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DAVET

Sevqili meslektaglarim,

Diizenleme kurulu adina, Hiicre Olimi Arastirma Dernegi-Tirkiye (HOAD-Tirkiye)
tarafindan 17-19 Mart 2022 tarihlerinde, Uluslararasi Katihmli Hiicre Olimi Arastirma
Dernegi 4. Kongresi'nin g¢evrimi¢i olarak gergeklestirilecedini duyurmaktan mutluluk
duymaktayiz.

Duzenleme kurulunun 2021 yilindan bu yana kongreyi ylz ylize yapmak i¢in ¢cok ¢aba sarf
ettigini bildirmek isteriz. Ancak COVID-19'un ilerlemesi nedeniyle, kongrenin daha fazla
ertelenmemesi icin dernek yonetim kurulu kongreyi ¢evrimici olarak dizenlemeye karar
vermistir.

Kongre, dinyanin dort bir yanindan hicre 6lumu ve ilgili konular hakkinda deneyimlerini ve
arastirma sonuglarini paylasmak Gzere dnde gelen akademik bilim insanlarini, arastirmacilari
ve arastirma uzmanlarini bir araya getirmeyi amaclamaktadir.

Bilimsel hakemli kongremizin ana basliklari "Viral Determinantlar ve Hicre Olimi", "Hicre
Olimi ve Hastaliklan", "Hicre ve Mikrogevre Baglantisi”, "3- Boyutlu Kiiltir ve Organoid
Kiiltiir Modelleri", "Biyoteknoloji ve ilag" olacaktir.

Kongremize ¢ok sayida alanlarinda uzman ve seckin konugsmaci davet edilmis olup ele alinan
konularla ilgili en son arastirmalarini sunacak ve gelecek perspektiflerini tartisacaklardir.
Kongre tiim sunumlar istege bagh olarak ingilizce veya Tirkge yapilabilir.

Buna ek olarak,
= Kabul edilen tim so6zlu bildiriler tam metin olarak, kabul edilen tim poster bildiriler ise
Ozet olarak ISBN'li kongre kitabinda yayinlanacaktir.
» Kongremiz dogentlik dahil tiim akademik yiikseltilme kriterlerine uygundur.
» 19 Mart'ta secgkin konusmacilar tarafindan Organoid Modeller, Biyolojik Verilerin
istatistiksel Analizi ve LC-MS/MS-Proteomik konularinda ti¢ teorik kurs verilecektir.
Kurs dili Tarkge'dir.
= Kongre programi suresince uzman firmalar tarafindan Ucretsiz Teknik Calistaylar
duzenlenecektir.
= Bilimsel ve hakem kurullari tarafindan en iyi ti¢ s6zlii ve poster bildiriye "En lyi S6zlIi
Bildiri/Poster Bildiri OdUli" verilecektir.
Bu vesileyle, tim aragtirmacilari bu toplantiya katilmaya ve zengin bilimsel programin tadini
cikarmaya davet etmek istiyoruz.
Kongre Dizenleme Kurulu olarak 17-19 Mart 2022'de sizlerle bulusmayi doért gozle
bekliyoruz.

Saygilarimizla

Kongre Es Baskanlari

A. Semra KOGTURK ve Isil AKSAN KURNAZ
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INVITATION

Dear Colleagues,

On behalf of the Organizing Committee, we are pleased to announce that the 4th Congress
of Cell Death Research Society-Turkiye with International Participation will be held online on
17-19 of March 2022 by the Cell Death Research Society of Turkey (CDRS-Turkey/ HOAD).

We would like to inform you that the organizing committee has spent much effort to hold the
Congress face-to-face since 2021. However, due to the progress of COVID-19, the executive
committee decided on not postponing it any longer and organizing it online.

The Congress aims to bring together leading academic scientists, researchers, and research
scholars to exchange and share their experiences and research results about all aspects of
cell death and related issues from around the world.

The main topics of the scientific refereed Congress will be focusing on "Viral Determinants
and Cell Death", "Cell Death and Diseases", "Cell and Microenvironment Connection", "3-
Dimensional Culture and Organoid Culture Models" and "Biotechnology and Drug
Research".

Several distinguished speakers with expertise in the fields will present their cutting-edge
research and discuss future perspectives relevant to the subjects covered in the present
meeting. All presentations in the congress can be in either English or Turkish.

In addition,

= All accepted oral presentations will be published as full text and all accepted poster
presentations will be published as abstracts in the congress book with ISBN.

= Qur congress complies with all academic promotion criteria, including
associate professor.

= On the 19th of March, three theoretical courses on the topics of Organoid Models,
Statistical Analysis of Biological Data, and LC-MS/MS-Proteomics will be held by
distinguished speakers. The course language is Turkish.

= During the Congress program, free Technical Workshops will be held by expert
companies.

» The scientific and referee committees will offer "The Best Presentation Awards" to the
three best oral and poster presentations.

We would like to take this opportunity to invite all researchers to attend this meeting and to
enjoy the rich scientific program.

The Organization Committee of Congress is looking forward to meeting you on 17-19 on
March 2022.

With our Best Regards,
Congress Co-Chairs

A. Semra Kogtiirk and Isil Aksan Kurnaz
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KOMITELER

Kongre Es Baskanlari

A. Semra KOCTURK
Isil AKSAN KURNAZ

Bilimsel Sekreterya

H. Seda Vatansever

Organizasyon Komitesi

A. Semra Kogtiirk (HOAD Bagkani)

Isil Aksan Kurnaz (HOAD Baskan Yardimcisi)

Betiil Yiimaz (HOAD Genel Sekreteri)

Zekiye S. Altun (HOAD Saymani)

H. Seda Vatansever (HOAD Yénetim Kurulu Uyesi)
Serap Cilaker MICILI (HOAD Yénetim Kurulu Uyesi)

Bilimsel Danisma Kurulu (Alfabetik sira ile)

Ahmet Kog (indnii Universitesi - Tirkiye)

Ayse Nalbantsoy (Ege Universitesi - Turkiye)

Basak Baykara (Dokuz Eyliil Universitesi - Tiirkiye)

Betiil Yilmaz (Marmara Universitesi — Turkiye)

Biinyamin Akgiil (izmir Yiiksek Teknoloji Enstitlisii - Turkiye)
David Hay (Edinburgh Universitesi - Birlesik Krallik)

Eda Altan Tarakg! (Kaliforniya Universitesi - USA)

Eda Becer (Yakin Dogu Universitesi - KKTC)

Elgin Tirkdz Uluer (Ege Universitesi - Tlrkiye)

Esra Erdal (Dokuz Eyliil Universitesi ve izmir Biotip ve Genom Merkezi - Tiirkiye)
Feyzan Ozdal Kurt (Manisa Celal Bayar Universitesi - Tirkiye)
Giurler Akpinar (Kocaeli Universitesi - Turkiye)

Hana Algiil (Miinih Teknik Universitesi - Almanya)

llana Chefetz Menaker (Minnesota Universitesi - Amerika)

Isil Aksan Kurnaz (Gebze Teknik Universitesi — Tiirkiye)

ihsan Giirsel (Bilkent Universitesi - Tiirkiye)

ilhan Yaylim (istanbul Universitesi - Tiirkiye)
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ismet Deliloglu Girhan (Ege Universitesi - Tirkiye)

Kazim Yalgin Arga (Marmara Universitesi - Tiirkiye)

Kemal S. Korkmaz (Ege Universitesi — Tirkiye

Kemal Ozbilgin (Manisa Celal Bayar Universitesi - Tirkiye)
Levent Kurnaz (Bogazigi Universitesi - Turkiye)

Luciano Saso (Sapienza Universita di Roma - italya)
Mehmet Sarihan (Kocaeli Universitesi - Tiirkiye)

Mehtap Kutlu (Eskisehir Teknik Universitesi - Tiirkiye)
Melek Oztirk Sezgin (istanbul Universitesi Cerrahpasa — Tirkiye)
Murat Kasap (Kocaeli Universitesi - Tlrkiye)

Ozlem Giirsoy Doruk (Dokuz Eyliil Universitesi - Tirkiye)
Petek Ballar Kirmizibayrak (Ege Universitesi - Tiirkiye)
Peter Vandenabeele (Ghent Universitesi - Belgika)

Pinar Akan (Dokuz Eylill Universitesi - Tiirkiye)

Saime Batirel (Marmara Universitesi - Tiirkiye)

Safiye Aktas (Dokuz Eyliil Universitesi - Tiirkiye)

H. Seda Vatansever (Manisa Celal Bayar Universitesi — Tirkiye)
A. Semra Kogtiirk (Dokuz Eylil Universitesi — Tirkiye)
Serap Cilaker Micili (Dokuz Eylil Universitesi — Tarkiye)
Sibel Bozdag Pehlivan (Hacettepe Universitesi - Turkiye)
Sermin Geng (izmir Biyotip ve Genom Merkezi - Tiirkiye)
Sule Gok (Tinaztepe Universitesi - Turkiye)

Tuncay Demiryiirek (Gaziantep Universitesi — Tlrkiye)
Tuncay Kime (Dokuz Eyliil Universitesi - Turkiye)

Zekiye Altun (Dokuz Eylll Universitesi — Tirkiye)
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COMMITTEES

Congress Co-Chairs

A. Semra Kogtlrk and Isil Aksan Kurnaz

Scientific Secretary

H. Seda Vatansever

Organization Committee

A. Semra Kogtirk (President of CDRS)

Isil Aksan Kurnaz (Vice President of CDRS)

Betil Yilmaz (General Secretary of CDRS)

Zekiye S. Altun (Treasurer of CDRS)

H. Seda Vatansever (Member of CDRS Executive Commitee)

Serap Cilaker MICILI (Member of CDRS Executive Commitee)

Scientific Advisory Board (in Alphabetic Order)

Ahmet Kog (indnii University - Turkey)

Ayse Nalbantsoy (Ege University - Turkey)

Basak Baykara (Dokuz Eylul University - Turkey)

Betil Yiimaz (Marmara University — Turkey)

Biinyamin Akgiil (izmir Institute of Technology - Turkey)
David Hay (University of Edinburgh - United Kingdom)

Eda Altan Tarakg! (California University - USA)

Eda Becer (Near East University - Cyprus)

Elgin Turkéz Uluer (Ege University - Turkey)

Esra Erdal (Dokuz Eyliil University and izmir Biomedicine and Genom Center - Turkey)
Feyzan Ozdal Kurt (Manisa Celal Bayar University - Turkey)
Gurler Akpinar (Kocaeli University - Turkey)

Hana Algul (Technical University of Munich - Germany)
llana Chefetz Menaker (Minnesota University - USA)

Isil Aksan Kurnaz (Gebze Technical University — Turkey)
ihsan Giirsel (Bilkent University - Turkey)

ilhan Yaylim (Istanbul University - Turkey)
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Mehmet Sarihan (Kocaeli University - Turkey)

Mehtap Kutlu (Eskisehir Technical University - Turkey)

Melek Oztirk Sezgin (istanbul University Cerrahpaga — Turkey)
Murat Kasap (Kocaeli University - Turkey)

Ozlem Giirsoy Doruk (Dokuz Eyliil University - Turkey)

Petek Ballar Kirmizibayrak (Ege University - Turkey)

Peter Vandenabeele (Ghent University - Belgium)

