFX A03. DNWLYDV\RQX NRQWURO K�FUHOHULQH RUDQOD LVWDWLVWLNVHO DQODPOÕ 

olDUDN EDVNÕODQPD WHVSLW HGLOGL (*S<0.05) (ùHNLO 4.32). 
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ùHNLO 4.32.  UACC-893 GL]LVLQLQ 6 YH 48 VDDW V�UHVLQFH 10 �J/PO trastuzumab 

ile LQN�Easyonu sonraVÕQGD HOGH HGLOHQ SURWHLQ OL]DWODUÕQGD fosfo 

ve total AMPK protein bant J|U�QW�OHUL YH UHODWLI EDQW \R÷XQOX÷X 

grafi÷L 

4.4.5. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX SiklinD1 Protein 
Fosforilasyonunun =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD VLNOLQD1 SURWHLQ aktivasyonunda 

istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.33). 
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ùHNLO 4.33.  BT-474 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total siklinD1 SURWHLQ HNVSUHV\RQ J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-

MB-361 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD siklinD1 protein 

aktivasyonunda istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 

4.34). 

 

ùHNLO 4.34.  MDA-MB-361 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total siklinD1 SURWHLQ HNVSUHV\RQ J|U�QW�OHUL 

YH UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 
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6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-

MB-453 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD siklinD1 protein 

aktivasyonunda istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 

4.35).  

 

ùHNLO 4.35.  MDA-MB-453 dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total siklinD1 protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD VLNOLQD1 SURWHLQ aktivasyonunda 

istatistiksel olarak DQODPOÕ DUWÕú ROGX÷X tespit edildi (*p<0.05). 48 saatOLN LODo 

LQN�EDV\RQX VRQXFX 6 VDDWOLN LODo LQN�EDV\RQX VRQXFX DUWDQ siklinD1 protein 

DNWLYDV\RQXQXQ LVWDWLVWLNVHO RODUDN DQODPOÕ RODUDN EDVNÕODQGÕ÷Õ YH NRQWURO 

K�FUHOHULQGHNL DNWLYDV\RQ G�]H\LQH JHULOHGL÷L EHOLUOHQGL (*S<0.05) (ùHNLO 4.36).  
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ùHNLO 4.36.  SKBR-3 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total siklinD1 protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-

893 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD VLNOLQD1 SURWHLQ aktivasyonunda 

]DPDQD ED÷OÕ RODUDN NDGHPHOL EDVNÕQODQPD ROGX÷X DQFDN EX GH÷LúLPLQ 

istatistiksel olarak DQODPOÕ ROPDGÕ÷Õ WHVSLW HGLOGL (ùHNLO 4.37). 

 

ùHNLO 4.37.  UACC-893 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD fosfo ve total siklinD1 protein bant J|U�QW�OHUL YH 

UHODWLI EDQW \R÷XQOX÷X JUDIL÷L 
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4.4.6. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX p27 ve p21 Protein 

øIDGHOHULQLQ =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH NRQWURO YH 6 VDDWOLN LODo ile LQN�EH edilen K�FUHOHUe oranla p27 

protein ifadesinde istatistiksel olarak DQODPOÕ DUWWÕ÷Õ WHVSLW HGLOGL (**S<0.01, 

***p<0.001). 6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen 

BT-474 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S21 SURWHLQ ifadesinde aUWÕú 

ROGX÷X DQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ EHOLUOHQGL (ùekil 

4.38). 

 

ùHNLO 4.38.  BT-474 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD p27 ve p21 protein bant J|U�QW�OHUL YH UHODWLI EDQW 

\R÷XQOX÷X JUDILNOHUL 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-361 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S27 SURWHLQ ifadesinde istatistiksel 

olarak DQODPOÕ DUWÕú tespit edildi (*p<0.05). 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

WUDVWX]XPDE LOH LQN�EH HGLlen MDA-MB-361 K�FUHOHULQGH NRQWURO K�FUHOHULQH 
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oranla p21 protein ifadelerinde DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 

4.39). 

 

ùHNLO 4.39.  MDA-MB-361 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD p27 ve p21 protein bant J|U�QW�OHUL YH UHODWLI EDQW 

\R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOPLú 0DA-

MB-453 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S27 SURWHLQ ifadelerinde 

DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi. 6 saDW V�UHVLQFH 10 �J/PO trastuzumab ile 

LQN�EH HGLOen MDA-MB-453 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S21 

protein ifadesinde istatistiksel olarak DQODPOÕ DUWÕú tespit edildi (**p<0.01). 48 

VDDWOLN |UQHNOHUGH LVH 6 VDDWOLN |UQHNOHUH RUDQOD p21 protein ifadesinde 

istatistiksel olarak DQODPOÕ RODUDN D]DOÕú ROGX÷X EHOLUOHQGL (***S<0.001) (ùHNLO 

4.40).  
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ùHNLO 4.40.  MDA-MB-453 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD p27 ve p21 protein bant J|U�QW�OHUL YH UHODWLI EDQW 

\R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S27 SURWHLQ ifadesinde DUWÕú 

J|U�OPHNWHGLU. AQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ belirlendi. 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOPLú 6.B5-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S21 SURWHLQ ifadesinde istatistiksel 

olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.41).  
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ùHNLO 4.41.  SKBR-3 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD p27 ve p21 protein bant J|U�QW�OHUL YH UHODWLI EDQW 

\R÷XQOX÷X JUDILNOHUL 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH edilen UACC-893 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD S27 protein LIDGHVLQGH DUWÕú ROGX÷X, 

DQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ EHOLUOHQGL. 48 VDDWOLN LODo 

LQN�EDV\RQX VRQXFX S27 SURWHLQ LIDGHVLQGH 6 VDDWOLN LODo LQN�EDV\RQXQD 

oranla istatistiksel olarak DQODPOÕ D]DOÕú tespit edildi (*p<0.05). 6 ve 48 saat 

V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-893 K�FUHOHULQGH 

NRQWURO K�FUHOHULQH RUDQOD S21 SURWHLQ HNVSUHV\RQXQGD istatistiksel olarak 

DQODPOÕ ELU GH÷LúLNOLN tespit edilmedi (ùHNLO 4.42). 
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ùHNLO 4.42.  UACC-893 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD p27 ve p21 protein bant J|U�QW�OHUL YH UHODWLI EDQW 

\R÷XQOX÷X JUDILNOHUL 

4.4.7. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX ADAM10 Protein 
øIDGHsinin =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

6 ve 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD ADA010 SURWHLQ LIDGHVLQGH NDGHPHOL 

ELU D]DOÕú ROGX÷X J|U�OPHNWHGLU. 6 VDDWOLN LODo LQN�EDV\RQX VRQXFX kontrol 

K�FUHOHULQH RUDQOD JHUoHNOHúHQ D]DOÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ, 

48 VDDWOLN LODo LQN�EDV\RQXQXQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROGX÷X EHOLUOHQGL 

(***S<0.001). EN RODUDN, 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX ADA010 LIDGHVL 

D]DOÕúÕQÕQ 6 VDDWOLN |UQHNOHUH RUDQOD GD LVWDWLVWLNVHO RODUDN DQODPOÕ ROGX÷X WHVSLW 

edildi (**p<0.01) (ùHNLO 4.43). 
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ùHNLO 4.43.  BT-474 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD ADAM10 protein bant J|U�QW�V� YH UHODWLI EDQW 

\R÷XQOX÷X JUDIL÷L 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-

MB-361 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD ADA010 SURWHLQ ifadesinde 

istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.44). 
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ùHNLO 4.44.  MDA-MB-361 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD ADAM10 protein bant J|U�QW�V� YH UHODWLI EDQW 

\R÷XQOX÷X JUDIL÷L 

6 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-453 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD ADA010 SURWHLQ ifadesinde DUWÕú 

ROGX÷X, DQFDN EX DUWÕúÕQ LVWDWLVWLNVHO RODUDN DQODPOÕ ROPDGÕ÷Õ belirlendi (ùHNLO 

4.45).  
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ùHNLO 4.45.  MDA-MB-453 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD ADAM10 protein bant J|U�QW�V� YH UHODWLI EDQW 

