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OZET

DOKTORA TEZI

MEME KANSERI HUCRELERI UZERINDE SiTOTOKSIK ETKIiLi DOGAL
VE SENTETIK BILESIKLER: BiR VERI TABANI TASARIMI

Zeynep OKTAY

Istanbul Universitesi
Fen Bilimleri Enstitiisii

Molekiiler Biyoloji ve Genetik Anabilim Dah

Danisman : Prof. Dr. E. S. Nazh ARDA
I1. Damisman : Do¢. Dr. Cigdem SELCUKCAN EROL

Kanser, anormal hiicrelerin kontrolsiiz bir sekilde boliindiigli, saglikli dokulara sizdig1 ve yok
ettigi bir hastalik grubunu ifade eder. Kardiyovaskiiler hastaliklardan sonra ikinci 6nde gelen
olim nedenidir ve insidans1 tiim diinyada hizla artmaktadir. Diinya Saglik Orgiitii 2020
verilerine gore kadinlarda meme kanseri goriilme sikligi ilk siray1 alirken, bunu akciger, kolon
ve rektum kanserleri takip etmektedir.

Meme kanseri hiicreleri iizerinde sitotoksik etki gosteren bilesiklerin tanimlanmasi ve
sitotoksisite  mekanizmalarinin aydinlatilmasi1 kemoprevensiyon ve kemoterapotik ilag
gelistirme caligmalar1 agisindan biiylik 6nem tasir. Literatiirde meme kanseri hiicre hatlar1
iizerinde sitotoksik etki gosterdigi belirlenmis ¢cok sayida bilesik yer almaktadir. Bu bilesikler
ve sitotoksisite diizeyleri ¢ok zengin bir veri havuzu olusturmaktadir. Ancak bu verilerin ilgili
yaymlarda daginik bir bigimde yer almasi, sistematik karsilastirmalarin yapilmasini
zorlastirmaktadir.

Bu tezde, meme kanseri hiicreleri iizerinde sitotoksik aktivite gdsteren dogal ve sentetik
bilesiklere ait verilere hizli bir sekilde ulasilabilmesi amaciyla iliskisel bir veri tabani
tasarlanmistir. Veri tabani1 402 sitotoksisite analizi sonucundan, 171 bilesikten ve 157 meme
kanseri hiicre hattindan girdiler icermektedir. Tiim veriler, 2000-2022 yillar1 arasinda saf
bilesiklerin ve bitki ekstrelerinin incelendigi 90 ¢calismadan derlenmistir.
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Olusturulan veri tabanindaki tiim bu veriler yapilandirilmigs sorgu dili (SQL) ile
sorgulandiginda, deneylerde en ¢ok kullanilan bilesigin resveratrol oldugu, en ¢ok kullanilan
meme kanseri hiicre hattmin ise MCF-7 oldugu bulunmustur.

Ayrica veri tabanindaki ¢aligmalarin odaginda dogal bilesiklerin yer aldig1 ve 90 ¢aligmanin
sadece 8’inde sentetik bilesiklerin analiz edildigi goriilmiistiir.

Glincellenebilir bir dijital kiitiiphane olarak tasarlanmis bu veri tabani, bu konuda calisan
arastirmacilarin  hiicre tipi, dogal veya sentetik ajan, islem siiresi, dozu, sitotoksik
konsantrasyonu gibi verilere ¢ok kisa siirede ulasmasimi saglayacaktir. Veri tabaninin internet
tizerinden kullanicilara ulastirilmasi, meme kanserine karsi yeni ilag kesfinin ¢ogu zaman ilk
adimi olan in vitro ¢alismalara hiz kazandiracaktir.

Haziran 2023, 102 sayfa.

Anahtar kelimeler: meme kanseri, dogal bilesikler, sitotoksisite, veri tabani, iliskisel veri
tabani .
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SUMMARY

Ph.D. THESIS

CYTOTOXICALLY ACTIVE NATURAL AND SYNTHETIC COMPOUNDS
ON BREAST CANCER CELLS: A DATABASE DESIGN

Zeynep OKTAY

Istanbul University
Institute of Graduate Studies in Sciences

Department of Molecular Biology and Genetics

Supervisor : Prof. Dr. E. S. Nazh ARDA
Co-Supervisor: Assoc. Prof. Dr. Cigdem SELCUKCAN EROL

Cancer refers to a group of diseases in which abnormal cells divide uncontrollably, infiltrate
and destroy healthy tissues. It is the second leading cause of death after cardiovascular diseases
and its incidence increases rapidly all over the world. According to the World Health
Organization 2020 data, female breast cancer incidence ranks first, followed by lung, colon,
and rectum cancers.

Identification of compounds with cytotoxic effects on breast cancer cells and elucidation of
cytotoxicity mechanisms are of great importance in terms of chemoprevention and
chemotherapeutic drug development studies. There are many compounds that have been found
to have cytotoxic effects on breast cancer cell lines in the literature. These compounds and their
cytotoxicity levels constitute a very rich data repository. However, the fact that these data are
scattered in the relevant publications makes it difficult to make systematic comparisons.

In this thesis, a relational database was designed in order to quickly access data on natural and
synthetic compounds showing cytotoxic activity on breast cancer cells. The database contains
inputs from 402 cytotoxicity analysis results, 171 compounds, and 157 breast cancer cell lines.
All data were compiled from 90 studies in which pure compounds and plant extracts were
examined between the years 2000-2022.
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When all these data in the created database were queried with structured query language (SQL),
it was found that the most used compound in the experiments was resveratrol, and the most
used breast cancer cell line was MCF-7.

In addition, it was observed that natural compounds were the focus of the studies in the database
and synthetic compounds were analyzed in merely 8 of the 90 studies.

This database, designed as an updatable digital library, will enable researchers working on this
subject to access data such as cell type, natural or synthetic agent, treatment time, dose, and
cytotoxic concentration in a very short time. Bringing the database to users through the internet
will accelerate in vitro studies, which are often the first step of new drug discovery against
breast cancer.
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1. GIRIS

Kanser, hem gelismis hem de gelismekte olan {ilkeleri etkileyen en dnemli kiiresel saglik
problemlerinden biridir. En yaygin teshis edilen kanser tiplerinden biri olan meme kanseri,
cogunlukla kadinlarda goriilmekle birlikte, kadinlara oranla daha az siklikta da olsa erkeklerde

de goriilebilmektedir (Chen ve dig., 2020).

Meme kanseri tedavisinde kullanilan kemoterapétik ilaglar viicuttaki saglikli hiicrelere de zarar
vermekte ve ciddi yan etkilere sebep olmaktadir. Ayrica, kullanilan ilaca karsi ilag direnci
ortaya ciktiginda tedavi etkisiz kalmaktadir (Leonessa ve Clarke, 2003; Saeki ve dig., 2005).
Bu nedenledir ki, meme kanseri hiicreleri iizerinde sitotoksik etkiye sahip yeni bilesikler

(potansiyel antikanser ilag hammaddeleri) bulmaya yonelik siiregelen bir¢ok arastirma vardir.

Kansere yonelik potansiyel terapdtiklerin kesfedilme siirecinde, s6z konusu bilesiklerin kanser

hiicrelerindeki sitotoksik etki diizeylerinin belirlenmesi kritik 6neme sahiptir.

Literatiirde, dogal ve sentetik bilesiklerin meme kanseri hiicreleri iizerindeki sitotoksik
etkilerini analiz eden ¢ok sayida ¢alisma bulunmaktadir. Bu ¢alismalar ¢ok zengin ve degerli
bir veri kaynagi olusturmaktadir. Ancak bu veriler, ilgili yaynlarda daginik bir bigimde yer
almaktadir. Yeni bir ¢alisma tasarlamak isteyen bir aragtirmacinin, meme kanseri hiicrelerinde

sitotoksik etkili bilesiklerin hepsini bir arada bulabilecegi bir veri tabani yoktur.

Bu doktora tezinde, bu bilesiklere ait tiim verilerin (bilesigin ismi, ¢aligmanin yer aldig1 yayn,
bilesigin analiz edildigi meme kanseri hiicre hatti, bilesigin koken organizmasi, hangi bilesik
sinifina ait oldugu, doz, uygulanma siiresi ve sitotoksik etki diizeyi) depolandigy, iliskisel bir
veri tabani tasarlanmasi hedeflenmistir. Geleneksel literatiir arama veri tabanlarinda yapilan
literatiir taramas1 sonucu se¢ilen 90 yayindaki veriler, Microsoft Access (2007-2016 formati)

kullanilarak olusturulan iliskisel veri tabanina girilmistir.

Bu tez ¢aligmasinda tasarlanan veri tabani, ilgili literatiire ait ilk dijital kiitiiphane niteliginde

olup, internet ortaminda son kullanicinin erisimine sunma ¢alismalarina temel olusturmustur.



2. GENEL KISIMLAR
2.1. MEME KANSERIi

Meme kanseri, diinya ¢apinda en fazla karsilasilan kanserlerden biridir (Sung ve dig., 2021).
Diinya Saglik Orgiitii’niin verilerine gore 2020 yilinda meme kanseri 2.26 milyon yeni vaka ve
% 11.7 vaka oraniyla tiim kanser tiirleri igerisinde yeni vaka baglaminda birinci sirada yer
almaktadir (Sekil 2.1) (World Health Organization, 2022). Meme kanseri risk faktorlerindeki
degisimler, hastalarin daha sistematik sekilde kayit altina alinmasi ve kanser teshis
yontemlerindeki gelismeler ve ilerlemeler, bu insidans artisinin en 6nemli nedenlerindendir

(Lukasiewicz ve dig., 2021).

Kanser tiirlerinde 2020 vili yeni vaka oranlari (tiim cinsivet ve vas gruplari)

2261419 (11.7%)

Diger kanserler
8 275743 (42.9%)

Sekil 2.1: Tiim kanser tiplerinde 2020 y1lina ait yeni vaka oranlar1 (Global Cancer Observatory: Cancer
Today, 2020).



2.1.1. Meme Kanseri Risk Faktorleri

Glinlimiize kadar yapilmis epidemiyolojik calismalar sonucunda, meme kanseri olusumunu
etkileyen risk faktorleri, degistirilemeyen (“nonmodifiable™) risk faktorleri ve degistirilebilir

(“modifiable”) risk faktorleri olarak iki grupta simiflandirilmistir.

Cinsiyet, ileri yas, aile hikayesi, genetik mutasyonlar, irk ve etnik koken, reprodiiktif gegmis,
meme dokusu dansitesi, meme kanseri hikayesi ve kanser dist meme hastaliklari, menstural
donem uzunlugu ve menOpoz yasi, hamilelik ve emzirme, daha 6nce radyasyon tedavisi alinip

alinmadig1 degistirilemeyen risk faktorleri grubundadir.

Degistirilebilir risk faktorleri ise kullanilan ilaglar, hormon tedavileri, fiziksel aktivite, viicut
Kitle indeksi, alkol-sigara kullanimi, diyet, yetersiz vitamin alimi, obezite, kimyasallara (DDT
ve PCB gibi) maruziyettir (Parks ve dig., 2018; Momenimovahe ve Salehiniya, 2022). Risk

faktorleri ve meme kanseri tizerindeki etkileri Tablo 2.1’de gosterilmektedir.

Tablo 2.1: Risk faktorleri ve meme kanseri tizerindeki etkileri (Momenimovahe ve Salehiniya,
2022).

Risk faktorleri Koruyucu etki | Yatkinhk nedeni | Tartismal etki

Demografik

Cinsiyetin kadin olmasi v
Yas v
Kan grubu v
Reprodiiktif

Menars yas1 v

{leri yasta menopoz 4
Hamilelik v
Diisiik v
Ovulatuar menstural dongti v
Hamilelik karakteristigi v v




Tablo 2.1 (devam): Risk faktorleri ve meme kanseri iizerindeki etkileri (Momenimovahe ve
Salehiniya, 2022).

Hormonal

Hormonal dogum kontrol ybntemleri J

Ovulasyon stimulatéril ilaglar J
Menopoz sonrast hormon tedavisi J

Kalitimsal

Genetik faktdrler J

Ailede meme kanseri hikayesi N

Meme ile iliskili faktirler

Kisa laktasyon siiresi J

Yiilksek meme densitesi v
Benin meme hastaliklan v
Yasam tarn

Obezite ve fazla kilo J
Alkol tiiketimi J
Sigara J
Kahve J
Diyet J
Yiiksek fiziksel aktivite v
Vitamin D v
Uyku siiresi v
Diger faktirler

Hava kirlilifi
Gece calismak

Sosyoekonomik durum
Diyabet
Radyasyon

NENENEN LN




2.1.2.Meme Kanseri Tiplerinin Simiflandirilmasi

Meme kanserleri, histolojik 6zellikleri, timdor evresi, TNM (tiimor boyutu, nodal durumu, uzak
metastaz) sinifi, immiinofenotip ve molekiiler karakteristigi baglaminda farkl tiplere ayrilir.
Ostrojen reseptorii (ER), progesteron reseptorii (PR) ve insan epidermal biiyiime faktorii
reseptorii 2 (HER2); meme kanserinin molekiiler taksonomisinde kullanilan, ayni zamanda
hastaligin seyrinin ve en etkin tedavinin belirlenmesinde faydalanilan molekiiler ve prognostik
belirleyicileridir. Meme kanserleri, gen anlatim profillerine gore bes alt tipe ayrilir. Bu alt tipler
luminal A, luminal B, HER2-asir1 anlatimli, bazal-benzeri meme kanseri (BLBC) ve normal-
benzeri tiimorlerdir. Luminal A ve luminal B alt tipleri dstrojen reseptoriiniin yliksek seviye
anlatimiyla (ER-pozitif) karakterizedir. TNBC (ii¢lii negatif meme kanseri) tipinde, ER, PR ve
HER?2 anlatimi1 yoktur veya ¢ok azdir (ER-negatif, PR-negatif, HER2-negatif). Bircok TNBC
tiimor, ayn1 zamanda BLBC smifinda yer alir (Irvin ve Carey, 2008; Tsang ve Tse, 2020).
Meme kanseri alt tipleri ve immiinohistokimyasal fenotipleri Tablo 2.2’de belirtilmistir.

Tablo 2.2: Meme kanseri alt tipleri ve immiinohistokimyasal fenotipleri (Clusan ve dig., 2021; Tsang
ve Tse, 2020).

Meme Kanseri Alt Tipi Immiinohistokimyasal Fenotip
Luminal A ER(+), PR(+)/(-), HER2(-)
Luminal B ER(+), PR(#)/(-), HER2(+)
TNBC ER(-), PR(-), HER2(-)

HER2- overexpressing ER(-), PR(-), HER2(+)

Bazal-benzeri meme kanseri alt tipinde PI3 ve Akt kinazlarin, p16, siklin E1, EGFR, bazal
sitokeratinler (5, 14, 17) ve NF-kB seviyeleri yiiksek; Rb ve siklin D1 seviyeleri diisiiktiir.
Ayrica TP53 gen mutasyonlar1 da oldukca fazla goriilmektedir (Valentin ve dig., 2012).
Luminal A, luminal B’den daha iyi bir prognoza sahiptir. TNBC ise meme kanseri tipleri
icerisinde en agresif 6zellige sahip olanidir. Saglikli dokulara hizla yayilan (invaziv), metastatik
potansiyeli yiiksek ve tekrarlanma riski olan bir kanser tipidir. ER, PR ve HER2 anlatimi
olmadig1 i¢in endokrin terapisine ve HER2 tedavisine duyarsizdir. TNBC’lerde CDK, MYC,
PIK3CA, AKT2, FGFR1 genlerinin anlatimlarinin normalden fazla oldugu, ayrica BRCA2,



PTEN, RB1 ve TP53 gibi DNA-tamir genlerinde delesyonlar bulundugu belirlenmistir (Yin ve
dig., 2020).

2.1.3.Meme Kanseri Hiicre Hatlan

Meme kanseri hiicre hatlari, meme kanseri modellemelerinde ve hiicre kiiltiirii temelli meme
kanseri arastirmalarinda kullanilirlar. Tanimlanmis olan ilk meme kanseri hiicre hatt1i BT-20’dir

(Lasfargues ve Ozzello, 1958).

Meme kanseri ¢alismalarinda en fazla kullanilan hiicre hatlar1t MCF-7, T47D ve MDA-MB-
231°dir. MCF-7 hiicre hatt1 1973’te Soule ve calisma arkadaslar1 tarafindan tanimlanmistir
(Soule ve dig., 1973).

Nomenklatiir acisindan incelendiginde, meme kanseri hiicre hatlarinin isimlendirilmesinde;
ayni laboratuvarda tanimlanmig ve aymi hastadan izole edilmis olmalari, ayni birincil
populasyondan seri alt kiiltiirlemelerle veya ayni kiiltiirleme teknikleriyle elde edilmis olmalar1
dikkate almir. Ornegin MDA serisi hiicreler M. D. Anderson Hospital and Tumor Institute’de
tanimlanmistir (Cailleau ve dig., 1978). Literatiirde yaygin olarak kullanilan hiicre hatlar1 ve

ER/PR/HER? karakteristikleri Tablo 2.3’de yer almaktadir.

Tablo 2.3: Meme kanseri hiicre hatlar1 ve ER/PR/HER2 karakteristikleri (Dai ve dig., 2017).

Hiicre Hatti ER PR HER2 | Alt Tipi

MCF-7 + + - Luminal A
MDA-MB-231 - - - TNB (Triple Negative B)
T47D =3 =5 - Luminal A

SKBR3 - - + HER2-pozitif
MDA-MB-436 - - - TNA

MDA-MB-468 - - - TNA (Triple Negative A)
MDA-MB-453 - - + HER2-pozitif

BT20 - - - TNA

BT549 - - - TNB (Triple Negative B)
SUM159 - - - TNBC

4T1 - - - TNBC

HS-578T - - - TNB

HCC70 - - - TNA

KPL-1 + - - Luminal A

BT474 + + + Luminal B




2.1.4.Meme Kanserinde Ostrojen ve Progesteron Reseptérlerinin Rolii

Steroid reseptorler, polipeptid yapiya sahip sitoplazmik proteinler olup, niikleer reseptorler
stiper ailesinde yer almaktadirlar. Niikleusa tasmabilen steroid reseptorler, belirli genlerin
anlatimlarimi diizenleyerek transkripsiyon faktorleri olarak islev yaparlar (Kowalczyk ve dig.,

2021).

Steroid hormon reseptor fonksiyonlarmin klasik mekanizmasinda, steroid hormon reseptortii,
ligand bagli degilken, bir saperon protein olan 1s1 soku proteini 90 (Hsp90) ile baglanmis
durumdadir. Reseptére hormon ligand1 baglandiginda, reseptorde spesifik bir konformasyonel
degisiklik meydana gelir ve boylece reseptor, Hsp90 kompleksinden ayrilarak
otofosforilasyonla fosforile olur. Homo- veya heterodimerizasyonun ardmdan, steroid hormon
reseptorii niikleusa gider ve hedef gendeki hormona duyarl elementlere baglanarak s6z konusu

hedef genin transkripsiyonunu diizenler (Saha ve dig., 2021).

Ostrojen reseptorii (ER) ve progesteron reseptorii (PR), meme kanserinde dnemli rol oynayan
steroid reseptorleridir. Ostrojen reseptor alfa (ERa) ve dstrojen reseptdr beta (ERB) olmak iizere
iki homolog 6strojen reseptorii vardir. Meme kanseri vakalarmin yaklasik % 75’ini dstrojen
reseptOr alfa-pozitif (ERo+) vakalar olusturmaktadir. Luminal A ve luminal B meme kanseri

tiplerinde de ERa anlatim1 bulunmaktadir.

ERa’ya ligand, 6rnegin en temel strojen olan 17B-Estradiol (E2) baglandiginda, dimerizasyon
meydana gelir ve ERa, hiicre proliferasyonunu indiikleyen genomik veya genomik olmayan
sinyal yolaklarini aktiflestirir. Sekil 2.2°de genomik veya genomik olmayan sinyal yolaklari
iizerinden ERa aktivitesi gosterilmistir. Genomik aktivitede, ERa, dstrojen (E2) baglanmasiyla
veya bilylime faktorii (GF) reseptor stimiilasyonunun ardindan hiicresel kinazlar tarafindan
fosforillenerek aktiflesir ve 1s1 soku proteinlerinden (HSP’ler) ayrilir. Niikleusa giden ERa
burada, ya dogrudan Gstrojen-duyarh elementler araciligiyla veya serum duyarli elementler
araciligiyla DNA’ya baglanan AP1 veya SP1 gibi diger transkripsiyon faktdrlerinin yer aldigi
dolaylt mekanizmalarla DNA’ya baglanir. Genomik olmayan aktivitede ise aktiflesen ERa,
PI3K ve Src gibi kinazlarla etkilesime girer, bu etkilesim Akt ve MAPK’m yer aldig1 sinyal
yolaklarinin indiikklenmesine yol agar ve bunun sonucunda transkripsiyon faktorii (TF)
aktivasyonu meydana gelir. Biitlin bu mekanizmalar transkripsiyonel aktivasyonu veya hiicre

kaderinin (“cell fate”) diizenlenmesinin baskilanmasini indiikler (Clusan ve dig., 2021).
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Sekil 2.2: Genomik veya genomik olmayan sinyal yolaklari iizerinden ERa aktivitesi (Clusan ve dig.,
2021).

Ligand-bagimli transkripsiyon faktorlerinin steroid niikleer reseptor siiper ailesinin bir diger
iiyesi olan progesteron reseptoriiniin, kromozomal 11922-q23 lokasyonunda bulunan ve ayni
gen tarafindan kodlanan PR-A ve PR-B olmak iizere iki major izoformu bulunmaktadir.
Progesteron, meme epitel hiicrelerindeki proliferatif etkisini iki farkli mekanizma {izerinden
gergeklestirir. Birinci mekanizmada PR-pozitif hiicrelerin, siklin D1-bagimli proliferasyonu
s06z konusudur. Ayn1 zamanda bu mekanizmada progesteron, PR-pozitif liiminal hiicrelerdeki
RANKL’nin (NF-xB-ligand1 reseptor aktivatori)) mMRNA  transkripsiyonunu veya
stabilizasyonunu indiikleyerek RANKL protein miktarmi arttirir. ikinci mekanizmada ise
RANKL, parakrin isleviyle, komsu PR-negatif liiminal hiicrelerde NF-«xB ve siklin D1
yolaklarmi aktiflestirerek proliferasyonu indiikler (Sekil 2.3). Bagka bir ifadeyle, RANKL-
bagimli proliferasyon s6z konusudur (Kiesel ve Kohl, 2016; Li ve dig., 2022).
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Sekil 2.3: Meme liiminal epitel hiicrelerindeki PR/RANKL sinyal mekanizmasi (Li ve dig., 2022).

2.1.5.Meme Kanserinde HER2’nin Roli

HERZ2, hiicre biiyiimesini ve farklilagsmasini diizenleyen sinyal iletim yolaklarinda yer alan
ERBB (eritroblastik 16semi viral onkogen homologu) ailesinin bir iiyesidir. Reseptor tirozin
kinazlarin (RTK’ler) bir alt ailesi olan ERBB ailesi dort iiyeden olugmaktadir ve HER2
disindaki diger iiyeleri HER1 (bir diger adiyla EGFR), HER3 ve HER4’tiir. Sitoplazmik
membrana bagli proteinler olan bu reseptorler; bir hiicre dis1 ligand baglayan bolge, bir lipofilik
transmembran bolge ve bir hiicre i¢i (intraseliiler) tirozin kinaz bdlgesinden olusurlar. Genel
olarak reseptorlerin aktiflesme siirecinde, bir reseptore ligand baglanmasi gerceklestiginde,
reseptorler arasinda olusan dimerizasyon, hiicre i¢i tirozin kinaz bolgesinde otofosforilasyonu
indiikler. Bunun sonucunda; hiicre ¢ogalmasi, apoptoz, invazyon, metastaz, EMT (epitel-
mezenkimal gecis), anjiyogenez gibi siiregleri diizenleyen asagi akim (“downstream”) sinyal
yolaklar: tetiklenir. ERBB ailesinin diger iiyelerinden farkli olarak HER2, kendisine baglanan

tanimlanabilir bir liganda sahip olmadig: icin, aktiflesme siirecinde, kendisiyle homomerik
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veya ligand baglanmis HER1, HER3, HER4’ten biri ile heteromerik dimerizasyon
gerceklestirir (Hsu ve Hung, 2016; Hayes, 2019).

Meme kanserlerinin %20-30'unda HER2 nin normalden fazla seviyede anlatimi yapilmaktadir.
HER reseptorlerinin normalden fazla anlatimi en basta gen amplifikasyonundan, bunun yani
sira da kinaz bolgesindeki mutasyonlardan ve HER reseptor ligandlarmin birlikte anlatimindan
(“co-expression”) kaynaklanmaktadir (Nami ve dig., 2018). HER2’nin HER3 ile heterodimer

olusturarak aktivasyonu ve indiikledigi asag1 akim sinyal yolaklar1 Sekil 2.4’de gosterilmistir.

@ @
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Sekil 2.4: HER?2 aktivasyonu ve indiikledigi asag1 akim sinyal yolaklar1 (Arteaga ve dig., 2011).

Trastuzumab (herceptin), pertuzumab, lapatinib ve neratinib, HER2-hedefli olarak gelistirilmis
ilaglardir. Bir monoklonal antikor olan trastuzumab, HER2’nin hiicre dig1 bolgesini hedef alir.
Bir diger monoklonal antikor olan pertuzumab ise HER2’nin diger HER reseptorleri ile
dimerizasyonunu engeller. Lapatinib, intraseliiler tirozin kinaz inhibitoridiir; hem HER2 nin

hem de EGFR (HER1)’in intraseliilar tirozin kinaz aktivitesini tersinir olarak inhibe eder.
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Neratinib ise tersinir olmayanbir HER1/HER2 tirozin kinaz inhibitoriidiir (Arteaga ve dig.,
2011).

2.1.6. Meme Kanserinde NF-kB’nin Rolii

Niikleer faktor-xB (NF-«kB), bir transkripsiyon faktorii siiper ailesidir ve karsinogenez
siirecinde anahtar rol oynar. NF-«xB ailesinin; NF-kB1 (p105/p50), NF-xB2 (p100/p52), RelA
(p65), RelB, c-Rel olmak tizere bes tiyesi/alt birimi bulunmaktadir ve NF-kB, bu alt birimlerden
olusan homodimerik veya heterodimerik bir yap1 sergiler. Dinlenme durumundaki hiicrelerde
NF-kB kompleksi, sitoplazmada kB inhibitor proteini IkB’ye bagl olarak inaktif formdadir.
NF-kB’nin aktivasyonu sitokinler, patojenler, biiylime faktoérleri, ROS, UV radyasyonu,
hipoksi ve kemoterapdtik ajanlar gibi ¢ok ¢esitli hiicre dis1 uyaranlar tarafindan indiiklenir.
Aktivasyon siirecinde, bu hiicre dig1 uyaranlarla indiiklenen IxB kinaz kompleksi, 1xB’yi
fosforiller. Fosforillenen IkB, ubikitinlenir ve proteozom aktivitesiyle degrade olur. Serbest
kalan NF-kB niikleusa gider ve hedef genlerin promotdriindeki response elementlerine

baglanarak transkripsiyonu indiikler (Sekil 2.5) (Wu ve Kral, 2005).

Hiicre disi
\
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NF-KB’nin hedef aldiz1

gen transkripsivonu
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Sekil 2.5: NF-kB'nin aktivasyon mekanizmasi (Wu ve Kral, 2005).
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NF-kB, karsinogenez agisindan anahtar 6neme sahip hiicre proliferasyonu, hiicre adhezyonu,
anti-apoptoz, anjiyogenez, invazyon, metastaz siireglerinde yer alan genlerin transkripsiyonel
diizenlenmesinden sorumludur. NF-kB’nin meme kanserindeki roliine bakildiginda, meme
kanseri hiicrelerinde NF-kB’nin DNA’ya baglanma aktivitesinin yiiksek ve NF-kB/Rel alt
biriminin seviyesinin olduk¢a yiiksek oldugu goriilmiistiir (Nakshatri ve dig., 1997; Sovak ve
dig., 1997). Sitoplazmadaki yiiksek NF-kB/p65 seviyesinin, biiyiik ve yiiksek evreli timorlerle
iliskili oldugu belirlenmistir (Al-Mutairi ve Habashy, 2023). Ayrica NF-xB, meme kanserinde
siklin D1, c-Myc, Akt, uPA, MMP-9, INOS, COX-2, VEGF genlerinin anlatimin1 arttirmakta;
p53 aktivitesini, bir apoptoz indiikleyici gen olan GADD153 geninin anlatimini
baskilamaktadir (Nakshatri ve Goulet, 2002). Bunlarmn yani sira, NF-kB’nin; meme kanserinin
baslangig, ilerleme, metastaz ve kemoterapétiklere direng asamalarindaki hangi genleri, ne

yonde etkiledigi Sekil 2.6’da gosterilmistir.