Pinar Akan (Dokuz Eylul University - Turkey)

Saime Batirel (Marmara University - Turkey)

Safiye Aktas (Dokuz Eylil University - Turkey)

H. Seda Vatansever (Manisa Celal Bayar University — Turkey)
A. Semra Kogtirk (Dokuz Eylil University — Turkey)

Serap Cilaker Micili (Dokuz Eylul University — Turkey)

Sibel Bozdag Pehlivan (Hacettepe University - Turkey)
Sermin Geng (izmir Biomedicine and Genom Center - Turkey)
Sule Gok (Tinaztepe University - Turkey)

Tuncay Demiryurek (Gaziantep University — Turkey)

Tuncay Kiime (Dokuz Eylil University - Turkey)

Zekiye Altun (Dokuz Eylul University — Turkey)
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BILIMSEL PROGRAM

17 MART 2022, PERSEMBE

09:00-09:15 ACILIS KONUSMALARI
Konusmaci: Semra Kogturk
09:15-10:00 Oturum Bagkani: Semra Kogtlrk
Levent Kurnaz - iklim degisikliginin canlilar iizerine etkisi
10:00-10:15 Sorular ve Kahve Arasi
10:15-12:10 VIRAL ETKENLER VE HUCRE OLUMU
Oturum Bagkanlari: H. Seda Vatansever, ismet Deliloglu Giirhan
10:15-11:00 Semra Kogturk - COVID 19 tedavi hedefini belirlemek igin hiicre 6lum mekanizmalarini anlamak
11:00-11:10 S1 - Damla Akogullari Celik - Endotel fonksiyon yetersizliginin covid-19 hastaliginda yeri
11:10-11:20 S2 - Glilseren Ozduman - HN1 is phosphorylated by CDK1 in mitosis and its overexpression after G2 leads to an early
exit from
mitosis
11:20-11:30 S3 - Hiiseyin izgdrdi - insan hepatokarsinoma hiicrelerinde seramidaz inhibisyona bagh hiicre élim yollarinin
arasgtiriimasi
11:30-11:40 S4 \?Arif Kamil Salihoglu - Travmatik beyin hasarinda hiicre 6lumui modilasyonlarinin etkilerinin in silico incelenmesi
11:40-11:50 S5 - Muhammet Burak Batir - insan kanser hiicre hatlarinda CRISPR/ESPCAS9 sistemi ile CIAP1 VE CIAP2 genlerinin
dual
nakavtinin apoptotik etkisinin incelenmesi
11:50-12:00 S6 - Ahmet Saracaloglu - Verbenalin ve (+)-eudesminin insan néroblastoma SH-SY5Y hiicrelerinde 6-
hidroksidopaminle
indiklenen noérotoksisite Uzerinde etkileri
12:00-12:10 S7 - Demet Cansaran Duman - Usnik asit ilag adayr molekilinin Ggli-negatif meme kanseri hiicre hatti (MDA-MB-
231) Gzerine
mirna boyutunda terapétik etkinliginin belirlenmesi
12:10-13:00 Ogle Yemegi Arasi
13:00-13:30 POSTER OTURUMU-1
Oturum Bagkani: Serap Cilaker Micil
P1 - Gézde Oztan - Apoptotik genlerin kegg yolagi (izerinden gen ontolojisinin ve hastalikla iligkisinin belirlenmesi
P2 - Burcu Topalogullari - Metiyonin yoksunlugu durumunda MDA-MB-231 meme kanseri hlicrelerinin hlcresel
sagkalim araciliyanitlarinin MicroRNA-21 tarafindan degistiriimesi
P3 - Hilal Cihankaya - CRISPR/CAS9 sistemini kullanarak farkli hiicre hatlarina VPS54 knock-in mutasyonu ekleme
P4 - Ayse Semra Hiz - KATNAL2 (KATANIN-LIKE2) genindeki yanlis anlam varyanti tasiyan hasta
fibroblastlarindan eldeedilmis IPSC’lerden néral progenitor hicrelerin tiretiimesi
P5 - Tugba Erkmen - Which reference genes are more suitable for aml cell lines in RT-QPCR studies?
P6 - Gozde Ogiitcli - Astragalus tiirlerinden elde edilen sikloartan tipi saponinlerin MCF-7 ve MDA-MB-231 insan
meme kanserihiicrelerindeki proliferasyonu tzerine etkisi
P7 - Tugba Erkmen - Casticin: a promising candidate to develop a stem cell targeted strategy in aml treatment
P8 - Pinar Mutlu - Drosophila nérojenezinde ets transkripsiyon faktor ailesi
P9 - Abdullah Taskin
P10 - Giilsen Ozduran - Epigallokatesin gallatin MCF-7 meme kanseri hiicrelerindeki hiicre canliligi, hiicre
proliferasyonu vehucre 6lumu tzerindeki etkilerinin degerlendiriimesi
P11 - Zllal At Sekeroglu - Seryum oksit nanopartikullerinin MCF-7 hucre hatti Uzerindeki antitimor etkileri
P12 - Vedat Sekeroglu - Yeni sentezlenen 4-N-[(1 metilpiroliden)amino]antipirin schiff bazi cu(Il) kompleksinin
meme kanserihucrelerindeki sitotoksik ve apoptotik etkileri
P13 - Sevda Altun - Hiicre dongusu diizenleyici protein olan HN1’in SHSY-5Y hiicrelerinde parkin ile antagonistik
iliskisi
P14 — Cagdas Aktan
13:30-14:00 Oturum Bagkani: Serap Cilaker Micili
13:30-13:45 Altan Aslantas, Katie Parzych - Cell death detection tools: Finding clues in morphology and biology -
NOVAGENTEK/CAYMAN CHEMICAL
13:45-14:00 Asli Sirmaci - Real-time monitoring of cellular processes - SACEM
14:00-15:55 HUCRE OLUMU VE HASTALIKLAR
Oturum Bagkanlar: Damla Arisan, llhan Yaylim
14:00-14:45 Peter Vandenabeele - Ferroptosis, an immunogenic cell death modality in the context of cancer?
14:45-15:15 Isil Aksan Kurnaz - EIk-1 proteinlerinin nérodejenerasyon ve beyin timoérlerindeki rolii
15:15-15:25 S8 - Ceyda Okudu - Hipoksi kosullarda MDA-MB-231 meme kanseri hiicre hattinda LMAN2 gen baskilanmasi ve er
stres ve
apoptoz iligkili genlerin diizenlenmesi
15:25-15:35 S9 - Mine Ensoy - Meme kanserinde Atranorin’in ferroptoz yolagi ile iligkili farmasotik etkinligini belirlenmesi
15:35-15:45 S10 - Gizem Kaftan - Insan néroblastoma hiicre hattinda siklooksijenaz-2 inhibitéri araciligiyla ferroptozun
hedeflenmesi
15:45-15:55 S11 - Mujgan Kusi - In vitro alzheimer model hiicrelerinde narinjinin néroprotektif etkilerinin degerlendirilmesi
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15:55-16:15 POSTER OTURUMU-1 ve FIRMA TANITIM OTURUMU Soru-Cevap Oturumu
16:15-17:00 Oturum Basgkani: H. Seda Vatansever
llana Chefetz Menaker - Interconnectivity of cell death pathways
18 MART 2022, CUMA
09:15-10:00 Oturum Baskani: Petek Ballar Kirmizibayrak
Ahmet Kog - Uzun yagsayan maya hiicrelerinde mitokondrial fonksiyonlarin analizi
10:00-10:15 Sorular ve Kahve Arasi
10:15-12:15 HUCRE VE MIKROCEVRE ILISKIiSI
Oturum Basgkanlari: Zekiye S. Altun, Biinyamin Akgul
10:15-11:00 Mehtap Kutlu - Meme kanseri hiicrelerinde seramidaz enzim inhibisyonu ve hiicre 6limii
11.00-11.30 Nicola Cahill - 10X Genomics: The power of single cell analysis in tumor microenvironment studies - GEN-ERA
11:30-11:45 S12- Damla Akogullan Celik - In vitro inflamasyon modelinde pankreatik kanser kok hiicrelerinin piroptotik stireci
11:45-11:55 S13- Isil Yildirim- Duktal ve invaziv meme karsinom dokularda LINC01209 ekspresyonunun analizi
11:55-12:05 S14- Huda Abdirizak-Jama - Melanom kanseri tedavisinde yenilikgi strateji olarak Lobarik Asit'in terapétik etkinliginin
belirlenmesi
12:05-13:00 Ogle Yemegi Arasi
13:00-13:30 POSTER OTURUMU-2
Oturum Basgkani: Eda Becer
P15 - Elif isel - Metastatik prostat kanseri geligiminde kronik enflamatuar mikrogevre ile tetiklenen epitelyal
mezenkimal gecis veanoikis direnci
P16 - Nazlh Can - Myomlarda otofaji belirteglerinin immunohistokimyasal olarak incelenmesi
P17 - Zehra Sena Bumin - Yumurtalik kanseri hiicre hatti olan SKOV-3 huicrelerinde usnik asit molekulunin
apoptotik etkisininmrna seviyesinde aragtiriimasi
P18 - Gamze Sevri Ekren Asici
P19 - Burgin Ozbekle - Tuz stresi altinda yetistirilen cistus creticus |.'nin pankreatik kanser hiicre hatlarinda anti-kanser
etkilerininincelenmesi
P20 - Gamze Zengin - Maternal sirkadiyen ritim degisikliginin erigkin yavru ovaryum dokularinda hicre
proliferasyonu veapoptoz Uzerine epigenetik etkilerinin arastiriimasi
P21 - Ali Yiksel - Sessiz timor slipresér gen mutasyonlarinin mrna islenmesi Uizerine olasi etkilerinin minigene
splicing assay ilesaptanmasi
P22 - Gizem Gamze Tas - Gebelik ve laktasyon siregleri boyunca sirkadiyen ritim degisikligi ile maternal
ovaryumdaki hicreproliferasyonu ve apoptoz iligkisi
P23 - Merve Tiitlincii - Yeni tiyazolo[5,4-B]piridin tiirevlerinin DU-145 hiicreleri (izerine etkileri; On galisma
P24 - Zekiye Altun - Smac mimetigin apoptotik gen ekspresyonlari Uzerindeki etkisi
P25 - Selen Kum Ozsengezer - insan tiimérlerinde SOX2'nin pan-kanser analizi ile onkojenik rolii
P26 - Hamide Betlil Gerik Celebi - Kalitsal meme ve/veya over kanseri sendromlu hastalarda yeni nesil dizileme
ile saptananBRCA ve NON-BRCA varyantlar
P27 - Derya Goksu Helvaci - CD95 ligandinin (FasL) primer insan makrofaj polarizasyonu Uzerindeki etkisinin
arastirlmasiP28 - Nalan Siimeyra Korkmaz - llag yeniden konumlandirma ile belirlenen aday ilaglarin akut myeloid
I6semi hlcrelerinde proteazom inhibitdri ile kombinasyon tedavisinin incelenmesi
13:30-15:15 BIYOTEKNOLOJI VE ILAG ARASTIRMALARI
Oturum Basgkanlari: Isil Aksan Kurnaz, Sule Gok
13:30-14:15 David Hay - Building implantable human liver tissue from pluripotent stem cells
14:15-14:45 Sibel Bozdag Pehlivan - Glioblastomlarin tedavisi i¢in hedeflendirilmis nanopartikiil ilag tasiyici sistem
stratejileri
14:45-15:15 Serim]Erdem - Terapotik proteinlerin endiistriyel yaklagim ile tiretimi ve fonksiyonel karakterizasyonu - ARVEN
15:15-15:30 POSTER OTURUMU-2 Soru-Cevap Oturumu
15:30-17:35 3 BOYUTLU KULTUR- ORGANOID KULTURLER
Oturum Bagkanlari: Bora Garipcan, Betll Yilimaz
15:30-16:15 Luciano Saso - Pharmacological modulation of oxidative stress
16:15-16:45 Esra Erdal - Hastalik modellemeleri ve kigisellestirilmis tip uygulamalarinda organoid teknolojilerinin kullanimi
16:45-16:55 S15 - Ekin Sénmez - Luhmes hiicresi parkinson modelinde PEA3 transkripsiyon faktérl ailesinin potansiyel gen
regulasyon
aginin incelenmesi
16:55-17:05 S16 - Ozge Ozgen - T24 mesane kanseri hlicre hattinda vitamin D’nin reglatif etkisi, sisplatin dozunun azaltiimasina
ardim
édebilir mi?
17:05-17:15 S17 - Hilal Kabadayi Ensarioglu - Tiazolidinon tirevi uygulamasinin hepatosellller karsinoma hicrelerinde hicre 6lim
mekanizmalari Gizerinden etkisi
17:15-17:25 S18 - Serdar Batikan Kavukcu - HEPG2 hicrelerinde ruteyum(ll) aren komplekslerinin hiicre 6liim karari
17:25-17:35 S19 - Beyzanur Erk - Triple negatif meme kanserinde sisplatin ve fotodinamik tedavinin kombin terapétik etkisinin