\R÷XQOX÷X JUDIL÷L 

10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 K�FUHOHULQGH NRQWURO 

K�FUHOHULQH RUDQOD ADA010 SURWHLQ HNVSUHV\RQX 6 VDDWOLN LODo LQN�EDV\RQX 

sonucu istatistiksel DQODPOÕ RODUDN D]DOGÕ÷Õ EHOLUOHQGL (*S<0.05). 48 Vaat 

V�UHVLQFH WUDVWX]XPDE LOH LQN�EH HGLOen |UQHNOHUGH, 6 VDDWOLN LODo LOH LQN�EH 

HGLOHQ |UQHNOHUH RUDQOD ADAM10 protein ifadesinin istatistiksel DQODPOÕ RODUDN 

artWÕ÷Õ WHVSLW HGLOGL (**S<0.01) (ùHNLO 4.46).  
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ùHNLO 4.46.  SKBR-3 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD ADAM10 protein bant J|U�QW�V� YH UHODWLI EDQW 

\R÷XQOX÷X JUDIL÷L 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-

893 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD ADA010 SURWHLQ ifadesinde 

istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.47). 
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ùHNLO 4.47.  UACC-893 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD ADAM10 protein ekspresyon bant ve relatif bant 

\R÷XQOX÷X JUDIL÷L 

4.4.8. 7UDVWX]XPDE øQN�EDV\RQX 6RQXFX PARP ve Kaspaz 3 
PURWHLQ øIDGHOHULQLQ =DPDQD BD÷OÕ Olarak øQFHOHQPHVL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen BT-474 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD 3A53 YH .DVSD] 3 SURWHLQ ifadelerinde 

istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.48). 
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ùHNLO 4.48.  BT-474 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD PARP ve Kaspaz 3 protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDILNOHUL 

48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-MB-361 

K�FUHOHULQGH NRQWURO K�FUHOHULQH YH 6 VDDWOLN LODo LOH LQN�EH HGLOHQ |UQHNOHUH 

oranla PARP protein ifadesinde istatistiksel olarak DQODPOÕ DUWÕú tespit edildi 

(*p<0.05, **p<0.01). 6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH 

HGLOPLú 0DA-MB-361 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD .DVSD] 3 SURWHLQ 

ifadesinde istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.49). 
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ùHNLO 4.49.  MDA-MB-361 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD PARP ve Kaspaz 3 protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen MDA-

MB-453 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD 3A53 YH .DVSD] 3 SURWHLQ 

ifadelerinde istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 4.50).  
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ùHNLO 4.50.  MDA-MB-453 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD PARP ve Kaspaz 3 protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDILNOHUL 

6 YH 48 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen SKBR-3 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD 3A53 SURWHLQ ifadesinde istatistiksel 

olarak DQODPOÕ ELU GH÷LúLNOLN ROPDGÕ÷Õ EHOLUOHQGL. 48 saatlik LODo LQN�EDV\RQX 

VRQXFX, 6 VDDWOLN LODo LQN�EH HGLOHQ |UQHNOHUH RUDQOD Kaspaz 3 protein 

ifadesinde istatistiksel olarak DQODPOÕ DUWÕú ROGX÷X WHVSLW HGLOGL (*S<0.05) (ùHNLO 

4.51).  



 98 

 

ùHNLO 4.51.  SKBR-3 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD PARP ve Kaspaz 3 protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDILNOHUL 

6 saatlik 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOen UACC-893 

K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD PARP protein ifadesinde istatistiksel 

olarak DQODPOÕ D]DOÕú, 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX 3A53 SURWHLQ 

LIDGHVLQGH 6 VDDWOLN LODo LQN�EDsyonuna oranla istatistiksel olarak DQODPOÕ DUWÕú 

ROGX÷X EHOLUOHQGL (*S<0.05).  6 YH 48 VDDW V�UHVLQFH 10 �J/PO trastuzumab ile 

LQN�EH HGLOen UACC-893 K�FUHOHULQGH NRQWURO K�FUHOHULQH RUDQOD Kaspaz 3 

protein ifadesinde istatistiksel olarak DQODPOÕ ELU GH÷LúLNOLN WHVSLW HGLOPHdi (ùHNLO 

4.52). 
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ùHNLO 4.52.  UACC-893 K�FUH dizisinin 6 YH 48 VDDW V�UHVLQFH 10 �J/PO 

trastuzumab ile LQN�Easyonu sonraVÕQGD elde edilen protein 

OL]DWODUÕQGD PARP ve Kaspaz 3 protein bant J|U�QW�OHUL YH UHODWLI 

EDQW \R÷XQOX÷X JUDILNOHUL 

4.5. 7UDVWX]XPDE LOH øQN�EH EGLOPLú HE52 Eksprese Eden Meme 
KDQVHUL H�FUH Dizilerinde LCELLLJHQFH AUDFÕOÕ GHUoHN =DPDQOÕ 
H�FUH PUROLIHUDV\RQ AQDOL]OHUL 

dDOÕúPD NDSVDPÕQGD NXOODQÕODQ 10 �g/ml trastuzumab dozunun HER2 

eksprese eden PHPH NDQVHUL K�FUHOHUL SUROLIHUDV\RQXQD \|QHOLN X]XQ V�UHOL 

HWNLOHULQLQ LQFHOHQPHVL DPDFÕ\OD LCE//LJHQFH JHUoHN ]DPDQOÕ K�FUH 

SUROLIHUDV\RQ DQDOL]L JHUoHNOHúWLULOdi. BX GR÷UXOWXGD, B7-474, MDA-MB-361, 

MDA-MB-453 ve SKBR-3 K�FUHOHULQLQ IDUNOÕ VD\ÕODUGD H-SODWH¶OHUH HNLPL 

JHUoHNOHúWLULOdi. +HU K�FUHQLQ LNL DGHW LODoVÕ] NRQWURO NX\XVX YH LNL DGHW LODoOÕ 

GHQH\ NX\XVX ROPDN �]HUH WRSODP 4 NX\X\D HNLPL VD÷ODQGÕ. UAC-893 K�FUHVL 

GHQH\VHO OLPLWDV\RQGDQ |W�U� GHQH\H GDKLO HGLOemedi. Ekilen K�FUHOHULQ SODWH 

WDEDQÕQD WXWXQPDODUÕ LoLQ 24 VDDW LQN�EH HGLOGL. BX V�UHGHQ VRQUD, NRQWURO 

NX\XODUÕQD VDGHFH EHVL\HUL, WHVW NX\XODUÕQD LVH 10 �g/ml konsantrasyonda 
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trastuzumab eklendi. +�FUHOHULQ LODo LOH 10 J�QO�N (240 VDDW) SUROLIHUDV\RQ 

kinetikleri geUoHN ]DPDQOÕ RODUDN LQFHOHndi. 

øODFÕQ HNOHQGL÷L ]DPDQ QRNWDVÕ VL\DK oL]JL LOH EHOLUWLOdi ve analiz 

DúDPDVÕQGD EHOLUOHQHQ ]DPDQ QRNWDVÕQGDQ YHULOHU QRUPDOL]H HGLOdi. Elde edilen 

YHULOHU NRQWURO K�FUHOHUL LOH NDUúÕODúWÕUPDOÕ RODUDN LQFHOHQdi. øQFHOHQHQ veriler 

GR÷UXOWXVXQGD K�FUH SUROLIHUDV\RQXQD RODQ RSWLPDO HWNLQLQ 120. VDDWWH 

ROXúWX÷X EHOLUOHQdi. 2SWLPDO ]DPDQ QRNWDVÕ JUDILNOHUGH NÕUPÕ]Õ oL]JL LOH EHOLUWLOdi. 

BT-474 K�FUHOHULQe LODo HNOHQGLNWHQ \DNODúÕN 64 VDDW VRQUD NRQWURO 

K�FUHOHULQH RUDQOD empedanV IDUNÕ ROXúPD\D EDúODGÕ÷Õ WHVSLW HGLOGL. øODo 

HNOHQGLNWHQ 120 VDDW VRQUD NRQWURO K�FUHOHUL SUROLIHUDV\RQXnun, LODo LOH LQN�EH 

HGLOHQ |UQHNOHUH RUDQOD HNsSRQDQVL\HO RODUDN DUWÕú J|VWHUGL÷L EHOLUOHQGL (ùHNLO 

4.53). 

 

ùHNඈO 4.53.  BT-474 K�FUH GL]LVLQLQ JHUoHN ]DPDQOÕ K�FUH SUROLIHUDV\RQ DQDOL] 

JUDIL÷L 
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MDA-MB-361 K�FUHlerine LODo HNOHQGLNWHQ \DNODúÕN 78 VDDW VRQUD 

NRQWURO K�FUHOHULQH RUDQOD HPSHGDQV IDUNÕ ROXúPD\D EDúODGÕ÷Õ WHVSLW HGLOGL. 