Baslangic Ilerleme
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Sekil 2.6: Meme kanserinde NF-kB tarafindan diizenlenen genler (Nakshatri ve Goulet, 2002).

2.1.7.Meme Kanserinde PI3K/Akt/mTOR Sinyal Yolaginin Rolii

PI3K/Akt/mTOR sinyal yolag1 hiicre metabolizmasi, hiicre biiyiimesi, proliferasyonu ve sag
kalimi, invazyon, migrasyon, apoptoz ve anjiyogenez gibi temel hiicresel aktivitelerde anahtar

rol oynayan kompleks bir sinyal yolagidir.
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Plazma membranina bagli bir enzim olan PI3K (fosfoinositid 3-kinaz), reseptor tirozin kinazlar
(RTK) ve G protein-eslikli reseptorler (GPCR) tarafindan aktiflestirilir. Bu reseptorlere ligand
baglanmastyla aktiflesen PI3K, PIP2 (fosfatidilinositol 3,4-bifosfat)’nin PIP3 (3,4,5-trifosfat)’e
fosforilasyonunu katalizler. Bunu Akt (protein kinaz B)’nin iki fosforilasyon siireci takip eder.
Akt fosforilasyonlarindan birini PDK1 (fosfoinositid-bagimli kinaz-1), digerini de mTORC2
(rapamisin kompleksi 2'nin mekanik hedefi) katalizler. Aktiflesen Akt, mTOR’u (memeli
rapamisin hedefi) fosforiller ve bunun sonucunda hiicre biiylimesi, proliferasyonu ve sag kalimi
indiiklenir. PTEN (fosfataz ve tensin homologu), bu sinyal yolagmin negatif diizenleyicisidir

ve bir tiimor supresor olarak gorev yapar (Sekil 2.7) (Miricescu ve dig., 2021).

Bivime | [ kemokier

faktorleri

Insiilin Hormonlar

/

Hiicre
membrani

Hiicre
proliferasvonu A\
| Hiicre biiyiimesi, Protein sentezi

Hiicre sag kalimi \

Sekil 2.7: PI3K/Akt/mTOR sinyal yolag1 (Miricescu ve dig., 2021).

PI3K/Akt/mTOR sinyal yolagi, meme kanserinde mutasyonlarin en sik goriildiigii yolaktir.
Yapilan profilleme c¢aligmalari en sik gozlenen somatik mutasyonun PIK3CA geninde
oldugunu gostermistir. Meme kanserinde PI3K/Akt/mTOR sinyal yolag: ile iligkili hangi
genlerde hangi tip degisimler oldugu Tablo 2.4’de belirtilmistir (Chia ve dig., 2015).
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Tablo 2.4: Meme kanserinde PI3K/Akt/mTOR sinyal yolagindaki mutasyonlar (Chia ve dig., 2015).

Gen Genetik Degisim Sinyal yolagmdaki etkisi

PIK3CA Fonksiyon kazandiran mutasyon PI3K sinyali hiperaktivasyonu

PTEN Fonksiyon kaybettiren mutasyon veya | PI3K sinyali hiperaktivasyonu
epigenetik sessizlesme

Aktl Fonksiyon kazandiran mutasyon Akt hiperaktivasyonu

Akt2 Amplifikasyon Akt hiperaktivasyonu

PDK1 Amplifikasyon veya normalden fazla | PDK1 (Akt ve TORCI1)
anlatim hiperaktivasyonu

2.1.8.Meme Kanseri Tedavisinde Kullanilan ilaclar

Meme kanseri tedavisinde kullanilan, FDA (Amerikan Gida ve Ilag Dairesi) onay1 almis ¢ok
sayida ila¢c bulunmaktadir. Bu ilaglar etkilerini dstrojen sentezi, hiicre dongiisii, PI3K sinyal
yolagi, mTOR sinyal yolagi, HER2 tirozin kinaz aktivitesi ve apoptoz gibi farkli molekiiler
mekanizmalar tizerinden gergeklestirirler. Bu ilaglardan bazilarmin molekiiler yapilar1 (The
Merck Index Online, 2023) ve etki mekanizmalar1 (National Cancer Institute, 2023) Tablo

2.5’de yer almaktadir.

Pasifik porsuk agaci olarak bilinen Taxus brevifolia’dan izole edilen Paclitaxel ve Avrupa
porsuk agaci (European yew tree) olarak bilinen Taxus baccata’dan izole edilen Docetaxel

bitkisel kokenli ilaglardir (Francis ve dig., 1995).
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Tablo 2.5: Meme kanseri tedavisinde kullanilan ilaglar.

Tlac Ads Molekiil Yapis1 Etki Mekanizmasi
o o
HH— '{ _l;:'“ — M,
Alpelisib Wi, f'i.f\ I,.-"_‘a, PI3K inhibitdrii
- o, N ‘\
ch’x‘“]'.’ S "““I(’ o
N CHy
M=,
NN
Anastrozole A Aromataz inhibitdrii
e L
o = CHy
CH,y CH
| T - '_" & g
N Tibiline baglanir, G2M fazinda
Docetaxel o TN hiicre tutuklamasi meydana getirir
A
il
"-.“ - g r
s ‘H'\-I ! 1 .y
Everolimus L mTOR inhibitéri
o s
" | HER1, HER2 ve Akt kinazlarin
Lapatinib fosforilasvonunu tersinir olarak
ditosylate Ho inhibe eder ve ayrica siklin D
proteinini inhibe eder
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Tablo 2.5 (devam): Meme kanseri tedavisinde kullanilan ilaglar.

H—
L
>
Letrozole e A Aromataz inhibitdri
AR
Jepel
L § Lo Tubiline baglansr, hilcre
ey H_{-f"-i"h ] boliinmesini inhibe eder, ayrica
Paclitaxel o, 'I'“-*"’.I = R‘L Bel-2 proteinine baglanip
LT 5L o p o fonksiyonunu inhibe ederek
- [ ,[ W 4 apoptozu indikler
Mo ,f':* -
[ J T . |CDK inhibitors, CDK4 ve
Palbociclib d “‘jr ~F Y Y7 CDK6°y1 inhibe eder
“h""‘\.--" - -___hl_ P ,-'3”.
T T
Pertuzumah - HER? tirozin kinaz inhibitéri
H
- F.'ﬂ ...'h'CH'
Tamoxifen v - b Estradioliin dstrojen reseptorlerine
citrate we— i ™% baglanmasim inhibe eder
& b HO O-:-"‘-iélh oH
Trastuzumah Howr ' HER2 ye baglamr
. I'_‘.X--_ "
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2.2. ANTIKANSER OZELLIiKLi DOGAL BIiLESiKLER

2.2.1.Flavonoidler

Polifenolik bilesikler olan flavonoidler, bitkiye renk ve aroma kazandirilmasindan sorumlu,
bitkinin gelisiminde ve UV’ ye kars1 korunmasinda rol oynayan bitkisel ikincil metabolitlerdir.
Flavonoidler antikanser, antibakteriyal, antiviral, antioksidan, antidiyabetik, antialerjik ve
antiinflamatuar aktivitelere sahiptir. (Tapas ve dig., 2008; Mathesisus, 2018). Meyve ve
sebzeler, baklagiller, tahillar, narenciyeler, kirmizi orman meyveleri, kirmiz1 sarap ve cay
flavonoid igerikli baslica diyet kaynaklaridir. Flavonoidlerin temel kimyasal yapisini, 15
karbona sahip bir karbon iskeleti olusturmaktadir. Bu karbon iskeletinde iki adet aromatik
benzen halkasi1 (A ve B halkasi) ve bu halkalara bagli bir adet heterosiklik piran halkasi (C
halkas1) yer almaktadir. Flavonoidler, C halkasinda B halkasinin baglandig1 karbona ve C
halkasinin doymamuslik ve oksidasyon seviyesine gore; flavonlar, flavanonlar, isoflavonoidler,
flavonoller, flavanoller ve antosiyaninler olmak {izere alt1 sinifa ayrilirlar (Kopustinskiene ve
dig., 2020). Flavonoidlerin kimyasal yapilar1 Sekil 2.8’de ve flavonoid siniflarinin kimyasal

yapilarindaki farkliliklar Sekil 2.9’da yer almaktadir.

Flavoniod O
OH
‘ | Flavanol
OH

o

Flavonol

Sekil 2.8: Flavonoidler ve kimyasal yapilar1 (Kopustinskiene ve dig., 2020).
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B halkasinin pozisyonu ‘ | 2 o
‘ |
[ )
C halkasinin
ggvgunluvu Do)tmu§ : Do!mamli Qgﬂ!\jm
l , | \
C halkasinin Olside Okside Okside Okside Okide
oksidasyonu  olmus  olmams olmus olmannis olmus
i |
j &&= / ) Antosivanidin | isoflavonoid |
C halkasi C halkasi
| [
| Flavonol M  Flavon

Sekil 2.9: Flavonoidlerin kimyasal yapilari arasindaki farkliliklar (Abotaleb ve dig., 2019).

Flavonoidler, sekerle bagli olduklarinda glikozit yap1, sekerle bagli olmadiklarinda aglikon yap1
gosterirler. Sitozolik pH’da, fenolat anyonlarinin ve nétral fenollerin bir karisimini meydana
getirirler. Zayif hidrofobik asitler olan flavonoidler, lipofilik 6zellikleri sayesinde hiicresel ve
mitokondriyal membranlardan gegebilme potansiyeline sahiptirler (Kopustinskiene ve dig.,

2020).

Flavonoidlerin alt siniflarindan biri olan flavanonlar, turunggillerde bulunurlar. Kimyasal
yapilarinda doymus ve okside olmus bir C halkasina sahiptirler. Baslica flavanonlar hesperitin,
naringenin, eriodiktioldiir. Bir diger flavonoid alt sinifi olan flavanollar, muz, elma, yaban
mersini, armut ve seftalide bulunmaktadirlar. Kimyasal yap1 6zelligi, doymus ve okside
olmamis bir C halkas1 ve bu halkada C3’e bagli bir hidroksil grubu igermesidir. Katesin,
epikatesin, epigallokatesin, epikatesin gallat ve epigallokatesin gallat bu sinifta yer almaktadir.
Flavonollar; lahana, marul, sogan, iiziim ve kirmizi orman meyvelerinde bulunmaktadirlar.
Doymamis bir C halkasina sahiptirler. Bu C halkasi, C3’te hidroksillenmis ve C4’te oksidedir.
Kersetin, mirisetin, kamferol, galangin ve fisetin bu simifta yer almaktadir. Flavonlar,
doymamis bir C halkasina sahiptirler. Bu C halkasinda C3’te hidroksillenme yoktur, C4’te bir
ketonik grup bulunmaktadir. Baslica flavonlar apigenin, krisin, luteolin, tangeritindir. Kereviz,
maydanoz, nane, kirmizibiber ve Ginkgo biloba flavon agisindan zengin kaynaklardir.

Antosiyanidinler, okside olmamis ve doymamis flavonoidlerdir. C halkasinda pozisyon-3
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(C3)’te ve B halkasinda pozisyon-3, 4 ve 5’te hidroksillenmislerdir. Suda ¢oziinebilir 6zellikte
olan antosiyanidinler, pH’ya bagimli bitki pigmentasyonundan sorumlu bitki pigmentleri olarak
islev yaparlar. Siyanidin, delfinidin, malvidin, pelargonidin ve peonidin en iyi bilinen
antosiyanidinlerdir; kizilcik, siyah frenk tiziimii, siyah iiziim, yaban mersini, ¢ilek ve bogiirtlen
gibi meyvelerde bulunurlar. isoflavonoidler, soya fasiilyesi ve legiimenlerde bulunurlar.
Kimyasal yapisina bakildiginda, B halkasinin, C halkasindaki pozisyon-3 (C3)’e bagl oldugu
goriilmektedir. En iyi bilinen isoflavonoidler genistein ve daidzeindir (Panche ve dig., 2016;
Abotaleb ve dig., 2019, Kopustinskiene ve dig., 2020).

2.2.2. Terpenler

Isoprenoidler olarak da bilinen terpenler, sekonder metabolitlerin en biiyiik ve en fazla cesitlilik
gosteren grubudur. Terpenler, cogunlukla bitkiler ve yani sira da hayvanlar tarafindan
iretilirler. En 1y1 bilinen islevleri bitkilerde gilizel koku saglama, 1s1ya kars1 koruma, kimyasal
sinyalizasyon ve bitki patojenlerine karsi savunma olan terpenlerin; antiviral, antimikrobiyal,
antifungal, antihiperglisemik, antiinflamatuar, antiparazitik, antidepresan, antidiyabetik ve
antikanser aktiviteleri olmak tizere farkli tibbi islevleri de bulunmaktadir (Cox-Georgian ve
dig., 2019).

Terpenlerin temel kimyasal yapisinda her biri bes karbonlu olan izopren (CsHg) birimleri yer
almaktadir. izopren birimleri terpenlerin temel yap1 tasidir ve terpenler, bu izopren birimlerinin
sayisina gore siniflandirilirlar. Terpenlerin genel formiilii (CsHg)n seklindedir ve bu formiildeki
n, izopren birimi sayisin1 temsil eder. Hemiterpenler bir izopren biriminden olusmakta ve bes
karbon atomu igermektedirler. Iki izopren biriminden olusan monoterpenlerin (CioH1s)
yapisinda 10 karbon atomu yer almaktadir. Seskiterpenler (CisH24) ti¢ izopren biriminden,
diterpenler (CxoHs2) dort izopren biriminden, sesterpenler (CzsHao) bes izopren biriminden,
triterpenler alt1 izopren biriminden (30 karbon atomu) ve tetraterpenler ise sekiz izopren
biriminden (40 karbon atomu) olusurlar (Paduch ve dig., 2007; Perveen, 2018) (Sekil 2.10).



20

/Y Hemiterpen (1 izopren birimi)
/k/ _~~_~ | Monoterpen (2 izopren birimi) |
*/ J\/ )\/] Seskiterpen (3 izopren birimi) \
| Diterpen (4 izopren birimi) |

P Y P

NN NS SN S e

| Triterpen (6 izopren birimi) |

Sekil 2.10: Terpenler ve i¢erdikleri izopren birimi sayilar1 (Perveen, 2018).

Basit hidrokarbonlar olan terpenlerin, farkli fonksiyonel gruplarla kimyasal modifikasyonu
sonucu ortaya ¢ikan bilesikler terpenoidler olarak isimlendirilir. Limonen ve kantaridin
monoterpenoidler sinifinda; artemisinin seskiterpenoidler smifinda; tansinon IIA, triptolid,
psodolarik asit B, oridonin ve andrografolid diterpenoidler sinifinda; kelastrol, kukurbitasin,
alisol B ve pakimik asit triterpenoidler sinifinda; likopen ise tetraterpenoidler sinifinda yer alan
terpenoidlere ornek olarak verilebilir (Huang ve dig., 2012). Baslica terpenoidler ve elde

edildikleri kaynak bitkiler Tablo 2.6’da listelenmistir.



Tablo 2.6: Baslica terpenoidler ve elde edildikleri kaynak bitkiler.

Terpenoid Simifi Bilesik Bilesigin Kaynag
Monoterpenoid Limonen Citrus limon L.
Kantaridin Mpylabris phalerata Pallas
Seskiterpenoid Artemisinin Artemisia annua L.
Partenolid Tanacetum parthenium
Diterpenoid Tansinon ITA Salvia miltiorrhiza Bge

Triptolid Tripterygium wilfordii Hook. f
Psddolarik asit B Pseudolarix amabilis (Nelson)Rehd
Andrografolid Andrographis paniculata (Burm. f.) Nees
Oridonin Rabdosia rubescens(Hemsl.)Hara
Taxol Taxus brevifolia

Triterpenoid Kelastrol Tripterygium wilfordii Hook. f
Kukurbitasin Cucumis melo L.
Alisol B Alisma orientalis (Sam.)Juzep

Pakimik asit

Poria cocos (Schw.)Wolf

Ursolik asit

Ocimum sanctum, Vaccinium myrtillus

Betulinik asit

Betula alba, Syncarpia glomulifera, Prunus
delcis

Lupeol Aegle marmelos
Tetraterpenoid Likopen Lycopersicon esculentum Miller
Lutein Spinacia oleracea (Ispanak)

2.2.3.Stilbenler

Stilbenler molekiiler agirliklar1 210-270 g/mol arasinda degisen dogal olusumlu bilesiklerdir.
Polifenolik bilesiklerin bir smifi olan stilbenlerin islevi, viral veya mikrobiyal saldirilar, asir1
ultraviyole radyasyonu ve hastalik gibi ¢evresel tehditlere kars1 bitkiyi korumaktir. Stilbenler
ortak kimyasal yapilarinda bir adet Cs-C2-Cs temel iskeletine sahiptirler ve bir eten ¢ift bagi ile
baglanmis iki adet fenil grubu icerirler (Roupe ve dig., 2006, Tsai ve dig., 2017).

Resveratrol ve pterostilben en iyi bilinen stilbenlerdir. Resveratroliin trimetoksistilben,
tetrametoksistilboen  ve  pentametoksistiloen  olmak {izere metillenmis tiirevleri;
dihidroksistilben, tetrahidroksistilben ve heksahidroksistilben olmak tizere de hidroksillenmis

tiirevleri bulunmaktadir (Ferraz da Costa ve dig., 2020).

Resveratrol (3,4’,5-trihidroksi-trans-stilben), flavonoid sinifina dahil olmayan bir polifenoldiir
(Sekil 2.11). Stilbenoid yapiya sahip ve dogal olusumlu bir fitoaleksin olan resveratrol; {iziim,

elma, yaban mersini, erik ve yer fistigmin da dahil oldugu 70’ten fazla bitki tarafindan UV
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radyasyonu gibi g¢evresel stres kosullarina ve mikrobiyal enfeksiyona yanit olarak {iretilir
(Signorelli ve Ghidoni, 2005, Koushki ve dig., 2018). Resveratrol hem trans hem cis izomerik
formlarda (Frémont, 2000) bulunmakla birlikte, yaygin olan formu trans izomeridir.
Resveratroliin;  antikanser, kemopreventif, antioksidan, antiviral, antiinflamatuar,
kardyioprotektif ve ndroprotektif anlamda insan saghigina yonelik bir¢cok faydasi bulunmaktadir

(Shishodia ve Aggarwal, 2005).

Resveratrol
(3,4’,5-trihidroksi-trans-stilben)

Sekil 2.11: Resveratroliin kimyasal yapisi.

Pterostilben (trans-3,5-dimetoksi-4'-hidroksistilben), resveratroliin dimetillenmis dogal bir
analogudur (Sekil 2.12). Ayni resveratrol gibi, flavonoid sinifina dahil olmayan polifenolik bir
bilesik ve fitoaleksindir. Pterostiloen ile resveratrol arasindaki temel kimyasal fark;
pterostilbenin iki metoksi ve bir hidroksil grubu igerirken, resveratroliin ti¢ hidroksil grubu
icermesidir (McCormack ve McFadden, 2012). Pterostilben, 6zellikle yaban mersini
(“blueberry”) ve tiziimde bulunmaktadir. Yagda ¢6ziinebilen pterostilbenin yapisinda bulunan
iki metoksi grubu, bilesigin lipofilik 6zelligini arttirmakta ve bu da bilesige, biyoyararlanim
acisindan avantaj kazandirmaktadir (Chen ve dig., 2017). Pterostilben; antikanser,
antidiyabetik, antihipertansif ve antihiperlipidemik aktiviteye sahiptir. Buna ilave olarak hem
antioksidan ve antiinflamatuar 6zellikleri, hem de merkezi sinir sistemi ve kardiyovaskiiler

hastaliklar tizerinde faydali etkileri bulunmaktadir (Kosuru ve dig., 2016).
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OH
H,CO N

OCH;

(3,5-dimetoksi-4'-hidroksistilben)

Sekil 2.12: Pterostilbenin kimyasal yapisi.

2.2.4. Kannabinoidler

Aktif kimyasal bilesikler olan ve hiicre fonksiyonlarini farkli hiicresel yolaklar iizerinden
etkileyen kannabinoidler; endokannabinoidler, fitokannabinoidler ve sentetik kannabinoidler
olmak tizere ti¢ sinifa ayrilirlar. Endokannabinoidler insan viicudu tarafindan iretilirler,
sentetik kannabinoidler ise yapay olarak sentezlenirler. Oleamid ve pregnenolon
endokannabinoidlere iki 6rnektir. Fitokannabinoidler ise Cannabis sativa bitkisi tarafindan

uretilirler.

Izole edilmis 100’iin {izerinde kannabinoid bulunmasma ragmen, bunlarm igerisinde ancak
bazilar1 biyoaktivite a¢isindan 6nem tasimaktadir. Tetrahidrokannabinol (THC), kannabidiol
(CBD), kannabigerol (CBG), kannabikromen (CBC), kannabinol (CBN), kannabidivarin
(CBDV), kannabivarin (CBV) en 6nemli kannabinoidlerdir. Psikoaktif 6zellikte olan ve ayni
zamanda intoksifikasyona yol agan THC ile psikoaktif 6zellikte olmayan ve intoksifikasyona
yol agmayan CBD, en fazla ¢alisilmis olan kannabinoidlerdir (Kovalchuk ve Kovalchuk, 2020;
Tomko ve dig., 2020). Kannabinoidlerin kimyasal yapilar1 Sekil 2.13’de yer almaktadir.

Kannabinoidler hiicreler iizerindeki etkilerini, G protein-eslikli reseptorler (GPCR’ler) olan
kannabinoid reseptor tip 1 (CB-R1) ve kannabinoid reseptor tip 2 (CB-R2) araciligiyla
gerceklestirirler. CB-R1 reseptorleri agirlikli olarak merkezi sinir sisteminde bulunmakla
birlikte, noral olmayan diger hiicrelerde de anlatimlar1 yapilmaktadir. Kannabinodilerin
psikoaktif etkilerinin biiyiikk bir ¢cogunlugu bu CB-R1 reseptorii araciligyla gergeklesir. Bu

reseptorler insan viicudunda, CB-R2 reseptdrlerine oranla daha baskindir. CB-R2 reseptorleri
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ise Ozellikle bagisikliktan sorumlu dokularda yogun olarak bulunmakla birlikte, merkezi sinir
sistemi hiicrelerinde de anlatimi yapilmaktadir (Mackie, 2008; Bridgeman ve Abazia, 2017).
Bu kannabinoid reseptdrlerinin aktiflesmesi sonucunda adenilat siklaz inhibisyonu, Ca?*
kanallarmin inhibisyonu, K kanallarinin aktiflesmesi ve MAPK (“mitogen activated protein
kinase”), PI3K (fosfatidilinositol 3-kinaz) sinyal yolaklarmin aktivasyonu ve COX-2 sinyal
yolagiin modiilasyonu gibi olaylar meydana gelir (Javid ve dig., 2016).

| Delta-9-tetrahidrokannabinol | ‘ Kannabidivarin |
‘ [T
2
I(annabldlol Kannabinol

——

Kannabivarin

| Kannabikromen | | Tetrahidrokannabivarin |

Sekil 2.13: Kannabinoidlerin kimyasal yapilar1 (Tomko ve dig., 2020).
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2.2.5. Alkaloidler

Alkaloidler yapilarinda azot atomu tasiyan organik bilesiklerdir. Kimyasal yapilar1 heterosiklik
halka sistemlerinden olusan alkaloidlerin biiyiik bir ¢ogunlugu bitkilerden elde edilir.
Alkaloidler insan sagligi lizerinde antikanser, antiinflamatuar, antioksidan, antimikrobiyal,
antihipertansif, antiaritmik, antidiyabetik, diliretik, antiallerjik ve antiastimatik olmak tizere
farkli farmakolojik aktivitelere sahiptirler. Rhizoma coptidis’den izole edilen berberin, Sophora
flavescens’dan izole edilen matrin, Piper nigrum L.’den izole edilen piperin, Papaveracea
ailesinden izole edilen sanguinarin antikanser aktivite agisindan dneme sahip alkaloidlerdir (Lu
ve dig., 2012; Qiu ve dig., 2014 ). Ayrica Catharanthus roseus’den elde edilen vinkristin ve
vinblastin, kemoterapétik ilag olarak kanser tedavisinde kullanilmakta olan alkaloidlerdir. Bazi

alkaloidlerin kimyasal yapis1 Sekil 2.14°de gosterilmistir.

Matrin

Piperin

Sekil 2.14: Bazi alkaloidlerin kimyasal yapilari.
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2.2.6.D Vitamini

Bir sekosteroid hormon olan D vitamini, bitkisel kaynakli D2 vitamini (ergokalsiferol) ve
hayvansal kaynakli D3 vitamini (kolekalsiferol) olarak iki gruba ayrilir. D vitamininin bu iKi
formu da diyet kaynaklarindan elde edilebilir ve biyolojik olarak aktiflestirilmeleri gerekir. D3
vitamini ayrica giines 15181 etkisiyle insan derisinde (epidermiste) de tiretilir. Deri, 290-320 nm
UV-B radyasyonuyla karsilastiginda, bir perkiirsér molekiil olan 7-dehidrokolesterol’den D3
vitamini sentezlenme siireci tetiklenir. Iki asamali olan bu sentez siirecinin ilk asamasinda
karacigerde, karbon 25 atomu, CYP2RI1/CYP27A1 enzimleri (sitokrom P450 enzimleri)
tarafindan hidroksillenir ve 25-hidroksivitamin D3 (25(OH)D3) molekiilii olusur. Ikinci asama
bobrekte gergeklesir ve 25(OH)D3 molekiilii, CYP27B1 enzimi tarafindan karbon 1 atomunda
hidroksillenerek 1,25(OH).D3 molekiilii olugsur. D3 vitamininin aktif formu bu /a,25-
dihidroksivitamin D3 (1,25(0OH)2D3) molekiiliidiir (Welsh, 2007; Vanhevel ve dig., 2022)
(Sekil 2.15).
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Sekil 2.15: D vitamininin sentezlenme siireci.
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D vitamini, kalsiyum ve fosfat homeostazisindeki klasik roliiniin disinda; hiicre proliferasyonu,
farklilagmasi gibi farklr hiicresel siireclerdeki sinyal yolaklarinda da diizenleyici etkiye sahiptir.
D vitamini biyolojik fonksiyonlarini bir niikleer reseptdr olan vitamin D reseptorii (VDR)’ne
baglanarak, genomik yolak iizerinden gergeklestirir. Genomik yolakta, D vitamini Once
VRD’ye baglanir ve ardindan retinoid-X-reseptorii (RXR) ile heterodimerik bir kompleks
olusturur. Bu komples niikleusa gider ve hedef genlerin promotorlerindeki vitamin D yanit
elementlerine (VDRE) baglanarak s6z konusu genlerin anlatimlarini diizenler (EI-Sharkawy ve
Malki, 2020).

2.3. ANTIKANSER OZELLIKLI DOGAL BILESIKLERIN ETKI
MEKANIZMALARI

2.3.1. Flavonoidlerin Meme Kanseri Hiicrelerindeki Antikanser Etki Mekanizmalari

Bir flavonol olan kersetin (Sekil 2.16) en 6nemli antikanser aktivitelerini hiicre dongiisiinde
G1, G1/S veya G2/M fazlarinda hiicrenin tutuklanmasina neden olarak gergeklestirir. Meme
kanseri hiicrelerine uygulanan kersetin, CDK inhibitorii olan p21 proteininin anlatimimi
arttirmakta ve buna bagh olarak pRb’nin fosforilasyon seviyesini azaltarak, hiicre dogiisiinde
G1/S gegisini durdurmaktadir. Bunun yani sira G2/M gegisi diizenleyicilerinden olan siklin B1
ve CDK1’in seviyelerinde azalmaya neden olmaktadir (Jeong ve dig., 2009). Ayrica kersetin,
uygulandigi MCF-7 hiicrelerinde CDK2, siklin A ve siklin B proteinlerinin ekpresyonlarini
azaltarak ve yami sira da p53 ve p57 proteinlerinin anlatimlarini arttirarak, S fazinda hiicre
tutuklamasina neden olmaktadir (Chou ve dig., 2010). Kersetinin meme kanseri hiicrelerindeki

diger antikanser etkileri ve bu etkilerin mekanizmalar1 Tablo 2.7’de 6zetlenmistir.



28

HO o

OH o}

OH
OH

OH

Sekil 2.16: Kersetinin kimyasal yapisi.

Tablo 2.7: Kersetinin meme kanseri hiicreleri tizerine antikanser etkileri.