arastirilmasi
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17:35-17:45 KAPANIS KONUSMALARI

09:00-18:45 UYGULAMAYA YONELIK TEORIK KURSLAR

09:00-12:00 ORGANOID MODELLER

Oturum Basgkani: Serap Cilaker Micil

Kurs Egitmenleri: Esra Erdal, Soheil Akbari, Emine Berna Bigak

% 3 Boyutlu sferoid ve organoid modelleri

% Organoid modelleri kullanim alanlari

* Pluripotent kék hlcre kaynakl ve hasta kaynakli organoid kultirt

% Cip Ustl organoid modelleri

12:00-12:30 Ogle Yemegi Arasi

12:30-15:30 BIYOLOJIK VERILERIN ISTATISTIKSEL ANALIZI

Oturum Baskani: Betil Yilmaz

Kurs Egitmeni: Kazim Yalgin Arga

% Istatistiksel deney tasarimi (Temel unsurlar, sikga yapilan hatalar, iyi uygulama érnekleri)
% Parametrik ve non-parametrik hipotez testleri (Fisher Exact Test, Kikare Testi, Kolmogorov-Smirnov testi,
Student t-testi, Mann-Whitney U test, ANOVA, Kluskal-Wallis testi, vb.)

% Istatistiksel sonuglarin yorumlanmasi

% Tez/Proje/Makale yaziminda dikkat edilmesi gereken unsurlar, iyi uygulama érnekleri

% Gen ve protein ekspresyon verileri Uzerinden kategorik ve nimerik verilerin analizlerine yonelik 6rnek vaka
calismalari

% RT-PCR veri analizi (Livak yontemi)

% Korelasyon analizi

15:30-15:45 Kahve Arasi

15:45-18:45 LC — MS/MS PROTEOMIKS

Oturum Bagkani: Semra Kogtlrk

15:45-16:30 Murat Kasap - Proteomik ¢alismalari icin érnek hazirligi

16:30-17:15 Glrler Akpinar - 2 boyutlu elektroforez ve MALDI-

17:15-18:00 TOF/TOFMehmet Sarihan - LC-MS/MS ve isaretsiz

18:00-18:45 miktar 6lgimu

Murat Kasap - Western Blot Analizi ve proteomik verilerinin dogrulanmasi
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SCIENTIFIC PROGRAMME

All hours given on the program is according to Turkey Time Zone (GMT/UTC+3).

17 MARCH 2022, THURSDAY

09:00-09:15

OPENING CEREMONY
Speaker: Semra Kogtlrk

09:15-10:00

Chair: Semra Kogtlrk
Levent Kurnaz - The effect of climate change on living beings

10:00-10:15

Questions and Coffee Break

10:15-12:10

VIRAL DETERMINANTS ANI? CELL DEATH
Chairs: H. Seda Vatansever, Ismet Deliloglu Girhan

10:15-11:00

11:00-11:10
11:10-11:20

11:20-11:30

11:30-11:40

11:40-11:50

11:50-12:00

12:00-12:10

Semra Kogtlrk - Understanding cell death mechanisms to identify COVID 19 treatment
target

01 - Damla Akogullar Celik - The role of endothelial function failure in covid-19 disease

02 - Giilseren Ozduman - HN1 is phosphorylated by CDK1 in mitosis and its overexpression after
G2 leads to an early exit from mitosis

03 - Hiiseyin izgdrdii - Investigation of cell death pathways due to ceramidase Inhibition in
human hepatocarcinoma cells

04 - Arif Kamil Salihoglu - In silico investigation of the effects of cell death modulations in
traumatic brain injury

05 - Muhammet Burak Batir - Determination of the apoptotic effect of dual knockout of clAP1 and
clAP2 genes by CRISPR/eSpCas9 system in human cancer cell lines

06 - Ahmet Saracaloglu - Effects of verbenalin and (+)-eudesmin on 6-hydroxydopamine-induced
neurotoxicity in human neuroblastoma SH-SY5Y cells

O7 - Demet Cansaran Duman - Determination of therapeutic effect of usnic acid drug candidate
molecule on triple negative breast cancer cell (MDA-MB-231) at miRNA level

12:10-13:00

Lunch Break

13:00-13:30

POSTER SESSION-1
Chair: Serap Cilaker Micili

P1 - Gdzde Oztan - Determination of gene ontology and disease relation of apoptotic genes via
KEGG pathway

P2 - Burcu Topalogullari - Microrna-21 alters cell survival mediated responses of MDA-MB-231
breast cancer cells in the state of methionine deprivation

P3 - Hilal Cihankaya - Inserting Vps54 knock-in mutation into different cell lines by using
CRISPR/Cas9 System

P4 - Ayse Semra Hiz - Generation of neural progenitor cells from ipscs obtained from patient
fibroblasts carrying the missense variant in the KATNAL2 (KATANIN-LIKE2) gen

P5 - Tugba Erkmen - Which reference genes are more suitable for aml cell lines in RT-QPCR
studies?

P6 - Gozde Ogiitcli - The effect of cycloartane-type of saponins from astragalus species on the
proliferation of MCF-7 and MDA-MB-231 breast cancer cells

P7 - Tugba Erkmen - Casticin: a promising candidate to develop a stem cell targeted strategy in
aml treatment

P8 - Pinar Mutlu - ETS transcription factor family in drosophila neurogenesis

P9 - Abdullah Tagkin

P10 - Giilsen Ozduran - Evaluation of the effects of epigallocatechin gallate on cell viability, cell
proliferation and cell death in MCF-7 breast cancer cells

P11 - Zilal At Sekeroglu - Antitumor effects of cerium oxide nanoparticles on the MCF-7 cell line
P12 - Vedat Sekeroglu - Cytotoxic and apoptotic effects of a novel schiff base Cu (Il) complexes
derived 4-amino antipyrine on breast cancer cells

P13 - Sevda Altun - HN1 is a cell cycle regulatory protein with antagonistic relationship with
parkin in SHSY-5Y cells

P14 - Cagdas Aktan

13:30-14:00
13:30-13:45

13:45-14:00

Chair: Serap Cilaker Micili

Altan Aslantas, Katie Parzych - Cell death detection tools: Finding clues in morphology and
biology - NOVAGENTEK/CAYMAN CHEMICAL

Asli Sirmaci - Real-time monitoring of cellular processes - SACEM

14:00-15:55

CELL DEATH AND DISEASES
Chairs: Damla Arisan, llhan Yaylim
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14:00-14:45 Peter Vandenabeele - Ferroptosis, an immunogenic cell death modality in the context of
cancer?

14:45-15:15 Isil Aksan Kurnaz - The role of Elk-1 proteins in neurodegeneration and brain tumors

15:15-15:25 08 - Ceyda Okudu - Dowregulation of LMANZ2 and regulation of ER stress and apoptosis-related
genes in MDA-MB-231 breast cancer cell line under hypoxia conditions

15:25-15:35 09 - Mine Ensoy - Determination of the pharmaceutical efficacy of atranorin associated with the
ferroptosis pathway in breast cancer

15:35-15:45 010 - Gizem Kaftan - Targeting ferroptosis with a cyclooxygenase-2 inhibitor in human
neuroblastoma cell line

15:45-15:55 011 - Mijgan Kusi - In vitro alzheimer model hiicrelerinde narinjinin néroprotektif etkilerinin
degerlendirilmesi

15:55-16:15 POSTER SESSION-1 and COMPANY PRESENTATION Q&A Session

16:15-17:00 Chair: H. Seda Vatansever
llana Chefetz Menaker - Interconnectivity of cell death pathways

18 MARCH 2022, FRIDAY

09:15-10:00 Chair: Petek Ballar Kirmizibayrak
Ahmet Kog - Analyses of mitochondrial functions in long-living yeast cells

10:00-10:15 Questions and Coffee Break

10:15-12:15 CELL AND MICROENVIROMENT CONNECTION
Chairs: Zekiye S. Altun, Biinyamin Akgil

10:15-11:00 Mehtap Kutlu - Ceramidase enzyme inhibition and cell death in breast cancer cells

11.00-11.30 Nicola Cahill - 10X Genomics: The power of single cell analysis in tumor microenvironment
studies - GEN-ERA

11:30-11:45 012- Damla Akogullar Celik - Pyroptotic process of pancreatic cancer stem cells in an in vitro
inflammation model

11:45-11:55 013- Isil Yildirim - Analysis of LINC01209 expression invasive ductal and invasive breast
carcinoma tissues

11:55-12:05 014- Huda Abdirizak-Jama - Determination of the therapeutic efficacy of lobaric acid as an
innovative strategy in melanoma cancer treatment