DHYDP HGHQ VDDWOHUGH SUROLIHUDV\RQ NLQHWL÷L NRQWURO K�FUHOHUL LOH paralel 

ROPDVÕQD NDUúÕQ LODo LOH LQN�EH HGLOHQ |UQHNOHUGH K�FUHVHO LQGHNVLQ G�ú�N 

ROGX÷X EHOLUOHQGL (ùHNLO 4.54). 

 

ùHNඈO 4.54.  MDA-MB-361 K�FUH GL]LVLQLQ JHUoHN ]DPDQOÕ K�FUH SUROLIHUDV\RQ 

DQDOL] JUDIL÷L 

MDA-MB-453 K�FUHlerine LODo HNOHQGLNWHQ \DNODúÕN 109 saat sonra 

NRQWURO K�FUHOHULQH RUDQOD HPSHGDQV IDUNÕ ROXúPD\D EDúODGÕ÷Õ WHVSLW HGLOGL. 

DHYDP HGHQ VDDWOHUGH SUROLIHUDV\RQ NLQHWL÷L NRQWURO K�FUHOHUL LOH SDUDOHO 

ROPDVÕQD NDUúÕQ LODo LOH LQN�EH HGLOHQ |UQHNOHUGH K�FUHVHO LQGHNVLQ G�ú�N 

ROGX÷X EHOLUOHQGL (ùHNLO 4.55). 
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ùHNඈO 4.55.  MDA-MB-453 K�FUH GL]LVLQLQ JHUoHN ]DPDQOÕ K�FUH SUROLIHUDV\RQ 

DQDOL] JUDIL÷L 

SKBR-3 K�FUHlerine LODo HNOHQGLNWHQ \DNODúÕN 63 saat sonra kontrol 

K�FUHOHULQH RUDQOD HPSHGDQV IDUNÕ ROXúPD\D EDúODGÕ÷Õ WHVSLW HGLOGL. øODo 

HNOHQGLNWHQ 120 VDDW VRQUD NRQWURO K�FUHOHULQLQ SUROLIHUDV\RQX, LODo LOH LQN�EH 

HGLOHQ |UQHNOHUH RUDQOD HNsSRQDQVL\HO RODUDN DUWÕú J|VWHUGL÷L EHOLUOHQGL (ùHNLO 

4.56). 
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ùHNඈO 4.56.  SKBR-3 K�FUH dizisinin JHUoHN ]DPDQOÕ K�FUH SUROLIHUDV\RQ 

DQDOL] JUDIL÷L 

4.6. 7UD]WX]XPDE LOH øQN�EH EGLOPLú HE52 Eksprese Eden Meme 
KDQVHUL H�FUH Dizilerinde H�FUH PUROLIHUDV\RQ DHQH\L (CFSE) ile 
H�FUH 6D÷NDOÕP AQDOL]L 

BT-474, SKBR-3, MDA-MB-361, MDA-MB-453 ve UACC-893 K�FUHOHUL, 

E�\�PH KÕ]ODUÕ J|] |Q�QGH EXOXQGXUXODUDN IDUNOÕ VD\ÕODUGD K�FUHOHU CFSE ile 

LQN�EH HGLOGLNWHQ VRQUD 725 IODVNODUD HNLPOHUL VD÷ODQGÕ. 7�P K�FUHOHULQ IODVN 

WDEDQÕQD DGKH]\RQXQXQ DUGÕQGDQ NRQWURO IODVNODUÕ VDGHFH EHVL\HUL LOH, WHVW 

IODVNODUÕ LVH 10 �J/PO WUDVWX]XPDE LOH 120 VDDW V�UH\OH LQN�EH HGLOGL. øODo LOH 

LQN�EH HGLOPHPLú |UQHNOHU NRQWURO |UQHNOHUL RODUDN NXOODQÕOGÕ. DHQH\ J�Q� 

K�FUHOHU WULSVLQL]H HGLOHUHN NDOGÕUÕOGÕ YH DNÕP VLWRPHWUL W�SOHULQH DNWDUÕODUDN 3¶HU 

GHID 3B6 LOH \ÕNDQGÕODU. 3B6 LOH \ÕNDPD DúDPDVÕQGDQ VRQUD 1 PO 3B6 

LoHULVLQGH UHV�VSDQGH HGilerek CFSEeksitasyon/emisyon dalgaboyu = 492/517 nm 
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RNXQGX. 7�P NRúXOODUGD 3 ED÷ÕPVÕ] GHQH\ \DSÕOPÕú (Q=3) YH S<0,05 GH÷HUL 

LVWDWLVWLNVHO RODUDN DQODPOÕ kabul edildi. 

7UDVWX]XPDE LOH LQN�EH HGLOPHPLú NRQWURO BT-474 K�FUHOHULQGH (4522 � 

43.41, n=3), trastuzuPDE LOH LQN�EH HGLOPLú B7-474 K�FUHOHULQH (6872 � 84.67, 

n=3) oranla CFSE intansitesinin istatisWLNVHO DQODPOÕ RODUDN G�úW�÷� EHOLUOHQGL 

(****p<0.0001) (ùHNLO 4.57). BX GXUXP, LODo LOH LQN�EH HGLOHQ K�FUHlerin 

SUROLIHUDV\RQODUÕQÕQ EDVNÕODQGÕ÷ÕQÕ J|VWHUPHNWHGLU.  

 

ùHNඈO 4.57. 120 saat V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOHQ      

BT-474 K�FUHOHULQLQ CFSE ortalama floresan intansite (MFI) 

JUDIL÷L  

7UDVWX]XPDE LOH LQN�EH HGLOPHPLú NRQWURO MDA-MB-361 K�FUHOHULQGH 

(4859 � 252.4, n=3), trastuzuPDE LOH LQN�EH HGLOPLú 0DA-MB-361 K�FUHOHULQH 

(7648 � 463, Q=3) oranla CFSE intansitesinin istatisWLNVHO DQODPOÕ RODUDN 

G�úW�÷� EHOLUOHQGL (**S<0.01) (ùHNLO 4.58). BX GXUXP, LODo LOH LQN�EH HGLOHQ 

K�FUH SUROLIHUDV\RQODUÕQÕQ EDVNÕODQGÕ÷ÕQÕ J|VWHUPHNWHGLU.  
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ùHNඈO 4.58.  120 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOHQ    

MDA-MB-361 K�FUHOHULQLQ CFSE ortalama floresan intansite 

(MFI) JUDIL÷L  

7UDVWX]XPDE LOH LQN�EH HGLOPHPLú NRQWURO MDA-MB-453 K�FUHOHULQGH 

(3037 � 186.3, n=3), trastuzuPDE LOH LQN�EH HGLOPLú 0DA-MB-453 K�FUHOHULQH 

(4753 � 478.5, n=3) oranla CFSE intansitesinin istatisWLNVHO DQODPOÕ RODUDN 

G�úW�÷� EHOLUOHQGL (*S<0.05) (ùHNLO 4.59). BX GXUXP, LODo LOH LQN�EH HGLOHQ K�FUH 

proliferas\RQODUÕQÕQ EDVNÕODQGÕ÷ÕQÕ J|VWHUPHNWHGLU.  
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ùHNඈO 4.59.  120 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOHQ   

MDA-MB-453 K�FUHOHULQLQ CFSE ortalama floresan intansite 

(MFI) JUDIL÷L 

7UDVWX]XPDE LOH LQN�EH HGLOPHPLú NRQWURO SKBR-3 K�FUHOHULQGH (7625 

� 96, Q=3), trastuzuPDE LOH LQN�EH HGLOPLú 6.B5-3 K�FUHOHULQH (14028 � 295.8, 

n=3) oranla CFSE intansitesinin istatisWLNVHO DQODPOÕ RODUDN G�úW�÷� EHOLUOHQGL 

(****p<0.0001) (ùHNLO 4.60). BX GXUXP, LODo LOH LQN�EH HGLOHQ K�FUH 

SUROLIHUDV\RQODUÕQÕQ EDVNÕODQGÕ÷ÕQÕ J|VWHUPHNWHGLU.  
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ùHNඈO 4.60.  120 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOHQ  

SKBR-3 K�FUHOHULQLQ CFSE ortalama floresan intansite (MFI) 