Meme Kanseri Kersetinin EtKkisi Mekanizma Kaynak
Hiicre Hatt1
MCEF-7 EMT nin baskilanmasi E-kaderin artar Cao ve dig.,
MDA-MB-231 Vimentin ve MMP-2 azalir 2018
T47D
MDA-MB-231 Apoptozun indiiklenmesi Mitokondri ve kaspaz-3- Chien ve dig.,
bagiml yolak 2009
MCEF-7 Apoptozun indiiklenmesi Bax ve kaspaz-3 seviyesinde Khorsandi ve
artig, Bel-2 gen anlatiminda dig., 2017
azalis
MCEF-7 EMT, anjiyogenez ve Vimentin, N-kaderin, Snail, Balakrishnan
MDA-MB-231 invazyonun inhibisyonu MMP-2, MMP-9 ve VEGFR-2 | ve dig., 2016
seviyelerinde azalis, E-kaderin
seviyesinde artis
MCEF-7 Metastazin inhibisyonu MMP-2, MMP-9 ve VEGF Jia ve dig.,
MDA-MB-231 Glikoz alimmin inhibisyonu | seviyelerinde azalis, GLUT1 2018
protein seviyesinde azalis,
Akt/mTOR sinyal yolaginin
inhibisyonu

Bir flavanon olan hesperetin, hesperidinin glikozide olmamus (aglikon) formudur. Hesperidin,
bir flavanon glikozididir ve hesperitine bir disakkarid olan rutinoz baglanmasiyla olusur
(Roohbakhsh ve dig., 2015) (Sekil 2.17). Benzer bilesikler olan hesperetin ve hesperidin, meme
kanseri hiicrelerindeki antikanser aktivitelerini de benzer molekiiler mekanizmalar {izerinden
gerceklestirirler. Hiicre proliferasyonunun inhibisyonu, apoptozun indiiklenmesi, hiicre
dongiisiiniin  durdurulmas1 (“cell cycle arrest”), tiimor biiylimesinin, anjiyogenezin ve
metastazin baskilanmasi olarak 6zetlenebilecek bu mekanizmalarda hesperitin ve hesperidinin

hedef aldig1 molekiiller farklilik gosterebilmektedir.



29

CH, CH,

HO Q o—H; 0O 0

(B)

Sekil 2.17: Hesperetin (A) ve hesperidinin (B) kimyasal yapilari.

(A)

MDA-MB-231 hiicrelerinde, hesperetin; glukoz transporter 1 (GLUT1) protein seviyesini
azaltarak, glukoz transporter 4 (GLUT4)’ iin hiicre periferine dagilimmi inhibe ederek, insulin
reseptor-beta alt birimi (IR-beta) ve Akt fosforilasyonunu baskilayarak glukoz alimini

azaltmakta ve bunun sonucu olarak da hiicre proliferasyonunu inhibe etmektedir (Yang ve dig.,
2013).

HER2-pozitif SK-BR-3 hiicrelerinde, hesperetin, hiicre biiyiimesini inhibe edici ve apoptoz
indiikleyici bir etkiye sahiptir. Hesperetinin bu hiicrelerde HER2 tirozin kinaz (HER2-TK)
aktivitesini inhibe ettigi, hiicrelerin G2 fazinda tutuklanmasina yol agtig1, kaspaz-8 ve kaspaz-

3 aktiflestirmesi sonucu apoptozu indiikledigi belirlenmistir (Chandrika ve dig., 2016).

Hesperetinin MCF-7 hiicrelerinde, siklin-bagimli kinazlar olan CDK2 ile CDK4’iin ve ayni
zamanda siklin D ve E’nin anlatimmi azalttigi, p21©** and p27KP! anlatimmi arttirdigi ve
boylece hiicre dongiisiinii G1 fazinda durdurdugu; buna ek olarak, Bcl-2 protein diizeyini

azaltip Bax diizeyini arttirdig1 ve apoptozu indiikledigi belirlenmistir (Choi, 2007).

Hesperidin, MDA-MB-231 hiicrelerinde programlanmis 6liim ligandi 1 (PD-L1)’in anlatimini
inhibe etmektedir. Bunu da Akt ve NF-kB sinyal yolaklarini baskilamasi sonucu
gerceklestirmektedir. Ayrica hesperidin, bu hiicre hattinda matriks metalloproteinazlarin
(MMP-9 ve MMP-2) salgilanmasini inhibe ederek metastatik fenotipi baskilamaktadir
(Kongtawelert ve dig., 2020).

Ayrica meme kanseri kok hiicresi (BCSC) ozelligi gosteren MCF-7 mamosferlerinde (3D)

yapilan ¢alismada hesperidinin hiicre peroliferasyonunu, mamosfer ve koloni olusumunu, hiicre
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migrasyonunu inhibe ettigi; GO/G1 fazinda hiicre tutuklamasi meydana getirdigi ve apoptozu
indiikledigi gosterilmistir. Apoptoz siirecinde Bcl-2'nin mRNA seviyesinde azalmaya, p53
seviyesinde ise artisa neden oldugu ve bunlara ek olarak, EMT’de rol oynayan MMP-9

anlatiminda diisiise neden oldugu belirlenmistir (Hermawan ve dig., 2021).

Flavonlarm bir iiyesi olan apigenin (Sekil 2.18), meme kanseri hiicrelerindeki antikanser
etkilerini hiicre dongiisii, epigenetik mekanizmalar, NF-kB sinyal yolag1 ve apoptoz lizerinden
gerceklestirir. Hiicre spesifik olarak bakildiginda MDA-MB-231 hiicrelerinde CDK1, siklin A
ve siklin B anlatimlarmi baskiladigi, histon H3 asetilasyonuna bagli olarak p2?!WAFL/CIPL
anlatiminda artis ve G2/M fazinda hiicre tutuklamasi meydana getirdigi (Tseng ve dig., 2017);
SKBR3 hiicrelerinde aktif kaspaz-3, kaspaz-8 ve PARP seviyesinde artisa neden oldugu ve
apoptozu indiikledigi (Seo ve dig., 2015); MCF-7 ve MCF-7 HER?2 hiicrelerinde ise NF-xB

sinyal yolagini bloke ettigi (Seo ve dig., 2012) belirlenmistir.

OH O
Apigenin

Sekil 2.18: Apigeninin kimyasal yapisi.

Bir izoflavonoid olan genisteinin (Sekil 2.19) meme kanseri hiicrelerindeki antikanser
mekanizmalar1 hiicre dongiisii, apoptoz ve hiicre proliferasyonunun inhibisyonuyla iliskilidir.
Genisteinin, siklin B anlatimin1 baskiladigi ve hiicre dongiisiiniin G2/M fazinda hiicre
tutuklamas1 meydana getirdigi bilinmektedir (Kobayashi ve dig., 2002). Biitiin bunlara ek
olarak genisteinin, NF-kB/p65 protein seviyesini ve NF-kB’nin DNA’ya baglanma aktivitesini
azalttig1; Bax protein seviyesini arttirirken, Bcl-2 protein seviyesini azalttig1 ve kaspaz-3’iin
aktiflesmesini sagladigi; epigenetik modifikasyonlar sayesinde p21 ve p16 timor suppressor

genlerinin anlatimlarini arttirdig: belirlenmistir (He ve Chen, 2013).
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Sekil 2.19: Genisteinin kimyasal yapisi.

Polifenolik bir bilesik olan kurkumin, Curcuma longa (zerdegal) bitkisinden izole edilir.
Kurkumin, turuncu-sar1 renkte ve kristal yapida lipofilik bir bilesiktir (Seca ve Pinto, 2018)
(Sekil 2.20).

Kurkumin

Sekil 2.20: Kurkuminin kimyasal yapisi.

Kurkumin, meme kanseri hiicreleri tizerindeki antikanser etkisini farkli mekanizmalarla
gosterir. CDK/siklin komplekslerini hedef alan kurkumin; CDK4-siklin D1 birlesmesini bloke
ederek, siklin E’nin proteazom-aracili ytkimini ve CDK inhibitorlerinin anlatimlarinda artis
stimiile ederek antiproliferatif etki gosterir. Ayrica, pS53-bagimli yolak iizerinden ve
proapoptotik Bax proteininin seviyesini arttirarak apoptozu indiikler. Kurkuminin antikanser
aktivitesi, NF-kB’nin ve VEGF izomerlerinin anlatim seviyelerini azaltmasiyla da iligkili

bulunmustur (Song ve dig., 2019).
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2.3.2. Terpenoidlerin Meme Kanseri Hiicrelerindeki Antikanser Etki Mekanizmalar

Biitiin terpenoid siniflarna genel olarak bakildiginda; terpenoidlerin antikanser etki
mekanizmalarinin hiicre proliferasyonunun inhibe edilmesi, apoptozun indiiklenmesi,
anjiyogenezin ve metastazin inhibisyonu, topoizomeraz I enziminin inhibisyonu, hiicre
dongiisiiniin durdurulmasi, ¢oklu ilag direnci (MDR)’nin tersine ¢evrilmesi ve tiimor hiicre

rediferansiyasyonunun indiiklenmesi oldugu goriilmektedir (Huang ve dig., 2012).

Monoterpenlerden olan olan limonen, perilil alkol ve perilik asit; MCF-7, TATD, MDA-MB-
231 hiicrelerinde siklin D1 anlatimini azaltarak, hiicre dongiisiinii G1/S fazinda durdurmakta

ve hiicre biliyiimesini inhibe etmektedir (Bardon ve dig., 1998).

Limonen ve perilil alkol basta olmak tiizere monoterpenlerin en Onemli antikanser
aktivitelerinden bir digeri, post-translasyonel izoprenilasyon siireci izerinde meydana getirdigi
inhibe edici etkidir. Izoprenilasyon, proteinin karboksil ucunda veya ona yakin bulunan Cys
bakiyesine lipofilik bir izoprenoid grubunun kovalent olarak baglanmasidir. Genellikler,
prenillenmis proteinler hiicre biiyiimesini ve transformasyonunu diizenledikleri igin, bu
proteinlerin prenilasyonunu inhibe etmesi monoterpenlerin antitiimor aktivitelerinden biri
olarak kabul edilir (Crowell, 1997).

Bir diterpen olan tanginon IIA’nin, MDA-MB-231 hiicrelerinde; Bax, p21 ve kaspaz-8 protein

seviyelerini arttirip, Bel-2 proteininin anlatimini azaltarak apoptozu indiikledigi gosterilmistir

(Su ve Lin, 2008).

Triterpenlerden olan ursolik asitin, MDA-MB-231 hiicrelerinde Akt, mTOR ve Jun N-terminal
kinaz (JUNK) sinyal yolaklarmin fosforilasyonunu baskilayip, bunun sonucunda MMP-2 ve u-
PA proteinlerinin anlatimini inhibe ettigi ve boylece anti-invazif etki gosterdigi belirlenmistir
(Yeh ve dig., 2010).

Bir diger triterpen olan betulinik asitin ise meme kanseri hiicreleri iizerinde ¢ok yonlii
antikanser etkileri bulunmaktadir. Betulinik asit, p21 proteinin anlatimini arttirarak veya siklin
D11 inhibe ederek hiicre dongiisiiniin G1 fazinda hiicre tutuklamasina yol agmaktadir. Ayrica
betulinik asit, NF-kB ekspreyonunu ve aktivasyonunu inhibe ederek, NF-kB - aracili sinyal
yolaklarmi baskilamaktadir. MDA-MB-231 meme kanseri hiicrelerinde topoizomeraz I ve 11

enzimlerini inhibe eden betulinik asit, birgok farkli meme kanseri hiicre hattinda mitokondriyal
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yolak tizerinden apoptozu da indiiklemektedir. Betulinik asit VEGF, VEGFR1 ve VEGFR2’yi
inhibe ederek anti-anjiyojenik etki; MMP’lerin ve integrinlerin anlatimini1 azaltarak ise anti-

metastatik etki gostermektedir (Luo ve dig., 2016).

Tetraterpenoid sinifinda yer alan ve ayn1 zamanda bir karotenoid olan likopenin, MCF-7, SK-
BR-3 ve MDA-MB-468 hiicrelerinde ERK1/2 aktivasyonunu indiikledigi, siklin DI1’i
baskilaylp p21 seviyesinde arttisga neden oldugu ve hiicre dongiisiinii GO/G1 fazinda
durdurdugu, sadece MDA-MB-468 hiicrelerinde Akt ve mTOR fosforilasyonunu inhibe ettigi
ve pro-apoptotoik Bax protein seviyesinde artisa neden oldugu belirlenmistir (Takeshima ve
dig., 2014). Ayrica likopen, MDA-MD-231 hiicrelerinde TNFa-indiikli NF-xkB p65 alt
biriminin niikleer translokasyonunu ve IkB kinaz aktivitesini inhibe ederek NF-«xB sinyal
yolagini baskilamakta, bunun sonucunda da NF-kB’ye duyarli genlerin anlatim seviyelerini

azaltmaktadir (Assar ve dig., 2016).

2.3.3.Stilbenlerin Meme Kanseri Hiicrelerindeki Antikanser Etki Mekanizmalar

Resveratroliin antikanser aktivitesinde hedef aldigi mekanizmalar inflamasyon ve oksidatif
stres, hiicre dongiisii, apoptoz, hormon sinyalizasyonu, anjiyogenez, metastazdir. Ayrica

resveratrol epigenetik diizenlenmelerde de etkilidir.

Faz | sitokrom P450 enzimlerini inhibe eden, faz II detoksifikasyon enzimlerini indiikleyen
resveratrol; reaktif oksijen tiirleri olusumunu, siklooksijenazi (COX) ve inflamatuar sitokinleri
azaltarak oksidatif stres ve inflamasyon miktarini diisiiriir (Ferraz da Costa ve dig., 2020). Buna
tezat yonde, resveratroliin ayni zamanda pro-oksidan islevi de bulunmaktadwr. Kanser
hiicrelerinde oksidatif stresi arttirarak oksidatif hasar yaratir ve boylece hiicre 6liimiinii tetikler.
Resveratrol uygulanmis MCF-7 ve MDA-MB-231 hiicre hatlarinda, ROS seviyelerinin

yiikseldigi ve hiicre senesensinin meydana geldigi gdzlemlenmistir (Ji ve dig., 2018).

Resveratrol, siklinler ve siklin-bagimli kinazlar (CDKs)’dan olusan hiicre dongiisii diizenleyici

mekanizmay1 modiile ederek hiicre tutuklamasi meydan getirir (Kim ve dig., 2004).

VEGF iiretimini baskilayarak dogrudan bir mekanizmayla, HIF-1 (hipoksi indiiklenebilir
faktor-1) tretimini inhibe edip bu sayede VEGF salimmimi engelleyerek de dolayli bir
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mekanizmayla antianjiyojenik etki gosterir (Talib ve dig., 2020). Resveratroliin antimetastatik
etkisi, MMP-2 ve MMP-9 basta olmak {izere MMP’lerin anlatimini ve aktivitesini azaltmasiyla
meydana gelir. Lee ve arkadaslar1 (2012) tarafindan yapilan bir ¢aligmada resveratroliin, 4T1
fare meme kanseri hiicrelerinde MMP-9 aktivitesini azaltarak hem in vitro hem in vivo ortamda

metastazi inhibe ettigi gosterilmistir.

Resveratrol apoptotik siireclerdeki etkisini, seramid iiretimini ve Fas ligand (FasL) gibi
apoptotik reseptorlerin anlatimmi arttirarak ve mitokondriyal apoptotik yolag: indiikleyerek,
niikkleer faktor k B (NF-kB), siklooksijenaz-2 (COX-2), fosfatidilinositol 3— kinaz (P13K), and
mTOR gibi antipoptotik aracilari/molekiilleri inhibe ederek meydana getirir (Ashrafizadeh ve
dig., 2021).

Epigenetik mekanizmalar ve resveratrol iliskisine dair yapilmig ¢alismalarla, resveratroliin
meme kanserindeki tiimdr supresor genlerinin epigenetik yoldan yeniden aktivasyonunu
sagladig1 anlasilmistir (Sekil 2.21) (Farhan ve dig., 2019). Resveratroliin MCF-7 hiicrelerinde,
meme kanserinde tanimlanmis bir tiimor supresor gen olan fosfataz-tensin homologu (PTEN)
geninin promotdr bolgesindeki DN A metilasyonunu azaltarak, bu genin anlatimini indiikledigi

belirlenmistir (Stefanska ve dig., 2012).

Transkripsiyon yok
(1L ‘*’

| CpG adalar | Gen
lResve ratrol

© Metil Grubu

Tiimor supressor genlerin transkripsiyonu aktif

l—’ (PTEN, BRCA-1, NRF2)

‘ CpG adalari ‘ Gen

Sekil 2.21: Resveratroliin epigenetik yoldan tiimor supresor genlere etkisi (Farhan ve dig., 2019).

Pterostilben antikanser aktivitesini; oksidatif stresi ve inflamasyonu 6nleyici, proliferasyonu,
anjiyogenezi, invazyonu, metastazi1 inhibe edici ve apoptoz indiikleyici mekanizmalar

izerinden gerceklestirir.
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Inflamatuar enzimler olan siklooksijenaz-2 (COX-2) ve indiiklenebilir-nitrik oksit sentaz
(INOS) enzimlerini inhibe eden pterostiloen, ayni zamanda antioksidan emzimleri olan
glutatyon peroksidaz (GPx), siiperoksit dismutaz (SOD) ve katalaz enzimlerinin miktarinda

artis saglar (Kosuru ve dig., 2016).

Pterostilben meme kanserinde, hiicre tipine bapli olarak, GO/G1, G2/M noktalarinda veya S
fazinda hiicre tutuklamasi meydana getirir. Hiicre dongiisii tizerindeki bu etkisini siklin-bagimli
kinaz-2 (CDK-2), siklin DI, telomerazi inhibe ederek ve p21 miktarinda artis meydana
getirerek gerceklestirir. Pterostilben, meme kanseri tizerindeki bir diger antitiimor etkisi olan
apoptoz indiikleyici etkisini hem mitokondriyal hem de Fas-aracili apoptotik yolaklar {izerinden
meydana getirir. Pro-apoptotik proteinler olan Bax ve Bid proteinlerinin anlatimimai arttirirken,
anti-apoptotik protein olan Bcl-2 ve survivin proteinlerinin anlatimini azaltir. Pterostilben,
mezenkimal proteinler olan vimentin ve N-kaderin seviyelerini azaltarak ve junktional protein
olan E-kaderin miktarmi arttirarark epiteliyal-mezenkimal gecisi (EMT) inhibe eder. MMP-2
ve MMP-9 miktarini azaltarak da metastaz iizerinde inhibe edici etki gosterir (Wakimoto ve
dig., 2017; Levenson and Kumar, 2020).

2.3.4.Kannabinoidlerin Meme Kanseri Hiicrelerindeki Antikanser Etki Mekanizmalar

Kannabinoidlerin genel antikanser aktiviteleri tiimor hiicre proliferasyonunun, timor
invazyonu ile metastazinin, anjiyogenezin ve kemoterapotik direncin inhibisyonunu ve

apoptozun indiiklenmesini kapsamaktadir.

Kannabinoid reseptorii-aracili mekanizmada, kannabinoidler kendi kannabinoid reseptorlerine
baglanarak meme kanseri lizerindeki antikanser mekanizmalar1 baglatirlar. Hiicre dongiisiinii,
CB-Rl1'e baglandiklarinda G1/S fazinda, CB-R2'ye baglandiklarin da ise G2/M fazinda
durdururlar. Yine CB-R2'ye baglandiklarinda, transkripsiyon faktorii jun-D'yi aktive ederek
veya Akt’yi inhibe ederek apoptozu indiiklerler. CB-R1 iizerinden, FAK/SRC/RhoA yolagini
baskilayarak hiicre migrasyonunu inhibe ederler. Yine CB-RI1 iizerinden beta-katenini
baskilayarak, epiteliyal-mezenkimal gecisi (EMT) inhibe ederler (Kiskova ve dig., 2019) (Sekil
2.22).
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Sekil 2.22: Kannabinoidlerin meme kanserinde CB-R-aracili antitiimér aktivitesi (Kiskova ve dig.,
2019).

Tetrahidrokannabinol (THC), kannabidiol (CBD) ve kannabinol (CBN); tiimér hiicrelerinde
coklu ilag direnci (MDR)’nin olusumunda biiyiik rol oynayan ATP-baglayan kaset tasiyicilar1
(ABC transporters) ailesinin iiyeleri olan P-glikoproteini (P-gp) ve meme kanseri direng
proteini (BCRP) iizerinde inhibe edici etkiye sahiptir ( Holland ve dig., 2007; Tournier ve dig.,
2010). Kannabinoidlerin meme kanseri hiicrelerindeki hiicre-spesifik antitimor aktiviteleri

Tablo 2.8’de dzetlenmistir.
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Tablo 2.8: Kannabinoidlerin meme kanseri hiicrelerindeki antitimor aktiviteleri.

Kannabinoid Meme Kanseri Antitiiméral Aktivite Kaynak
Hiicre Hatt:
THC MDA-MB-231, Apoptozun indiiklenmesi Caftarel ve dig.,
MDA-MB-468, Cdc2 baskilanmas: 2006
SKBR-3, MCF-7, G2/M gecisinde hiicre tutuklamasi
T47D
CBD MCF-7, G1/S gegisinde hiicre tutuklamas: | Ligresti ve dig.,
MDA-MB-231 Kaspaz-3 aktivasyonu ile apoptoz | 2006
CBD, CBC ve MCE-7 Hiicre proliferasyonunun Ligresti ve dig.,
CBG inhibisyonu 2006
THC, CBD MDA-MB-231, Antiproliferatif etki McAlllister ve
MDA-MB-436 ID-1 {izerinden invazyonun dig., 2007
baskilanmasi
CBD SUMI1359, Proliferasyonun, koloni Elbaz ve dig.,
SCP2 olusumunun ve migrasyonun 2015
inhibisyonu
CBD 4T1 ve MVT-1 Tiimor bitylimesinin, Elbaz ve dig.,
ksenograflan anjlyogenezin ve metastazin 2015
inhibisyonu
CBD 6D (Daha malign Migrasyon ve invazyonun Garcia-Morales ve
fenotipe sahip baskilanmasi, dig., 2020
MCF-7) EMT inhibisyonu,
Normal epitel organizasyonun ve
hiicre kontaktlarimin yeniden
saglanmasi

2.3.5. Alkaloidlerin Meme Kanseri Hiicrelerindeki Antikanser Etki Mekanizmalari

Berberinin, TNBC hiicrelerinde kaspaz-3 ve -9 -aracili apoptozu indiikledigi belirlenmistir
(Zhao ve dig., 2017). Matrin, MDA-MB-231 hiicrelerinde proliferasyonu ve invazyonu inhibe
etmektedir. Hedef molekiiller agisindan analiz edildiginde, matrinin antikanser etkisinin Bcl-
2/Bax protein oranini, MMP-9, MMP-2, EGF, VEGFR1, Akt, NF-KB protein seviyelerini
azaltarak; bunlarin ek olarak da Akt fosforilasyonunu ve NF-KB p-65’in DNA’ya baglanma
aktivitesini inhibe ederek gerceklestirdigi goriilmektedir (Yu ve dig., 2009). Piperinin de, 4T1
hiicrelerinde apoptozu indiikledigi ve yan1 sira G2/M fazindaki hiicre miktar1 yiizdesini artirdig1

gosterilmistir (Lai ve dig., 2012).
2.3.6.D Vitamininin Meme Kanseri Hiicrelerindeki Antikanser Etki Mekanizmalar

D vitaminin meme kanseri hiicrelerindeki antikanser aktivitelerinden ilki, aromataz anlatimimnin
iligkilidir.

katalizleyen bir enzimdir. Kalsitrol, aromataz anlatimini iki farkli yolak iizerinden baskilar.

diizenlenmesiyle Aromataz, androjenik perkiirsorlerden Ostrojen sentezini

Birincisinde, ilgili genin promotdriindeki vitamin-D response elementleri araciligiyla aromataz
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transkripisiyonunu inhibe eder. ikinci yolakta ise aromataz transkripsiyonunun major stimulani
olan prostaglandinlerin (PGs) seviyesini azaltarak dolayli inhibisyon gergeklestirir (Krishnan
ve dig., 2010).

Bir diger antikanser mekanizma olarak, D3 vitamininin MCF-7 meme kanseri hiicrelerinde NF-
kB aktivitesini inhibe ettigi belirlenmistir (Tse ve dig., 2010). Yine MCF-7 hiicrelerinde
1,25(0H)2D3, ER seviyesini diisiirmekte ve yani sira hiicre biiylimesi gibi 0strojenik cevaplari
zayiflatmaktadir (Swami ve dig., 2000). 1,25(0H)2D3, MCF10CAla ve MDA-MB-231
hiicrelerinde E-kaderin anlatimin arttirip, N-kaderin anlatimini azaltarak, hem EMT’yi hem de
hiicrelerin metastatik kapasitesini inhibe etmektedir (Wilmanski ve dig., 2016). D3 vitamini
hiicre dongiisiinii inhibe edici, apoptoz indiikleyici etkilere de sahiptir. MCF-7 hiicrelerinde
siklin D3-CDK4/6, CDKG6-siklin D1/3 kinaz aktivitelerini inhibe ettigi belirlenmistir
(Verlinden ve dig., 1998; Jensen ve dig., 2001). D vitamininin hiicre dongiisii, apoptoz ve

anjiyogenez tizerindeki etkileri Tablo 2.9’da 6zetlenmistir.
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Tablo 2.9: D vitamininin meme kanseri hiicrelerindeki antikanser etki mekanizmalari.

D Vitamini Hiicre dongiisii iizerindeki etkisi Kaynak

1,25(0H),D4 Siklin D1 transkripsiyvonunu azaltir, p21 ve | Verlinden  ve
p27 anlatimlarim arttirir, hilere donglisinin | dig., 1998
Gl fazinda hiicre tutuklamasi meydana
getirir

1,25(0H),D4 Siklin D1/CDE4 aktivasyonunu engeller, Jensen ve dig..
¢-MYC anlatumim azaltir, G1 fazinda hiicre | 2001
tutuklamasi meydana getirir
Pro-apoptotik etkisi

1,25(0OH),D; Bax, Bak seviyelerini arttirir, Bcl-2 | Vanhevel ve
seviyesini, Ras anlatimim, MEK ve ERK1/2 | dig., 2022
fosforilasyonunu azaltir
Anjivogenezi inhibe edici etkisi

1,25(0H),D4 VEGF saliumim azaltir Ben-Shoshan ve

dig., 2007

2.4. VERI VE VERI TABANI YONETIM SISTEMLERI

Gilinilimiiz diinyasinda egitimden, ekonomiye, hukuktan, ticarete hemen her alanda oldugu gibi,
bilim ve 6zellikle yasam bilimleri alanlarinda da veri ¢ok biiyiik bir degere sahiptir. Hedefe
yonelik dogru verilerin toplanmasi, depolanmasi ve bu verilerin islenerek bilgi ¢ikarimi
saglanmasi; hem s6z konusu alanla ilgili karar verme siire¢lerine yon vermek agisindan, hem

de bir sonraki arastirma adimlarini dogru belirleyebilme agisindan biiylik 6nem tagimaktadir.
2.4.1.Verinin Tanim ve Veri Tipleri

Veri, temel anlamda, yapilandirilmis veri (“structured data”) ve yapilandirilmamis veri
(“unstructured data”) olarak iki kategoriye ayrilir. Yapilandirilmis veri, hem insanlar hem de
bilgisayarlar tarafindan tanimlanabilir ve erisilebilir, standardize edilmis pargalara bdliinmiis
veridir. Onceden tanimlanmis formatlarda organize edilen yapilandirilmis veri, iligkisel veri
tabanlarinda veya SQL (yapilandirilmig sorgu dili, “structured query language™) destekli veri
ambarlarinda depolanir. Yapilandirilmis veriye ornek olarak elektronik hasta kayitlarindaki
isim, telefon numarasi, yas, kilo, boy, kan basinci, kan sekeri diizeyi verileri siralanabilir

(Nancy ve Maheswari, 2020).

Yapilandirilmamig veri ise dnceden belirlenmis bir formata gore organize edilmemis veridir.
Bu nedenle yapilandirilmamis veriler analiz edilmeden 6nce bir 6n igleme asamas1 gerektirir.