12:05-13:00 Lunch Break

13:00-13:30 POSTER SESSION-2
Chair: Eda Becer
P15 - Elif isel - Epithelial mesenchymal transition and anoikis resistance induced in chronic
inflammatory microenvironment in metastatic prostate cancer
P16 - Nazli Can - Immunohistochemical examination of autophagy markers in myomas
P17 - Zehra Sena Bumin - Investigation of apoptotic effects of usnic acid in mRNA level in
ovarian cancer SKOV-3 cell line
P18 - Gamze Sevri Ekren Agici
P19 - Burgin Ozbekle - Investigation of anti-cancer effects of cistus creticus |. Grown under
salinity stress in pancreatic cancer cell lines
P20 - Gamze Zengin - Investigation of the epigenetic effects of maternal circadian rhythm
changes on cell proliferation and apoptosis in adult offspring ovarian tissues
P21 - Ali Yiiksel - Identification of possible effects of silent tumor suppressor gene mutations on
mMRNA processing by minigene splicing assay
P22 - Gizem Gamze Tas - The relationship between circadian rhythm changes during pregnancy
and lactation periods and cellular proliferation and apoptosis in the maternal ovary
P23 - Merve Tutlincu - Effects of novel thiazolo[5,4-b]pyridine derivatives on DU-145 cells; A
preliminary study
P24 - Zekiye Altun - The effect of SMAC mimetic on apoptotic gene expressions
P25 - Selen Kum Ozgengezer - Pan-cancer analysis of the oncogenic role of sox2 in human
tumors
P26 - Hamide Betlil Gerik Celebi - BRCA and non-BRCA variants detected by next generation
sequencing in patients with hereditary breast and/or ovarian cancer syndrome
P27 - Derya Goksu Helvaci - Investigation of the impact of CD95 ligand (FasL) on primary human
macrophage polarization
P28 - Nalan Simeyra Korkmaz - Investigation of combination therapy of candidate drug identified
by drug repositioning with proteasome inhibitor in acute myeloid leukemia cells

13:30-15:15 BIOTECHNOLOGY AND DRUG RESEARCH

Chairs: Isil Aksan Kurnaz, Sule Gok
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13:30-14:15 David Hay - Building implantable human liver tissue from pluripotent stem cells

14:15-14:45 Sibel Bozdag Pehlivan - Targeted nanoparticle drug delivery system strategies for the
treatment of glioblastomas

14:45-15:15 Serim Erdem - Manufacturing of therapeutic proteins with Industrial approach and
functional characterization of the product - ARVEN

15:15-15:30 POSTER SESSION-2 Q&A Session

15:30-17:35 3 DIMENSIONAL CULTURE AND ORGANOID CULTURE MODELS
Chairs: Bora Garipcan, Betul Yilmaz

15:30-16:15 Luciano Saso - Pharmacological modulation of oxidative stress

16:15-16:45 Esra Erdal - Use of organoid technologies in disease models and personalized medicine
applications

16:45-16:55 015 - Ekin S6nmez - Investigation of the PEA3 transcription factor family potential gene
regulation network in luhmes cells parkinson model

16:55-17:05 016 - Ozge Ozgen - Does the regulatory effect of vitamin D allow to reduce the cisplatin dose in
T24 bladder cancer cell line?

17:05-17:15 017 - Hilal Kabadayi Ensarioglu - Effect of thiazolidinone derivative application on cell death
mechanisms in hepatocellular carcinoma cells

17:15-17:25 018 - Serdar Batikan Kavukcu - Cell death decision of ruthenium(ll) arene complexes in HepG2
cells

17:25-17:35 019 - Beyzanur Erk - Investigation of combined therapeutic effect of photodynamic therapy and
cisplatin on triple negative breast cancer

17:35-17:45 CLOSING CEREMONY

19 MARCH 2022, SATURDAY

09:00-18:45 UYGULAMAYA YONELIK TEORIK KURSLAR

09:00-12:00 ORGANOID MODELLER
Oturum Baskani: Serap Cilaker Micili
Kurs Egitmenleri: Esra Erdal, Soheil Akbari, Emine Berna Bigak
% 3 Boyutlu sferoid ve organoid modelleri
% Organoid modelleri kullanim alanlari
% Pluripotent kdk hicre kaynakli ve hasta kaynakli organoid kultart
% Cip Ustu organoid modelleri

12:00-12:30 Ogle Yemegi Arasi

12:30-15:30 BiYOLOJIK VERILERIN ISTATISTIKSEL ANALIZi
Oturum Baskani: Betll Yilmaz
Kurs Egitmeni: Kazim Yalgin Arga
* Istatistiksel deney tasarimi (Temel unsurlar, sikga yapilan hatalar, iyi uygulama érnekleri)
% Parametrik ve non-parametrik hipotez testleri (Fisher Exact Test, Kikare Testi, Kolmogorov-
Smirnov testi, Student t-testi, Mann-Whitney U test, ANOVA, Kluskal-Wallis testi, vb.)
% Istatistiksel sonuglarin yorumlanmasi
% Tez/Proje/Makale yaziminda dikkat edilmesi gereken unsurlar, iyi uygulama érnekleri
% Gen ve protein ekspresyon verileri Uizerinden kategorik ve niimerik verilerin analizlerine yonelik
ornek vaka calismalari
% RT-PCR veri analizi (Livak yontemi)
% Korelasyon analizi

15:30-15:45 Kahve Arasi

15:45-18:45 LC — MS/MS PROTEOMIKS
Oturum Bagkani: Semra Kogturk

15:45-16:30 Murat Kasap - Proteomik ¢alismalari icin 6rnek hazirlig

16:30-17:15 Gurler Akpinar - 2 boyutlu elektroforez ve MALDI-TOF/TOF

17:15-18:00 Mehmet Sarihan - LC-MS/MS ve isaretsiz miktar dlgimu

18:00-18:45 Murat Kasap - Western Blot Analizi ve proteomik verilerinin dogrulanmasi
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IKLiM DEGIiSIKLIGININ CANLILAR UZERINE ETKISi

Levent Kurnaz
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COVID 19 TEDAVi HEDEFiNi BELIRLEMEK iGiN HUCRE OLUM
MEKANIZMALARINI ANLAMAK

Semra Koctiirk
Dokuz Eyliil Universitesi Tip Fakiiltesi Tibbi Biyokimya Anabilim Dali

Cin’de pndémoni olan hastalarda daha o6nce bilinmeyen Beta Coronavirus’iin 2019 vyilinda
belirlenmesinden sonra hastalarda hizla akut solunum yetmezIigi ve ¢oklu organ yetmezIigi gelismesi
ile viris SARS-CoV-2 veya COVID-19 olarak isimlendiriimistir. SARS-CoV-2 ‘nin 6lim oranlari son
yirmi yilda gérulen SARS-CoV veya MERS-CoV virusleri ile kargilagtirildiginda, 6lim oraninin daha
disUk (%3.4-%9.6) oldugu ancak bulasiciiginin ¢ok daha yiiksek oldugu goértlmektedir. Bulasiciligini
saglayan 6zelliklerin, membran proteinleri ve genomunda bulunan 10 adet agik okuma alaninda
(ORFs1-10) kodlanan proteinlere bagli oldugu belirtiimektedir. SARS-CoV-2'nin konakgi hiicreye girisi,
konakgi hiicrede gogalma slirecini tamamlamasi, ¢gogalma surecini tamamladiktan sonra ise konakgi
dokularinda farkli hiicre 6lim mekanizmalarini kullanmasi tedavisini gliglestiren 6zelliklerdir. Buguine
kadar yapilan arastirmalar, SARS-CoV-2'nin hiicre 6lim mekanizmalarindan apoptoz, nekroptoz,
piroptoz, ferroptoz ve otofajiyi kendi gogalma sirecinde ve daha sonra inflamasyonu ve yayilimini
arttirmak amaci ile kullandigini ve bu mekanizmalar arasinda g¢apraz etkilesimlerin oldugunu
gostermektedir. SARS-CoV-2'ye yonelik tedavi hedeflerini belirlenmesi igin kullandidi hiicre 6lim
mekanizmalarini belirlemek dnem arz etmektedir ve bu alanda yapilacak arastirmalara gereksinim
bulunmaktadir.

Anahtar Kelimeler: COVID-19, apoptoz, nekroptoz, piroptoz, ferroptoz,otofaji
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UNDERSTANDING CELL DEATH MECHANISMS TO IDENTIFY COVID 19
TREATMENT TARGET

Semra Koctiirk

Dokuz Eylil University School of Medicine Department of Medical Biochemsitry

After the previously unknown Beta Coronavirus was identified in patients in China in 2019, the virus
was named SARS-CoV-2 or COVID-19, with the rapid development of acute respiratory failure and
multi-organ failure in patients. When the mortality rates of SARS-CoV-2 are compared with the SARS-
CoV or MERS-CoV viruses seen in the last two decades, it is seen that the mortality rate is lower
(3.4%-9.6%), but its contagiousness is much higher. It is stated that the features that provide contagion
depend on the proteins encoded in membrane proteins and 10 open reading domains (ORFs1-10) in
the genome. The features that make the treatment of SARS-CoV-2 difficult are the entry of SARS-
CoV-2 into the host cell, completing the proliferation process in the host cell, and using different cell
death mechanisms in the host tissues after completing the proliferation process. Studies conducted to
date show that SARS-CoV-2 uses cell death mechanisms such as apoptosis, necroptosis, pyroptosis,
ferroptosis, and autophagy in its own proliferation process and then in order to increase inflammation
and spread, and there are cross-interactions between these mechanisms. It is important to determine
the cell death mechanisms used to determine the treatment targets for SARS-CoV-2 and there is a
need for further research in this area.

Key words: COVID-19, apoptosis, hekroptosis, piroptosis, ferroptosis, autophagy
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FERROPTOSIS, AN IMMUNOGENIC CELL DEATH MODALITY IN THE
CONTEXT OF CANCER?

Bartosz Wiernickil2, Peter Vandenabeele!?

1Unit of Molecular Signaling and Cell Death, VIB Center for Inflammation Research, Ghent, Belgium
2Department of Biomedical Molecular Biology, Cancer Research Institute Ghent (CRIG), Ghent
University, Ghent, Belgium
Peter.Vandenabeele@irc.vib-ugent.be, Technologiepark 71, 9052 Gent

Ferroptosis was coined in 2012 and refers to an iron-dependent type of necrotic cell death,
characterized by a disruption of the intracellular redox balance and excessive lipid peroxidation.
Molecules that modulate iron metabolism and lipid peroxidation can induce or inhibit ferroptosis, such
as glutathione peroxidase 4 (GPX4), the glutamate/cystine antiporter System Xc-, ferroptosis
suppressor protein 1 (FSP1), nuclear factor erythroid 2-related factor 2 (NRF2), or p53. Recently,
ferroptosis has emerged as a powerful tool in anti-cancer therapy to bypass chemotherapy resistance
and to eliminate metastatic tumors. Furthermore, newly developed ferroptosis inducers have been
combined with nanotechnology-based targeting of tumor cells. Although killing by ferroptosis is a
compelling strategy for anticancer therapy, its immunogenic potential is incompletely understood.
Prophylactic vaccination with ferroptotic cancer cells does not elicit immunological protection against
cancer challenge. To understand the latter, we designed an inducible model of ferroptosis revealing
three phases — ‘initial’ associated with lipid peroxidation, ‘intermediate’ correlated with ATP release
and ‘terminal’ recognized by HMGB1 release and loss of plasma membrane integrity. Co-culture of
ferroptotic cancer cells with dendritic cells (DCs), revealed that ‘initial’ ferroptotic cells decrease
maturation of DCs, engulfment of ferroptotic corpses and dampen antigen cross-presentation. DCs
loaded with ferroptotic in contrast to necroptotic cancer cells failed to protect against tumor growth.
Adding ferroptotic cancer cells to immunogenic apoptotic cells dramatically reduced their prophylactic
vaccination potential. Although effective in killing tumor cells, ferroptosis negatively impacts the
adaptive immune response, providing significant implications for ferroptosis in cancer therapy.
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THE ROLE OF ELK-1 PROTEINS IN NEURODEGENERATION AND BRAIN
TUMORS

. 1,25
Isil Aksan Kurnaz

1Department of Molecular Biology and Genetics, Gebze Technical University, Kocaeli, Turkey
?Institute of Biotechnology, Gebze Technical University, Kocaeli, Turkey
"Correspondence: ikurnaz@gtu.edu.tr; Tel.: +90-535-576-40-81

Abstract: E-twenty-six/erythroblast/E26-transformation-specific (ETS) domain superfamily of
transcription factors play significant roles in the development as well as in tumorigenesis. Elk-1
belongs to the Ternary Complex Factor (TCF) subfamily that forms a ternary complex together with
Serum Response Factor (SRF) and the Serum Response Element (SRE) on the target promoters.
It has been shown to be a downstream target for extracellular signal regulated kinase / mitogen
activated kinase (ERK/MAPK) pathway, as well as PI3K/Akt and PKC pathways, and more recently
of the mitotic kinase Aurora A. EIk-1 was also recently shown to be upregulated in CD133+ cancer
stem cell population of glioblastoma as well as neuroblastoma cells. On the other hand, in mature
neurons Elk-1 was shown to be important for neuronal survival, regulating transcription of key
survival genes such as Mcl-1 and SMN, and we have shown that overexpression of Elk-1 prior to
mutant huntingtin (Htt) aggregation protected the neurons against aggregation in the first 12 hours,
while others have shown that T417 phosphoform of Elk-1 is associated with Lewy bodies in a variety
of neurodegenerative diseases. Here we present a dual role of Elk-1 in maintaining the balance
between cell survival, proliferation and death.