JUDIL÷L 

7UDVWX]XPDE LOH LQN�EH HGLOPHPLú NRQWURO UACC-893 K�FUHOHULQGH 

(1906 � 127.3, n=3), trastuzuPDE LOH LQN�EH HGLOPLú 8ACC-893 K�FUHOHULQH 

(3145 � 179.3, n=3) oranla CFSE intansitesinin istatisWLNVHO DQODPOÕ RODUDN 

G�úW�÷� EHOLUOHQGL (**S<0.01) (ùHNLO 4.61). BX GXUXP, LODo LOH LQN�EH HGLOHQ 

K�FUH SUROLIHUDV\RQODUÕQÕQ EDVNÕODQGÕ÷ÕQÕ J|VWHUPHNtedir.  
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ùHNඈO 4.61.  120 VDDW V�UHVLQFH 10 �J/PO WUDVWX]XPDE LOH LQN�EH HGLOHQ  

UACC-893 K�FUHOHULQLQ CFSE ortalama floresan intansite (MFI) 

JUDIL÷L  

LCHOOLJHQFH GHQH\L VRQXoODUÕQD SDUDOOHO RODUDN B7-474 ve SKBR-3 

K�FUHOHULQGHNL SUROLIHUDV\RQXQ EDVNÕODQPDVÕ GL÷HU K�FUH GL]LOHULQH RUDQOD fazla 

ROGX÷X EHOLUOHQGL. 
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5. 7A57IùMA 

BX oDOÕúPD, HER2 (ERBB2) ekspresyonu olan NDQVHU K�FUHOHULQGH 

HEF2.'QÕQ HNVSUHV\RQ G�]H\L, DNWLYLWHVL YH K�FUHGH RQNRMHQLN VLQ\DOL UHJ�OH 

eden HER2 DUDFÕOÕ DNWLYH RODQ SURWHLQOHUOH LOLúNLVLQH ÕúÕN WXWPDNWDGÕU. HEF2.¶QÕQ 

NDQVHU K�FUHOHULQGH RNVLMHQ, EHVLQ YH HQHUML \HWHUVL]OL÷L JLEL oHúLWOL VWUHV 

NRúXOODUÕ DOWÕQGD DNWLYH RODUDN K�FUH\H DGDSWLI VD÷NDOÕP DYDQWDMÕ VD÷ODGÕ÷Õ 

bilinmektedir. BX oDOÕúPD NDSVDPÕQGD \DSÕODQ in silico ve in vitro oDOÕúPDODU, 

+E52 HNVSUHVH HGHQ PHPH NDQVHUL K�FUHOHULQGH HEF2.¶QÕQ +E52 DUDFÕOÕ 

aktive olan PI3K/Akt/mTOR sinyal \ROD÷Õ LOH UHJ�OH ROGX÷XQX J|VWHUPHNWHGLU.  

CCLE mikrodizin analizi verileri HER2 JHQ LIDGHVLQH J|UH 

GH÷HUOHQGLULOGL÷LQGH, 8ACC-893 ve SKBR-3 K�FUH dizilerindeki HER2 

HNVSUHV\RQX GL÷HU 3 K�FUH dizisine RUDQOD G�ú�NW�U. A03.Į1 (35.AA1) JHQ 

HNVSUHV\RQ G�]H\Lnin, UACC-893 K�FUHOHULQGH GL÷HU K�FUH dizilerine oranla 

\�NVHN ROGX÷X WHVSLW HGLOdi. 7�P K�FUH dizilerinde eEF2K gen ekspresyonu 

ifadesinin GL÷HU JHQ LIDGHOHULQH RUDQOD \�NVHN olPDVÕ ve bu duruma paralel 

olarak, eEF2 gen ekspresyon G�]H\OHULQLQ G�ú�N olmaVÕ GLNNDW oHNPHNWHGLU. 

Bu durum, +E52 HNVSUHV\RQX RODQ PHPH NDQVHUL K�FUHOHULQGH HEF2.¶QÕQ 

|QHPOL ELU G�]HQOH\LFL PROHN�O RODELOHFH÷LQH LúDUHW HWPHNWHGLU.  

GEO YHUL WDEDQÕQGD EXOXQDQ *6E48216 51A VHNDQV YHULOHUL HER2 gen 

LIDGHVLQH J|UH GH÷HUOHQGLULOGL÷LQGH, UACC-893 K�FUH dizisinin HQ \�NVHN, 

MDA-MB-361 K�FUH dizisinin HQ G�ú�N +E52 HNVSUHV\RQXQD VDKLS ROGX÷X 

belirlendi. AKT1, eEF2K, eEF2, mTOR ve siklin D1 (CCND1) gen ekspresyon 

G�]H\OHULnin UACC-893 ve MDA-MB-453 K�FUH dizilerinde GL÷HU K�FUH 

dizilerine RUDQOD GDKD \�NVHN ROGX÷X WHVSLW HGLOdi. BX JHQOHULQ, WHN EDúÕQD 

+E52 SR]LWLIOL÷L J|VWHUHQ YH 3,.3CA DoÕVÕQGDQ PXWDQW RODQ K�FUH dizilerinde 

\�NVHN ROPDVÕ, OLWHUDW�UGH RYHU NDQVHUL (148) YH KHSDWRVHO�OHU NDUVLQRPGD 

(147) J|VWHrilen 3,3. DUDFÕOÕ VLQ\DO \RODNODUÕQÕQ HEF2. UHJ�ODV\RQX LOH RODQ 

LOLúNLVLQL +E52 eksprese eden PHPH NDQVHULQGH GH RODELOHFH÷LQL 

J|VWHUPHNWHGLU. A\QÕ GXUXPXQ, +E52 HNVSUHV\RQX \�NVHN, 37E1 PXWDV\RQX 

olmayan SKBR-3 K�FUHOHULQGH J|U�OPHPHVL, PTEN ve eEF2K arDVÕQGDNi 

UHJ�ODV\RQX GR÷UXODU QLWHOLNWHGLU (22). 
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CCLE 51A VHNDQV YHULOHUL W�P K�FUHOHU N�P�O RODUDN 

GH÷HUOHQGLULOGL÷LQGH, +E52, +E53, 3,.3CA, A.71, P725, HEF2., siklin D1 

ve ADAM10 G�]H\OHUL DUDVÕQGDNL SR]LWLI NRUHODV\RQa ek olarak bu genler ile 

A.73 YH S21 DUDVÕQGDNL QHJDWLI NRUHODV\RQ GLNNDW oHNPHNWHGLU. ADA010 

HNVSUHV\RQXQ +E52¶QLQ K�FUH GÕúÕ GRPDLQLQL NHVHUHN S95+E52 IRUPX 

ROXúWXUGX÷X (108), S95+E52 LIDGHVL \�NVHN PHPH NDQVHUL KDVWDODUÕQÕQ N|W� 

SURJQR] J|VWHUGL÷L YH WUDVWX]XPDE GLUHQFL ROXúWXUGX÷X ELOLQPHNWHGLU (183, 

184). Bu analizdeki eEF2K ve ADAM10 ifadelerindeki pozitif korelasyon, her 

LNL WHGDYL GLUHQFL LOLúNLOL SURWHLQLQ VLQHUMLN HWNL J|VWHUHELOHFH÷LQL 

G�ú�QG�UPHNWHGLU. 

 hoO� QHJDWLI PHPH NDQVHUL K�FUHOHULQGH, HEF2.'QÕQ VXVWXUXOPDVÕQGDQ 

sonra K�FUHOHULQ NHPRWHUDS|WLNOHUH \|QHOLN KDVVDVL\HWLQLQ DUWWÕ÷Õ YH HEF2. 

LQKLELV\RQXQD HN RODUDN NXOODQÕPÕQÕQ HWNLOL WHUDS|WLN HWNLQOL÷L DUWWÕUGÕ÷Õ 

belirtilmektedir (18, 185). BX GR÷UXOWXGD, CCLE RNA sekans verileri 

NXOODQÕODUDN 4 IDUNOÕ +E52 eksprese eden PHPH NDQVHUL K�FUH dizisinde (BT-

474, MDA-MB-453, SKBR-3 ve UACC-893) YH 4 IDUNOÕ �oO� QHJDWLI PHPH 

kanseri K�FUH dizisinde (BT-20, HCC38, MDA-MB-231 ve MDA-MB-468) bazal 

eEF2K ekspres\RQODUÕ KEGG ve GSEA DQDOL] VLVWHPOHUL NXOODQÕODUDN 

NDUúÕODúWÕUÕOGÕ. øNL JUXS DUDVÕQGD NRQWURO \ROD÷Õ RODUDN KEGG E5BB VLQ\DO \ROD÷Õ 

NDUúÕODúWÕUÕOGÕ÷ÕQGD +E52 YH AKT LIDGHOHULQLQ DUWWÕ÷Õ J|U�OPHNWHGLU. KEGG 

A03. VLQ\DO \ROD÷Õ LQFHOHQGL÷LQGH, +E52 eksprese eden meme kanseri 

K�FUHOHULQGH �oO� QHJDWLI PHPH NDQVHUL K�FUHOHULQH RUDQOD ED]DO A03. 