Kalitatif 6zellikteki yapilandirilmamis veriler, 6nceden belirlenmis bir veri modeline sahip
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olmadiklar i¢in iliskisel olmayan veri tabanlarinda veya NoSQL veri tabanlarinda saklanirlar.
Fotograflar, ses kayitlari, videolar, elektronik postalar, sosyal medya aktiviteleriyle olusan

veriler ve her ¢esit dokliman yapilandirilmamis veri 6rnekleridir (Eberendu, 2016).
2.4.2.Veri Tabam Yonetim Sistemleri

Veriler sistematik olarak organize edilerek veri tabanlarinda depolanrr ve saklanir. Veri
tabanlar1 veriye erisime, veri eklemeye ve giincellemeye, sorgulama yapmaya, gerekli verinin
alimmasina imkan veren bilgisayar destekli sistemlerdir. Veri taban1 yonetim sistemi (“Database
Management System, DBMS”) ise veri tabaninin yonetimini ve veri tabanina erigimi saglar. Bir

veri tabani yonetim sisteminin genel yapis1 Sekil 2.23°de gosterilmektedir.

iliskisel
e =) veritabani
Veri Tabani Yonetim -—) Hiverarsik
Diger veritabani e Sistemi (DBMS) Depolama alan) | —eritabani
yonetim sistemleri (veri tanimlama, kavit, ' “Flat-files”
sargu, giincelleme) ' veri tabani

Nesne

Kullanicilar =) veritabani

Sekil 2.23: Bir veri tabani yonetim sisteminin genel yapist.

En iyi bilinen veri tabani tipi, iliskisel veri tabani (“relational database”)’dr. Iliskisel veri
taban1, Codd’un (1970) iliskisel veri modeline dayanmaktadir. Iligkisel veri tabaninda temel
prensip, verilerin birbiriyle iligkilendirildigi bir tablo formatinda saklanmasidir. Veri, her bir
veri kaydinin bir satirda tutuldugu ve o veriye ait her bir 6zelligin de bir kolonda yer aldig1
tablolarda depolanr. Iliskisel veri tabanmin kullanim amaci veriyi, veri tekrarini dnleyerek, veri

biitiinliigii icerisinde etkin sekilde saklamaktir.

Microsoft SQL Server, IBM DB2, Oracle, MySQL ve Microsoft Access iligkisel veri tabani

yOnetim sistemlerinin en bilinen 6rnekleridir (Bassil, 2012).

Iliskisel veri tabanlari, veri sorgulama ve erisiminde SQL ad1 verilen yapilandirilmis sorgu

dilini kullanir. Yeni veri eklemenin, var olan veriyi giincellemenin veya silmenin, veri geri
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alimimin, sorgulama ve raporlamanin kolayligi, iliskisel veri tabanmin kullanicilar agisindan

tercih edilir 6zelliklerindendir (Jatana, 2012).
2.4.3.1liskisel Veri Tabanlarinda Birincil ve Tkincil Anahtarlar

Iliskisel veri tabanlarinda tablolar arasindaki iliskiler (baglantilar), tablolara ait birincil
anahtarlar (“primary key”, PK) ve ikincil (yabanci) anahtarlar (“foreign key”, FK) kullanilarak
kurulur. Bir tablonun birincil anahtar1 6zelligindeki kolon/alan (“field”) genellikle “ID”
kolon/alan adiyla isimlendirilir. Aralarinda iliski kurulacak iki tablodan ilkinin birincil anahtari,
ayn1 zamanda diger tablonun ikincil anahtaridir ve bu iki anahtarin baglantilandirilmasiyla

tablolar arast iliski kurulur (Akadal, 2021) (Sekil 2.24).

Yayvinevi
PK ID
Kitap _adi ©  Yayinevi _adi (o}
Yazar adi Telefon numarasi
; Lokasyon
Yayinevi_ID
FK Kitap_ID
O O o)

Sekil 2.24: ki tablo arasinda anahtarlar kullanilarak iliski kurulmas.

2.4.4.Yasam Bilimleri Alanlarinda iliskisel Veri Tabani Temelli Cahsmalar

Iliskisel veri tabani temelli veri ydnetiminden, yasam bilimlerinin bircok farkli bransmnda
yararlanilmaktadir. Literatiir taramasi yapildiginda farmakognozi (Mumtaz ve dig., 2016),
botanik (Uddin ve Lee, 2020), farmakoloji (Lv ve dig., 2022) vb. alanlarda iliskisel veri tabani

temelli ¢aligma Orneklerine rastlanmaktadir.

Uddin ve Lee tarafindan (2020) yapilan bir ¢alismada, Banglades’teki tibbi bitkiler i¢in bir veri
taban1 (MPB 3.1 database) hazirlanmistir. Veri tabaninda 1208 adet tibbi bitkiye ait veri
(bitkilerin bilimsel ismi, ailesi, yetisme habitat1, bitkilerin hangi kismmin kullanildigi, hangi
tibbi amacla kullanildig1) yer almaktadir. Veri tabanmin tasariminda “MySQL relational

database management system” kullanilmstur.
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Neveu ve dig. (2010) tarafindan yapilan bir baska ¢aligmada, gidalardaki polifenol igerigi
verilerini depolayan “Phenol-Explorer” isimli bir veri tabani hazirlanmistir. Veri tabaninin ilk
tasarimmda MS Access kullanilmis, tasarim siirecinin sonunda tiim veriler, ayni zamanda web

arayiizii olarak kullanilan MySQL’e aktarilmustir.

Bir baska c¢alismada ise ilag tasarimi amaciyla kullanilabilir tibbi bitkiler veri tabani
hazirlanmistir (Mumtaz ve dig., 2016). “Medical Plants Database for Drug Designing (MPD3)”

adi1 verilen veri tabaninin yapilandirilmasinda MS Access kullanilmistir.

Bir diger literatiir drneginde (Ozdemir, 2021) “Drug-Drug Gene Interaction Catalogue
(DDGICat)” ad1 verilen bir veri tabani yer almaktadir. S6z konusu veri tabanindaki veriler,
DrugBank, PharmGKB, Ensembl, KEGG Drug, ONC High, vb. diger farkl veri tabanlarindan
elde edilmistir. DDGICat veri tabani igerigi; ilaclari, ila¢ hedef proteinlerini, ilagla iliskili
SNP’leri, ilag-ilag etkilesimlerini, ilag-gen etkilesimlerini ve ilag-ilag-gen etkilesimlerini
kapsamaktadir. Veri tabanimin tasariminda, agik kaynakli bir iligkisel veri tabani yonetim

sistemi olan PostgreSQL kullanilmistir.

Lv ve dig. (2022) tarafindan gelistirilen “Antibiotic Combination Database (ACDB)” isimli veri
tabani, antibiyotik kombinasyonlarina ait siirekli artis gosteren verileri bir araya getirmek ve
ihtiya¢ duyuldugunda Al-destekli modeller gelistirmek i¢in hazir veri deposu olusturmak
amaciyla tasarlanmistir. 6175 antibiyotik kombinasyonunu, 304 nadir bilesigi ve 460 bakteri

susunu kapsamaktadir. Veri tabanmin yapilandirilmasinda MySQL kullanilmastir.

Bu dort literatiir 6rnegi; iliskisel veri taban1 yonetim sistemlerinin, yasam bilimlerinin farkl
branglarinda veri depolama ve arastrmacilarin o veriye erigimini saglamada olduk¢a

fonksiyonel oldugunu vurgulamaktadir.
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3. MALZEME VE YONTEM

3.1. LITERATUR TARAMASI VE VERIi TABANINA DAHIL EDILEN
CALISMALARIN SECILMESI

Dogal ve sentetik bilesiklerin meme kanseri hiicre hatlar1 iizerindeki etkilerini inceleyen
caligmalara yonelik literatiir taramasi yapildi. Literatiir taramasinda Schoolar Google ve
Science Direct veri tabanlar1 kullanildi. Secilecek ¢caligmalarin sitotoksisite analiz sonuglarini
ve % inhibisyon verilerini igermesi ve analiz edilen bilesiklerin tekli analiz edilmis olmasi,
calisma se¢imindeki dahil edilme kriterleri olarak belirlendi. Literatiir taramasinda ve
calismalarin se¢iminde 2000-2022 yillar1 arasinda yapilmis ¢alismalar degerlendirmeye alind1.

Veri tabanina dahil edilmek iizere secilen yaymlar Tablo 3.1°de listelenmistir.

Tablo 3.1: Veri tabanina dahil edilen yayinlar.

Yayin | Yayin Adi Yayin | Yazar
1D Yili
1 Pterostilbene Inhibits Breast Cancer /n Vitro Through | 2010 | Alosi ve dig.

Mitochondrial Depolarization and Induction of Caspase-
Dependent Apoptosis

2 Effects of Galium aparine extract on the cell viability, cell | 2016 | Atmaca ve dig.
cycle and cell death in breast cancer cell lines

3 Cytotoxicity and induction of apoptosis of human breast | 2013 | Bielawski  ve
cancer cells by novel platinum(ll) complexes dig.

4 Capsaicin may induce breast cancer cell death through | 2011 | Chang ve dig.
apoptosis-inducing factor involving mitochondrial
dysfunction

5 Apigenin Induces Apoptosis through a | 2009 | Choive Kim

Mitochondria/Caspase Pathway in Human Breast Cancer
MDA-MB-453 Cells

6 Quercetin-mediated Cell Cycle Arrest and Apoptosis | 2010 | Chou ve dig.
Involving Activation of a Caspase Cascade through the
Mitochondrial Pathway in Human Breast Cancer MCF-7

Cells

7 Garcinia morella fruit, a promising source of antioxidant | 2018 | Choudhury ve
and anti-inflammatory agents induces breast cancer cell dig.
death via triggering apoptotic pathway

8 Potent Inhibitory Action of Red Wine Polyphenols 2000 | Damianaki wve

on Human Breast Cancer Cells dig.
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Tablo 3.1 (devam): Veri tabanina dahil edilen yayinlar.

9 Quercetin inhibits human breast cancer cell proliferation | 2012 | Duo ve dig.
and induces apoptosis via Bcl-2 and Bax regulation

10 Olive oil oleuropein has anti-breast cancer properties with | 2013 | Elamin ve dig.
higher efficiency on ER-negative cells

11 Genistein decreases the breast cancer stem-like 2013 | Fanve dig.
cell population through Hedgehog pathway

12 Cytotoxic Activity of Piper cubeba Extract in Breast Cancer | 2015 | Graidist ve dig.
Cell Lines

13 Lycopene and Beta-carotene Induce Cell-Cycle Arrest | 2014 | Gloria ve dig.
andApoptosis in Human Breast Cancer Cell Lines

14 Anti-proliferative and apoptotic effects of oleuropein 2009 | Hanve dig.
and hydroxytyrosol on human breast cancer MCF-7 cells

15 Ganoderma lucidum extract induces cell cycle arrest and | 2002 | Hu ve dig.
apoptosis in MCF-7 human breast cancer cell

16 Anticancer Activities of an Anthocyanin-Rich Extract From | 2010 | Hui ve dig.
Black Rice Against Breast Cancer Cells In Vitro and In Vivo

17 Benzylidene derivatives of andrographolide inhibit 2008 | Jada ve dig.
growth of breast and colon cancer cells in vitro by
inducing G1 arrest and apoptosis

18 Cytotoxic activity of some marine brown algae against 2010 | Khanavi ve dig.
cancer cell lines

19 Stevioside mediated chemosensitization studies and | 2019 | Khare ve
cytotoxicity assay on breast cancer cell lines MDA-MB-231 Chandra
and SKBR3

20 Inhibition of Breast Cancer Cell Proliferation by 2007 | Chryssanthi ve
Style Constituents of Different Crocus Species dig.

21 Hesperidin Suppressed Proliferations of both Human | 2010 | Lee ve dig.
Breast Cancer and Androgen-dependent Prostate Cancer
Cells

22 Sulforaphane, a Dietary Component of Broccoli/Broccoli | 2010 | Li ve dig.
Sprouts, Inhibits Breast Cancer Stem Cells

23 Diosmin-induced senescence, apoptosis and autophagy 2017 | Lewinska  ve
in breast cancer cells of different p53 status and ERK dig.
activity

24 Antitumor Activity of Plant Cannabinoids with Emphasis | 2006 | Ligresti ve dig.
on the Effect of Cannabidiol on Human Breast Carcinoma

25 In vitro anti-proliferative activities of ellagic acid 2004 | Losso ve dig.

26 Antitumor effects of crocin on human breast cancer 2015 | Luve dig.

cells
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Tablo 3.1 (devam): Veri tabanina dahil edilen yayinlar.

27 Epigallocatechin-3-gallate promotes apoptosis in human | 2017 | Moradzadeh ve
breast cancer T47D cells through down-regulation of dig.
PI3K/AKT and Telomerase

28 Growth inhibitory effects of diallyl disulfide on human | 2001 | Nakagawa ve
breast cancer cell lines dig.

29 Resveratrol inhibits human breast cancer cell growth and | 2001 | Nakagawa ve
may mitigate the effect of linoleic acid, a potent breast dig.
cancer cell stimulator

30 Antioxidant activity, total phenolic content and cytotoxic | 2007 | Asmah ve dig.
activity of various types of eggplants

31 Cytotoxic effect of sanguiin H-6 on MCF-7 and MDA-MB- | 2017 | Park ve dig.
231 human breast carcinoma cells

32 Berberine induces apoptosis in breast cancer cells (MCF- | 2010 | Patil ve dig.
7) through mitochondrial-dependent pathway

33 Antitumor effect of novel berberine derivatives 2013 | Pierpaoli ve
in breast cancer cells dig.

34 In vitro effects and mechanisms of lycopene in 2017 | Peng ve dig.
MCF-7 human breast cancer cells

35 Sulforaphane induces cell type—specific apoptosis 2007 | Pledgie-Tracy
in human breast cancer cell lines ve dig.

36 The antiproliferative activity of resveratrol results in | 2002 | Pozo-Guisado
apoptosis in MCF-7 but not in MDA-MB-231 human brest ve dig.
cancer cells: cell-specific alteration of the cell cycle

37 In Vitro Inhibition of Proliferation of Estrogen-Dependent | 2001 | Prakash ve dig.
and Estrogen-Independent Human Breast Cancer Cells
Treated with Carotenoids or Retinoids

38 Cytotoxic response of breast cancer cell lines, MCF 7 and | 2006 | Sandhya ve
T 47 D to triphala and its modification by antioxidants Mishra

39 Cell growth inhibitory action of an unusual labdane | 2007 | Sashidhara ve
diterpene, 13-epi-sclareol in breast and uterine cancers in dig.
vitro

40 Apigenin Inhibits Growth of Breast Cancer Cells: The Role | 2015 | Scherbakov ve
of ERa and HER2/neu Andreeva

41 Blackberry, Black Raspberry, Blueberry, Cranberry, Red 2006 | Seeram ve dig.
Raspberry, and Strawberry Extracts Inhibit Growth and
Stimulate Apoptosis of Human Cancer Cells In Vitro

42 Curcumin exerts multiple supprussive effects on human | 2002 | Shao ve dig.
breast carcinoma cells

43 Anticancer activity of silver and copper embedded chitin | 2017 | Solairaj ve dig.

nanocomposites against human breast cancer (MCF-7)
cells
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Tablo 3.1 (devam): Veri tabanina dahil edilen yayinlar.

44 Juglanin induces apoptosis and autophagy in human | 2017 | Sun ve dig.
breast cancer progression via ROS/JNK promotion

45 Anti-proliferative and apoptosis-inducing activity of 2014 | Takeshima ve
lycopene against three subtypes of human breast dig.
cancer cell lines

46 Cytotoxic Effect of Turkish Propolis on Liver, Colon, 2015 | Turan ve dig.
Breast, Cervix and Prostate Cancer Cell Lines

47 In vitro Studies on anticancer activity of fungal taxol | 2012 | Vennila ve dig.
against human breast cancer cell line MCF-7 cells

48 Two Novel 14-Epi-Analogues of 1,25-Dihydroxyvitamin D3 | 2000 | Verlinden ve
Inhibit the Growth of Human Breast Cancer Cells in Vitro dig.
and in Vivo

49 Antiproliferative effect of natural tetrasulfides in human | 2011 | Viry ve dig.
breast cancer cells is mediated through the inhibition
of the cell division cycle 25 phosphatases

50 Cytotoxic, proapoptotic and antioxidative potential of | 2018 | Vukovic ve dig.
flavonoids isolated from propolis against colon (HCT-116)
and breast (MDA-MB-231) cancer cell lines

51 Beta-Tocotrienol Exhibits More Cytotoxic Effects than 2020 | Idriss ve dig.
Gamma-Tocotrienol on Breast Cancer Cells by
Promoting Apoptosis via a P53-Independent
PI3-Kinase Dependent Pathway

52 Apoptosis-mediated cytotoxic effects of parthenolide and | 2013 | Wyrebska
the new synthetic analog MZ-6 on two breast cancer cell ve dig.
lines

53 Cytotoxicity of Xanthium strumarium against Breast | 2018 | Alsabah ve dig.
Cancer Cell Lines

54 Hesperetin impairs glucose wuptake and inhibits | 2013 | Yang ve dig.
proliferation of breast cancer cells

55 Selective Cytotoxic Activities of Two Novel Synthetic 2009 | Badisa ve dig.
Drugs on Human Breast Carcinoma MCF-7 Cells

56 Cytotoxicity and cell cycle analysis of Asparagus laricinus | 2019 | Mfengwana ve
Burch. and Senecio asperulus DC. on breast and prostate dig.
cancer cell line

57 Cytotoxicity of triterpenoids from Clerodendrum glabrum | 2020 | Teclegeorgish
against triple negative breast cancer cells in vitro ve dig.

58 Gallic acid and curcumin induce cytotoxicity and apoptosis | 2018 | Moghtaderi ve
in human breast cancer cell MDA-MB-231 dig.

59 Galenia africana plant extract exhibits cytotoxicity in | 2020 | Mohamed ve

breast cancer cells by inducing multiple programmed cell
death pathways

dig.
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Tablo 3.1 (devam): Veri tabanina dahil edilen yayinlar.

60 The Cytotoxic and Apoptotic Effects of Scrophularia | 2017 | Safarzadeh wve
Atropatana Extracts on Human Breast Cancer Cell dig.

61 Cytotoxic activity of Macrosolen parasiticus (L.) Danser 2015 | Sodde ve dig.
on the growth of breast cancer cell line (MCF-7)

62 Evaluation of cytotoxic and chemotherapeutic properties | 2014 | Paydar ve dig.
of boldine in breast cancer using in vitro and in vivo model|

63 Potential anticancer activity of Mn (ll) complexes | 2020 | Prihantono ve
containing arginine dithiocarbamate ligand on MCF-7 dig.
breast cancer cell lines

64 Cytotoxicity and cell cycle arrest induced by | 2016 | Banerjee ve
andrographolide lead to programmed cell death of MDA- dig.
MB-231 breast cancer cell line

65 The plant-derived triterpenoid tingenin B is a potent | 2016 | Cevatemre ve
anticancer agent due to its cytotoxic activity on cancer dig.
stem cells of breast cancer in vitro

66 Cytotoxic and apoptotic activity of Scrophularia oxysepala | 2013 | Valiyari ve dig.
in MCF-7 human breast cancer cells

67 Inhibitory and Cytotoxic Activities of Chrysin on Human | 2016 | Samarghandian
Breast Adenocarcinoma Cells by Induction of Apoptosis ve dig.

68 The Cytotoxic Effects of Thymol as the Major Component | 2019 | Seresht ve dig.
of Trachyspermum ammi on Breast Cancer (MCF-7) Cells

69 Potential anticancer activity of tanshinone IIA against | 2005 | Wang ve dig.
human breast cancer

70 Cytotoxicity evaluation of curcumin-loaded affibody- 2021 Moballegh-
decorated liposomes against breast cancerous cell lines Nasery ve dig.

71 In Vitro Cytotoxic Activity of Origanum vulgare L. on HCT- | 2013 | Grbovic ve dig.
116 and MDA-MB-231 Cell Lines

72 Effect of Ag nanoparticles on viability of MCF-7 and Vero | 2021 | Sangour ve dig.
cell lines and gene expression of apoptotic genes

73 Caffeic Acid Phenethyl Ester and Ethanol Extract of | 2015 | Rzepecka-
Propolis Induce the Complementary Cytotoxic Effect on Stojko ve dig.
Triple-Negative Breast Cancer Cell Lines

74 Jadomycin breast cancer cytotoxicity is mediated by a 2015 | Hall ve dig.
copper-dependent, reactive oxygen species—inducing
mechanism

75 Cytotoxic activity and toxicity study of HF8, a poly-herbal | 2021 | Abutaha ve dig.
formulation

76 Lycopene-rich extract from red guava (Psidium guajava L.) | 2018 | dos Santos ve

displays cytotoxic effect against human breast
adenocarcinoma cell line MCF-7 via an apoptotic-like
pathway

dig.
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Tablo 3.1 (devam): Veri tabanina dahil edilen yayinlar.

77 Different Cytotoxic Effects of Vetiver 0il on Three Types | 2022 | Hanifa ve dig.
of Cancer Cells, Mainly Targeting CMR2 on TNBC

78 Synergistic induction of apoptosis by combination | 2017 | Lee ve dig.
treatment with mesupron and auranofin in human breast
cancer cells

79 The antiproliferative activity of 3-deoxyanthocyanins | 2013 | Suganyadevi ve
extracted from red sorghum (Sorghum bicolor) bran dig.
through P53-dependent and Bcl-2 gene expression in
breast cancer cell line

BO Cytotoxic effects of peanut phenolics possessing histone | 2016 | Saengles ve
deacetylase inhibitory activity in breast and cervical dig.
cancer cell lines

Bl The Cytotoxicity Effect of Resveratrol: Cell Cycle Arrest | 2019 | Wu ve dig.
and Induced Apoptosis of Breast Cancer 4T1 Cells

B2 Resveratral promotes oxidative stress to drive DLCL | 2018 | Ji ve dig.
mediated cellular senescence in cancer cells

B3 Resveratrol Chemosensitizes Breast Cancer Cells to | 2012 | Casanova  ve
Melphalan by Cell Cycle Arrest dig.

g4 Pro-Oxidant Effect of Resveratrol on Human Breast | 2022 | Costa ve dig.
Cancer MCF-7 Cells is Associated with CK2 Inhibition

g5 Sesquiterpene lactones from Ferulo copodo and their | 2014 | Kasaian ve dig.
cytotoxic properties

g6 Cannabidiol as a2 novel inhibitor of 1d-1 gene expressionin | 2007 | Mcallister  wve
aggressive breast cancer cells dig.

BT Hesperetin and Naringenin sensitize HERZ positive cancer | 2016 | Chandrika wve
cells to death by serving as HER2Z Tyrosine Kinase dig.
inhibitors

B8 The effect of vitamin D on MCF-7 breast cancer cell | 2017 | Saracligil Ve
metabolizm dig.

B9 1a,25-Dihydroxyvitamin D3 Down-Regulates Estrogen | 2000 | Swami ve dig.
Receptor Abundance and Suppresses Estrogen Actions in
MWCF-7 Human Breast Cancer Cells

a0 Differential Anticancer Activity of Pterostilbene Against | 2017 | Wakimoto  wve

Three Subtypes of Human Breast Cancer Cells

dig.
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3.2. VERI TABANININ TASARIMI

Veri tabanmin tasarimmda Microsoft Access (2007-2016 dosya formati) kullanildi. Once veri
tabaninda yer alacak tablolar (tables) olusturuldu ve bu tablolardaki alanlar/kolonlar (fields)
belirlendi. Daha sonra segilen ¢alismalardan ¢ikarilan verilerle, veri tabaninda ilgili tablo ve
alanlara veri girisi yapildi. Calismalardan verilerin siiziilmesi ve veri tabanina girisleri manual

olarak gergeklestirildi.
3.2.1.Veri Tabani Tablolarinin Olusturulmasi

Veri tabani internet iizerinden son kullanicilarin erisimine agilacagindan, tablo ve alan
isimlerinin Ingilizce olmas1 gerektigine karar verildi. Publications, Cell Lines, Compounds,

Treatments, Cytotoxicity, Cytotoxicity Test Method isimli alt1 ayr1 tablo olusturuldu.

“Publications” isimli tabloda; “publication ID, authors, publication year, publication name,
journal name” isimli bes ayr1 kolon olusturuldu ve dahil edilme kriterlerine gore secilmis 90

yayinin (¢alismanin) yayin kiinyesi bilgileri ilgili satir ve kolonlara islendi.

Her yayina, o yayin i¢in spesifik ve o yayinin kimlik numaras1 6zelliginde olan bir “Publication
ID” verildi. “Publication ID”, ayn1 zamanda bu tablonun birincil anahtar1 (primary key) olarak
belirlendi. Sekil 3.1°de “Publications” tablosunda yer alan 90 satir veri kaydmin ilk 46 satirlik

kismi gosterilmistir.
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T3 Publications

PublicationID ~ Authors ~ PublicationYear - PublicationName - JournalName -
1 Alosi, J. A., McDoi 2010 Pterostilbene Inhibits Breast Cancer In Vitro Through Mi Journal of Surgical Research
2 Atmaca, H., Bozkt 2016 Effects of Galium aparine extract on the cell viability, cel Journal of Ethnopharmacology
3 Bielawski, K., Czar 2013 Cytotoxicity and induction of apoptosis of human breasi Environmental Toxicology and Pharma
4 Chang, H. C., Chel 2011 Capsaicin may induce breast cancer cell death through aHuman and Experimental Toxicology
5 Choi, E. J., & Kim, 2008 Apigenin Induces Apoptosis through a MitochondrizJ.Clin.Biochem.Nutr.
6 Chou, C. C., Yang, 2010 Quercetin-mediated Cell Cycle Arrest and Apoptosis Invc Archives of Pharmacal Research
7 Choudhury, B., Kz 2018 Garcinia morella fruit, a promising source of antioxidant Biomedicine & Pharmacotherapy
8 Damianaki, A., Ba 2000 Potent Inhibitory Action of Red Wine Polyphenols on Hu Journal of Cellular Biochemistry
9 Duo, 1., Ying, G. G 2012 Quercetin inhibits human breast cancer cell proliferatior MOLECULAR MEDICINE REPORTS
10 Elamin, M. H., Da 2013 Olive oil oleuropein has anti-breast cancer properties wiFood and Chemical Toxicology
11 Fan,P., Fan, S., W 2013 Genistein decreases the breast cancer stem-like cell pop Stem Cell Research & Therapy
12 Graidist, P., Martl 2015 Cytotoxic Activity of Piper cubeba Extract in Breast Cance Nutrients
13 Gloria, N. F., Soar 2014 Lycopene and Beta-carotene Induce Cell-Cycle Arrest an ANTICANCER RESEARCH
14 Han, J., Talorete, " 2009 Anti-proliferative and apoptotic effects of oleuropein an Cytotechnology
15 Hu, H., Ahn, N. S., 2002 GANODERMA LUCIDUM EXTRACT INDUCES CELL CYCLE £2Int. J. Cancer
16 Hui, C., Bin, Y., Xie 2010 Anticancer Activities of an Anthocyanin-Rich Extract Fror Nutrition and Cancer
17 Jada, S. R., Matth: 2008 Benzylidene derivatives of andrographolide inhibit grow British Journal of Pharmacology
18 Khanavi, M., Nab: 2010 Cytotoxic activity of some marine brown algae against c: Biological Research
19 Khare, N., & Chan 2019 Stevioside mediated chemosensitization studies and cyt«Saudi Journal of Biclogical Science
20 Chryssanthi, D. G 2007 Inhibition of Breast Cancer Cell Proliferation by Style Cor ANTICANCER RESEARCH
21 Lee, C. 1., Wilson, 2010 Hesperidin Suppressed Proliferations of both Human Br. PHYTOTHERAPY RESEARCH
22 L, Y., Zhang, T., K 2010 Sulforaphane, a Dietary Component of Broccoli/Broccoli Clinical Cancer Research
23 Lewinska, A., Ada 2017 Diosmin-induced senescence, apoptosis and autophagy Toxicology Letters
Kayl’l_l‘H 1/90 ;- NP o >F-h1\e-\f0n Aa | B o T B T ' B

T3 Publications \

PublicationID - Authors - PublicationYear - PublicationName - JournalName -
24 Ligresti, A., Morie 2006 Antitumor Activity of Plant Cannabinoids with Emphasis THE JOURNAL OF PHARMACOLOGY AN
25 Losso, J. N., Bansc 2004 In vitro anti-proliferative activities of ellagic acid The Journal of Nutritional Biochemistry
26 Lu, P, Lin, H., Gu, 2015 Antitumor effects of crocin on human breast cancer cell: International Journal of Clinical and Ex
27 Moradzadeh, M., 2017 Epigallocatechin-3-gallate promotes apoptosis in human Pharmacological Reports
28 Nakagawa, H., Tst 2001 Growth inhibitory effects of diallyl disulfide on human b Carsinogenesis
29 Nakagawa, H., Kiy 2001 Resveratrol inhibits human breast cancer cell growth aniJournal of Cancer Research and Clinica
30 Asmah, R., Mohd 2007 Antioxidant activity, total phenolic content and cytotoxicJournal of Tropical Agriculture and Foo
31 Park, E. J., Lee, D., 2017 Cytotoxic effect of sanguiin H-6 on MCF-7 and MDA-MB- Bioorganic & Medicinal Chemistry Lette
32 Patil, J. B., Kim, J. 2010 Berberine induces apoptosis in breast cancer cells (MCF- European Journal of Pharmacology
33 Pierpaoli, E., Arca 2013 Antitumor effect of novel berberine derivatives in breas BioFactors
34 Peng, S. J,, Li, 1., ZI 2017 In vitro effects and mechanisms of lycopene in MCF-7 hi Genetics and Molecular Research
35 Pledgie-Tracy, A., 2007 Sulforaphane induces cell type-specific apoptosis in hurr Mol Cancer Ther
36 Pozo-Guisado, E., 2002 The antiproliferative activity of resveratrol results in apc Biochemical Pharmachology
37 Prakash, P., Russe 2001 In Vitro Inhibition of Proliferation of Estrogen-Depender The Journal of Nutrition
38 Sandhya, T. & Mi: 2006 Cytotoxic response of breast cancer cell lines, MCF 7 anc Cancer Letters
39 Sashidhara, K. V., 2007 Cell growth inhibitory action of an unusual labdane ditei Phytother Res
40 Scherbakov, A. M 2015 Apigenin Inhibits Growth of Breast Cancer Cells: The Rol ACTA NATURAE
41 Seeram, N. P., Ad: 2006 Blackberry, Black Raspberry, Blueberry, Cranberry, Red |Journal of Agricultural and Food Chem
42 Shao, Z. M., Shen, 2002 CURCUMIN EXERTS MULTIPLE SUPPRESSIVE EFFECTS ON International Journal of Cancer
43 Solairaj, D., Rame 2017 Anticancer activity of silver and copper embedded chitin International Journal of Biological Mac
44 Sun, Z. L., Dong, I. 2017 Juglanin induces apoptosis and autophagy in human bre Biomedicine & Pharmacotherapy
45 Takeshima, M., O 2014 Anti-proliferative and apoptosis-inducing activity of lyco Cancer Science
46 Turan, ., Demir, ¢ 2015 Cytotoxic Effect of Turkish Propolis on Liver, Colon, Brea Tropical Journal of Pharmaceutical Res

Kay.?li 1/90 VWb Yo Filtre Yok A | . B T B . ST T

Sekil 3.1: Veri tabaninin “publications” tablosunda yer alan yayin kiinyesi kayitlari.