Keywords: Elk-1, neuroprotection, neurodegeneration, brain tumors, mitotic kinases

K



4th Congress of Cell Death Research Society-Turkiye with International Participation
4. Uluslararasi Katilimh Hiicre Olimi Arastirma Dernegi Kongresi

INTERCONNECTIVITY OF CELL DEATH PATHWAYS

llana Chefetz-Menaker
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UZUN YASAYAN MAYA HUCRELERINDE MiIiTOKONDRIAL FONKSIiYONLARIN
ANALiIZi

ANALYSES OF MITOCHONDRIAL FUNCTIONS IN LONG-LIVING YEAST
CELLS

Ahmet Ko¢

K



4th Congress of Cell Death Research Society-Turkiye with International Participation
4. Uluslararasi Katilmh Hiicre Olimi Arastirma Dernegi Kongresi

MEME KANSERiI HUCRELERINDE SERAMIDAZ ENZiM iNHIBISYONU VE
HUCRE OLUMU

Hatice Mehtap Kutlu

Eskisehir Teknik Universitesi Fen Fakiiltesi Biyoloji BSlimii

hmkutlu@eskisehir.edu.tr

Giris: Meme kanseri 6zellikle kadin sagligini tehdit eden, yogun tedavi siireci ile hasta ve yakinlari
tarafindan kabul edilmesi zor olan 6nemli bir saglk sorunudur. Meme kanseri akciger kanserinden
sonra kadinlarda en sik gorilen kanser tiridir ve kanser sebepli 6limlerde ikinci sirada yer
almaktadir. Tum gelismelere ragmen meme kanseri tedavisi i¢in yeni terapdtik stratejilerin
gelistiriimesi, kullanimi ve yeni anti kanser 6zellikli ilaglarin gelistiriimesine ihtiyag vardir.

insan sagligini tehdit eden en énemli hastaliklardan olan kanserler ile ilgili son yillarda yapilan
calismalarda sfingolipid metabolizmasi ve kanser ile iligkisi olduk¢a dikkat ¢ekmeye baslamistir.
Sfingolipidler, membran cift tabakali lipid yapisinda ve membranin akiskanligini diizenleyen membran
lipidleri ailesinin mensubudurlar. Sfingolipidler, sfingozin, seramid, sfingozin-1-fosfat (S1P) ve
seramid-1-fosfat (C1P) gibi biyoaktif metabolitlerden olusurlar. Bu molekiillerin hiicre buyumesi,
o6lumu, yaslanma, adezyon, gog, inflamasyon, anjiyogenezis ve hicre igi mesajlasma gibi birgok
gorevleri vardir. Ayrica kanser patogenezi ve terapisinde apoptoz, hiicre proliferasyonu, hiicre
migrasyonu, yaslanma ya da inflamasyon gibi farkli acgilardan fonksiyon gdOsteren biyoefektor
molekillerdir ve timoér supresor lipidler olarak da adlandiriimaktadirlar. Kanser tedavisi icin yeni
hedefler olarak bu molekiillerin baskilanmasi 6nemli bir biyoterapétik arag olarak gézikmektedir.

Materyal ve Metotlar: Biz de galismamizda, bir asit seramidaz inhibitért olan D-erythro-MAPP ve D-
erythro-MAPP yUkli nanopartikil formilasyonunun meme kanseri hiicrelerinde (MCF-7) hicre 6lim
yollarindan apoptotik yolakta meydana gelen degisimlerin hicrelerde meydana getirebilecegi ince
yapisal ve morfolojik degisiklikler de dahil neden olabilecekleri sitotoksik, antiproliferatif ve
proapoptotik antikanser etkilerinin mekanizmalarinin arastirdik.

Bulgular: D-erythro-MAPP ve D-erythro-MAPP yUkli nanopartikul formulasyonunun MCF-7 hiicreleri
Uzerinde dlusUk dozlarda sitotoksisite gosterip, hlcrelerin ince yapisini da degistirerek apoptozu
tetikledigi gortlmustir ve ayrica sitotoksik, antiproliferatif ve proapoptotik etkileri de molekiler olarak
belirlenmistir.

Tartisma ve Sonug¢: Tum bulgular sonucunda, D-erythro-MAPP ve D-erythro-MAPP yUkld
nanopartikil formilasyonunun teranostik calismalarda arastiriimak Uzere Onerilmis olup in vitro
dizeyde MCF-7 hicrelerinde sitotoksisitesi, antiproliferatif ve proapoptotik etkileri aydinlatiimigtir.

Anahtar Kelimeler: Meme kanseri, Sfingolipid, D-erythro-MAPP, Apoptoz, Nanopartikdl

Bu calisma Tiirkiye Bilimsel ve Teknolojik Aragtirma Kurumu (TUBITAK) tarafindan 1182943 nolu
proje ve 2211/C kapsaminda desteklenmistir.
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INVESTIGATION OF CELL DEATH PATHWAYS TRIGGERED BY CERAMIDASE
ENZYME INHIBITION IN BREAST CANCER CELLS

Hatice Mehtap Kutlu

Eskisehir Technical University, Faculty of Science, Department of Biology,

hmkutlu@eskisehir.edu.tr

Introduction: Breast cancer is an important health problem that especially threatens women's health
and is difficult to accept by patients and their relatives with its intensive treatment process. Breast
cancer is the most common type of cancer in women after lung cancer and ranks second in cancer-
related deaths. Despite all the advances, there is a need for the development and use of new
therapeutic strategies for the treatment of breast cancer and the development of new anti-cancer
drugs. In recent studies on cancer, which is one of the most important diseases threatening human
health, sphingolipid metabolism and its relationship with cancer have started to draw attention.
Sphingolipids are members of the membrane lipid family, which are in the lipid structure of the
membrane bilayer and regulate the fluidity of the membrane. Sphingolipids are composed of bioactive
metabolites such as sphingosine, ceramide, sphingosine-1-phosphate (S1P) and ceramide-1-
phosphate (C1P). These molecules have many functions such as cell growth, death, senescence,
adhesion, migration, inflammation, angiogenesis and intracellular messaging. In addition, they are
bioeffector molecules that function in different aspects such as apoptosis, cell proliferation, cell
migration, aging or inflammation in cancer pathogenesis and therapy, and they are also called tumor
suppressor lipids. Suppression of these molecules as new targets for cancer therapy appears to be an
important biotherapeutic tool.

Materials and Methods: In our study, we also investigated the reasons for the changes in the
apoptotic pathway, which is one of the cell death pathways in breast cancer cells (MCF-7), of the
nanoparticle formulation loaded with D-erythro-MAPP and D-erythro-MAPP, which is an acid
ceramidase inhibitor, including the fine structural and morphological changes that may occur in the
cells. We investigated the mechanisms of their cytotoxic, antiproliferative and proapoptotic anticancer
effects.

Results: It was observed that the D-erythro-MAPP and D-erythro-MAPP loaded nanoparticle
formulation showed cytotoxicity on MCF-7 cells at low doses, triggered apoptosis by changing the fine
structure of the cells, and also its cytotoxic, antiproliferative and proapoptotic effects were determined
molecularly.

Discussion and Conclusion: As a result of all the findings, D-erythro-MAPP and D-erythro-MAPP
loaded nanoparticle formulation was proposed to be investigated in theranostic studies, and its
cytotoxicity, antiproliferative and proapoptotic effects on MCF-7 cells in vitro were clarified.

Keywords: Breast cancer, Sphingolipid, D-erythro-MAPP, Apoptosis, Nanoparticle

This study was supported by the Scientific and Technological Research Council of Turkey (TUBITAK)
within the scope of project 1187943 and 2211/C.
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BUILDING HUMAN LIVER TISSUE FROM PLURIPOTENT STEM CELLS
Prof David C. Hay

MRC Centre for Regenerative Medicine, University of Edinburgh

Liver disease is an escalating global health issue. While liver transplantation is an effective mode of
therapy, it cannot meet clinical demand. Developing renewable sources of human liver tissue is
therefore attractive. Pluripotent stem cell-derived liver tissue represents a potential alternative to
cadaver derived hepatocytes and whole organ transplant. At present, two dimensional differentiation
procedures deliver tissue lacking certain functions and is unstable in culture. Efforts to overcome these
limitations include the engineering of three-dimensional (3D) liver spheres. Although enabling for the
field, their widespread application and adoption is limited due to expense and experimental
reproducibility. Our studies focus on developing 3D liver tissue under chemically defined conditions.
We demonstrate that 3D derived tissue can be generated at scale, and implanted underneath the skin
of mice. Excitingly, implanted human liver tissue provides support to mice with metabolic liver disease,
including immunocompetent recipients. In addition to their clinical application, in vitro generated 3D
tissues have important roles to play in developing safe and efficacious medicines to treat human
disease. We demonstrate that stem cell derived 3D liver tissue exhibits liver cell phenotype for over
one year, providing an attractive resource for long-term and repeated dosing studies. Our most recent
tissue engineering advances will be discussed at the meeting.
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GLIOBLASTOMLARIN TEDAVISi iGIN HEDEFLENDIRILMIS NANOPARTIKUL
ILAC TASIYICI SISTEM STRATEJILERI

Sibel Bozdag Pehlivan

Hacettepe Universitesi, Eczacilik Fakiiltesi, Farmasétik Teknoloji Anabilim Dali, 06100, Ankara

Malign beyin timorleri, kansere bagli Olimlerin yaklasik %2'sini olusturmaktadir ve insidansi
7.19/100000/y1l olarak tespit edilmistir. Glinimuzde beyin timorlerinin tedavisinde cerrahi, radyoterapi
ve kemoterapi tek basina veya kombinasyon halinde kullanilsa da sagd kalim orani hala ¢ok disuktr.
Ozellikle, en yaygin primer malign beyin timéri olan glioblastoma multiforme (GBM), sadece %5,1'lik
bir bes yillik sagkalim oranina sahiptir.