LIDGHVLQLQ GDKD D] ROGX÷X, ED]DO HEF2. LIDGHVLQLQ LVH GDKD \�NVHN ROGX÷X 

J|U�OPHNWHGLU. A\QÕ YHULOHU GSEA DQDOL] VLVWHPL �]HULQGHQ 135 JHQGHQ ROXúDQ 

translasyonel elongasyon YH 37 JHQGHQ ROXúDQ K�FUHVHO VWUHV LOH LOLúNLOL 

p38/MAPK gen setlerinde incelendi. HHU LNL JHQ VHWL LoHULVLQGH +E52 eksprese 

eden grupta �oO� QHJDWLI PHPH NDQVHri grubuna RUDQOD HQ \�NVHN 

(]HQJLQOHúWLULOPLú) JHQ LIDGHVL LVWDWLVWLNVHO DQODPOÕ RODUDN HEF2. oÕNPDNWDGÕU. 

Bu durum, �oO� QHJDWLI PHPH NDQVHULQGH |QHPOL ELU WHUDS|WLN KHGHI RODUDN 

LIDGH HGLOHQ HEF2.¶QÕQ, �oO� QHJDWLI PHPH NDQVHULQH oranla daha fazla ifade 

HGLOPHVLQGHQ |W�U�, +E52 eksprese eden PHPH NDQVHUL K�FUHOHULQGH 

KHGHIOHQPHVLQLQ GDKD HWNLQ VRQXoODU ROXúWXUDELOHFH÷LQH LúDUHW HWPHNWHGLU. 
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dDOÕúPDPÕ]GD, +E52 eksprese eden PHPH NDQVHUL K�FUHOHULQLQ 

trastuzumab ile hedeflenmesi sonucu eEF2K aktivitesinin P,3./ANW \ROD÷Õ ile 

LOLúNLVL LQFHOHQGL. BX DPDo GR÷UXOWXVXQGD, 077 VLWRWRNVLWH GHQH\L LOH 5 IDUNOÕ 

K�FUH dizisinde GHQH\OHUGH NXOODQÕODFDN RSWLPDO GR] EHOLUOHQGL. 077 GHQH\LQGH 

NXOODQÕODFDN 5 IDUNOÕ GR] (80-40-20-10-5 �J/PO) OLWHUDW�UGH NXOODQÕODQ oDOÕúPD 

GR]ODUÕ GLNNDWH DOÕQDUDN EHOLUOHQdi (168, 170, 186). BHOLUOHQHQ GR]ODUÕQ K�FUH 

FDQOÕOÕNlarÕna \|QHOLN 48 YH 72 VDDWOLN HWNLOHUL LQFHOHQGL. +�FUH FDQOÕOÕNODUÕQD 

J|UH WUDVWX]XPDED NDUúÕ HQ KDVVDV K�FUHQLQ B7-474 ROGX÷X WHVSLW HGLOdi. Bu 

VRQXo, <DQJ YH DUNDGDúODUÕQÕQ 2019 \ÕOÕQGD \DSPÕú ROGXNODUÕ oDOÕúPD LOH 

uyumludur (187). MDA-MB-453 ve UACC-893 K�FUHOHULQGH LODFÕQ K�FUHOHU 

�]HULQGHNL HWNLVL 72 VDDWOLN LQN�EDV\RQ VRQXFX 48 VDDWOLN LQN�EDV\RQD RUDQOD 

DUWPDNWDGÕU. 6.B5-3 ve MDA-MB-361 K�FUHOHULQGH LODFD \|QHOLN \DQÕWÕQ GL÷HU 

K�FUHOHUH RUDQOD GDKD ID]OD ROGX÷X WHVSLW HGLOdi. SKBR-3 K�FUHOHULQLQ LODFD 

\|QHOLN J|VWHUPLú ROGX÷X \DQÕW (188) ve SKBR-3 ve MDA-MB-361 K�FUHOHULQLQ 

ilaca benzer cevap vermelerinin OLWHUDW�U LOH X\XPOX ROGX÷X EHOLUOHQdi (167).  

7�P VRQXoODU GH÷HUOHQGLULOGL÷LQGH, 10 �J/PO WUDVWX]XPDE GR]X VXEWRNVLN GR] 

olarak belirlendi. dDOÕúPD NDSVDPÕQGD X\JXODQDQ WUDVWX]XPDE GR]Xnun 

OLWHUDW�U oDOÕúPDODUÕ\OD X\XPOX ROGX÷u tespit edildi (189, 190). Schwill ve 

DUNDGDúODUÕQÕQ 2019 \ÕOÕQGD \DSPÕú ROGXNODUÕ oDOÕúPDGD, +E52 eksprese eden 

PHPH NDQVHUL K�FUH dizilerinde uygulanan trastuzumabÕQ erken (6 saat) ve 

JHo (48 saat) etkilerinin yolak proteinlerinin LIDGHOHUL YH DNWLYDV\RQODUÕ �]HULQGH 

IDUNOÕOÕN J|VWHUGL÷L YH ]DPDQD ED÷OÕ LOao HWNLVLQLQ \RODN UHJ�ODV\RQX LOH GLUHQFH 

NDWNÕVÕQÕQ ROGX÷u belirtilmektedir (167). BX NDSVDPGD, oDOÕúPDPÕ]GD, 6 ve 48 

saat 10 �J/PO WUDVWX]XPDE LOH LQN�be HGLOHQ K�FUHOHUGH ]DPDQD ED÷OÕ HWNL GH 

NDUúÕODúWÕUÕOGÕ. 

dDOÕúPDPÕ]GD, EHOLUOHQHQ LODo GR]X YH V�UHOHUGH LQN�EH HGLOHQ 

K�FUHOHUGHQ HOGH HGLOHQ SURWHLQ OL]DWODUÕQGD KHGHI SURWHLQOHULQ (S-EGFR/EGFR, 

p-HER2/HER2, p-HER3/HER3, p-AKT/AKT, p-S6K/S6K, p-eEF2K/eEF2K, p-

eEF2/eEF2, p-siklin D1/siklin D1, p-AMPK/AMPK, p27, p21, ADAM10, PARP 

ve Kaspaz 3) ifadeleri analiz edildi. UACC-893 K�FUH dizisi GÕúÕQGD GL÷HU 

K�FUHOHUGH, 6 VDDWOLN WUDVWX]XPDE LQN�EDV\RQX VRQXFX, NRQWURO K�FUHOHULQH 

oranla HER2 aktivasyonunun istatistiksel DQODPOÕ RODUDN DUWWÕ÷Õ WHVSLW HGLOGL. 
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EGFR aktivasyonunun da UACC-893 K�FUHVL GÕúÕQGD LVWDWLVWLNVHO RODUDN W�P 

K�FUHOHUGH DQODPOÕ ROPDPDVÕQD NDUúÕQ EHQ]HU SDWHUQ J|VWHUGL÷L GLNNDW 

oHNPHNWHGLU. 48 VDDWOLN LODo LQN�EDV\RQX VRQXFX SURWHLQ DNWLYasyonu bazal 

G�]H\OHUH YH\D ED]DO G�]H\LQ DOWÕQD LQHELOPHNWHGLU. 8ACC-893 K�FUHOHULQGH 

LVH E*F5 YH +E52 DNWLYDV\RQX LODo LQN�EDV\RQX LOH D]DOGÕ. BX VRQXoODU, LODFÕQ 

K�FUHOHU �]HULQGHNL erken etkisinin UHVHSW|U DNWLYDV\RQX \|Q�QGH ROGX÷XQD 

LúDUHW HWPHNWHGLU. COSMIC YHUL WDEDQÕ LQFHOHQGL÷LQGH, B7-474¶�Q E*F5 K�FUH 

LoL WLUR]LQ NLQD] YH C-terminal domainleri mutasyonuna, MDA-MB-361¶LQ E*F5 

K�FUH LoL WUDQVPHPEUDQ YH NLQD] GRPDLQL DUDVÕQGD NDODQ E|OJHGH PXWDV\RQD 

ve HER2 mutasyonuna, MDA-MB-453¶�Q +E52 K�FUH GÕúÕ 1. domainde 

PXWDV\RQD VDKLS ROGXNODUÕ WHVSLW HGLOdi (191). UACC-893 K�FUHOHULQGH 

KHUKDQJL ELU PXWDV\RQ ROPDGÕ÷Õ VDSWDQGÕ. SKBR-3 ile ilgili mutasyon verisi 

mevcut bulunmaPDNWDGÕU. 7�P K�FUH GL]LOHULQGH, WUDVWX]XPDE LQN�EDV\RQX 

sonucu HER3 UHVHSW|U aktivasyonunda azalma tespit edildi. BX VRQXo, 

COSMIC mutasyon verisi bulunan W�P K�FUHOHUGH HER3 mutant ROPDPDVÕ LOH 

DoÕNODQDELOLU. EOGH HGLOHQ UHVHSW|U WLUR]LQ NLQD] aktivitesi GH÷LúLNOLNOHUL Schwill 

YH DUNDGDúODUÕ WDUDIÕQGDQ 2019 \ÕOÕQGD \D\ÕQODQDQ VRQXoODU LOH X\XPOXGXU 

(167). 