“Cell Lines” isimli tablo, segilen yayinlarda kullanilmis meme kanseri hiicre hatlarinin yer
aldig1 tablodur. Her bir yaymda kullanilan her bir meme kanseri hiicre hattina kendisine 6zgii
(kimlik numaras1 6zelliginde) olan bir “Cell Line ID” verildi, ayn1 meme kanseri hiicre
hatlarinin birden fazla yayinda (calismada) kullanilmasindan kaynaklanabilecek karigiklik
onlendi. “Cell Line ID”, bu tablonun birincil anahtar1 (“primary key”) olarak belirlendi.



Sekil 3.2°de, secilen yayinlarda kullanilmig meme kanseri hiicre hatlarina ait 157 satir kaydin

ilk 46 satirlik kismi yer almaktadir.

Cellline Name -~
1 MCF-7
1 MDA-MB-231
2 MCF-7
2 MDA-MB-231
3 MCF-7
3 MDA-MB-231
4 MCF-7
4 BT-20
5 MDA-MB-453
6 MCF-7
7 MCF-7
7 MDA-MB-231
7 SKBR3
8 MCF-7
8 MDA-MB-231
8 T47D
9 MCF-7
10 MCF-7
10 MDA-MB-231
11 MCF-7
12 MCF-7
12 MDA-MB-231
12 MDA-MB-468

Filtre Yok Ara

j CeIILine-s. \
CelllinelD = PublicationID -
t
£ 2
£ 3
£ 4
£ 5
e 6
£ 7
* 8
e 9
£ 10
£ 11
£ 12
£ 13
£ 14
£ 15
e 16
£ 17
* 18
- 19
£ 20
£ 21
£ 22
£ 23
Kayit: M 1/157 T LI
j Cellline-s. \
CellLinelD
£ 24
e 25
& 26
G 27
& 28
G 29
e 30
& 31
* 32
& 23
& 21
e 35
& 36
* 37
& ag
¥ 39
£ 40
& a1
* 42
& 43
& a4
& 45
E 46
Kayit: H 1/157 ._l LIl

+ | PublicationID -

CellLline_ Name =
13 MCF-7

13 MDA-MB-231
13 MDA-MB-235
14 MCF-7

15 MCF-7

16 MCF-7

16 MDA-MB-231
16 MDA-MB-453
17 MCF-7

18 T47D

18 MDA-MB-468
18 T47D-T.R

19 MDA-MB-231
19 SKBR3

20 MCF-7

20 MDA-MB-231
21 MCF-7-GFP-Tubulin
22 MCF-7

22 SUM159

23 MCF-7

23 MDA-MB-231
23 SKBR3

24 MCF-7

Filtre Yok Ara

Sekil 3.2: Veri tabaninda yer alan meme kanseri hiicre hatlar1.
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Secilen caligmalarda analiz edilmis bilesiklerin detaylarini iceren “Compounds” isimli tabloda
“Compound ID, publication ID, compound name, compound class, origin, solvent/extract type”
isimli alt1 ayr1 kolon olusturuldu. Her bir yayinda analiz edilen her bir bilesik (veya bitki
ekstresi) igin ona spesifik (kimlik numarasi 6zelliginde) bir “Compound ID” verildi. Segilen
yaymlarda agirlikli olarak bilesikler analiz edilmis olsa da aralarinda bitki ekstrelerinin de
calisildig1 yaymlar bulunmaktadir. Bu sekilde bitki ekstresi kullanilan ve o bitkinin iki farkli
kimyasalla olusturulan ekstresinin analiz edildigi durumlarda (Safarzadeh ve dig., 2017), o
bitkinin her ekstraksiyon tipi i¢cin ayr1 bir “Compound ID” tanimlandi. “Compound ID”, ayn1

zamanda bu tablonun birincil anahtar1 (“primary key”) olarak belirlendi.

Ilgili yaymda s6z konusu bilesigin sinifina, orijinine, ¢dziiciisii ve ekstraksiyonuna dair veri
bulunamadig1 durumlarda, tabloda kolonlarda o verilerle ilgili béliimler bos birakildi. Sekil
3.3°de secilen caligmalarda analiz edilmis toplam 171 bilesik kaydina ait ilk 35 satir

gosterilmistir.

T5 compounds

T5 compounds

CompoundID + PublicationID ~ CompoundName - CompoundClass - Origin - Solvent (or Extract Type)
[+ 1 Pterostilbene analogue of resveratrol DMSO
] 2 2 Galium aparine extract Galium aparine MeOH extract
+ 3 3 Pt2(3-ethylpyridine)4(berenil)2 (Pt10) dinuclear platinum(ll) compound
] 4 3 Pt2(3-butylpyridine)4(berenil)2 (Pt11) dinuclear platinum(Il) compound
[+ 5 4 Capsaicin
] 6 5 Apigenin flavone subclass of flavonoids DMSO
k2 7 6 Quercetin flavonoid
+ 8 7 Garcinia morella extract Garcinia morella GFCH (chloroform fraction)
] 9 8 Resveratrol Red wine polyphenols absolute ethanol
o 10 8 Quercetin Red wine polyphenols absolute ethanol
] 11 8 Catechin Red wine polyphenols absolute ethanol
a2 12 8 Epicatechin Red wine polyphenols absolute ethanol
] 13 9 Quercetin flavonoid DMSO
& 14 10 Oleuropein phenolic compound olive leaf
[+ 15 11 Genistein isoflavone DMSO
] 16 12 Piper cubeba extract Piper cubeba Methanolic and dichloromethane
] 17 13 Lycopene carotenoid
i 18 13 Beta-carotene carotenoid
& 19 14 Oleuropein phenolic compound olive oil
o 20 14 Hydroxytyrosol phenolic compound olive oil
] 21 15 Ganoderma lucidum extract oriental fungus alcohol extract
a 22 16 Anthocyanin-Rich Extract from Black Rise(AEBR) Oryza sativa L. indica
[+ 23 17 Andrographolide
Kayit: M 1/171 _; LI 2 :.:'_E:;;_h ] Ara‘ 4 S

CompoundID - PublicationID - CompoundName - CompoundClass - Origin Solvent (or Extract Type)
] 24 17 SRJ09 (andrographolide derivative)
[+ 25 17 SRJ10 (andrographolide derivative)
] 26 17 SRJ23 (andrographolide derivative)
0 27 18 Sargassum swartzii extract methanolic extract and partition ft
] 28 18 Cystoseira myrica extract methanolic extract and partition fi
0 29 18 Colpomenia sinuosa extract methanolic extract and partition fi
&3 30 19 Stevioside Stevia rebaudiana
& 31 20 Crocus sativus extract Crocus sativus (styles) methanol:water
H 32 20 C. boryi ssp. tournefortii extract C. boryi ssp. tournefortii (s methanol:water
& 33 20 C. boryi ssp. boryi extract C. boryi ssp. boryi (styles) methanol:water
+ 34 20 C. niveus extract C. niveus (styles) methanol:water
& 35 21 Hesperidin flavonoid DMSO

Sekil 3.3: Veri tabaninin “compounds” tablosunda yer alan bilesik kayztlari.
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Secilen calismalardaki hangi bilesigin, hangi meme kanseri hiicre hattna ne kadar siireyle
uygulandigi verilerini igeren “Treatments” tablosunda sekiz ayri kolon olusturuldu. Sekil 3.4°de

402 satirhik veri kaydinin ilk 46 satir1 goriilmektedir.

T3 Treatments |

TreatmentID ~ | PublicationlD - CelllinelD ~ CellLine_Name » CompoundID ~ CompoundName + Treatment_Time(h) ~
¥ 1 1 MCF-7 1 Pterostilbene 24
® 2 al 1 MCF-7 1 Pterostilbene 48
] 3 1 1 MCF-7 1 Pterostilbene 72
# 4 al 2 MDA-MB-231 1 Pterostilbene 24
] 5 1 2 MDA-MB-231 1 Pterostilbene 48
X 6 al 2 MDA-MB-231 1 Pterostilbene 72
] 7 2 3 MCF-7 2 Galium aparine extract 72
] 8 2 4 MDA-MB-231 2 Galium aparine extract 72
+ 9 3 5 MCF-7 3 Pt2(3-ethylpyridine)4(berenil)2 (Pt10) 24
& 10 3 5 MCF-7 4 Pt2(3-butylpyridine)4(berenil)2 (Pt11) 24
+] 11 3 6 MDA-MB-231 3 Pt2(3-ethylpyridine)4(berenil)2 (Pt10) 24
# 12 3 6 MDA-MB-231 4 Pt2(3-butylpyridine)4(berenil)2 (Pt11) 24
4] 13 4 7 MCF-7 5 Capsicin 72
] 14 4 8 BT-20 5 Capsaicin 72
] 15 5 9 MDA-MB-453 6 Apigenin 24
] 16 5 9 MDA-MB-453 6 Apigenin 72
2 17 6 10 MCF-7 7 Quercetin 48
® 18 7 11 MCF-7 8 Garcinia morella extract 24
] 19 7 11 MCF-7 8 Garcinia morella extract 48
# 20 7 11 MCF-7 8 Garcinia morella extract 72
] 21 7 12 MDA-MB-231 8 Garcinia morella extract 24
i 22 7y 12 MDA-MB-231 8 Garcinia morella extract 48
] 23 7 12 MDA-MB-231 8 Garcinia morella extract 72

Kayit: M 1/402 T L Fi t:e Yok Ara ;_ T o o ) o

=1 Treatments

TreatmentID ~ PublicationID ~ | CellLinelD = Cellline_Name ~ CompoundID - CompoundName = Treatment_Time(h) ~
o 24 7 13 SKBR3 8 Garcinia morella extract 24
] 25 7 13 SKBR3 8 Garcinia morella extract 48
o 26 7 13 SKBR3 8 Garcinia morella extract 72
+ 27 8 14 MCF-7 9 Resveratrol 144
o 28 8 14 MCF-7 10 Quercetin 144
] 29 8 14 MCF-7 11 Catechin 144
o 30 8 14 MCF-7 12 Epicatechin 144
+ 31 8 15 MDA-MB-231 9 Resveratrol 144
o 32 8 15 MDA-MB-231 10 Quercetin 144
] 33 8 15 MDA-MB-231 11 Catechin 144
] 34 8 15 MDA-MB-231 12 Epicatechin 144
+ 35 8 16 TA7D 9 Resveratrol 144
] 36 8 16 TA7D 10 Quercetin 144
] 37 8 16 TA7D 11 Catechin 144
] 38 8 16 TA7D 12 Epicatechin 144
] 39 9 17 MCF-7 13 Quercetin 24
] 40 9 17 MCF-7 13 Quercetin 24
+ 41 9 17 MCF-7 13 Quercetin 24
+ 42 9 17 MCF-7 13 Quercetin 24
+ 43 9 17 MCF-7 13 Quercetin 24
+ 44 9 17 MCF-7 13 Quercetin 48
+ 45 9 17 MCF-7 13 Qurcetin 48
& 46 9 17 MCF-7 13 Quercetin 48

Kayit M 4[17402 | b Wb Filtre Yok aa <] T ) -

Sekil 3.4: Veri tabaniin “treatments” tablosundaki veri kayitlari.
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Her bir bilesik uygulamasina (“treatment”), “meme kanseri hiicre hatt1 - bilesik (veya bitki
ekstresi) - uygulama siiresi” kombinasyonuna spesifik bir “Treatment ID” verildi (“Treatment
ID”, ayn1 zamanda tablonun birincil anahtaridir). Ornegin, “Publication ID 1” ile tanimlanmis
yaymda (Alosi ve dig., 2010), pterostilben bilesiginin MCF-7 ve MDA-MB-231 hiicre
hatlarindaki analizlerine ait alt1 Treatment ID tanimlanmustir (Sekil 3.4). MCF-7"de 24, 48, 72
saatlik uygulamalar sirastyla Treatment ID 1, Treatment ID 2 ve Treatment ID 3; MDA-MB-
231 hiicre hattindaki 24, 48, 72 saatlik uygulamalar ise Treatment ID 4, Treatment ID 5 ve

Treatment ID 6 ile tanimlanmistir.

Veri tabaninin besinci tablosu olan “Cytotoxicity” isimli tablo, bilesiklerin, meme kanseri
hiicrelerinin canlilig1 iizerindeki etkilerinin; bilesigin dozu, % inhibisyon ve % canli kalma
oran1 (% survival rate) verileri olarak yer aldig1 tablodur. On ayr1 kolondan olusmaktadir (Sekil
3.5). 1lk kolonda yer alan “ID”, Cytotoxicity tablosunun birincil anahtar: (primary key) olarak

belirlendi.

Standart sapmasi belirtilmemis verilerin, “+/- SD “ kolonlarindaki boliimleri bos birakildi. Sekil

3.5’te “Cytotoxicity” tablosunda yer alan 402 satir veri kaydinin ilk 46 satirhik bolimi

gosterilmistir.
=] Cytotoxicity
1D ~ PublicationID ~ TreatmentID ~ Dose ~ +/-SD_of _Dose ~ Unit_of Dose ~ %Inhibition + +/-SD_of %lInhibition » %SurvivalRate - +/-SD_of %SurvivalRate »

1 159.42 7.89 micromolar 50

2 1 24051 10.72 micromolar 50

3 1 326.42 10.84 micromolar 50

4 1 456.37 17.56 micromolar 50

5 1 529.60 4.77 micromolar 50

6 s 620.21 2.88 micromolar 50

7 2 7503 ug/ml 50

8 2 8486 ug/ml 50

9 3. 945 2 micromolar 50

10 3 10 20 2 micromolar S0

11 3 1130 2 micromolar 50

12 3 1211 2 micromolar 50

13 4 13200 micromolar 58.50 25
14 o4 14 200 micromolar 36.24 2.3
15 5 1559.44 micromolar 50
16 5; 16 35.15 micromolar 50

17 6 1792.4 micromolar 50

18 7 185.18 0.38 ug/ml 50

19 7 194.84 0.22 ug/ml 50

20 7 203.98 0.15 micromolar 50

21 7 216.25 0.62 ug/ml 50

22 7 225.40 0.36 ug/mi 50

7

233.75 0.3 ug/ml 50

Sekil 3.5: Veri tabaninin “Cytotoxicity” tablosunda yer alan veri kayitlar.
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T3 Cytotoxicity
D ~ PublicationID ~ TreatmentlD ~ Dose ~ +/-SD_of _Dose ~ Unit_of Dose ~ %Inhibition v +/-SD_of_%lnhibition ~ %SurvivalRate - +/-SD_of %SurvivalRate ~

24 7 244.56 0.22 ug/mi 50
25 7 252.49 0.52 ug/ml 50
26 7 262.18 0.13 ug/ml 50
27 8 2713.7 8.3 pM 50
28 8 2844 5.6 pM 50
29 8 290.4 0.3 pM 50
30 8 3002 1.2 pM 50
31 8 315.2 9.1 pM 50
32 8 3224 8.2 pM 50
33 8 3393 8.9 pM 50
34 8 3474 9.2 pM 50
35 8 350.1 1.2 pM 50
36 8 360.1 0.2 pM 50
37 8 370.1 0.7 pM 50
38 8 380.8 0.2 pM 50
39 9 39125 umol/I 114
40 9 4025 umol/I 20
41 9 4150 umol/I 32
42 9 42 100 umol/I 54
43 9 43 200 umol/| 71.4
44 9 44125 umol/| 11.6
45 9 4525 umol/I 26
46 9 46 50 umol/| 43.8

Kayit: 4 <[17402 | b b b R Ara 4] T

Sekil 3.5 (devam): Veri tabaninin “Cytotoxicity” tablosunda yer alan veri kayitlari.

“Cytotoxicity Test Method” isimli tabloda, sec¢ilen ¢alismalarda kullanilmis sitotoksisite analiz
yontemlerine yer verildi ve “method ID, publication ID, cytotoxicity test method” isimli ii¢ ayr1
kolon olusturuldu. “Cytotoxicity Test Method” tablosunda yer alan 90 satir veri kaydmin ilk 46

satir1 Sekil 3.6’da gosterilmistir.

55 CytotoxicityTest_Method
MethodID ~+ | PublicationID - CytotoxicityTest Method -

1 MTT
2 2XTT
3 3MTT
4 4 WST-1
5 5MTT
6 6 Trypan blue exclusion and Pl-exclusion methods
7 7MTT
8 8 Tetrazolium salt assay
9 9 MTT

10 10 WST-1

11 11 Measuring the amount of formazan dye

12 12 MTT

13 13 MTT

14 14 MTT

15 15 MTT

16 16 MTT

17 17 MTT

18 18 MTT

19 19 MTT

20 20 MTT

21 21 Sulforhodamine B assay

22 22 MTS

23 23 MTT

Kayit: H 1/90 o L T = _F“tr; \'o(r - "Ar.a )

Sekil 3.6 Veri tabanminin “cytotoxicity test method” tablosunda yer alan veri kayitlari.
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z=2] CytotoxicityTest_Method.'-
MethodID ~ PublicationID - CytotoxicityTest_Method v

24 24 Crystal Violet vital staining
25 25 Luciferase-based assay using ATP bioluminescence
26 26 MTT
27 27 MTT
28 28 MTT
29 29 MTT
30 30 MTT
31 31
32 32 MTT
33 33 Alamar Blue assay
34 34 MTT
35 35 MTT
36 36 MTT
37 37 Electronic coulter counter
38 38 MTT
39 39 MTT
40 40 MTT
41 41 Luminescent cell viability assay
42 42
43 43 MTT
44 44 MTS
45 45 WST
46 46 MTT

Kayit: M 1/90 n L I ;‘_tr_e-‘z-_( Ara

Sekil 3.6 (devam): Veri tabaninin “cytotoxicity test method” tablosunda yer
alan veri kayitlari.

3.2.2. Tablolar Arasinda Iliski Kurulmasi

Veri tabaninin tablolar1 arasinda iliski (relationship) kuruldu. Tablolar arasindaki iligkilerin
hepsi bire-cok iliski (“‘one-to-many relationship”)’dir. Sekil 3.7’de tablolar arasi iliskilerin

kurulma asamalari, Sekil 3.8’de ise veri tabanindaki iliskilerin genel goriiniimii yer almaktadir.

Edit Relationships ? X Edit Relationships ? X
Table/Query: Related Table/Query: Table/Query: Related Table/Query:
Publications ~ CellLines i Publications ~ Compounds ™
A — Cancel Cancel
PublicationID |~ PublicationID ~ PublicationID |~ PublicationlD ~
Join Type.. Join Type..
v v
Enforce Referential Integrity Sl Enforce Referential Integrity Credte Hew..
Cascade Update Related Fields Cascade Update Related Fields
Cascade Delete Related Records [_] Cascade Delete Related Records
Relationship Type: One-To-Many Relationship Type: One-To-Many

Sekil 3.7: Tablolar arasi iliskilerin kurulma asamalart.
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Edit Relationships X Edit Relationships ? X
Table/Query: Related Table/Query: E Table/Query: Related Table/Query: -“
Compounds v Treatments E CellLines v Treatments :
. Cancel Cancel
CompoundID ¥ CompoundID A - CellLinelD CellLineID A
Join Type.. Join Type..
v : v :
Enforce Referential Integrity Crents Now: Enforce Referential Integrity Create New...
[V] Cascade Update Related Fields Cascade Update Related Fields
Cascade Delete Related Records Cascade Delete Related Records
Relationship Type:  One-To-Many Relationship Type: ~ One-To-Many
Edit Relationships ? X
Table/Query: Related Table/QueryE
ey ]
Cancel
TreatmentID Z[TreatmentlD Al
Join Type..
v =
Enforce Referential Integrity CEAEa.
Cascade Update Related Fields
Cascade Delete Related Records
Relationship Type: One-To-Many
Sekil 3.7 (devam): Tablolar arasi iliskilerin kurulma asamalari.
== Relationships |
Publications Celllines
B publicationiD 7'\ ¥ celiLinein 7‘
Authors = PublicationID
PublicationYear CellLine_Mame
PublicationName
JournalMame
Compounds -
reatments Cytotoxid
¥ CompoundID - . b ty
_u_{ PublicationiD B Treafme.ntID —E LT a
CompoundName g p'-'b"_ﬂal"?”'D TreatmentiD
CompoundClass Cell L'I"EI 0 Dose
Origin CellLine_MName +/-SD_of_Dose
Solvent {or Extract Type) CompoundID Unit_of_Dose
Compoundiame %Inhibition
Treatment_Time(h) +/-5D_of_%Inhibition w

Sekil 3.8: Veri tabanindaki iliskilerin genel goriiniimii.



58

3.3. SQL SORGULARI VE VERi TABANININ iSLERLiGiNiN TEST EDiILMESI

Hem veri tabanina dahil edilen 90 calismadaki meme kanseri hiicre hatlar1 ve bilesikler
baglamindaki odak noktalarin1 gérmek hem de veri tabanmin islerligini test etmek amaciyla

asagidaki SQL sorgular1 yapildi:

= Kag farkli meme kanseri hiicre hatt1 kullanildigi ve bunlarin neler oldugu
=  MCF-7 hiicre hattinin kullanildig1 ¢calisma sayis1
= Kersetinin kag ¢alismada kullanildig1 ve bu ¢alismalarin hangileri oldugu

= Resveratroliin ka¢ ¢aligmada kullanildigi ve bu ¢alismalarin hangileri oldugu

Her bir sorgu i¢in farkli SQL sorgu komutlar1 olusturuldu (Sekil 3.9, Sekil 3.10, Sekil 3.11,

Sekil 3.12).
@ Distinct Cell Line Query X

SELECT DISTINCT CellLine_Name
FROM CellLines:
|

Sekil 3.9: Farkli meme kanseri hiicre hatlar1 igin SQL sorgu komutu.

‘5 MCF-7 and Publication Query

SELECT Publications.PublicationliD, Publications.PublicationYear, Publications.PublicationName, CellLines.CellLine_Name
FROM Publications INNER JOIN CellLines ON Publications.[PublicationiD] = CellLines.[PublicationiD)]
WHERE CellLine_Name="MCF-7";

Sekil 3.10: MCF-7 hiicrelerinin kullanildig1 ¢aligmalar igin SQL sorgu komutu.

fg-.l Quercetin and Publication Query

SELECT Publications.PublicationID, Publications.PublicationYear, Publications.PublicationName, Compounds.CompoundName
FROM Publications INNER JOIN Compounds ON Publications.[PublicationID] = Compounds.[PublicationID]
WHERE CompoundName="Quercetin’;

Sekil 3.11: Kersetinin kullanildig ¢aligmalar i¢in SQL sorgu komutu.



59

] ﬁ Resveratrol and Publication Query \

SELECT Publications.PublicationID, Publications.PublicationYear, Publications.PublicationName, Compounds.CompoundName
FROM Publications INNER JOIN Compounds ON Publications.[PublicationlD] = Compounds.[PublicationID]
WHERE CompoundName="Resveratrol’;

Sekil 3.12: Resveratroliin kullanildigi ¢aligmalar i¢in SQL sorgu komutu.

Veri tabaninda yer alan yayinlar icerisinde resveratroliin analiz edildigi uygulamalar ve
sitotoksisite sonuglar1 “yayin - hiicre hatt1 - uygulama siiresi — doz - doz birimi - % inhibsiyon”

kombinasyonuyla sorgulandi. Bu sorguda SQL komutu yerine, Access sorgu tasarimi segenegi
kullanild1 (Sekil 3.13).

“F Resveratrol Treatments and Cytotoxicity

Publications

Publications_1

Compounds

Treatments

Cytotoxicity
] f 5 ¥ compoundiD N 7 Treatmentid L
? publicationiD “——1 ¥ publicationip = X \ =
= PublicationD —= ” D
Authors Authors \
CellLinelD
PublicationVear PublicationYear - +/-5D_of_Dose
y . CellLine_Name ol
PublicationName PublicationName Unit_of_Dose
CompoundiD
JournalName JoumalName %Inhibition
Solvent (or Extract Ty ~ Compoundame = -
Alan: | PublicationiD PublicationName Compoundame CompoundName CellLine_Name ~ | Treatment_Time(h) Dose +/-50_of_Dose Unit_of_Dose Sinhibition
Tablo: | Publications Publications_1 Compounds Treatments Treatments Treatments Cytotosicity Cytotoxicity Cytotoricity Cytotoxicity
Sirala
Gaster | =] O ] ] | [ ] ]
dlgoe Resvera trol
veya:

Sekil 3.13: Resveratrol analizlerinin ve sitotoksisite sonug¢larmin sorgusu.

Yukarida agiklanan sorgularin internet ortaminda son kullanicilar tarafindan da yapilabilmesi
icin, “A Database of Cytotoxic Compounds on Breast Cancer Cells” ad1 verilen veri tabaninin

“dccbec.istanbul.edu.tr” adresinden erisime agilmasi saglandi.
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4. BULGULAR

Veri tabaninda yer alan 90 yaymda kullanilmig toplam 157 meme kanseri hiicre hattinin kag
farkli tip hiicre hatt1 igerdigine dair yapilan SQL sorgu sonucunda, 22 farkli hiicre hatt1 icerdigi

belirlenmistir. SQL sonucu ve bu hiicre hatlarinin neler oldugu Sekil 4.1°de gosterilmistir.

ﬁ Distinct Cell Line Query

AMIJ13
AMN3

BT-20

BT474

HCC70
HS-578T
KPL-1

MCF-7
MCF7-CON
MCF-7-GFP-Tubulin
MDA-MB-231
MDA-MB-235
MDA-MB-436
MDA-MB-453
MDA-MB-468
MKL-F

SKBR3
stem-cell enriched population from MCF-7 (MCF-7s)
SUM159
T47D
T47D-T.R

CellLine_Name -

Kayit: H 1/22 L Filtre Yok Ara

Sekil 4.1: Veri tabaninda yer alan farkli hiicre hatlar1 igin SQL sorgu sonucu.