Kemoterapi, cerrahiye kiyasla daha az invaziv tedavilerden biri olarak gosterilmektedir. Bununla
birlikte, bazi sinirlamalar nedeniyle, GBM hastalarinda tedaviye yalnizca yardimci olarak islev
gérmektedir. Ozellikle GBM, yiiksek interstisyel basing, diisik pH, disik pO2 ve infiltrasyon gibi
periferik timorlerle benzer 6zellikler gosterir ve bunlarin timi timoére etkili ilag penetrasyonu igin
biylk zorluga neden olmaktadir. Ayrica, GBM’in benzersiz mikrogevresi, yani kan-beyin bariyerinin
(BBB) ve kan-beyin timori bariyerinin (BBTB) asirn disuk gegirgenligi ve yuksek heterojenligi,
terapoétik doz veya timdrde homojen ilag dagilimini elde etmeyi daha da zorlastirmaktadir ve bu
nedenle yeni tedavi stratejilerinin gelistiriimesini gerekli kilmaktadir. Bu nedenle, beyin timdrlerinin
teshisi, arastiriimasi, gorintilenmesi ve tedavisi igin nanopartikller ilag tasiyici sistemler yodun bir
sekilde arastiriimaktadir. Birgok arastirma, polimer bazli nanopartikillerin kemoterapétik etken
maddeleri beyin tumdrlerine tasimada basarili oldugunu gdstermistir. Ayrica, nanopartikillerin
intranazal uygulanmasi, nanopartikullerin yuzey 6zelliklerinin hedeflendirme veya kaplama maddeleri
ile modifiye edilmesi veya hibrit nanopartiktillerdeki gibi bir nanopartikiler sistemde nanoyapilarin farkli
ozelliklerinin birlestirilmesi, ilaglarin daha ylksek miktarda selektif olarak timor bélgesine taginmasini
ve GBM’in etkin tedavisini saglayabilir.
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PHARMACOLOGICAL MODULATION OF OXIDATIVE STRESS

Luciano Saso
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HASTALIK MODELLEMELERI VE KiSISELLESTIRILMIS TIP
UYGULAMALARINDA ORGANOID TEKNOLOJILERININ KULLANIMI

Esra Erdal
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iNSAN HEPATOKARSINOMA HUCRELERINDE SERAMIDAZ iNHIBISYONA
BAGLI HUCRE OLUM YOLLARININ ARASTIRILMASI

Canan Vejselova Sezer, Hiiseyin izqérdii, Hatice Mehtap Kutlu, Abdul Hafiz Majeedy

Eskisehir Teknik Universitesi, Fen Fakiiltesi, Biyoloji, Tiirkiye

Giris: Hepatoselliler karsinoma genel olarak kronik karaciger hastaligi veya siroz zemininde
gelismekte olan ve dinya genelinde en yaygin 6lim nedeni olan karacigerin primer bir timd&rdar.
Gunimuzde bu kanser tipi icin etkili tedavi yontemleri yeterli oimadigindan yeni terapotik stratejilere
ihtiyac duyulmaktadir. Sfingolipidler kanser hiicresi biylimesi ve 6limiinde 6énemli rollere sahip olan
ve bununla birlikte yeni kanser 6nleyici tedavilerin gelistiriimesinde kullanilan molekullerdir. Sfingolipid
enzimleri programli hicre 6limunin didzenlenmesinde 6nemli rollere sahiptir. Birgok kanserin
tedavisinde, seramidaz inhibitérlerinin terapdétik potansiyelleri rapor edilmistir. Kanser tedavisi
arastirmalarinda basarili olabilmek icin guvenli seramidaz inhibitorlerinin gelistirilerek, etki ve
etkinlikleri ile ilgili daha ¢ok galismaya ihtiya¢ vardir. Son yillarda, glgli seramidaz inhibitérlerinin
gelistirilmesi konusunda 6nemli bir artis vardir. Ginimuzde kemoterapi, imminoterapi, radyoterapi,
cerrahi, hedeflenmis terapiler, hormon terapisi ve gen terapi gibi biyolojik terapilerin birlikte ya da tek
tek uygulanabilmesi gibi bazi standartlar belirlenmis olsa da kanser turlerine 6zgu olarak farkh
yaklasimlar ve tedaviler gerekmektedir. Bu ¢alismada seramidaz inhibitérii olan LCL521’ karaciger
kanseri hicrelerinde neden oldugu sitotoksik, antiproliferatif etkilerin ve hicre o6lim seklinin
arastiriimasi gergeklestirilmistir.

Materyal ve Metotlar: HepG2 hiicreleri Uzerindeki sitotoksik etkiler MTT testi ile saptanmistir ve
hicrelerde neden oldugu 6lim seklinin tespiti akis sitometrisinde belirlenmistir. Sonrasinda konfokal
mikroskopi yontemi ile hicrelerdeki morfolojik degisiklikler saptanmistir.

Bulgular: LCL521’in HepG2 hucreleri Gzerinde MTT testi sonucunda dusuk dozlarda sitotoksisite
gosterdigi tespit edilmistir. LCL521’in hicrelerin morfolojisi etkileyerek apoptozu isaret eden
degisikliklere yol agmistir. Akis sitometrik analizler LCL521’'in HepG2 hucrelerini apoptoz ile
oldirdigunu gostermistir.

Tartisma ve Sonug¢: Tum bulgular sonucunda, LCL521’in elde edilen IC50 dederi yapilan benzer
seramidaz inhibitorleri galismalariyla uyumlu sonuclar géstermekte olup LCL521’in kanser tedavisi igin
kullanima uygun yeni terapotik madde tasarlanmasi agisindan yiiksek potansiyele sahip oldugu
gOsterilmigtir.

Bu calisma Eskisehir Teknik Universitesi Bilimsel Arastirma Projeleri kapsaminda 21LOT149 numarali
proje ile desteklenmigtir.

Anahtar Kelimeler: Sfingolipid, Apoptoz, HepG2, LCL521
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INVESTIGATION OF CELL DEATH PATHWAYS DUE TO CERAMIDASE
INHIBITION IN HUMAN HEPATOCARCINOMA CELLS

Canan Vejselova Sezer, Hiiseyin izgérdii, Hatice Mehtap Kutlu, Abdul Hafiz Majeedy

Eskisehir Technical University, Faculty of Science, Department of Biology

Introduction: Hepatocellular carcinoma is a primary tumor of the liver that generally develops on the
basis of chronic liver disease or cirrhosis and is the most common cause of death worldwide. Today,
new therapeutic strategies are needed because effective treatment methods are not sufficient for this
type of cancer. Sphingolipids are molecules that have important roles in cancer cell growth and death,
and are also used in the development of new anti-cancer therapies. Sphingolipid enzymes have
important roles in the regulation of programmed cell death. The therapeutic potential of ceramidase
inhibitors in the treatment of many cancers has been reported. In order to be successful in cancer
treatment research, more studies on the effects and efficacy of safe ceramidase inhibitors are needed.
In recent years, there has been a significant increase in the development of potent ceramidase
inhibitors. Today, although some standards have been determined such as the use of biological
therapies such as chemotherapy, immunotherapy, radiotherapy, surgery, targeted therapies, hormone
therapy and gene therapy together or individually, different approaches and treatments are required
specific to cancer types. In this study, the cytotoxic, antiproliferative effects and cell death pattern of
ceramidase inhibitor LCL521' caused in liver cancer cells were investigated.

Materials and Methods: Cytotoxic effects on HepG2 cells were determined by MTT test, and the type
of death caused in cells was determined by flow cytometry. Afterwards, morphological changes in the
cells were determined by confocal microscopy method.

Results: It was determined that LCL521 showed cytotoxicity at low doses as a result of MTT test on
HepG2 cells. LCL521 affected the morphology of cells, leading to changes indicating apoptosis. Flow
cytometric analyzes showed that LCL521 killed HepG2 cells by apoptosis.

Discussion and Conclusion: As a result of all the findings, the IC50 value of LCL521 shows results
that are compatible with similar ceramidase inhibitor studies, and it has been shown that LCL521 has
a high potential in terms of designing new therapeutic agents suitable for use in cancer treatment.
Keywords: Sphingolipid, Apoptosis, HepG2, LCL521
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VERBENALIN VE (+)-EUDESMIiNIN INSAN NOROBLASTOMA SH-SY5Y
HUCRELERINDE 6-HIDROKSIDOPAMINLE iNDUKLENEN NOROTOKSISITE
UZERINDE ETKILERI

Ahmet Saracaloglu!, Ayse Nur Demiryiirek?, Ozge Goktiirk2, Seniz Demiryiirek3,
Abdullah Tuncay Demirylrek?!

1Gaziantep Universitesi, Tip Fakiiltesi, Tibbi Farmakoloji Ana Bilim Dali, Tirkiye
2Gaziantep Sahinbey Belediyesi, Bilim ve Sanat Merkezi, Tlrkiye

3Gaziantep Universitesi, Tip Fakiiltesi, Fizyoloji Ana Bilim Dali, Tirkiye

Parkinson hastaligi (PD), substantia nigra'daki dopaminerjik néronlarin ilerleyici dejenerasyonu ile
karakterize nérodejeneratif bir hastaliktir. Oksidatif ve nitrozatif stresin PD semptomlarinin patogenezi
ve koétllesmesi ile yakindan iliskili oldugu bildirilmistir. Bu ¢alismanin amaci, tibbi bitki Verbena
officinalis L.'de bulunan bir iridoid glikozit olan verbenalinin ve farkli bitki ailelerinden izole edilen bir
furofuran lignan olan (+)-eudesminin insan néroblastoma SH-SY5Y hiicrelerinde 6-hidroksidopamin
(6-OHDA) ile indiklenen oksidatif hasari azaltip azaltamayacagini arastirmaktir.

SH-SY5Y hiicreleri, 24 saat boyunca 35 yM 6-OHDA'ya maruz birakildi. Verbenalin ve (+)-eudesmin,
6-OHDA maruziyetinden bir saat 6nce farkh konsantrasyonlarda (1, 2.5, 5, 10, 20 ve 50 pM) uygulandi.
24 saat sonra hicre canhligi ve noroprotektif etki, 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolyum
bromir (MTT) testi ile degerlendirildi. Nitrozatif stres, nitrik oksit (NO) veperoksinitrit olusumunun bir
belirteci olan 3-nitrotirozin (3-NT) 6lgiimleriyle degerlendirildi.

MTT analizleri, verbenalin ve (+)-eudesmin ile 6n tedavinin 6-OHDA maruziyetine bagh toksisiteyi
onemli Olglide onledigini gosterdi (sirasiyla P<0.01 ve P<0.05). 6-OHDA tedavisi NO seviyeleri
Uzerinde belirgin bir etki olusturmamasina ragmen, yulksek konsantrasyonlarda (10-50 pM) (+)-
eudesmin NO duzeylerini belirgin sekilde azaltti (P<0.01). SH-SY5Y hicrelerinde 6-OHDA maruziyeti
ile 3-NT seviyelerinde énemli bir artis vardi. (+)-Eudesmin degdil ama verbenalin ile 6n tedavi, disuk
konsantrasyonlarda (1-20 uM) 3-NT seviyelerini azaltti ve 6-OHDA'nin toksik etkisini dnledi (P<0.01).