Akt protein DNWLYDV\RQX LoLQ NDWDOLWLN GRPDLQLQGH EXOXQDQ WUHRQLQ308 

(7308) UH]�G�V�Q�Q ve G�]HQOH\LFL E|OJHGH EXOXQDQ VHULQ473 (6473) 

UH]LG�V�Q�Q dual fosforilDV\RQXQD LKWL\Do GX\XOPDNWDGÕU (78, 79). 

dDOÕúmDPÕ]GD, iODo LQN�EDV\RQX VRQXFX W�P K�FUHOHUGH Akt NDWDOLWLN E|OJH 

fosforilasyonunda (T308) artma ve G�]HQOH\LFL E|OJH IRVIRULODV\RQXQda (S473) 

azalma tespit edildi. T�P K�FUHOHUGH EHQ]HU FHYDEÕQ tespit edilmesi sebebiyle 

bu durumun 3,.3CA PXWDV\RQXQGDQ ED÷ÕPVÕ] ROGX÷X G�ú�Q�OG�. COSMIC 

veri setinde AKT PXWDV\RQ YDUOÕNODUÕ LQFHOHQGL÷LQGH B7-474 ve MDA-MB-361 

K�FUHOHULQGH A.7 PXWDV\RQX ROGX÷X, 0DA-MB-453 ve UACC-893 

K�FUHOHULQGH A.7 PXWDV\RQX ROPDGÕ÷Õ WHVSLW HGLOdi (191). Fosforilasyon 

E|OJHOHULQLQ ]ÕW \|QGH HWNLOHQPHOHUL VLQ\DO \ROD÷ÕQÕQ EX EDVDPDNWD ANW¶ÕQ 

LQDNWLYDV\RQXQD \|QHOLN |QHPOL ELU UHJ�ODV\RQD X÷UDGÕ÷ÕQD LúDUHW HWPHNWHGLU.  

øODo LQN�EDV\RQX VRQXFX G�]HQOH\LFL E|OJH DNWLYDV\RQXQGDNL D]DOÕú OLWHUDW�U LOH 

X\XPOX EXOXQPXúWXU (167). 7UDVWX]XPDEÕQ LQNE�bDV\RQX VRQUDVÕQda Akt¶ÕQ 
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S473 IRVIRULODV\RQXQXQ ND\EÕ ve S6K aktivitesi ND\EÕQÕQ J|]OHQPHVL, 48 saat 

VRQXQGD WHN EDúÕQD 7308 IRVIRULODV\RQXQXQ \RODN DNWLYDV\RQXQX 

VD÷ODPDGÕ÷ÕQD LúDUHt etmektedir. 

HEF2.¶QÕQ G�]HQOH\LFL SURWHLQOHULQGHQ ELUL RODQ 66.¶QÕQ mTORC1 

DUDFÕOÕ DNWLYDV\RQX VRQXFX, HEF2. 6366 E|OJHVLQGHQ IRVIRULOH ROPDNWDGÕU. 

HEF2.¶QÕQ 6366 E|OJHVLQGHQ IRVIRULODV\RQX VRQXFX HEF2.¶QÕQ LQKLELV\RQX 

VD÷ODnPDNWDGÕU. HEF2. SURWHLQ DNWLYDV\RQXQXQ EDVNÕODQPDVÕ\OD ELUOLNWH HEF2 

proteini fosforile olamamakta ve bu durum protein translasyonunu 

LQG�NOHPHNWHGLU (192). dDOÕúPDPÕ]GD, 66.¶QÕQ SKBR-3 K�FUH GL]LVL KDULo GL÷HU 

K�FUHOHUGH 6 VDDWOLN LODo LQN�EDV\RQX VRQXFX aktivasyonunda artma ve 48 

VDDWOLN LQN�EDV\RQ VRQXFX aktivasyonunda azalma H÷LOLPL ROPDVÕ, eEF2.¶QÕQ 

HER2 eksprese eden PHPH NDQVHUL K�FUHOHULQGH GH 66. WDUDIÕQGDQ UHJ�OH 

HGLOGL÷LQL GR÷UXODPDNWDGÕU (11, 193). SKBR-3 K�FUHOHULQGH LVH 66. 

DNWLYDV\RQXQXQ LODo LQN�EDV\RQ JUXSODUÕQGD 6 YH 48 VDDWWH LNLVLQGH E�\�N 

RUDQGD EDVNÕODQPDVÕ GLNNDW oHNPHNWHGLU. 

dDOÕúPDPÕ]GD K�FUHsel stresL, SURWHLQ HORQJDV\RQXQX G�]HQOH\HUHN 

UHJ�Oe edebilen |QHPOL ELU NLQD] SURWHLQL RODQ HEF2. YH EX SURWHLQLQ KHGHI 

proteini olan eEF2 protein ifadeleri incelendi. SKBR-3 K�FUHVL KDULo GL÷HU 

K�FUHOHUGH LVWDWLVWLNVHO DQODPOÕ ROPDPDVÕQD NDUúÕQ 6 VDDWOLN LODo LQN�EDV\RQX 

sonucu eEF2K inhibisyonununda artma ve 48 VDDWOLN LQN�EDV\RQ VRQXFX 

inhibisyonunda azalma H÷LOLPLQde olGX÷X J|]OHPOHQGL. 6 VDDWOLN LODo 

LQN�EDV\RQX VRQUDVÕQGD DUWDQ HEF2. LQKLELV\RQXQXQ 8ACC-893 K�FUHOHULQGH 

LVWDWLVWLNVHO RODUDN DQODPOÕ ROGX÷X EHOLUOHQGL. 48 VDDWOLN LODo LQN�EDV\RQX 

VRQUDVÕQGD D]DODQ HEF2. LQKLELV\RQXQD SDUDOHO RODUDN HEF2 SURWHLQ 

fosforilaV\RQXQGDNL DUWÕú X\XPOX EXOXQGX. 6 VDDWOLN LODo LQN�EDV\RQX 

VRQUDVÕQGD BT-474 K�FUH GL]LVLnde eEF2 protein fosforilasyonundaki 

LVWDWLVWLNVHO RODUDN DQODPOÕ DUWÕúÕQ, bu K�FUHOHULQ GL÷HU K�FUHlere oranla ilaca 

NDUúÕ GDKD KDVVDV ROPDVÕQÕ VD÷OD\DQ IDNW|UOHUGHQ biri olaELOHFH÷L G�ú�Q�OG�.  

dDOÕúPDPÕ]GD, K�FUHGH KLSRNVLN VWUHV GXUXPXQGD DNWLYH RODQ YH 

HEF2.¶QÕQ SR]LWLI G�]HQOH\LFL SURWHLQOHULQGHQ ELUL RODQ A03.¶QÕQ LODo 

LQN�EDV\RQX VRQXFX SURWHLQ LIDGHVLQGHNL GH÷LúLNOLNOHU LQFHOHQdi. Trastuzumab 
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LOH LQN�EH HGLOPLú B7-474 ve SKBR-3 K�FUHOHULQGH A03. aktivasyonunda 

azalma tespit edildi. MDA-MB-361 K�FUHOHULQGH 6 VDDWOLN LODo LQN�EDV\RQX 

sonucu AMPK protein aktivasyonunda DUWÕú ROPDVÕ GLNNDW oHNPHNWHGLU. Bu 

GXUXP, 6FKZLOO YH DUNDGDúODUÕQÕQ \DSPÕú ROGXNODUÕ oDOÕúPDGDNL WUDVWX]XPDE 

GLUHQoOL YH GX\DUOÕ K�FUH dizisi VÕQÕIODQGÕUPDVÕ LOH X\XPOX VRQXoODU YHUPHNWHGLU 

(167). BX EXOJXODU, A03. DNWLYDV\RQXQXQ D]DOPDVÕQÕQ K�FUHOHUGH LODFD NDUúÕ 

GX\DUOÕOÕ÷D, GH÷LúLNOLN ROPDPDVÕ YH\D DUWÕú J|VWHUPHVLQLQ LVH K�FUHOHUGH LODo 

GLUHQFLQLQ JHOLúLPLQH \RO DoDELOHFH÷LQH LúDUHW HWPHNWHGLU. 