Yapilan bir diger SQL sorgu sonucunda, en fazla c¢alisilmis meme kanseri hiicre hatmin, 90
yaymin 71’inde calisilmig MCF-7 hiicre hatt1 oldugu belirlenmistir. SQL sorgu sonuglarina
Sekil 4.2°de yer verilmistir.
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'3 MCF-7 and Publication Query

PublicationID ~ PublicationYear ~ PublicationName v Cellline_Name -~
11 1 2010Pterostibene inhibits bre rinvitro through mi MCF7
\ 2 2016 Effects of Galium aparine extract on the cell viability, ce MCF-7

3 2013 Cytotoxicity and induction of apoptosis of human brea MCF-7

4 2011 Capsaicin may induce breast cancer cell death through MCF-7

6 2010 Quercetin-mediated cell cycle arrest and apoptosis inve MCF-7

7 2018 Garcinia morella fruit, a promising source of antioxidar MCF-7

8 2000 Potent inhibitory action of red wine polyphenols on hu MCF-7

9 2012 Quercetin inhibits human breast cancer cell proliferatic MCF-7
10 2013 Olive oil oleuropein has anti-breast cancer properties v MCF-7
11 2013 Genistein decreases the breast cancer stem-like cell po MCF-7
12 2015 Cytotoxic activity of Piper cubeba extract in breast canc MCF-7
13 2014 Lycopene and beta-carotene induce cell-cycle arrest an MCF-7
14 2009 Anti-proliferative and apoptotic effects of oleuropein a MCF-7
15 2002 Ganoderma lucidum extract induces cell cycle arrest ar MCF-7
16 2010 Anticancer activities of an anthocyanin-rich extract fror MCF-7
17 2008 Benzylidene derivatives of andrographolide inhibit gror MCF-7
20 2007 Inhibition of breast cancer cell proliferation by style co MCF-7
22 2010 Sulforaphane, a dietary component of Broccoli/Brocco MCF-7
23 2017 Diosmin-induced senescence, apoptosis and autophag MCF-7
24 2006 Antitumor activity of plant cannabinoids with emphasi: MCF-7
25 2004 In vitro anti-proliferative activities of ellagic acid MCF-7
26 2015 Antitumor effects of cracin on human hreast cancer ce MCF-7

Record: 14 ¢ 10f64 | » M ds NZuciine | Search

B MCF-7 and Publication Query =

PublicationID ~ PublicationYear ~ PublicationName v Cellline_Name ~
26 2015 Antitumor effects of crocin on human breast cancer ce MCF-7
28 2001 Growth inhibitory effects of diallyl disulfide on human MCF-7
29 2001 Resveratrol inhibits human breast cancer cell growth a MCF-7
31 2017 Cytotoxic effect of sanguiin H-6 on MCF-7 and MDA-MI MCF-7
32 2010 Berberine induces apoptosis in breast cancer cells (MC MCF-7
34 2017 In vitro effects and mechanisms of lycopene in MCF-7 | MCF-7
35 2007 Sulforaphane induces cell type-specific apoptosis in hu MCF-7
36 2002 The antiproliferative activity of resveratrol results in ap MCF-7
37 2001 In Vitro Inhibition of Proliferation of Estrogen-Depende MCF-7
38 2006 Cytotoxic response of breast cancer cell lines, MCF 7 ar MCF-7
39 2007 Cell growth inhibitory action of an unusual labdane dit MCF-7
40 2015 Apigenin inhibits growth of breast cancer cells: The rolt MCF-7
41 2006 Blackberry, Black Raspberry, Blueberry, Cranberry, Rec MCF-7
42 2002 CURCUMIN EXERTS MULTIPLE SUPPRESSIVE EFFECTS OI MCF-7
43 2017 Anticancer activity of silver and copper embedded chiti MCF-7
44 2017 Juglanin induces apoptosis and autophagy in human bi MCF-7
45 2014 Anti-proliferative and apoptosis-inducing activity of lyc MCF-7
46 2015 Cytotoxic effect of Turkish propolis on liver, colon, bre: MCF-7
47 2012 In vitro Studies on anticancer activity of fungal taxol ag MCF-7
48 2000 Two Novel 14-Epi-Analogues of 1,25-Dihydroxyvitamin MCF-7
49 2011 Antiproliferative effect of natural tetrasulfides in huma MCF-7
51 2020 Reta-Tocotrienol Fxhibits Mare Cutataxic Fffects than ¢ MCF-7

Record: 14 + 10f64 | » didn N7 Search

Sekil 4.2: MCF-7 hiicre hattinin kullanildigi ¢aligmalar i¢in SQL sorgu sonucu.
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| TH MCF-7 and Publication Query

PublicationID » PublicationYear ~ PublicationName + Cellline_Name ~
51 2020 Beta-Tocotrienol Exhibits More Cytotoxic Effects than ¢ MCF-7
52 2013 Apoptosis-mediated cytotoxic effects of parthenolide a MCF-7
53 2018 Cytotoxicity of Xanthium strumarium against breas MCF-7
55 2009 Selective Cytotoxic Activities of Two Novel Synthetic Dri MCF-7
56 2019 Cytotoxicity and cell cycle analysis of Asparagus laricinut MCF-7
57 2020 Cytotoxicity of triterpenoids from Clerodendrum glabri MCF-7
59 2020 Galenia africana plant extract exhibits cytotoxicity in br MCF-7
60 2017 The Cytotoxic and Apoptotic Effects of Scrophularia Att MCF-7
61 2015 Cytotoxic activity of Macrosolen parasiticus (L.) Danser MCF-7
63 2020 Potential anticancer activity of Mn (IlI) complexes conta MCF-7
64 2016 Cytotoxicity and cell cycle arrest induced by andrograp MCF-7
66 2013 Cytotoxic and apoptotic activity of Scrophularia oxysep MCF-7
67 2016 Inhibitory and Cytotoxic Activities of Chrysin on Humar MCF-7
68 2019 THE CYTOTOXIC EFFECTS OF THYMOL AS THE MAJOR C MCF-7
69 2005 Potential anticancer activity of tanshinone IIA against h MCF-7
70 2020 Cytotoxicity evaluation of curcumin-loaded affibody-de MCF-7
72 2021 Effect of Ag nanoparticles on viability of MCF-7 and Vei MCF-7
75 2021 Cytotoxic activity and toxicity study of HF8, a poly-herb MCF-7
76 2018 Lycopene-rich extract from red guava (Psidium guajava MCF-7
78 2017 Synergistic induction of apoptosis by combination treat MCF-7
79 2013 The antiproliferative activity of 3-deoxyanthocyanins e MCF-7
20 2016 Cvtotoxic effects of neanut nhenolics nnssessing histor MCF-7

| Record: 14 1of 64 LA N Search

| ﬁ MCF-7 and Publication Query~"-‘_
PublicationIlD = PublicationYear - PublicationName - | CellLine_Name -~
82 2018 Resveratrol promotes oxidative stress to drive  MCF-7
83 2012 Resveratrol chemosensitizes breast cancer cells MCF-7
84 2022 Pro-oxidant effect of resveratrol on human MCF-7
85 2014 Sesquiterpene lactones from Ferula oopoda MCF-7
88 2017 The effect of vitamin D on MCF-7 breast cancer MCF-7
89 2000 1a, 25-Dihydroxyvitamin D3 down-regulates ~ MCF-7
90 2017 Differential anticancer activity of pterostilbene  MCF-7

Sekil 4.2 (devam): MCF-7 hiicre hattinin kullanildigi ¢aligsmalar igin SQL sorgu sonucu

Bilesikler i¢in yapilan SQL sorgu sonucunda, veri tabaninda yer alan 90 yayin igerisinde en
fazla c¢alisilmig bilesigin resveratrol oldugu, kersetinin de ikinci siradaki en fazla c¢alisilmisg

bilesik olarak onu takip ettigi belirlenmistir (Sekil 4.3 ve Sekil 4.4).

‘ @ Quercetin and Publication Quer'y\'a

PublicationIC = PublicationYear ~ PublicationName - CompoundName -
@ 2010 Quercetin-mediated Cell Cycle Arrest and Apoptosis Involving Quercetin
8 2000 Potent Inhibitory Action of Red Wine Polyphenols on Human Quercetin
9 2012 Quercetin inhibits human breast cancer cell proliferation and Quercetin
40 2015 Apigenin Inhibits Growth of Breast Cancer Cells: The Role of  Quercetin
46 2015 Cytotoxic Effect of Turkish Propolis on Liver, Colon, Breast, Quercetin

Sekil 4.3: Kersetinin kullanildigi ¢aligmalar i¢in SQL sorgu sonucu.
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| ﬁ Resveratrol and Publication Quer;'.
PublicationIC = | PublicationYear - PublicationName i CompoundName i
2000 Potent Inhibitory Action of Red Wine Polyphenols on Resveratrol
29 2001 Resveratrol inhibits human breast cancer cell growth  Resveratrol
36 2002 The antiproliferative activity of resveratrol resultsin ~ Resveratrol
80 2016 Cytotoxic effects of peanut phenolics possessing Resveratrol
81 2019 The Cytotoxicity Effect of Resveratrol: Cell Cycle Resveratrol
82 2018 Resveratrol promotes oxidative stress to drive DLC1  Resveratrol
83 2012 Resveratrol chemosensitizes breast cancer cells to Resveratrol
84 2022 Pro-oxidant effect of resveratrol on human breast Resveratrol
90 2017 Differential anticancer activity of pterostilbene against Resveratrol
*

Sekil 4.4: Resveratroliin kullanildig1 ¢aligmalar i¢in SQL sorgu sonucu.

Veri tabanindaki resveratrol uygulamalar1 ve sitotoksisite degerlerine dair yapilan sorgu

sonuglar1 Sekil 4.5°de yer almaktadir.

| 3 Resveratrol Treatments and Cytotoxicity

PublicationID - PublicationName - CompoundName ~ Cellline_Name | Treatment_Time(h) ~ Dose -~ +/-SD_of Dose - Unit_of Dose ~ %Inhibition ~

E Potent Inhibitory Action of Red Wine Resveratrol MCF-7 144 137 83 pM 50

8 Potent Inhibitory Action of Red Wine Resveratrol MDA-MB-231 144 5.2 9.1 pM 50

8 Potent Inhibitory Action of Red Wine Resveratrol T47D 144 0.1 1.2 pM 50
29 Resveratrol inhibits human breast cancer cell Resveratrol KPL-1 72 149 micromolar 50
29 Resveratrol inhibits human breast cancer cell Resveratrol MCF-7 72 137 micromolar 50
29 Resveratrol inhibits human breast cancer cell Resveratrol MKL-F 72 105 micromolar 50
36 The antiproliferative activity of resveratrol Resveratrol MCF-7 36 150 micromolar 50
36 The antiproliferative activity of resveratrol Resveratrol MDA-MB-231 48 150 micromolar 60
80 Cytotoxic effects of peanut phenolics Resveratrol MCF-7 24 101.85 293 micromolar 50
80 Cytotoxic effects of peanut phenolics Resveratrol MCF-7 48 67.32 376 micromolar 50
80 Cytotoxic effects of peanut phenolics Resveratrol MCF-7 72 46.81 1.26 micromolar 50
81 The Cytotoxicity Effect of Resveratrol: Cell  Resveratrol 4T1 72 93 micromolar 50
82 Resveratrol promotes oxidative stress to Resveratrol MCF-7 24 100 micromolar 50.97
82 Resveratrol promotes oxidative stress to Resveratrol MDA-MB-231 24 100 micromolar 49.40
83 Resveratrol chemosensitizes breast cancer  Resveratrol MCF-7 24 120 micromolar 50
83 Resveratrol chemosensitizes breast cancer ~ Resveratrol MDA-MB-231 24 370 micromolar 50
84 Pro-oxidant effect of resveratrol on human  Resveratrol MCF-7 24 238 micromolar 50
90 Differential anticancer activity of Resveratrol MCF-7 72 88.8 6.7 micromolar 50
90 Differential anticancer activity of Resveratrol SKBR3 72 753 3.1 micromolar 50
90 Differential anticancer activity of Resveratrol MDA-MB-468 72 49.3 1.2 micromolar 50

Sekil 4.5. Resveratrol uygulamalari ve sitotoksisite degerleri sorgu sonucu.
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Veri tabaninda yer alan yaymlarda hiicre canlilig1 analiz yontemi olarak ¢ogunlukla kullanilan
reaktifin adiyla anilan MTT [(3,(4,5-dimetiltiazol-2-il)2,5-difeniltetrazolyumbromiir)] yontemi
kullanilmig olmakla birlikte, XTT [(sodium 3’-[1- (fenilaminokarbonil)- 3,4- tetrazolium]-bis
(4-metoksi6-nitro) benzen siilfonik asit hidrat)], WST-1 [(2-(4-iyodofenil)-3-(4-nitrofenil)-5-
(2,4-distilfofenil)-2H tetrazolyum)], PI (propidium iyodiir), akan hiicre dlger sitometrisi (“flow
cytometry”), tripan blue testi, Lusiferaz-temelli ATP biyolimiinesans (“Luciferase-based assay

using ATP bioluminescence”) testi gibi farkli analiz yontemlerine de rastlanmustir.

Veri tabaninda yer alan yaymnlarin neredeyse hepsinde dogal bilesikler tercih edilmis olmakla
birlikte, sentetik bilesiklerin analiz edildigi az sayida yayma da rastlanmistir. Bu yaymlar
platinum (II) bilesiklerinin (Bielawski ve dig., 2013), andrografolidin benziliden tiirevlerinin
(Jada ve dig., 2008), berberinin sentetik tiirevlerinin (Pierpaoli ve dig., 2013), kitin/glimiis ve
kitin/bakir nanokompozitlerinin (Solairaj ve dig., 2017), D3 vitamini sentetik analoglarmnin
(Verlinden ve dig., 2000), partenolidin sentetik analogunun (Wyrebska ve dig., 2013), giimiis
nanopartikiillerinin (Sangour ve dig., 2021), bir altin fosfin bilesigi olan olan auranofinin (Lee

ve dig., 2017) analiz edildigi yayinlardir.

Bu verilerin tamamini igeren veri tabanma ‘“dccbec.istanbul.edu.tr” web adresinden erisim

saglanabilecektir.
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5. TARTISMA VE SONUC

Bu doktora tez ¢alismasi kapsaminda hazirlanan iliskisel veri tabani ve bu veri tabanindan elde
edilen sonuclar bilimsel ve fonksiyonel olmak tizere iki a¢idan degerlendirilmelidir.
Fonksiyonel degerlendirme; veri tabanmin tasarim siireci, son kullaniciya saglayacagi fayda
ve uyarlanabilirligi gibi dogrudan veri tabaninin kendisiyle ilgili olan noktalar1 kapsamaktadir.
Bilimsel degerlendirme ise, veri tabaninda yer alan verilerin odak noktalarinin 6nemi ve ileriye

yonelik saglayacagi faydalarla iliskilidir.

Kanser tedavisindeki en onemli yontemlerden biri olan kemoterapdtik ilag tedavisinde,

sitotoksik 6zellikli ve dogal bilesiklerden elde edilen ilaglar ¢ok 6nemli bir yere sahiptir.

Kemoterapi yonteminin baslangici sayilan 1930’lu yillarin sonu ve 1940’11 yillarin basindan
itibaren (Newmann ve Cragg, 2016), giiniimiize kadar 200’den fazla kanser ilact gelistirilmis
ve onay alarak tedavilerde kullanima sunulmustur. Bu ilaglarm 6nemli bir kismini sitotoksik
etkili antikanser ilaglar olusturmaktadir. S6z konusu sitotoksik kemoterapotik ilaglarin 6nemli
bir ¢ogunlugu; DNA/RNA sentezini inhibe ederek, DNA’y1 alkilleyerek, DNA’ya baglanarak
veya DNA’y1 keserek, topoizomeraz enzimlerini inhibe ederek, tiibiilin/mikrotiibiil yapisini

bozup mitozu engelleyerek etki gosterir (Tablo 5.1) (Bailly ve dig., 2020).

Tablo 5.1: Sitotoksik kemoterapatik ilaglar (Bailly ve dig., 2020).

Antimetabolitler

Azacitidine, Capecitabine, Cladribine Clofarabine, CPX-351, Cytarabine,
Decitabine, Fludarabine, Fluorouracil, Gemcitabine, Methotrexate, Nelarabine,
Pemetrexed, Pralatrexate, Raltitrexed, Trifluridine

DNA Alkilleyiciler

Altretamine, Bendamustine, Busulfan, Carboplatin, Carmustine, Chlorambucil,
Cisplatin,  Cyclophosphamide, Dacarbazine, Estramustine, Fotemustine,
Ifosfamide, Lobaplatin, Lomustine, Mechlorethamine, Melphalan, Miriplatin,
Mitomyein C, Nedaplatin, Nimustine, Oxaliplatin, Procarbazine, Ranimustine,
Semustine, Streptozotocin, Temozolomide, Thiotepa, Trabectedin, Treosulfan,
Trofosfamide

DNA’va baglanan veya DNA’y1 kesenler

Actinomyein D, Amsacrine, Mithramycin, Bleomyein, Peplomyein

DNA topoizomeraz inhibitorleri

Aclarubicin, Amrubicin, Belotecan, Daunorubicin, Doxil, Doxorubicin, Epirubicin,
Etoposide, Idarubicin, Irinotecan, Mitoxantrone, Nal-IRI, Pirarubicin, Pixantrone,
Teniposide, Topotecan, Valrubicin, Ingenol (cok yonlii etki)

Tiibiilin ve mikrotiibiil inhibitdrleri

Cabazitaxel, Docetaxel, Eribulin Ixabepilone, Nab-paclitaxel, Paclitaxel
Vinblastine, Vincristine, Vindesine, Vinflunine, Vinorelbine
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Kansere yonelik ilag gelistirme ¢alismalarinin tarihgesine bakildiginda, 1940 ve 2014 yillar1
arasindaki zaman zarfinda onay almis 175 kiigiik molekiiliin %49’unun dogrudan dogal
kaynakli veya dolayl olarak onlardan tiiretilmis maddeler oldugu goriilmektedir (Newman ve
Cragg, 2016).

Kanser tedavisinde kullanilan ve dogal bilesik 6zelliginde olan ilaglarin en iyi bilinenlerinden
biri vinkristin (Vincrystine, VCR)’dir. Dogal bir alkaliod olan Vicristine, ilk olarak 1961
yilinda Vinca rosea L. bitkisinden izole edilmistir (Neuss ve dig., 1962). 1963 yilinda da, FDA
tarafindan 16semi tadavisi icin klinikte kullanimi1 kabul edilmistir (Skubnik ve dig., 2021).

Dogal bilesik olan bir diger kemoterapi ilact paklitaksel (Paclitaxel, PTX)’dir. Pasifik porsuk
agac1 Taxus brevifolia Nutt. bitkisinden izole edilen paklitaksel tetrasiklik bir diterpenoiddir.
1992 yilinda Taxol ticari ismi alan ilacin, sonraki ardisik yillarda, FDA tarafindan meme,
ovaryum, akciger kanseri ve Kaposi sarkoma tedavilerinde kullanilmasi onaylanmistir

(Weaver, 2014).

Homoharringtonine, bitki orijinli bir bagka kemoterapi ilacidir. Bitkisel bir alkaloid olan
homoharringtonine, ilk defa 1963 yilinda Cephalotaxus harringtonia’dan izole edilmis, Powell
ve arkadaslar1 tarafindan (1972) yapisi ¢oziimlenerek P-388 and L-1210 hiicre hatlari
iizerindeki antilosemik etkileri belirlenmistir (Lii ve Wang, 2014). Homoharringtonine, bir
protein sentezi/mRNA translasyon inhibitdriidiir. Inhibisyon etkisini mRNA translasyonunun

uzama (elongasyon) asamasinda gosterir (Gandhi ve dig., 2014).

Bu 6rneklerde de goriildiigii lizere, antikanser etkiye sahip dogal bilesikler yeni kanser ilaglar1
gelistirilebilmesi adina ¢ok zengin bir kaynak olusturmaktadir. Meme kanseri basta olmak
iizere tiim kanser tiirleri i¢in daha etkili, yan etkisi daha az veya hi¢ olmayan, ila¢ direnci
dezavantajin1 ortadan kaldiracak yeni ilaglara ve bu ilaclar i¢in aday bilesiklere her zaman
ihtiyac vardir. Iste bu baglamda, bu tez ¢alismasi kapsaminda hazirlanan iliskisel veri tabani,
meme kanseri hiicreleri iizerinde sitotoksik etkili dogal bilesikleri (ve ayn1 zamanda daha nadir

olarak sentetik bilesikleri) bir veri havuzu seklinde arastirmacilara sunmaktadir.

Kullanic1 deneyimi anlaminda, bu iliskisel veri tabanmnin geleneksel literatiir tarama veri
tabanlarindan da dikkate deger farkliliklar1 vardir. Oncelikle bu veri taban1 kullanicilarin, meme

kanserinde etkili olabilecek bilesiklere ve bu bilesiklerin sitotoksik etki diizeylerine bir arada
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erigsmesine olanak verecek, arastirmacilara veriyi toplu goriintiileyebilme ve zaman kazanma

gibi faydalar saglayacaktir.

Kullanicilar veri tabanindaki “Compounds” ve “Cell Lines” veri gruplari i¢erisinde sorgulama
yapabilecek ve sectikleri bilesik veya hiicre hattiyla baglantili veri tabanindaki diger tim
verileri goriintiileyebilecektir. Ornegin kullanici resveratrol bilesigini sectiginde, resveratrol ile
iliskili olan “hangi yayimlarda kullanildigi, hangi hiicre hatlarinda test edildigi, uygulama siiresi

ve ICso degerleri” gibi diger tiim verileri goriintiileyebilecektir.

“A Database of Cytotoxic Compounds on Breast Cancer Cells” adi verilen ve
“dccbec.istanbul.edu.tr” adresinden son kullanicilarm erigime agilan veri tabanindaki veriler,
yeni ¢ikan yaymlardaki verilerin eklenmesiyle, siirekli giincellenme ve zenginlestirilme

potansiyeline sahiptir.

Tiim bunlarin yani sira, bu ¢alisma kapsaminda iliskisel veri tabani tasariminda ve Access
kullaniminda kazanilan deneyim, gereklilik durumunda benzer amacli bagka veri tabanlarinin
(6rnegin, farkh tipte kanser hiicreleri {izerinde etkili sitotoksik bilesikleri i¢erenlerin) tasarimi

icin de faydal olacaktir.

Bu iligkisel veri tabanindaki ikinci en 6nemli veri grubunu olusturan meme kanseri hiicre hatlar1
incelendiginde, bulgular boliimiinde de ifade edildigi gibi hiicre hatlar1 veri grubunun odak

noktasint MCF-7 ve MDA-MB-231 hiicrelerinin olusturdugu goriilmektedir.

MCF-7, bilindigi tizere ER-pozitif ve PR-pozitif, luminal A meme kanseri alt tipine ait bir hiicre
hattidir. Agresifligi cok diisiiktiir, invazifligi yoktur ve diisiik metastatik potansiyele sahip kabul
edilir. MCF-7 hiicre hatti ilk izole edilip tanimlanisindan bu yana, 40 seneden daha uzun bir
stiredir, meme kanseri patolojisiyle ilgili ¢ok ©Onemli verilerin elde edilmesine olanak
saglamgtir. Diinyada en fazla ¢alisilan meme kanseri hiicre hatt1 olan MCF-7, yaklasik 25.000
bilimsel yayinda kullanilmistir. MCF-7, 6zellikle ER-pozitif meme kanseri arastirmalari,
aromataz inhibitorleri gibi ilag¢ arastirma ve kesifleri, ila¢ anti-Gstrojen ila¢ direnci (anti-
hormon terapisine yonelik direng) arastirmalar1 i¢in ¢ok uygun bir hiicre hattidir (Comsa ve

dig., 2015).

Bu bilgiler baglaminda meme kanseri caligmalari i¢in model hiicre hatti olarak kabul

edebilecegimiz MCF-7’nin, bu tez c¢alismasi kapsaminda hazirlanan veri tabanindaki
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yaymlarda en fazla tercih edilmis hiicre hatt1 olmasi sasirtici degildir. Hem MCF-7’nin ¢ok iyi
tanimlanmis olmasmin hem de bu hiicre hattiyla ilgili uzun yillar boyunca kazanilmig
tecriibelerin, sitotoksik ve antikanser etkili bilesiklere dair calismalarda arastirmacilar

tarafindan tercih edilmesine neden oldugu diistiniilmektedir.

Bir TNBC (iiglii negatif meme kanseri) hiicre hatti olan MDA-MB-231 ise, yiiksek agresiflik
ve invazyon 6zelligine sahiptir. Meme kanseri arastirmalarinda en fazla kullanilan bir diger
hiicre hatt1 olmasinin yan1 sira; metastatik karakterinden dolayi, beyin ve akciger gibi belirli
bolgelere metastazda rol oynayan gen ve yolaklarin tanimlanmasinda biliyiik 6neme sahiptir
(Bos ve dig. 2009; Minn ve dig., 2005). MDA-MB-231’1n, veri tabaninda yer alan ¢aligmalarda
en fazla tercih edilen ikinci hiicre hatt1 olmasinin bu agresiflik 6zelligiyle baglantili olabilecegi
disiiniilmektedir. Ancak, bu yonden bakildiginda; MDAA435S, BT549, Hs578T gibi yiiksek
agresiflige sahip diger hiicre hatlarinin da meme kanserinde antikanser etkili dogal bilesiklere

yonelik aragtirmalarda daha fazla kullanilmasinda yarar oldugu diisiiniilmektedir.

Biitiin bu degerlendirmelerin sonucunda bir tiimevarim yapildiginda, bu veri tabani; hem simdi
hem de yeni yaymn ve verilerle giincellendikge ileride, meme kanseri arastirmacilari i¢in
arastirma tasarimi agamasinda, bilesikler ve hiicre hatlar1 temelinde en ¢ok tercih edilen veya

daha az odaklanilanlar1 gérmek adina iyi bir referans kaynagi olusturacaktir.



69

KAYNAKLAR

Abotaleb, M., Samuel, S. M., Varghese, E., Varghese, S., Kubatka, P., Liskova, A., Biisselberg,
D., 2019, Flavonoids in cancer and apoptosis, Cancers, 11(1), 28.

Abutaha, N. M., Faroog, M. F., Mohammed, A. Z., Alotaibi, A., Cordero, M. A. W., Bepari,
A., Alarifi, S., 2021, Cytotoxic activity and toxicity study of HF8, a poly-herbal
formulation, Journal of King Saud University-Science, 33(3), 101377.

Akadal, E., 2021, Veritabam Tasarlama Atélyesi, Tiirkmen Kitabevi, Istanbul.

Al-Mutairi, M. S. and Habashy, H. O., 2023, Nuclear factor-«B clinical significance in breast
cancer: An immunohistochemical study, Medical Principles and Practice, 32(1), 33-39.

Alosi, J. A., McDonald, D. E., Schneider, J. S., Privette, A. R., McFadden, D. W., 2010,
Pterostilbene inhibits breast cancer in vitro through mitochondrial depolarization and
induction of caspase-dependent apoptosis, Journal of Surgical Research, 161(2), 195-
201.

Alsabah, A. S., Abd, A. H., Al-Shammari, A. M., 2018, Cytotoxicity of Xanthium strumarium
against breast cancer cell lines, Journal of Global Pharma Technology, 10(3), 767-776.

Amarelle, L. and Lecuona, E., 2018, The antiviral effects of Na, K-ATPase inhibition: a
minireview, International Journal of Molecular Sciences, 19(8), 2154.

Arteaga, C. L., Sliwkowski, M. X., Osborne, C. K., Perez, E. A., Puglisi, F., Gianni, L., 2011,
Treatment of HER2-positive breast cancer: current status and future perspectives, Nature
Reviews Clinical Oncology, 9(1), 16-32.

Ashrafizadeh, M., Taeb, S., Haghi-Aminjan, H., Afrashi, S., Moloudi, K., Musa, A. E., Najafi,
M., Farhood, B., 2021, Resveratrol as an enhancer of apoptosis in cancer: A mechanistic
review, Anti-Cancer Agents in Medicinal Chemistry, 21(17), 2327-2336.

Asmah, R., Fadzelly, A. M., Abdah, M. A., Eliana, A. N., Hafzan, Y., 2007, Antioxidant
activity, total phenolic content and cytotoxic activity of various types of eggplants,
Journal of Tropical Agriculture and Food Science, 35(1), 91-97.

Assar, E. A., Vidalle, M. C., Chopra, M., Hafizi, S., 2016, Lycopene acts through inhibition of
IxB kinase to suppress NF-kB signaling in human prostate and breast cancer cells, Tumor
Biology, 37, 9375-9385.

Atmaca, H., Bozkurt, E., Cittan, M., Tepe, H. D., 2016, Effects of Galium aparine extract on
the cell viability, cell cycle and cell death in breast cancer cell lines, Journal of
Ethnopharmacology, 186, 305-310.

Ayogu, J. I. and Odoh, A. S., 2020, Prospects and therapeutic applications of cardiac glycosides
in cancer remediation, ACS Combinatorial Science, 22(11), 543-553.



70

Badisa, R. B., Darling-Reed, S. F., Joseph, P., Cooperwood, J. S., Latinwo, L. M., Goodman,
C. B., 2009, Selective cytotoxic activities of two novel synthetic drugs on human breast
carcinoma MCF-7 cells, Anticancer Research, 29(8), 2993-2996.

Bailly, C., Thuru, X., & Quesnel, B., 2020, Combined cytotoxic chemotherapy and
immunotherapy of cancer: modern times, NAR Cancer, 2(1).