Genel olarak, bu sonuglar, verbenalin ve (+)-eudesminin SH-SYS5Y hlcrelerinde antioksidan etkileri
iceren mekanizmalar yoluyla 6-OHDA'nin neden oldugu hiicre 8limune karsi gu¢li ndroprotektif etkiler
sergiledigini gostermektedir. Ek olarak, bu ¢alisma verbenalinin bir peroksinitrit temizleyicisi olarak
davranabilecegini gosteren ilk rapordur. Calismamiz, PD'yi 6nlemek ve/veya iyilestirmek igin yeni bir
olasi strateji Gnermektedir.

Anahtar Kelimeler: antioksidan etki, 6-hidroksidopamin, néronal hasar, nitrozatif stres, SH-SY5Y
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EFFECTS OF VERBENALIN AND (+)-EUDESMIN ON 6-HYDROXYDOPAMINE-
INDUCED NEUROTOXICITY IN HUMAN NEUROBLASTOMA SH-SY5Y CELLS

Ahmet Saracaloglu!, Ayse Nur Demiryiirek?2, Ozge Géktiirk2, Seniz Demirylirek3,
Abdullah Tuncay Demiryirek?!

1Gaziantep University, Faculty of Medicine, Department of Medical Pharmacology, 27310 Gaziantep
2Gaziantep Sahinbey Municipality Science and Art Center, 27470 Gaziantep
3Gaziantep University, Faculty of Medicine, Department of Physiology, 27310 Gaziantep

Parkinson's disease (PD) is a neurodegenerative disorder characterized by progressive degeneration
of dopaminergic neurons in the substantia nigra. Oxidative and nitrosative stress have been reported
to be closely related to the pathogenesis and worsening of symptoms of PD. The purpose of this study
was to investigate whether verbenalin, an iridoid glucoside found in medicinal herb Verbena officinalis
L., and (+)-eudesmin, a furofuran lignan isolated from different plant families, can attenuate 6-
hydroxydopamine (6-OHDA)-induced oxidative damage in human neuroblastoma SH-SY5Y cells.

SH-SY5Y cells were exposed to 35 uM 6-OHDA for 24 hours. Verbenalin and (+)-eudesmin were
administrated with different concentrations (1, 2.5, 5, 10, 20, and 50 yM) one hour before 6-OHDA
exposure. After 24 hours, cell viability and neuroprotective effect were assessed with the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Nitrosative stress was assessed
with measurements of nitric oxide (NO) and 3-nitrotyrosine (3-NT), a marker of peroxynitrite formation.

MTT analyses showed that pretreatment with verbenalin and (+)-eudesmin significantly prevented the
toxicity due to 6-OHDA exposure (P<0.01 and P<0.05, respectively). Although 6-OHDA treatment
produced no marked effects on NO levels, (+)-eudesmin at high concentrations (10-50 uM) markedly
attenuated NO levels (P<0.01). There was a significantly increase 3-NT levels with 6-OHDA exposure
in SH-SY5Y cells. Pretreatment with verbenalin, but not (+)-eudesmin, diminished 3-NT levels at low
concentrations (1-20 uM) and prevented the toxic effect of 6-OHDA (P<0.01).

Overall, these results indicate that verbenalin and (+)-eudesmin exert potent neuroprotective effects
against 6-OHDA-induced cell death in SH-SY5Y cells by mechanisms involving antioxidant effects.
Additionally, this study is the first report showing that verbenalin may act as a peroxynitrite scavenger.
Our study suggests a novel possible strategy to prevent and/or ameliorate PD.

Keywords: antioxidant effect, 6-hydroxydopamine, neuronal injury, nitrosative stress, SH-SY5Y

K



4th Congress of Cell Death Research Society-Turkiye with International Participation
4. Uluslararasi Katilmh Hiicre Olimi Arastirma Dernegi Kongresi

S8

HIPOKSi KOSULLARDA MDA-MB-231 MEME KANSERiI HUCRE HATTINDA
LMAN2 GEN BASKILANMASI VE ER STRES VE APOPTOZ iLiSKiLi GENLERIN
DUZENLENMESI

Ceyda Okudu?, Ayyub Ebrahimi2, Gékhan Agturk3, Elif Kesim?

1Hali__(,: Universitesi, Saglik Bilimleri Fakiiltesi, Beslenme ve Diyetetik, Tiirkiye
*Hali¢ Universitesi, Fen Edebiyat Fakultesi, Molekuler Biyoloji ve Genetik, Turkiye
3Hali¢ Universitesi, Tip Fakultesi, Fizyoloji Anabilim Dal, Turkiye

Hicre i¢i organizasyonda protein katlanmasinda ve tasinmasinda 6nemli role sahip olan kargo
reseptor proteinlerinden biri olan VIP36, LMANZ2 geni tarafindan kodlanan reseptoér proteinidir. Yanhs
katlanan ve ER’ de kontrolden kagan proteinlerin ER’ ye tekrar getiriimesini saglayarak hiicrede protein
katlanma ve tasinma sureglerinde etkin rol oynayan bu proteinin prostat, mide ve yumurtalik
kanserlerinde gen ifade dizeyinin arttigi bildirilmigtir. Literatirde LMANZ2 ve kanser arasindaki iligkiye
odaklanan arastirmalarin yogun olmamasi ve protein modifikasyonlarinin kontrol kaybi ile olusan
hastalik tirleri icinde kanserin de yer almasi nedeniyle bu genin meme kanserindeki ifade diizeyinin
incelenmesi amaclanmistir. Ayrica timdrlesmede ve metastazin olusumunda 6nemli etkisi olan
oksijen yetersizligi olarak bilinen hipoksi kosullarinda LMAN2 gen ifade dizeyinin belirlenmesi ile
hipoksi ve ER stresi arasindaki iliskiye yeni bir veri kazandirmak amacglanmistir. Hipoksi kosullarda ER
stresi olusturulan hiicrelerde LMAN2 geninin ifade diizeyindeki artis ya da azalisa gore bu yolaktaki
roliintin ortaya konmasi hedeflenmektedir.

Calismada MDA-MB-231 meme kanseri hiicre hatti ve CRL4010 saglikli meme hicre hatti kullanildi.
Normoksi (%5 CO2 ve 37 0C) ve hipoksi (%5 02, %5 CO2, %90 N2 ve 37 0C) olmak lzere2 farkli
kosulda hiicreler 48 saat blytiildi. inkiibasyondan sonra MTT testi ile hiicre canlihgi analizi ve RT-
PCR yoéntemi ile LMAN2 ve diger iligkili genlerin ifade analizleri yapildi. Elde edilen sonuglara goére
MDA-MB-231 hicre hattinda normoksi kosullara kiyasla %32,4 hicre artigi gdzlendi. Gen ifade analizi
sonuclarina gére LMAN2 geni ifadesinin MDA-MB-231 hicre hattinda saglikli meme hicresine goére
baskilandigi tespit edildi (%91 oraninda baskilanmistir). Hipoksi kosullarda ise normoksi kosullari ile
kiyaslandiginda LMANZ2 geninin %24 ER stresi iligkili gen CHOP’ un %41 oraninda baskilandigi tespit
edildi. Bununla beraber antiapoptotik genler olan MCL-1 ve BIRC5 gen ifadeleri ise hipoksi kosullarda
siraslyla 2,58 ve 2,11 kat arttigi tespit edildi.

LMAN2 kargo proteini gen ifadesi MDA-MB-231 meme kanseri hicre hattinda baskilanmaktadir.
Bununla beraber hipoksi kosullarla ER stresi olusturuldugunda CHOP baskilanirken antiapoptotik
genlerin uyariimasi LMAN2 baskilanmasina eglik etmistir. Bu sebeple LMAN2 baskilanmasi ile
apoptoz yolagi arasinda bir iliski oldugu dusuntlmektedir. LMANZ2 baskilanmasi antiapoptotik genleri
uyaran farkli yolaklarla iligkili olabilir. LMAN2 proteininin hem ER stresindeki rolini hem de
apoptozdaki rolinin tam aydinlatilabilmesi i¢cin daha fazla ¢calismalara ihtiya¢c duyulmaktadir.

Anahtar Kelimeler: Apoptoz, ER Stresi, Hipoksi, LMAN2
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DOWREGULATION OF LMAN2 AND REGULATION OF ER STRESS AND
APOPTOSIS-RELATED GENES IN MDA-MB-231 BREAST CANCER CELL LINE
UNDER HYPOXIA CONDITIONS

Ceyda Okudu?, Ayyub Ebrahimi2, Gokhan Agtiirk3, Elif Kesim?

!Halic University, Healthy Science Faculty, Nutrition and Dietetic Department
2Halic University, Faculty of Science and Literature, Molecular Biology and Genetics Department
8Halic University, Medicine Faculty, Physiology Department

VIP36, one of the cargo receptor proteins that has an important role in protein folding and transport in
intracellular organization, is the receptor protein encoded by the LMAN2 gene. It has been reported
that the gene expression level of this protein, which plays an active role in protein folding and transport
processes in the cell by bringing the misfolded and out of control proteins to the ER, increases in
prostate, stomach and ovarian cancers. It was aimed to examine the expression level of this gene in
breast cancer, since there is not a lot of research in the literature focusing on the relationship between
LMANZ2 and cancer, and cancer is among the types of diseases caused by loss of control of protein
modifications. In addition, it was aimed to provide new data on the relationship between hypoxia and
ER stress by determining the level of LMANZ2 gene expression in hypoxia conditions known as oxygen
deficiency, which has an important effect on tumorigenesis and formation of metastasis. It is aimed to
reveal the role of the LMAN2 gene in this pathway according to the increase or decrease in the
expression level in cells under ER stress under hypoxia conditions.MDA-MB-231 breast cancer cell
line and CRL4010 healthy breast cell line were used in this study. Cells were grown for 48 hours under
2 different conditions, namely normoxia (5% CO2 and 37 0C) and hypoxia (5% O2 , 5% CO2 , 90%
N2 and 37 OC). After incubation, cell viability analysis by MTT test and expression analysis of LMAN2
and other related genes were performed by RT-PCR method. According to the results obtained, 32.4%
increase in cells was observed in MDA-MB-231 cell line compared to normoxia conditions. According
to the results of gene expression analysis, it was determined that LMAN2 gene expression was
suppressed in MDA-MB-231 cell line compared to healthy breast cells (91% suppressed). In hypoxia
conditions, when compared to normoxia conditions, LMANZ2 gene was found to be suppressed by 24%
and ER stress-related gene CHOP was found to be suppressed by 41%. On the other hand, MCL-1
and BIRC5 gene expressions, which are antiapoptotic genes, were found to increase 2.58 and 2.11
times, respectively, under hypoxia conditions. LMANZ2 cargo protein gene expression is suppressed in
the MDA-MB-231 breast cancer cell line. However, when ER stress was induced under hypoxia
conditions, CHOP was suppressed, while stimulation of antiapoptotic genes accompanied LMAN2
suppression. For this reason, it is thought that there is a relationship between LMAN2 suppression and
apoptosis pathway. LMAN2 suppression may be associated with different pathways that stimulate
antiapoptotic genes. Further studies are needed to fully elucidate the role of LMANZ2 protein in both
ER stress and apoptosis.