+�FUH G|QJ�V�Q�Q NRQWURO�QGHQ sorumlu olan siklin D1, p21 ve p27 

SURWHLQ LIDGHOHULQGH, DSRSWRWLN UHJ�ODV\RQGDQ VRUXPOX olan PARP ve kaspaz 

3 protein ifadelerinde ve HER2 trunkasyonu LOH LOLúNLOHQGLULOHQ ADA010 SURWHLQ 

LIDGHOHULQGH K�FUHOHU DUDVÕQGD GH÷Lúkenlik GLNNDW oHNPHNWHGLU. BT-474 

K�FUHOHULQGH LODola LQN�EDV\RQ VRQXFX ]DPDQa ED÷OÕ RODUDN ADA010 SURWHLQ 

G�]H\LQGH LVWDWLVWLNVHO RODUDN DQODPOÕ D]DOÕú J|U�OPHNWHGLU. BX EXOJX, B7474¶�Q 

oDOÕúPDPÕ]GD 077 VRQXoODUÕQD J|UH HQ GX\DUOÕ K�FUH GL]LVL EXOXQPDVÕ LOH 

uyumludur. SKBR-3 K�FUH GL]LVLQGH VLklin D1 protein aktivasyonunun 6 saatlik 

LODo LQN�EDV\RQX VRQXFX DUWPDVÕ GLNNDW oHNPHNWHGLU. p21 ve p27 

SURWHLQOHULQGH JHQHO RODUDN LODo LQN�EDV\RQX\OD ELUOLNWH DUWÕú H÷LOLPLQGH 

ROPDVÕQD NDUúÕQ ROXúDQ YDU\DWLI VRQXoODUÕQ 3D.1 DUDFÕOÕ ANW 7308 

fosforilasyonu sebebiyle ROXúDELOHFH÷L G�ú�Q�OPHNWHGLU (194).  Son olarak, 48 

VDDWOLN LODo LQN�EDV\Rnu sonucu MDA-MB-361 K�FUHOHULQGH NÕUSÕOPÕú PARP ve 

kaspaz 3 protein ifadelerinin DUWWÕ÷Õ J|U�OPHNWHGLU.  

dDOÕúPDPÕ]GD, WUDVWX]XPDE LQN�EDV\RQXQXQ K�FUHOHULQ E�\�PHVL YH 

oR÷DOPDVÕQD \|QHOLN HWNLVLQLQLQ LQFHOHQPHVL DPDFÕ\OD iCelligence JHUoHN 

]DPDQOÕ K�FUH SUROLIHUDV\RQ DQDOL]L YH CFSE DQDOL]L \DSÕOGÕ. +HU LNL oDOÕúPD 

sonucunda, BT-474 ve SKBR-3 K�FUHOHULQLQ WUDVWX]XPDE LQN�EDV\RQX\OD 

birliNWH E�\�PH YH SUROLIHUDV\RQODUÕQÕQ GL÷HU K�FUHOHUH RUDQOD GDKD ID]OD 

HWNLOHQGL÷L EHOLUOHQdi. 

HER2+ meme kanseri EDúWD ROPDN �]HUH, oHúLWOL NDQVHU W�UOHULQGH 

3,3./ANW/P725 \ROD÷Õ VÕNOÕNOD GHUHJ�ODV\RQD X÷UDPDNWDGÕU YH 

3,3./ANW/P725 \ROD÷ÕQÕQ WHUDS|WLN RODUDN KHGHIOHQPHVL YH/YH\D UHVHSW|UOHULQ 
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OLJDQG ED÷ÕPVÕ] DNWLYDV\RQODUÕQD \|QHOLN NRPELQH LODo VWUDWHMileri 

denenmektedir (195-197). <DSÕODQ oDOÕúPDODU umut vaat etmesine NDUúÕQ, 

NDQVHU K�FUHOHUL adaptif mekanizmalar sayesinde JHOLúWLULOHQ \HQL WHGDYL 

VWUDWHMLOHULQH NDUúÕ GLUHQo JHOLúWLUHELlmektedir. 

7�P EX ELOJLOHU ÕúÕ÷ÕQGD, h�FUH LoL VWUHV NRúXOODUÕQD NDUúÕ DNWLYDV\RQX LOH 

K�FUH\H VD÷NDOÕP DYDQWDMÕ VD÷OD\DQ HEF2.¶QÕQ NDQVHU K�FUHOHULQGH JHOLúHQ 

GLUHQo PHNDQL]PDODUÕQGDQ ELUL RODELOHFH÷L YH SRWDQVL\HO ELU KHGHI RODELOHFH÷L 

belirtilmektedir (20). 

6RQXo RODUDN, EX WH] oDOÕúPDVÕ LOH B7-474, MDA-MB-361, MDA-MB-

453, SKBR3 ve UACC-893 K�FUH GL]LOHULQGH WUDVWX]XPDE LQN�EDV\RQXQXQ 

HEF2. DNWLYDV\RQX �]HULQGHNL ]DPDQD ED÷OÕ etkisi ve yolak proteinleri ile 

LOLúNLVL LQFHOHQGL. <DSÕODQ EL\RHQIRUPDWLN DQDOL]OHU VRQXFXQGD, +E52 eksprese 

eden PHPH NDQVHUL K�FUHOHULQGH HEF2. ED]DO LIDGHVLQLQ YDUOÕ÷Õ, +E52 

UHVHSW|U WLUR]LQ NLQD] YH 3,3./ANW/P725 \RODN SURWHLQOHUL LOH HWNLOHúLPOHULQLQ 

olabilHFH÷L EHOLUOHQdi. Ek olarak, �oO� QHJDWLI meme kanserine oranla HER2 

eksprese eden PHPH NDQVHULQGHNL HEF2. LIDGHVLQLQ GDKD ID]OD ROPDVÕ GDKD 

NXYYHWOL ELU WHUDS|WLN KHGHI RODELOHFH÷LQH LúDUHW HWPektedir. Western blot deneyi 

VRQXoODUÕQGD, HEF2. YH LOLúNLOL SURWHLQOHULQ LODFD NDUúÕ GLUHQo PHNDQL]PDODUÕQGD 

|QHPOL URO R\QD\DELOHFHNOHUL LON GHID WHVSLW HGLOdi. BX DúDPDGD, A.7¶ÕQ |QHPOL 

ELU UHJ�ODV\RQ VD÷ODGÕ÷Õna kanaat edildi. 

+E52 KHGHIOL WHGDYL\H GLUHQo PHNDQL]PDODUÕQD LOLúNLQ HGLQLOHQ ELOJL KHU 

JHoHQ J�Q DUWPDVÕQD UD÷PHQ GLUHQo PHNDQL]PDODUÕ KHQ�] WDP RODUDN 

o|]�POHQHPHPLúWLU (110). BX ED÷ODPGD, HER2 eksprese eden meme 

NDQVHULQLQ SDWRJHQH]LQLQ DOWÕQGD \DWDQ PROHN�OHU PHNDQL]PDODUÕQ GDKD L\L 

DQODúÕOPDVÕ YH KHGHIH \|QHOLN \HQL WHGDYL VWUDWHMLOHULQLQ EHOLUOHQPHVL, NDQVHUH 

\|QHOLN WHGDYL HWNLQOL÷LQLQ DUWWÕUÕOPDVÕQD |QHPOL NDWNÕ VD÷OD\DFDNWÕU.   
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6. 6ON8d 9E gNE5øLE5 

1. 0LNURGL]LQ YH 51A VHNDQV YHUL VHWOHULQGH 20 IDUNOÕ JHQLQ +E52 

eksprese eden PHPH NDQVHUL K�FUH dizilerinde bazal ifadeleri incelendi. 