Balakrishnan, S., Bhat, F. A., Raja Singh, P., Mukherjee, S., Elumalai, P., Das, S., Patra, C. R.,
Arunakaran, J., 2016, Gold nanoparticle—conjugated quercetin inhibits epithelial-
mesenchymal transition, angiogenesis and invasiveness via EGFR/VEGFR-2-mediated
pathway in breast cancer, Cell Proliferation, 49(6), 678-697.

Banerjee, M., Chattopadhyay, S., Choudhuri, T., Bera, R., Kumar, S., Chakraborty, B.,
Mukherjee, S. K., 2016, Cytotoxicity and cell cycle arrest induced by andrographolide
lead to programmed cell death of MDA-MB-231 breast cancer cell line, Journal of
Biomedical Science, 23(40).

Bardon, S., Picard, K., Martel, P., 1998, Monoterpenes inhibit cell growth, cell cycle
progression, and cyclin D1 gene expression in human breast cancer cell lines, Nutrition
and Cancer, 32(1), 1-7.

Bassil, Y., 2012, A comparative study on the performanceof the top DBMS systems, Journal
of Computer Science & Research, 1(1), 20-31.

Ben-Shoshan, M., Amir, S., Dang, D. T., Dang, L. H., Weisman, Y., Mabjeesh, N. J., 2007,
la,25-dihydroxyvitamin D3 (Calcitriol) inhibits hypoxia-inducible factor-1/vascular
endothelial growth factor pathway in human cancer cells, Molecular Cancer
Therapeutics, 6(4), 1433-1439.

Bielawski, K., Czarnomysy, R., Muszynska, A., Bielawska, A., Poptawska, B. 2013,
Cytotoxicity and induction of apoptosis of human breast cancer cells by novel platinum
(11) complexes. Environmental Toxicology and Pharmacology, 35(2), 254-264.

Bos, P. D., Zhang, X. H. F., Nadal, C., Shu, W., Gomis, R. R., Nguyen, D. X., Minn, A. J.,
Vijver, M. J., Gerald, W. L., Foekens, J. A., Massagué, J., 2009, Genes that mediate breast
cancer metastasis to the brain, Nature, 459(7249), 1005-1009.

Bridgeman, M. B. and Abazia, D. T., 2017, Medicinal cannabis: History, pharmacology, and
implications for the acute care setting, Pharmacy and Therapeutics, 42(3), 180-188.

Caffarel, M. M., Sarrio, D., Palacios, J., Guzman, M., Sanchez, C., 2006, A9-
tetrahydrocannabinol inhibits cell cycle progression in human breast cancer cells through
Cdc2 regulation, Cancer Research, 66(13), 6615-6621.

Cailleau, R., Olive, M., Cruciger, Q. V. J., 1978, Long-term human breast carcinoma cell lines
of metastatic origin: Preliminary characterization, In Vitro, 14(11), 911-915.

Cao, L., Yang, Y., Ye, Z, Lin, B., Zeng, J., Li, C., Liang, T., Zhou, K., Li, J., 2018,
Quercetin-3-methyl ether suppresses human breast cancer stem cell formation by



71

inhibiting the Notchl and PI3K/Akt signaling pathways, International Journal of
Molecular Medicine, 42(3), 1625-1636.

Casanova, F., Quarti, J., da Costa, D. C. F., Ramos, C. A., da Silva, J. L., Fialho, E., 2012,
Resveratrol chemosensitizes breast cancer cells to melphalan by cell cycle arrest, Journal
of Cellular Biochemistry, 113(8), 2586-2596.

Cevatemre, B., Botta, B., Mori, M., Berardozzi, S., Ingallina, C., Ulukaya, E., 2016, The plant-
derived triterpenoid tingenin B is a potent anticancer agent due to its cytotoxic activity
on cancer stem cells of breast cancer in vitro, Chemico-Biological Interactions, 260, 248-
255.

Chandrika, B. B., Steephan, M., Kumar, T. S., Sabu, A., Haridas, M., 2016, Hesperetin and
naringenin sensitize HER2 positive cancer cells to death by serving as HER2 tyrosine
kinase inhibitors, Life sciences, 160, 47-56.

Chang, H. C., Chen, S. T., Chien, S. Y., Kuo, S. J., Tsai, H. T., Chen, D. R., 2011, Capsaicin
may induce breast cancer cell death through apoptosis-inducing factor involving
mitochondrial dysfunction, Human and Experimental Toxicology, 30(10), 1657-1665.

Chari, R. V. J., 2008, Targeted cancer therapy: conferring specificity to cytotoxic drugs,
Accounts of Chemical Research, 41(1), 98-107.

Chen, R. J., Lee, Y. H,, Yeh, Y. L., Wu, W. S., Ho, C. T., Li, C. Y., Wang, B. J., Wang, Y. J.,
2017, Autophagy-inducing effect of pterostilbene: A prospective therapeutic/preventive
option for skin diseases, Journal of Food and Drug Analysis, 25(1), 125-133.

Chen, Z., Xu, L., Shi, W., Zeng, F., Zhuo, R., Hao, X., Fan, P., 2020, Trends of female and
male breast cancer incidence at the global, regional, and national levels 19902017,
Breast Cancer Reserach and Treatment, 180, 481-490.

Chia, S., Gandhi, S., Joy, A. A., Edwards, S., Gorr, M., Hopkins, S., Kondejewski, J., Ayoub,
J. P., Califaretti, N., Rayson, D., Dent, S. F., 2015, Novel agents and associated toxicities
of inhibitors of the PI3K/Akt/mTOR pathway for the treatment of breast cancer, Current
Oncology, 22(1), 33-48.

Chien, S. Y., Wy, Y. C,, Chung, J. G., Yang, J. S., Lu, H. F., Tsou, M. F., Wood, W. G., Kuo,
S. J., Chen, D. R., 2009, Quercetin-induced apoptosis acts through mitochondrial- and
caspase-3-dependent pathways in human breast cancer MDA-MB-231 cells, Human &
Experimental Toxicology, 28(8), 493-503.

Choi, E. J., 2007, Hesperetin induced G1-phase cell cycle arrest in human breast cancer MCF-
7 cells: Involvement of CDK4 and p21, Nutrition and Cancer, 59(1), 115-1109.

Choi, E. J. and Kim, G. H., 2009, Apigenin induces apoptosis through a mitochondria/caspase-
pathway in human breast cancer MDA-MB-453 cells, Journal of clinical biochemistry
and nutrition, 44(3), 260-265.

Chou, C.C., Yang, J. S., Lu,H. F., Ip, S. W,, Lo, C.,, Wu, C. C., Lin, J. P., Tang, N. Y., Chung,
J. G, Chou, M. J,, Teng, Y. H., Chen, D. R., 2010, Quercetin-mediated cell cycle arrest



72

and apoptosis involving activation of a caspase cascade through the mitochondrial
pathway in human breast cancer MCF-7 cells, Archives of Pharmacal Research, 33(8),
1181-1191.

Choudhury, B., Kandimalla, R., Elancheran, R., Bharali, R., & Kotoky, J., 2018, Garcinia
morella fruit, a promising source of antioxidant and anti-inflammatory agents induces
breast cancer cell death via triggering apoptotic pathway, Biomedicine &
Pharmacotherapy, 103, 562-573.

Chryssanthi, D. G., Lamari, F. N., latrou, G., Pylara, A., Karamanos, N. K., Cordopatis, P.,
2007, Inhibition of breast cancer cell proliferation by style constituents of different
Crocus species, Anticancer Research, 27(1A), 357-362.

Clusan, L., Le Goff, P., Flouriot, G., Pakdel, F., 2021, A closer look at estrogen receptor
mutations in breast cancer and their implications for estrogen and antiestrogen responses,
International Journal of Molecular Sciences, 22(2), 756.

Codd, E. F., 1970, A relational model of data for large shared data banks, Communications of
ACM, 13(6), 377-387.

Comsa, S., Cimpean, A. M., Raica, M., 2015, The story of MCF-7 breast cancer cell line: 40
years of experience in research, Anticancer Research, 35(6), 3147-3154.

Costa, P. S. D., Ramos, P. S., Ferreira, C., Silva, J. L., EI-Bacha, T., Fialho, E., 2022, Pro-
oxidant effect of resveratrol on human breast cancer MCF-7 cells is associated with CK2
inhibition, Nutrition and Cancer, 74(6), 2142-2151.

Cox-Georgian, D., Ramadoss, N., Dona, C., Basu, C., 2019, Therapeutic and medicinal uses of
terpenes, Medical plants from farm to pharmacy, In: Joshee, N., Dhekney, S. A., Parajuli,
P. (eds.), Chapter 15, Springer Cham, Switzerland, 333-359.

Crowell, P. L., 1997, Monoterpenes in breast cancer chemoprevention, Breast Cancer Research
and Treatment, 46, 191-197.

Dai X, Cheng H, Bai Z, Li J., 2017, Breast Cancer Cell Line Classification and Its Relevance
with Breast Tumor Subtyping. Journal of Cancer, 8(16), 3131-3141.

Damianaki, A., Bakogeorgou, E., Kampa, M., Notas, G., Hatzoglou, A., Panagiotou, S.,
Gemetzi, C., Kouroumalis, E., Martin, P. M., Castanas, E., 2000, Potent inhibitory action
of red wine polyphenols on human breast cancer cells. Journal of Cellular Biochemistry,
78(3), 429-441.

Dorta, D. J., Pigoso, A. A., Mingatto, F. E., Rodrigues, T., Prado, I. M., Helena, A. F., Uyemura,
S. A, Santos, A. C., Curti, C., 2005, The interaction of flavonoids with mitochondria:
Effects on energetic processes, Chemico-Biological Interactions, 152, 67-78.

Dos Santos, R. C., Ombredane, A. S., Souza, J. M. T., Vasconcelos, A. G., Placido, A., das GN
Amorim, A., Barbosa, E. A., Lima, F. C. D. A,, Ropke, C. D., Alves, M. M., Arcanjo, D.
D. R., Carvalho, F. A. A., Delerue-Matos, C., Joanitti, G. A., de SA Leite, J. R., 2018,
Lycopene-rich extract from red guava (Psidium guajava L.) displays cytotoxic effect



73

against human breast adenocarcinoma cell line MCF-7 via an apoptotic-like pathway,
Food Research International, 105, 184-196.

Duo, J., Ying, G. G., Wang, G. W., Zhang, L., 2012., Quercetin inhibits human breast cancer
cell proliferation and induces apoptosis via Bcl-2 and Bax regulation, Molecular
Medicine Reports, 5(6), 1453-1456.

Eberendu, A. C., 2016, Unstructured Data: an overview of the data of Big Data, International
Journal of Computer Trends and Technology, 38(1), 46-50.

Elamin, M. H., Daghestani, M. H., Omer, S. A., Elobeid, M. A., Virk, P., Al-Olayan, E. M.,
Hassan, Z. K., Mohammed, O. B., Aboussekhra, A., 2013, Olive oil oleuropein has anti-
breast cancer properties with higher efficiency on ER-negative cells, Food and Chemical
Toxicology, 53, 310-316.

Elbaz, M., Nasser, M. W., Ravi, J.,, Wani, N. A., Ahirwar, D. K., Zhao, H., Oghumu, S.,
Satoskar, A. R., Shilo, K., Carson I1l, W. E., Ganju, R. K., 2015, Modulation of the tumor
microenvironment and inhibition of EGF/EGFR pathway: Novel anti-tumor mechanisms
of cannabidiol in breast cancer, Molecular Oncology, 9(4), 906-9109.

El-Sharkawy, A. and Malki, A., 2020, Vitamin D signaling in inflammation and cancer:
Molecular mechanisms and therapeutic implications, Molecules, 25(14), 3219.

Fan, P., Fan, S., Wang, H., Mao, J., Shi, Y., Ibrahim, M. M., Ma, W., Yu, X., Hou, Z., Wang,
B., Li, L., 2013, Genistein decreases the breast cancer stem-like cell population through
Hedgehog pathway, Stem Cell Research & Therapy, 4, 1-10.

Farhan, M., Ullah, M. F., Faisal, M., Farooqi, A. A., Sabitaliyevich, U. Y., Biersack, B., Ahmad,
A., 2019, Differential methylation and acetylation as the epigenetic basis of resveratrol’s

anticancer activity, Medicines, 6(1), 24.

Ferraz da Costa, D. C., Pereira Rangel, L., Martins-Dinis, M. M. D. D. C., Ferretti, G. D. D. S.,
Ferreira, V. F., Silva, J. L., 2020, Anticancer potential of resveratrol, f-lapachone and
their analogues, Molecules, 25(4), 893.

Francis, P. A., Kris, M. G., Rigas, J. R., Grant, S. C., Miller, V. A., 1995, Paclitaxel (Taxol)
and docetaxel (Taxotere): active chemotherapeutic agents in lung cancer, Lung Cancer,
12, S163-S172.

Frémont, L., 2000, Biological effects of resveratrol, Life sciences, 66(8), 663-673.

Gandhi, V., Plunkett, W., Cortes, J. E., 2014, Omacetaxine: a protein translation inhibitor for
treatment of chronic myelogenous leukemia, Clinical Cancer Research, 20(7), 1735-
1740.

Garofano, F., Gonzalez-Carmona, M. A., Skowasch, D., Schmidt-Wolf, R., Abramian, A.,
Hauser, S., Strassburg, C. P., Schmidt-Wolf, I. G., 2019, Clinical trials with combination
of cytokine-induced Killer cells and dendritic cells for cancer therapy, International
Journal of Molecular Sciences, 20(17), 4307.



74

Garcia-Morales, L., Castillo, A. M., Tapia Ramirez, J., Zamudio-Meza, H., Dominguez-Robles,
M. D. C., Meza, 1., 2020, CBD reverts the mesenchymal invasive phenotype of breast
cancer cells induced by the inflammatory cytokine IL-1p, International Journal of
Molecular Sciences, 21(7), 2429.

Global Cancer Observatory: Cancer Today. Lyon: International Agency for Research on
Cancer, 2020, https://gco.iarc.fr/today, [Ziyaret Tarihi: 30 Aralik 2022].

Gloria, N. F., Soares, N., Brand, C., Oliveira, F. L., Borojevic, R., Teodoro, A. J., 2014,
Lycopene and beta-carotene induce cell-cycle arrest and apoptosis in human breast cancer
cell lines, Anticancer Research, 34(3), 1377-1386.

Graidist, P., Martla, M., & Sukpondma, Y., 2015, Cytotoxic activity of Piper cubeba extract in
breast cancer cell lines, Nutrients, 7(4), 2707-2718.

Grbovigé, F., Stankovi¢, M. S., Curéié, M., Pordevi¢, N., Sekli¢, D., Topuzovi¢, M., Markovi¢,
S., 2013, Invitro cytotoxic activity of Origanum vulgare L. on HCT-116 and MDA-MB-
231 cell lines, Plants, 2(3), 371-378.

Hall, S. R., Blundon, H. L., Ladda, M. A., Robertson, A. W., Martinez-Farina, C. F., Jakeman,
D. L., Goralski, K. B., 2015, Jadomycin breast cancer cytotoxicity is mediated by a
copper-dependent, reactive oxygen species—inducing mechanism, Pharmacology
Research & Perspectives, 3(2), e00110.

Han, J., Talorete, T. P., Yamada, P., Isoda, H., 2009, Anti-proliferative and apoptotic effects of
oleuropein and hydroxytyrosol on human breast cancer MCF-7 cells, Cytotechnology, 59,
45-53.

Hanifa, M., Wulandari, R., Zulfin, U. M., Nugroho, E. P., Haryanti, S., Meiyanto, E., 2022,
Different cytotoxic effects of vetiver oil on three types of cancer Cells, mainly targeting
CNR2 on TNBC, Asian Pacific Journal of Cancer Prevention, 23(1), 241-251.

Hayes, D. F., 2019, HER2 and breast cancer—a phenomenal success story, New England
Journal of Medicine, 381(13), 1284-1286.

He, F. J. and Chen, J. Q., 2013, Consumption of soybean, soy foods, soy isoflavones and breast
cancer incidence: Differences between Chinese women and women in Western countries
and possible mechanisms, Food Science and Human Wellness, 2(3-4), 146-161.

Hermawan, A., Khumaira, A., Ikawati, M., Putri, H., Jenie, R. I., Angraini, S. M., Muflikhasari,
H. A., 2021, Identification of key genes of hesperidin in inhibition of breast cancer stem
cells by functional network analysis, Computational Biology and Chemistry, 90, 107427.

Holland, M. L., Lau, D. T. T., Allen, J. D., Arnold, J. C., 2007, The multidrug transporter
ABCG2 (BCRP) is inhibited by plant-derived cannabinoids, British Journal of
Pharmacology, 152(5), 815-824.

Hsu, J. L. and Hung, M. C., 2016, The role of HER2, EGFR, and other receptor tyrosine kinases
in breast cancer, Cancer and Metastasis Reviews, 35, 575-588.


https://gco.iarc.fr/today

75

Hu, H., Ahn, N. S., Yang, X., Lee, Y. S., Kang, K. S., 2002, Ganoderma lucidum extract induces
cell cycle arrest and apoptosis in MCF-7 human breast cancer cell, International Journal
of Cancer, 102(3), 250-253.

Huang, M., Lu, J. J., Huang, M. Q., Bao, J. L., Chen, X. P., Wang, Y. T., 2012, Terpenoids:
natural products for cancer therapy, Expert Opinion on Investigational Drugs, 21(12),
1801-1818.

Hui, C., Bin, Y., Xiaoping, Y., Long, Y., Chunye, C., Mantian, M., Wenhua, L., 2010,
Anticancer activities of an anthocyanin-rich extract from black rice against breast cancer
cells in vitro and in vivo, Nutrition and Cancer, 62(8), 1128-1136.

Idriss, M., Hodroj, M. H., Fakhoury, R., Rizk, S., 2020, Beta-tocotrienol exhibits more
cytotoxic effects than gamma-tocotrienol on breast cancer cells by promoting apoptosis
via a P53-independent P13-kinase dependent pathway, Biomolecules, 10(4), 577.

Irvin Jr, W. J. and Carey, L. A., 2008, What is triple-negative breast cancer?, European Journal
of Cancer, 44(18), 2799-2805.

Jada, S. R., Matthews, C., Saad, M. S., Hamzah, A. S., Lajis, N H., Stevens. M. F., Stanslas, J.,
2008, Benzylidene derivatives of andrographolide inhibit growth of breast and colon
cancer cells in vitro by inducing G1 arrest and apoptosis, British Journal of
Pharmacology, 155(5):641-54.

Jatana, N., Puri, S., Ahuja, M., Kathuria, I., Gosain, D., 2012, A survey and comparison of
relational and non-relational database. International Journal of Engineering Research &
Technology, 1(6), 1-5.

Javid, F. A., Phillips, R. M., Afshinjavid, S., Verde, R., Ligresti, A., 2016, Cannabinoid
pharmacology in cancer research: A new hope for cancer patients, European Journal of
Pharmacology, 775(15), 1-14.

Jensen, S. S., Madsen, M. W., Lukas, J., Binderup, L., Bartek, J., 2001, Inhibitory effects of
la,25-dihydroxyvitamin Dz on the G1-S phase-controlling machinery, Molecular
Endocrinology, 15(8), 1370-1380.

Jeong, J. H., An, J. Y., Kwon, Y. T., Rhee, J. G, Lee, Y. J., 2009, Effects of low dose quercetin:
Cancer cell-specific inhibition of cell cycle progression, Journal of Cellular
Biochemistry, 106(1), 73-82.

Ji, S., Zheng, Z., Liu, S., Ren, G., Gao, J., Zhang, Y., Li, G., 2018, Resveratrol promotes
oxidative stress to drive DLC1 mediated cellular senescence in cancer cells, Experimental
Cell Research, 370(2), 292-302.

Jia, L., Huang, S., Yin, X,, Zan, Y., Guo, Y., Han, L., 2018, Quercetin suppresses the mobility
of breast cancer by suppressing glycolysis through Akt-mTOR pathway mediated
autophagy induction, Life Sciences, 208, 123-130.



76

Kasaian, J., Iranshahy, M., Masullo, M., Piacente, S., Ebrahimi, F., Iranshahi, M., 2014,
Sesquiterpene lactones from Ferula oopoda and their cytotoxic properties, Journal of
Asian Natural Products Research, 16(3), 248-253.

Khanavi, M., Nabavi, M., Sadati, N., Shams Ardekani, M., Sohrabipour, J., Nabavi, S. M. B.,
Ghaeli, P., Ostad, S. N., 2010, Cytotoxic activity of some marine brown algae against
cancer cell lines, Biological Research, 43(1), 31-37.

Khare, N. and Chandra, S., 2019, Stevioside mediated chemosensitization studies and
cytotoxicity assay on breast cancer cell lines MDA-MB-231 and SKBR3, Saudi Journal
of Biological Sciences, 26(7), 1596-1601.

Khorsandi, L., Orazizadeh, M., Niazvand, F., Abbaspour, M. R., Mansouri, E., Khodadadi, A.,
2017, Quercetin induces apoptosis and necroptosis in MCF-7 breast cancer cells,
Bratislavske Lekarske Listy, 118(2), 123-128.

Kiesel, L. and Kohl, A., 2016, Role of the RANK/RANKL pathway in breast cancer, Maturitas,
86, 10-16.

Kim, Y., Choi, B. T., Lee, Y. T., Park, D. I, Rhee, S. H., Park, K. Y., Choi, Y. H., 2004,
Resveratrol inhibits cell proliferation and induces apoptosis of human breast carcinoma
MCEF-7 cells, Oncology Reports, 11(2), 441-446.

Kiskova, T., Mungenast, F., Suvdkova, M., Jager, W., Thalhammer, T., 2019, Future aspects
for cannabinoids in breast cancer therapy, International Journal of Molecular
Sciences, 20(7), 1673.

Kobayashi, T., Nakata, T., Kuzumaki, T., 2002, Effect of flavonoids on cell cycle progression
in prostate cancer cells, Cancer Letters, 176(1), 17-23.

Kongtawelert, P., Wudtiwali, B., Shwe, T. H., Pothacharoen, P., Phitak, T., 2020, Inhibitory
effect of hesperidin on the expression of programmed death ligand (PD-L1) in breast
cancer, Molecules, 25(2), 252.

Kopustinskiene, D. M., Jakstas, V., Savickas, A., Bernatoniene, J., 2020, Flavonoids as
anticancer agents, Nutrients, 12(2), 457.

Kosuru, R., Rai, U., Prakash, S., Singh, A., Singh, S., 2016, Promising therapeutic potential of
pterostilbene and its mechanistic insight based on preclinical evidence, European Journal
of Pharmacology, 789, 229-243.

Koushki, M., Amiri-Dashatan, N., Ahmadi, N., Abbaszadeh, H. A., Rezaei-Tavirani, M., 2018,
Resveratrol: A miraculous natural compound for diseases treatment, Food Science &
Nutrition, 6(8), 2473-2490.

Kovalchuk, O. and Kovalchuk, I., 2020, Cannabinoids as anticancer therapeutic agents, Cell
Cycle, 19(9), 961-989.



77

Kowalczyk, W., Waliszczak, G., Jach, R., Dulinska-Litewka, J., 2021, Steroid receptors in
breast cancer: Understanding of molecular function as a basis for effective therapy
development, Cancers, 13(19), 4779.

Krishnan, A. V., Swami, S., Peng, L., Wang, J., Moreno, J., Feldman, D., 2010, Tissue-selective
regulation of aromatase expression by calcitriol: implications for breast cancer therapy,
Endocrinology, 151(1), 32-42.

Lai, L. H., Fu, Q. H,, Liu, Y., Jiang, K., Guo, Q. M., Chen, Q. Y., Yan, B., Wang, Q. Q., Shen,
J. G., 2012, Piperine suppresses tumor growth and metastasis in vitro and in vivo ina 4T1
murine breast cancer model, Acta Pharmacologica Sinica, 33, 523-530.

Lasfargues E. Y. and Ozzello L., 1958, Cultivation of human breast carcinomas. Journal of the
National Cancer Institute, 21, 1131-47.

Lee, C. J., Wilson, L., Jordan, M. A., Nguyen, V., Tang, J., Smiyun, G., 2010, Hesperidin
suppressed proliferations of both Human breast cancer and androgen-dependent prostate
cancer cells, Phytotherapy Research, 24(S1), 15-19.

Lee, H. S., Ha, A. W., Kim, W. K., 2012, Effect of resveratrol on the metastasis of 4T1 mouse
breast cancer cells in vitro and in vivo, Nutrition Research and Practice, 6(4), 294-300.

Lee, J. E., Kwon, Y. J., Baek, H. S., Ye, D. J,, Cho, E., Choi, H. K., Oh, K. S., Chun, Y. J.,
2017, Synergistic induction of apoptosis by combination treatment with mesupron and
auranofin in human breast cancer cells, Archives of Pharmacal Research, 40, 746-759.

Leonessa, F. and Clarke, R., 2003, ATP binding cassette transporters and drug resistance in
breast cancer, Endocrine-Related Cancer, 10, 43-73.

Levenson, A. S. and Kumar, A., 2020, Pterostilbene as a potent chemopreventive agent in
cancer, Natural products for cancer chemoprevention, In: Pezzuto, J. and Vang, O. (eds.),
Chapter 3, Springer, Cham, 49-108.

Lewinska, A., Adamczyk-Grochala, J., Kwashiewicz, E., Deregowska, A., Wnuk, M., 2017,
Diosmin-induced senescence, apoptosis and autophagy in breast cancer cells of different
p53 status and ERK activity, Toxicology Letters, 265, 117-130.

Li, Y., Zhang, T., Korkaya, H., Liu, S., Lee, H. F., Newman, B., Yu, Y., Clouthier, S. G.,
Schwartz, S. J., Wicha, M. S., Sun, D., 2010, Sulforaphane, a Dietary Component of
Broccoli/Broccoli Sprouts, inhibits breast cancer stem cells, Clinical Cancer Research,
16(9), 2580-2590.

Li, Z., Wei, H., Li, S., Wu, P., Mao, X., 2022, The role of progesterone receptors in breast
cancer, Drug Design, Development and Therapy, 16, 305-314.

Ligresti, A., Moriello, A. S., Starowicz, K., Matias, I., Pisanti, S., De Petrocellis, L., Laezza,
C., Portella, G., Bifulco, M., Di Marzo, V., 2006, Antitumor activity of plant cannabinoids
with emphasis on the effect of cannabidiol on human breast carcinoma, Journal of
Pharmacology and Experimental Therapeutics, 318(3), 1375-1387.



78

Losso, J. N., Bansode, R. R., Trappey Il, A., Bawadi, H. A., Truax, R., 2004, In vitro anti-
proliferative activities of ellagic acid, The Journal of Nutritional Biochemistry, 15(11),
672-678.

Lu, J.J., Bao, J. L., Chen, X. P., Huang, M., Wang, Y. T., 2012, Alkaloids isolated from natural
herbs as the anticancer agents, Evidence-Based Complementary and Alternative
Medicine.

Lu, P, Lin, H., Gu, Y., Li, L., Guo, H., Wang, F., Qiu, X., 2015, Antitumor effects of crocin
on human breast cancer cells, International Journal of Clinical and Experimental
Medicine, 8(11), 20316-20322.

Lukasiewicz, S., Czeczelewski, M., Forma, A., Baj, J., Sitarz, R., Stanistawek, A., 2021, Breast
Cancer—Epidemiology, risk factors, classification, prognostic markers, and current
treatment strategies—An updated review, Cancers, 13(17), 4287.

Luo, R., Fang, D., Chu, P., Wu, H., Zhang, Z., Tang, Z., 2016, Multiple molecular targets in
breast cancer therapy by betulinic acid, Biomedicine & Pharmacotherapy, 84, 1321-1330.

Li, S. and Wang, J., 2014, Homoharringtonine and omacetaxine for myeloid hematological
malignancies, Journal of Hematology & Oncology, 7.

Lv, J., Liu, G., Dong, W., Ju, Y., Sun, Y., 2022, ACDB: an antibiotic combination database,
Frontiers in Pharmacology, 13.

Mackie, K., 2008, Cannabinoid receptors: Where they are and what they do, Journal of
Neuroendocrinology, 20, 10-14.

Mathesius, U., 2018, Flavonoid functions in plants and their interactions with other organisms,
Plants, 7(2), 30.

McAllister, S. D., Christian, R. T., Horowitz, M. P., Garcia, A., & Desprez, P. Y., 2007,
Cannabidiol as a novel inhibitor of Id-1 gene expression in aggressive breast cancer cells,
Molecular Cancer Therapeutics, 6(11), 2921-2927.

McCormack, D. and McFadden, D., 2012, Pterostilbene and cancer: Current review, Journal of
Surgical Research, 173(2), e53-e61.

Mfengwana, P. H., Mashele, S. S., Manduna, I. T., 2019, Cytotoxicity and cell cycle analysis
of Asparagus laricinus Burch. and Senecio asperulus DC. on breast and prostate cancer
cell lines, Heliyon, 5(5), e01666.

Minn, A. J., Gupta, G. P., Siegel, P. M., Bos, P. D., Shu, W., Giri, D. D., Viale, A., Olshen, A.
B., Gerald, W. L., Massagué¢, J., 2005, Genes that mediate breast cancer metastasis to
lung, Nature, 436(7050), 518-524.

Miricescu, D., Totan, A., Stanescu-Spinu, I. I., Badoiu, S. C., Stefani, C., Greabu, M., 2021,
PIBK/AKT/mTOR signaling pathway in breast cancer: From molecular landscape to
clinical aspects, International Journal of Molecular Sciences, 22(1), 173.



79

Moballegh-Nasery, M., Mandegary, A., Eslaminejad, T., Zeinali, M., Pardakhti, A., Behnam,
B., Mohammadi, M., 2021, Cytotoxicity evaluation of curcumin-loaded affibody-
decorated liposomes against breast cancerous cell lines, Journal of Liposome Research,
31(2), 189-194.

Moghtaderi, H., Sepehri, H., Delphi, L., Attari, F., 2018, Gallic acid and curcumin induce
cytotoxicity and apoptosis in human breast cancer cell MDA-MB-231, Biolmpacts, 8(3),
185-194.

Mohamed, L., Chakraborty, S., ArulJothi, K. N., Mabasa, L., Sayah, K., Costa-Lotufo, L. V.,
Jardine, A., Prince, S., 2020, Galenia africana plant extract exhibits cytotoxicity in breast
cancer cells by inducing multiple programmed cell death pathways, Saudi
Pharmaceutical Journal, 28(10), 1155-1165.

Momenimovahed, Z. and Salehiniya, H., 2022, Epidemiological characteristics of and risk
factors for breast cancer in the world, Breast Cancer: Targets and therapy, 11, 151-164.

Moradzadeh, M., Hosseini, A., Erfanian, S., & Rezaei, H., 2017, Epigallokatesin-3-gallate
promotes apoptosis in human breast cancer T47D cells through down-regulation of
PI3K/AKT and Telomerase, Pharmacological Reports, 69, 924-928.

Mumtaz, A., Ashfaq, U. A., Qamar, M. T., Anwar, F., Gulzar, F., Ali, M. A., Saari, N., Pervez,
M. T., 2016, MPD3: A useful medicinal plants database for drug designing, Natural
Product Research, 31(11), 1228-1236.

Nakagawa, H., Kiyozuka, Y., Uemura, Y., Senzaki, H., Shikata, N., Hioki, K., Tsubura, A.,
2001, Resveratrol inhibits human breast cancer cell growth and may mitigate the effect
of linoleic acid, a potent breast cancer cell stimulator, Journal of Cancer Research and
Clinical Oncology, 127, 258-264.

Nakagawa, H., Tsuta, K., Kiuchi, K., Senzaki, H., Tanaka, K., Hioki, K., Tsubura, A., 2001,
Growth inhibitory effects of diallyl disulfide on human breast cancer cell lines,
Carcinogenesis, 22(6), 891-897.

Nakshatri, H., Bhat-Nakshatri, P., Martin, D. A., Goulet Jr, R. J., Sledge Jr, G. W., 1997,
Constitutive activation of NF-xB during progression of breast cancer to hormone-
independent growth, Molecular and Cellular Biology, 17(7), 3629-3639.

Nakshatri, H. and Goulet Jr, R. J., 2002, NF-kB and breast cancer, Current Problems in Cancer,
26(5), 282-3009.

Nami, B., Maadi, H., Wang, Z., 2018, Mechanisms underlying the action and synergism of
trastuzumab and pertuzumab in targeting HER2-positive breast cancer, Cancers, 10(10),
342.

Nancy, A. M. and Maheswari, R., 2020, A review on unstructured data in medical data, Journal
of Critical Reviews, 7(13), 2202-2208.



80

National  Cancer Institute, 2023, Drugs approved for breast cancer,
https://www.cancer.gov/about-cancer/treatment/drugs/breast, [Ziyaret Tarihi: 8 Haziran
2023].

Neuss, N., Gorman, M., Boaz, H. E., Cone, N. J., 1962, Vinca alkaloids. XI. Structures of
leurocristine (LCR) and vincaleukoblastine (VLB), Journal of the American Chemical
Society, 84(8), 1509-1510.

Neveu V, Perez-Jiménez J, Vos F, Crespy V, du Chaffaut L, Mennen L, Knox C, Eisner R,
Cruz J, Wishart D, Scalbert A., 2010, Phenol-Explorer: an online comprehensive
database on polyphenol contents in foods, Database, 2010.

Newman, D. J. and Cragg, G. M., 2016, Natural products as sources of new drugs from 1981
to 2014, Journal of Natural Products, 79(3), 629-661.

Ozdemir, A., 2021, Genotype catalogue for the analysis of drug-drug interactions, Thesis
(MSc), Middle East Technical University.

Paduch, R., Kandefer-Szerszen, M., Trytek, M., Fiedurek, J, 2007, Terpenes: substances useful
in human healthcare, Archivum Immunologiae et Therapiae Experimentalis, 55, 315-327.

Panche, A. N., Diwan, A. D., Chandra, S. R., 2016, Flavonoids: an overview. Journal of
Nutritional Science, 5, e47.

Park, E. J., Lee, D., Baek, S. E., Kim, K. H., Kang, K. S., Jang, T. S., Lee, H. L., Song, J. H.,
Yoo, J. E., 2017, Cytotoxic effect of sanguiin H-6 on MCF-7 and MDA-MB-231 human
breast carcinoma cells, Bioorganic & Medicinal Chemistry Letters, 27(18), 4389-4392.

Parks, R.M., Derks, M. G. M., Bastiaannet, E., Cheung, K. L., 2018, Breast Cancer
Epidemiology, Breast Cancer Management for Surgeons, In: Wyld, L., Markopoulos, C.,
Leidenius, M., Senkus-Konefka, E. (eds.), Chapter 3, Springer, Cham, 19-29.

Patil, J. B., Kim, J., Jayaprakasha, G. K., 2010, Berberine induces apoptosis in breast cancer
cells (MCF-7) through mitochondrial-dependent pathway, European Journal of
Pharmacology, 645(1-3), 70-78.

Paydar, M., Kamalidehghan, B., Wong, Y. L., Wong, W. F., Looi, C. Y., Mustafa, M. R., 2014,
Evaluation of cytotoxic and chemotherapeutic properties of boldine in breast cancer using
in vitro and in vivo models, Drug Design, Development and Therapy, 8, 719-733.

Peng, S. J., Li, J., Zhou, Y., Tuo, M., Qin, X. X., Yu, Q., Chen, H., Li, Y. M., 2017, In vitro
effects and mechanisms of lycopene in MCF-7 human breast cancer cells, Genetics and
Molecular Research, 16(2), 13.

Perveen, S., 2018, Introductory chapter: Terpenes and terpenoids, Terpenes and terpenoids, In:
Perveen, S. and Al-Taweel, A. (eds.), Chapter 1, 1-12.

Pierpaoli, E., Arcamone, A. G., Buzzetti, F., Lombardi, P., Salvatore, C., & Provinciali, M.,
2013, Antitumor effect of novel berberine derivatives in breast cancer cells, Biofactors,
39(6), 672-679.


https://www.cancer.gov/about-cancer/treatment/drugs/breast

81

Pledgie-Tracy, A., Sobolewski, M. D., Davidson, N. E., 2007, Sulforaphane induces cell type—
specific apoptosis in human breast cancer cell lines, Molecular Cancer Therapeutics,
6(3), 1013-1021.

Powell, R. G., Weisleder, D., Smith Jr, C. R., 1972, Antitumor alkaloids from Cephalotaxus
harringtonia: structure and activity, Journal of Pharmaceutical Sciences, 61(8), 1227-
1230.

Pozo-Guisado, E., Alvarez-Barrientos, A., Mulero-Navarro, S., Santiago-Josefat, B., &
Fernandez-Salguero, P. M., 2002, The antiproliferative activity of resveratrol results in
apoptosis in MCF-7 but not in MDA-MB-231 human breast cancer cells: cell-specific
alteration of the cell cycle, Biochemical Pharmacology, 64(9), 1375-1386.

Prakash, P., Russell, R. M., Krinsky, N. I., 2001, In vitro inhibition of proliferation of estrogen-
dependent and estrogen-independent human breast cancer cells treated with carotenoids
or retinoids, The Journal of Nutrition, 131(5), 1574-1580.

Prihantono, R., Irfandi, R., Raya, I., Warsinggih, W., 2020, Potential anticancer activity of Mn
(1) complexes containing arginine dithiocarbamate ligand on MCF-7 breast cancer cell
lines, Annals of Medicine and Surgery, 60, 396-402.

Qiu, S., Sun, H., Zhang, A. H., Xu, H. Y., Yan, G. L., Han, Y., Wang, X. J., 2014, Natural
alkaloids: basic aspects, biological roles, and future perspectives, Chinese Journal of
Natural Medicines, 12(6), 401-406.

Rodriguez-Garcia C., Sanchez-Quesada C., Gaforio J. J., 2019, Dietary Flavonoids as Cancer
Chemopreventive Agents: An Updated Review of Human Studies, Antioxidants, 8(5),
137.

Roohbakhsh, A., Parhiz, H., Soltani, F., Rezaee, R., Iranshahi, M., 2015, Molecular
mechanisms behind the biological effects of hesperidin and hesperetin for the prevention
of cancer and cardiovascular diseases, Life Sciences, 124, 64-74.

Roupe, K. A., Remsberg, C. M., Yafez, J. A., Davies, N. M., 2006, Pharmacometrics of
stilbenes: seguing towards the clinic, Current Clinical Pharmacology, 1(1), 81-101.

Rzepecka-Stojko, A., Kabata-Dzik, A., Mozdzierz, A., Kubina, R., Wojtyczka, R. D., Stojko,
R., Dziedzic, A., Jastrzebska-Stojko, Z., Jurzak, M., Buszman, E., Stojko, J., 2015,
Caffeic acid phenethyl ester and ethanol extract of propolis induce the complementary
cytotoxic effect on triple-negative breast cancer cell lines, Molecules, 20(5), 9242-9262.

Saeki T, Tsuruo T, Sato W, Nishikawsa K., 2005, Drug resistance in chemotherapy for breast
cancer. Cancer Chemotherapy and Pharmacology, 56(1), 84-89.

Saenglee, S., Jogloy, S., Patanothai, A., Leid, M., Senawong, T., 2016, Cytotoxic effects of
peanut phenolics possessing histone deacetylase inhibitory activity in breast and cervical
cancer cell lines, Pharmacological Reports, 68, 1102-1110.

Safarzadeh, E., Delazar, A., Kazemi, T., Orangi, M., Shanehbandi, D., Esnaashari, S.,
Mohammadnejad, L., Sadigh-Eteghad, S., Mohammadi, A., Fakhr, M. G., Baradaran, B.,



82

2017, The cytotoxic and apoptotic effects of Scrophularia atropatana extracts on human
breast cancer cells, Advanced Pharmaceutical Bulletin, 7(3), 381-389.

Saha, S., Dey, S., Nath, S., 2021, Steroid hormone receptors: links with cell cycle machinery
and breast cancer progression, Frontiers in Oncology, 11, 620214.

Samarghandian, S., Azimi-Nezhad, M., Borji, A., Hasanzadeh, M., Jabbari, F., Farkhondeh, T.,
Samini, M., 2016, Inhibitory and cytotoxic activities of chrysin on human breast
adenocarcinoma cells by induction of apoptosis, Pharmacognosy magazine, 12(Suppl 4),
436-440.

Sandhya, T., Mishra, K. P., 2006, Cytotoxic response of breast cancer cell lines, MCF 7 and T
47 D to triphala and its modification by antioxidants. Cancer Letters, 238(2), 304-313.

Sangour, M. H., Ali, I. M., Atwan, Z. W., Al Ali, A. A. A. L. A, 2021, Effect of Ag
nanoparticles on viability of MCF-7 and Vero cell lines and gene expression of apoptotic
genes, Egyptian Journal of Medical Human Genetics, 22, 1-11.

Saracligil, B., Ozturk, B., Unlu, A., Abusoglu, S., Tekin, G., 2017., The effect of vitamin D on
MCF-7 breast cancer cell metabolism, Bratislava Medical Journal, 118(2), 101-106.

Sashidhara, K. V., Rosaiah, J. N., Kumar, A., Bid, H. K., Konwar, R., Chattopadhyay, N., 2007,
Cell growth inhibitory action of an unusual labdane diterpene, 13-epi-sclareol in breast
and uterine cancers in vitro, Phytotherapy Research, 21(11), 1105-1108.

Scherbakov, A. M. and Andreeva, O. E., 2015, Apigenin inhibits growth of breast cancer cells:
the role of ERa and HER2/neu, Acta Naturae, 7(3 (26)), 133-139.

Seca, A. M. L. and Pinto, D. C. G. A., 2018, Plant secondary metabolites as anticancer agents:
successes in clinical trials and therapeutic application, International Journal of Molecular
Sciences, 19(1), 263.

Seeram, N. P., Adams, L. S., Zhang, Y., Lee, R., Sand, D., Scheuller, H. S., Heber, D., 20086,
Blackberry, black raspberry, blueberry, cranberry, red raspberry, and strawberry extracts
inhibit growth and stimulate apoptosis of human cancer cells in vitro, Journal of
Agricultural and Food Chemistry, 54(25), 9329-9339.

Seo, H. S., Choi, H. S., Kim, S. R., Choi, Y. K., Woo, S. M,, Shin, I., Woo, J. K., Park, S. Y.,
Shin, Y. C., Ko, S. K., 2012, Apigenin induces apoptosis via extrinsic pathway, inducing
p53 and inhibiting STAT3 and NF«B signaling in HER2-0verexpressing breast cancer
cells, Molecular and Cellular Biochemistry, 366, 319-334.

Seo, H. S., Ku, J. M., Choi, H. S., Woo, J. K., Jang, B. H., Go, H., Shin, Y. C., Ko, S. G., 2015,
Apigenin induces caspase-dependent apoptosis by inhibiting signal transducer and
activator of transcription 3 signaling in HER2-overexpressing SKBR3 breast cancer cells,
Molecular Medicine Reports, 12(2), 2977-2984.

Seresht, H. R., Albadry, B. J., Al-mosawi, A. K. M., Gholami, O., Cheshomi, H., 2019, The
cytotoxic effects of thymol as the major component of Trachyspermum ammi on breast
cancer (MCF-7) cells, Pharmaceutical Chemistry Journal, 53, 101-107.



83

Shao, Z. M., Shen, Z. Z., Liu, C. H., Sartippour, M. R., Go, V. L., Heber, D., Nguyen, M., 2002,
Curcumin exerts multiple suppressive effects on human breast carcinoma cells,
International Journal of Cancer, 98(2), 234-240.

Shishodia, S. and Aggarwal, B. B., 2005, Resveratrol: a polyphenol for all seasons, Resveratrol
in health and disease, In: Aggarwal, B. B. and Shishodia, S. (eds.), Chapter 1, CRC
Press, 1-15.

Signorelli, P. and Ghidoni, R., 2005, Resveratrol as an anticancer nutrient: molecular basis,
open questions and promises, The Journal of Nutritional Biochemistry, 16(8), 449-466.

Skubnik, J., Pavlickova, V. S., Ruml, T, Rimpelova, S., 2021, Vincristine in combination
therapy of cancer: emerging trends in clinics, Biology, 10(9), 849.

Sodde, V. K., Lobo, R., Kumar, N., Maheshwari, R., Shreedhara, C. S., 2015, Cytotoxic activity
of Macrosolen parasiticus (L.) Danser on the growth of breast cancer cell line (MCF-7),
Pharmacognosy Magazine, 11(42), 156-161.

Solairaj, D., Rameshthangam, P., Arunachalam, G., 2017, Anticancer activity of silver and
copper embedded chitin nanocomposites against human breast cancer (MCF-7) cells,
International Journal of Biological Macromolecules, 105, 608-619.

Song, X., Zhang, M., Dai, E., Luo, Y., 2019, Molecular targets of curcumin in breast cancer,
Molecular Medicine Reports, 19(1), 23-29.

Soule, H. D., Vazquez, J., Long, A., Albert, S., Brennan, M., 1973, A human cell line from a
pleural effusion derived from a breast carcinoma, Journal of The National Cancer
Institute, 51(5), 1409-1416.

Sovak, M. A, Bellas, R. E., Kim, D. W., Zanieski, G. J., Rogers, A. E., Traish, A. M.,
Sonenshein, G. E., 1997, Aberrant nuclear factor-kappaB/Rel expression and the
pathogenesis of breast cancer, The Journal of Clinical Investigation, 100(12), 2952-2960.

Stefanska, B., Salamé, P., Bednarek, A., Fabianowska-Majewska, K., 2012, Comparative
effects of retinoic acid, vitamin D and resveratrol alone and in combination with
adenosine analogues on methylation and expression of phosphatase and tensin homologue
tumour suppressor gene in breast cancer cells, British Journal of Nutrition, 107(6), 781-
790.

Su, C. C. and Lin, Y. H., 2008, Tanshinone IlA inhibits human breast cancer cells through
increased Bax to Bcl-xL ratios, International Journal of Molecular Medicine, 22(3), 357-
361.

Suganyadevi, P., Saravanakumar, K. M., Mohandas, S., 2013, The antiproliferative activity of
3-deoxyanthocyanins extracted from red sorghum (Sorghum bicolor) bran through P53-
dependent and Bcl-2 gene expression in breast cancer cell line, Life Sciences, 92(6-7),
379-382.



84

Sun, Z. L., Dong, J. L., Wu, J., 2017, Juglanin induces apoptosis and autophagy in human breast
cancer progression via ROS/IJNK promotion, Biomedicine & Pharmacotherapy, 85, 303-
312.

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., Bray, F., 2021,
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries, CA: A Cancer Journal for Clinicians, 71(3),
209-249.

Swami, S., Krishnan, A. V., Feldman, D., 2000, 1a, 25-Dihydroxyvitamin D3 down-regulates
estrogen receptor abundance and suppresses estrogen actions in MCF-7 human breast
cancer cells, Clinical Cancer Research, 6(8), 3371-3379.

Takeshima, M., Ono, M., Higuchi, T., Chen, C., Hara, T., Nakano, S., 2014, Anti-proliferative
and apoptosis-inducing activity of lycopene against three subtypes of human breast
cancer cell lines. Cancer science, 105(3), 252-257.

Talib, W. H., Alsayed, A. R., Farhan, F., Al Kury, L. T., 2020, Resveratrol and tumor
microenvironment: Mechanistic basis and therapeutic targets, Molecules, 25(18), 4282.

Tapas, A. R., Sakarkar, D. M., Kakde, R. B., 2008, Flavonoids as nutraceuticals: A review,
Tropical Journal of Pharmaceutical Research, 7(3), 1089-1099.

Teclegeorgish, Z. W., Mokgalaka, N. S., Vukea, N., de la Mare, J. A., Tembu, V. J., 2020,
Cytotoxicity of triterpenoids from Clerodendrum glabrum against triple negative breast
cancer cells in vitro, South African Journal of Botany, 133, 144-150.

The Merck Index Online, 2023, https://merckindex.rsc.org/, [Ziyaret Tarihi: 7 Haziran 2023].

Tomko, A. M., Whynot, E. G., Ellis, L. D., Dupré, D. J., 2020, Anti-cancer potential of
cannabinoids, terpenes, and flavonoids present in cannabis, Cancers, 12(7), 1985.

Tournier, N., Chevillard, L., Megarbane, B., Pirnay, S., Scherrmann, J. M., Decléves, X., 2010,
Interaction of drugs of abuse and maintenance treatments with human P-glycoprotein
(ABCB1) and breast cancer resistance protein (ABCG2), International Journal of
Neuropsychopharmacology, 13(7), 905-915.

Tsai, H. Y., Ho, C. T., Chen, Y. K., 2017, Biological actions and molecular effects of
resveratrol, pterostilbene, and 3’-hydroxypterostilbene, Journal of Food and Drug
Analysis, 25(1), 134-147.

Tsang, J. Y. S. and Tse, G. M., 2020, Molecular classification of breast cancer, Advances in
Anatomic Pathology, 27(1), 27-35.

Tse, A. K. W., Zhu, G. Y., Wan, C. K., Shen, X. L., Yu, Z. L., Fong, W. F., 2010, la, 25-
Dihydroxyvitamin D3 inhibits transcriptional potential of nuclear factor kappa B in breast
cancer cells, Molecular Immunology, 47(9), 1728-1738.

Tseng, T. H., Chien, M. H., Lin, W. L., Wen, Y. C., Chow, J. M., Chen, C. K., Kuo, T. C., Lee,
W. J., 2017, Inhibition of MDA-MB-231 breast cancer cell proliferation and tumor


https://merckindex.rsc.org/

85

growth by apigenin through induction of G2/M arrest and histone H3 acetylation-
mediated p21WAFYCIPL expression, Environmental Toxicology, 32(2), 434-444.

Turan, 1., Demir, S., Misir, S., Kilinc, K., Mentese, A., Aliyazicioglu, Y., Deger, O., 2015,
Cytotoxic effect of Turkish propolis on liver, colon, breast, cervix and prostate cancer
cell lines, Tropical Journal of Pharmaceutical Research, 14(5), 777-782.

Uddin, M. S. and Lee, S. W., 2020, MPB 3.1: A useful medicinal plants database of Bangladesh.
Journal of Advancement in Medical and Life Sciences, 8(1).

Valentin, M. D., Da Silva, S. D., Privat, M., Alaoui-Jamali, M., Bignon, Y. J., 2012, Molecular
insights on basal-like breast cancer, Breast Cancer Research and Treatment, 134(1), 21-
30.

Valiyari, S., Jahanban-Esfahlan, R., Shahneh, F. Z., Yaripour, S., Baradaran, B., Delazar, A.,
2013, Cytotoxic and apoptotic activity of Scrophularia oxysepala in MCF-7 human breast
cancer cells, Toxicological & Environmental Chemistry, 95(7), 1208-1220.

Vanhevel, J., Verlinden, L., Doms, S., Wildiers, H., Verstuyf, A., 2022, The role of vitamin D
in breast cancer risk and progression, Endocrine-Related Cancer, 29(2), R33-R55.

Vennila, R., Kamalraj, S., Muthumary, J., 2012, In vitro studies on anticancer activity of fungal
taxol against human breast cancer cell line MCF-7 cells, Asian Pacific Journal of Tropical
Biomedicine, 2(2), 1159-1161.

Verlinden, L., Verstuyf, A., Convents, R., Marcelis, S., Van Camp, M., Bouillon, R., 1998,
Action of 1,25(0OH)2D3 on the cell cycle genes, cyclin D1, p21 and p27 in MCF-7 cells,
Molecular and Cellular Endocrinology, 142(1-2), 57-65.

Verlinden, L., Verstuyf, A., Van Camp, M., Marcelis, S., Sabbe, K., Zhao, X. Y., De Clercq,
P., Vandewalle, M., Bouillon, R., 2000, Two novel 14-Epi-analogues of 1, 25-
dihydroxyvitamin D3 inhibit the growth of human breast cancer cells in vitro and in vivo,
Cancer Research, 60(10), 2673-2679.

Viry, E., Anwar, A., Kirsch, G., Jacob, C., Diederich, M., Bagrel, D., 2011, Antiproliferative
effect of natural tetrasulfides in human breast cancer cells is mediated through the
inhibition of the cell division cycle 25 phosphatases, International Journal of Oncology,
38(4), 1103-1111.

Vukovic, N. L., Obradovic, A. D., Vukic, M. D., Jovanovic, D., Djurdjevic, P. M., 2018,
Cytotoxic, proapoptotic and antioxidative potential of flavonoids isolated from propolis
against colon (HCT-116) and breast (MDA-MB-231) cancer cell lines, Food Research
International, 106, 71-80.

Wakimoto, R., Ono, M., Takeshima, M., Higuchi, T., Nakano, S., 2017, Differential anticancer
activity of pterostilbene against three subtypes of human breast cancer cells, Anticancer
Research, 37(11), 6153-6159.



86

Wang, X., Wei, Y., Yuan, S., Liu, G., Lu, Y., Zhang, J., Wang, W., 2005, Potential anticancer
activity of tanshinone I1A against human breast cancer. International Journal of Cancer,
116(5), 799-807.

Weaver, B. A., 2014, How Taxol/paclitaxel kills cancer cells, Perspective on Cell Biology and
Human Health, 25, 2677-2681.

Welsh, J., 2007, Vitamin D and prevention of breast cancer, Acta Pharmacologica Sinica,
28(9), 1373-1382.

Wilmanski, T., Barnard, A., Parikh, M. R., Kirshner, J., Buhman, K., Burgess, J., Teegarden,
D., 2016, 1a, 25-dihydroxyvitamin D inhibits the metastatic capability of MCF10CAla
and MDA-MB-231 cells in an in vitro model of breast to bone metastasis, Nutrition and
Cancer, 68(7), 1202-1209.

World Health Organization, 2022, Cancer, https://www.who.int/news-room/fact-
sheets/detail/cancer, [Ziyaret Tarihi: 30 Aralik 2022].

Wu, H., Chen, L., Zhu, F., Han, X., Sun, L., Chen, K., 2019, The cytotoxicity effect of
resveratrol: cell cycle arrest and induced apoptosis of breast cancer 4T1 cells. Toxins,
11(12), 731.

Wu, J. T. And Kral, J. G., 2005, The NF-kB/I«xB signaling system: a molecular target in breast
cancer therapy, Journal of Surgical Research, 123(1), 158-169.

Wyrebska, A., Szymanski, J., Gach, K., Piekielna, J., Koszuk, J., Janecki, T., Janecka, A., 2013,
Apoptosis-mediated cytotoxic effects of parthenolide and the new synthetic analog MZ-
6 on two breast cancer cell lines, Molecular Biology Reports, 40, 1655-1663.

Yang, Y., Wolfram, J., Boom, K., Fang, X., Shen, H., Ferrari, M., 2013, Hesperetin impairs
glucose uptake and inhibits proliferation of breast cancer cells, Cell Biochemistry and
Function, 31(5), 374-379.

Yeh, C. T., Wu, C. H.,, Yen, G. C., 2010, Ursolic acid, a naturally occurring triterpenoid,
suppresses migration and invasion of human breast cancer cells by modulating c-Jun N-
terminal kinase, Akt and mammalian target of rapamycin signaling, Molecular Nutrition
& Food Research, 54(9), 1285-1295.

Yin, L., Duan, J. J,, Bian, X. W., Yu, S. C., 2020, Triple-negative breast cancer molecular
subtyping and treatment progress, Breast Cancer Research, 22, 1-13.

Yu, P, Liu, Q., Liu, K., Yagasaki, K., Wu, E., Zhang, G., 2009, Matrine suppresses breast
cancer cell proliferation and invasion via VEGF-Akt-NF-« B signaling, Cytotechnology,
59, 219-229.

Zhao, Y., Jing, Z., Lv, J., Zhang, Z., Lin, J., Cao, X., Zhao, Z., Liu, X., Mao, W., 2017,
Berberine activates caspase-9/cytochrome c-mediated apoptosis to suppress triple-
negative breast cancer cells in vitro and in vivo, Biomedicine & Pharmacotherapy, 95,
18-24.


https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer

87

OZGECMIS
Kisisel Bilgiler
Adi1 Soyadi ZEYNEP OKTAY
Dogum Yeri
Dogum Tarihi Tarih girmek i¢in tiklayin veya dokunun.
Uyrugu MT.C. O Diger:
E-Posta Adresi
Web Adresi
Egitim Bilgileri
Lisans
Universite Istanbul Universitesi
Fakiilte Fen Fakiiltesi
Bolimii Biyoloji
Mezuniyet Y1ili 10.07.2008
Yiiksek Lisans
Universite Istanbul Universitesi
Enstitii Adi Fen Bilimleri Enstitiisii
Anabilim Dali Molekiiler Biyoloji ve Genetik Anabilim Dal1
Programi Molekiiler Biyoloji ve Genetik Programi
Doktora
Universite Istanbul Universitesi
Enstitii Adi Fen Bilimleri Enstitiisii
Anabilim Dali Molekiiler Biyoloji ve Genetik Anabilim Dal1
Programi Molekiiler Biyoloji ve Genetik Programi

Makale ve Bildiriler

Oktay, Z., Selgukcan-Erol, C., Arda, N., 2022, A relational database design for the
compounds cytotoxically active on brest cancer cells, Sakarya University
Journal of Computer and Information Sciences, 5(2), 225-232.