E5BB VLQ\DO \ROD÷Õ LOLúNLOL JHQ LIDGHOHULQLQ HEF2. LOH NRUHODV\RQ 

J|VWHUGL÷L WHVSLW HGLOGL.   

2. CCLE RNA sekans verileri ile KEGG DQDOL] VLVWHPL LOH VLQ\DO \ROD÷Õ 

etkinlikleri ve GSEA analiz sistemi ile HER2 eksprese eden ve �oO� 

negatif meme kanseri DUDVÕQGD EHOLUOHQHQHQ JHQOHULQ IDUNOÕOÕNODUÕ 

incelendi. hoO� QHJDWLI PHPH NDQVHULQH oranla HER2 eksprese eden 

PHPH NDQVHUL K�FUHOHULQGH HEF2.¶QÕQ GDKD ID]OD UHJ�OH ROGX÷X WHVSLW 

edildi. 

3. MT7 VLWRWRNVLVLWH GHQH\L LOH IDUNOÕ WUDVWX]XPDE GR]ODUÕQÕQ (80-40-20-10-

5 �J/PO) K�FUHOHULQ FDQOÕOÕ÷ÕQD olan etkileri incelendi. 7�P K�FUH dizileri 

LoLQ 10 �J/PO subtoksik doz olarak VHoLOGL. 

4. 7UDVWX]XPDEÕQ 6 VDDWOLN K�FUHOHU �]HULQGHNL HUNHQ HWNLVL YH 48 saatlik 

JHo HWNLVL incelendi. øNL IDUNOÕ ]DPDQ NRúXOXQGD WUDVWX]XPDEÕQ S-

EGFR/EGFR, p-HER2/HER2, p-HER3/HER3, p-AKT/AKT, p-S6K/S6K, 

p-eEF2K/eEF2K, p-eEF2/eEF2, p-siklin D1/siklin D1, p-AMPK/AMPK, 

S27, S21, ADA010, 3A53 YH .DVSD] 3 SURWHLQOHULQH \|QHOLN HWNLOHri 

western blot \|QWHPL LOH LQFHOHQGL: 

x UACC-893 K�FUH GL]LVL KDULo GL÷HU K�FUHOHUGH, 6 VDDWOLN 

WUDVWX]XPDE LQN�EDV\RQX VRQXFX, NRQWURO K�FUHOHULQH RUDQOD 

HER2 aktivasyonunun LVWDWLVWLNVHO DQODPOÕ RODUDN DUWWÕ÷Õ WHVSLW 

edildi. 6 VDDWOLN LODo LQN�EDV\RQX VRQXFX VDGHFH 8ACC-893 

K�FUHOHULQGH +E52 DNWLYDV\RQXQXQ EDVNÕODQDELOGL÷L EHOLUOHQGL. 

x 7�P K�FUHOHUGH 6 VDDWOLN LODo LQN�EDV\RQX VRQXFX +E53 
DNWLYDV\RQXQXQ EDVNÕODQGÕ÷Õ EHOLUOHQGL. 

x øODo LQN�EDV\RQX VRQXFX W�P K�FUHOHUGH Akt kataliWLN E|OJH 
IRVIRULODV\RQXQXQ (7308) DUWWÕ÷Õ, UACC-893 K�FUH dizisi KDULo 

GL÷HU K�FUHOHUGH G�]HQOH\LFL E|OJH IRVIRULODV\RQXQXQ (6473) 

D]DOGÕ÷Õ J|U�OG�. 7UDVWX]XPDE LOH LQN�EH HGLOHQ K�FUHOHULQ VLQ\DO 
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NDVNDGÕ LoHULVLQGH HQ NXYYHWOL UHJ�ODV\RQX ANW SURWHLQL 

G�]H\LQGH JHUoHNOHúWLUGL÷L EHOLUOHQGL. 

x SKBR-3 K�FUHVL KDULo GL÷HU K�FUHOHUGH LVWDWLVWLNVHO DQODPOÕ 

ROPDPDVÕQD NDUúÕQ 6 VDDWOLN LODo LQN�EDV\RQX VRQXFX HEF2. 

aktivasyonunun DUWÕú ve 48 VDDWOLN LQN�EDV\RQ VRQXFX 

aktivasyonunun D]DOÕú SDWHUQLQGH ROGX÷X J|]OHPOHndi. 6 saatlik 

LODo LQN�EDV\RQX VRQUDVÕQGD B7-474 K�FUH GL]LVLQGH HEF2 

IRVIRULODV\RQXQGD DUWÕú ROGX÷X EHOLUOHQGL.  

x HEF2.¶QÕQ G�]HQOH\LFL SURWHLQOHULQGHQ ELUL RODQ 66.¶QÕQ 6.B5-3 

K�FUH GL]LVL KDULo GL÷HU K�FUHOHUGH 6 VDDWOLN LODo LQN�EDV\RQX 

sonucu aktivasyonunun DUWÕú YH 48 VDDWOLN LQN�EDV\RQ VRQXFX 

aktivasyonunun D]DOÕú SDWHUQLQGH ROPDVÕ, HEF2/HEF2.¶QÕQ 

+E52 HNVSUHVH HGHQ PHPH NDQVHUL K�FUHOHULQGH GH 66. 

WDUDIÕQGDQ UHJ�OH HGLOGL÷LQH LúDUHW HWPHNWHGLU. 

x HEF2.¶QÕQ SR]LWLI G�]HQOH\LFL proteinlerinden biri olan A03.¶QÕQ 

LODo LQN�EDV\RQX VRQXFX SURWHLQ LIDGHVLQGHNL GH÷LúLNOLNOHU 

incelendi. 7UDVWX]XPDE LOH LQN�EH HGLOPLú B7-474 ve SKBR-3 

K�FUHOHULQGH A03. aktivasyonunda azalma tespit edildi. 

5. iCelligence JHUoHN ]DPDQOÕ K�FUH SUROLIHUDV\RQ DQDOL] \|QWHPL YH CFSE 

GHQH\OHUL LOH WUDVWX]XPDE K�FUHOHU �]HULQGHNL HWNLOHUL LQFHOHQGL. Her iki 

analiz sonucunda BT-474 ve SKBR-3 K�FUHOHULQGHNL SUROLIHUDV\RQXQ 

EDVNÕODQPDVÕ GL÷HU K�FUH GL]LOHULQH RUDQOD ID]OD ROGX÷X EHOLUOHQGL. 

6. <DSÕOan oDOÕúPDODUD HN RODUDN, HER2+ meme kanserL K�FUHOHULQGH 

HEF2.¶QÕQ VL51A LOH WHN EDúÕQD YH\D A.7 LQKLELW|U� LOH NRPELQH úHNLOGH 

VXVXWXUXOPDVÕ YH HWNLOHULQLQ LQFHOHQPHVL DUDúWÕUÕODELOLU. 

7. .VHQRJUDIW IDUH PRGHOOHUL �]HULQGH, HEF2.¶QÕQ KHGHIOHQPHVL VRQXFX 

W�P|U PLNURoHYUHVLQLQ VLQ\DO PHNDQL]PDVÕQD QH \|QGH HWNL HWWL÷L 

DUDúWÕUÕODELOLU. 

8. HEF2.¶QÕQ SRWDQVL\HO HSLJHQHWLN G�]HQOH\LFLOHUL\OH hedeflenmesi 

VRQXFX VLQ\DO \RODNODUÕQÕQ QH \|QGH HWNLOHQGL÷L DQDOL] HGLOHELOLU. 

9. HEF2.¶QÕQ KHGHIOHQPHVL VRQXFX +E52+ K�FUHOHUGHNL PROHN�OHU SURILOLQ 

GH÷LúLNOL÷L 51A VHNDQV oDOÕúPDVÕ LOH LQFHOHQHELOLU.  
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EK-1: Tez Çalışması ile İlgili Etik Kurul İzinleri 
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EK-2: 7XUQLWLQ ENUDQ G|U�QW�V� 

Tezin Tam BDúOÕ÷Õ: HE52 ENVSUHV\RQX OODQ MHPH KDQVHUL H�FUHOHULQGH 
gNDU\RWLN EORQJDV\RQ FDNW|U-2 KLQD] (HEI2N) ANWLYDV\RQXQXQ 5RO� 

g÷UHQFLQLQ AGÕ 6R\DGÕ: MXVWDID EPUH GHGLN 

DRV\DQÕQ 7RSODP 6D\ID 6D\ÕVÕ: 117 
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