Keywords: Apoptosis, ER stress, Hypoxia, LMAN2
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TRIPLE NEGATIF MEME KANSERINDE SiSPLATIN VE FOTODINAMIK
TEDAVININ KOMBIN TERAPOTIK ETKISININ ARASTIRILMASI

Beyzanur Erk!, Gamze Giiney Eskiler?, Ali Furkan Kamanli3

1Sakarya Universitesi{' Fen Bilimleri Enstitiist, Biyomedikal Miihendisligi, Tiirkiye
2Sakarya Universitesi, Tip Fakdiltesi, Tibbi Biyoloji, Tirkiye
3Sakarya Uygulamali Bilimler Universitesi, Teknoloji Fakdiltesi, Elektrik Elektronik Miihendisligi,
Tlirkiye

Girig: Triple negatif meme kanserleri (TNMK) tim meme kanserlerinin yaklasik %15-20'sini
olusturmasina ragmen, heterojen yapisindan dolayr mevcut tedavi segeneklerine direngli bir meme
kanseri alt tipidir. Bu kapsama TNMK tedavisinde yenilik¢i tedavi segeneklerine ihtiyag bulunmaktadir.
Fotodinamik tedavi (FDT), fotosensitizer, 1sik ve oksijenin etkilesimiyle farkl kanser tiplerinde terapotik
potansiyele sahip invaziv olmayan modern bir tedavi yéntemidir. 5-Aminolevulinik asit (5-ALA), FDT
uygulamalarinda klinikte en yaygin kullanilan fotosensitizer bir maddedir. Bu kapsamda mevcut
calismada, kemoterapdétik ajan olarak sisplatin ve 5-ALA temelli FDT’nin TNMK hicrelerinde kombin
terapdtik etkisinin arastiriimasi amacglanmistir.

Materyal ve Metotlar: Sisplatin ve 5-ALA’nin kombin etkisinin belirlenmesi igcin MDA-MB-231 TNMK
hicrelerine 6ncelikle 5 ve 10 uM sisplatin ve 1 mM 5-ALA uygulanmistir. 4 saat inkiibasyon sonunda
5-ALA hiicrelerden uzaklastiriimis ve 9 ve 12 J/cm2 farkli glic yogunluklari ile 635 nm dalga boyunda
lazer diot ile 1sitilmigtir. Isitiima sonrasinda 24 saat boyunca sisplatin ile inklibe edilen hicrelerde
sitotoksik etki WST-1 ve apoptotik 6lim Anneksin V analizi ile belirlenmistir.

Bulgular: WST-1 analizine gére 5 yM sisplatin ve 1 mM 5-ALA kombin etkisinin her bir 1sima
sonrasinda tek basina sisplatin (%61.5) ve 5-ALA (6 J/cm2: %74.4 ve 9 J/cm2: %68.8) uygulamasina
gbre hicre canhihdini anlamli bir sekilde azalttigi ve sinerjistik etki gosterdigi tespit edilmistir (Cl<1;
p<0.05). 5 uM sisplatin ile 1 mM 5-ALA uygulanan TNMK hcreleri 9 ve 12 J/cm2 gu¢ yogunlugunda
isitildiklarinda canlilik orani sirasiyla %58.7 ve %52.3 olarak belirlenmigtir. Toplam apoptotik hicre
O6lumanun ise istatistiksel olarak anlamli bir sekilde sirasiyla %35.2 ve %41.5 arttiy1 analiz edilmistir
(p<0.05).

Tartisma ve Sonug¢: Sonug olarak, 5-ALA temelli FDT ve kemoterapi kombin uygulamasinin TNMK
hicrelerinde sinerjistik etki gostererek tek basina FDT veya kemoterapiye goére daha etkin oldugu ve
erken apoptozu indukledigi belirlenmistir. Ancak, 5-ALA ve sisplatin kombin tedavisinin hicrelerde
neden oldugu apoptotik etkinin molekdler dizeyde aydinlatiimasi gerekmektedir.

Anahtar Kelimeler: Triple negatif meme kanseri, Fotodinamik tedavi, Kemoterapi, 5-ALA
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INVESTIGATION OF COMBINED THERAPEUTIC EFFECT OF PHOTODYNAMIC
THERAPY AND CISPLATIN ON TRIPLE NEGATIVE BREAST CANCER

Beyzanur Erk!, Gamze Giiney Eskiler?, Ali Furkan Kamanli®

1Department of Biomedical Engineering, Institute of Natural Sciences, Sakarya University, Sakarya,
Turkey
2Department of Medical Biology, Faculty of Medicine, Sakarya University, Sakarya, Turkey
3Department of Electric and Electronics Engineering, Faculty of Technology, Sakarya University of
Applied Sciences, Sakarya, Turkey

Introduction: Triple negative breast cancers (TNBC) is a subtype of breast cancer resistant to current
treatment options due to their heterogeneous structure although they constitute approximately 15-20%
of all breast cancers. Therefore, there is a need for innovative treatment options in the treatment of
TNBC. Photodynamic therapy (PDT) is a modern non-invasive treatment method with therapeutic
potential in different types of cancer with the interaction of photosensitizer, light and oxygen. 5-
Aminolevulinic acid (5-ALA) is the most widely used photosensitizer in PDT applications. In this
context, we aimed to investigate the combined therapeutic effect of cisplatin and 5-ALA-based PDT
on TNBC cells.

Materials and Methods: To determine the combined effect of cisplatin and 5-ALA, MDA-MB-231 cells
were firstly treated with 5 and 10 uM cisplatin and 1 mM 5-ALA. After 4 hours of incubation, 5-ALA
was removed from the cells, a laser diode at a wavelength of 635 nm with different power densities of
9 and 12 J/cm2 was applied. After irradiation, the cells were incubated with cisplatin for 24 hours and
the cytotoxic effects were determined by WST-1 and apoptotic death was determined by Annexin V
analysis.

Results: According to WST-1 analysis, the combined effect of 5 uM cisplatin and 1 mM 5-ALA was
more effective than cisplatin alone (61.5%) and 5-ALA (6 J/cm2: 74.4% and 9 J/cm2: 68.8%) at each
irradiation. The cell viability significantly decreased and cisplatin and 5-ALA showed a synergistic effect
(Cl<1; p<0.05). When the TNMK cells were treated with 5 uM cisplatin and 1 mM 5-ALA and irradiated
with 9 and 12 J/cm2 energy, the viability rates were determined as 58.7% and 52.3%, respectively.
The total apoptotic cell death significantly increased by 35.2% and 41.5%, respectively (p<0.05).
Discussion and Conclusion: As a result, it was determined that the combined application of 5-ALA-
based PDT and chemotherapy with a synergistic effect on TNBC cells was more effective than PDT
or chemotherapy alone, and induced early apoptosis. However, the apoptotic effects caused by the
combined treatment of 5-ALA and cisplatin need to be clarified at the molecular level.

Keywords: Triple negative breast cancer, Photodynamic therapy, Chemotherapy, 5-ALA
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APOPTOTIK GENLERIN KEGG YOLAGI UZERINDEN GEN ONTOLOJISINIiN VE
HASTALIKLA iLiSKiSININ BELIRLENMESI

Gozde Oztan
istanbul Universitesi, istanbul Tip Fakiiltesi, Tibbi Biyoloji, Tiirkiye

Giris: Apoptoz, kaspazlari aktive ederek hasarli veya fazla hiicrelerin ortadan kaldiriimasi igin genetik
olarak programlanmis bir surectir (1). Apoptoz siireci (programlanmig hiicre 6limi) ¢odunlukla farkli
morfolojik 6zellikler ve enerjiye bagdli biyokimyasal mekanizmalar tarafindan belirlenir (2). Apoptozun
deregulasyonu genellikle kanserden nérodejenerasyona kadar degisen hastaliklarla iligkilidir (3).
Materyal ve Metotlar: Calismanin amaci, apoptozla iligkili yolaklarda yer alan apoptotik genlerin tespit
edilerek gen ontoloji (GO) analiziyle biyolojik slreglerin ve molekiler fonksiyonlarinin ortaya
konulmasini ve hastaliklarla iligskisinin belirlenmesidir. Calismada dncelikle KEGG yolagi (4) Gzerinden
apoptozla iliskili yolaklarda yer alan apoptotik genler tespit edilmistir. Bu apoptotik genlerin TNF
sinyallesmesinde, ekstrinsik (reseptor aracili), intrinsik (mitokondri aracili) ve Granzyme B yollarinda
yer aldigi tespit edilmistir.

Bulgular: TNF sinyalizasyon [TNFR1,DAXX,TRADD,FADD], ekstrinsik (reseptor aracili) [FAS,FADD],
intrinsik (mitokondri aracili) [ASK1,BID,BAX,BAK,BIM,BCL2,BCL-XL,JNK,NOXA,APAF1,BAD] ve
Granzyme B [GZMB,CASP6,CASP3,CASP7,CASP8,CASPY] sinyal yolaklarinda bulunan apoptotik
genler, STRING veritabani (5) Gzerinden gen ontoloji analizi i¢in calismaya dahil edilmistir. Buna goére
STRING araciligiyla 23 gen arasindaki olasi etkilesimler belirlenerek ag zenginlestirmesi yapilmistir
(ort. yerel kimelenme katsayisi:0.859, PPI zenginlestirme p degeri: < 1.0e-16) (Sekil 1).

Konak apoptotik siirecin virls tarafindan modulasyonu (GO:0039526), konak apoptotik siirecin virls
tarafindan baskilanmasi (G0O:0019050), apoptotik slrecin virls tarafindan pozitif dizenlenmesi
(GO:0060139), B hicre negatif secimi (GO:0002352), apoptotik sinyal yolaginda yer alan
mitokondriyal membrana protein yerlestiriimesini iceren (GO:0001844) biyolojik suregte yer alan
apoptotik genlerin bir alt grubunda Gene Ontoloji zenginlestirme analizi ile 6nemli bir zenginlesme
tespit edilmistir. Molekuler fonksiyon icin kullanilan analizde, apoptozun yiritme fazinda yer alan
sistein tipi endopeptidaz aktivitesi(GO:0097200), 6lim efektér domain baglama (G0O:0035877), BH3
domain baglama (GO:0051434), apoptotik sliregte yer alan sistein tipi endopeptidaz aktivitesi
(G0O:0097153), apoptotik sinyal yolaginda yer alan sistein tipi endopeptidaz aktivitesinde
(GO:0097199) bir gen alt setinin zenginlestiriimesi belirlenmigtir. Ayrica KEGG yolagina goére
karsilastirildiginda bu apoptotik genlerden mikrosatellit instabilitesi (MSI) yolaginda bulunan
BCL2,NOXA,BIM,BAD,PUMA,BAX genlerinin, kolorektal kanserle (hsa05210) iligkisi oldugu tespit
edilmistir.

Tartisma: Apoptozun altinda yatan mekanizmanin ve ekstrinsik ve intrinsik apoptotik yolaktaki
apoptoz modulatérlerin diizensizliginin arastiriimasi, kanser hiicrelerinde apoptozu indiklemek igin
yeni stratejiler gelistiriimesini saglayabilir.

Sonug: Apoptotik yolaklarda yer alan genlerin apoptotik sureg, hicresel yanit ve mitokondriyal
membran gegcirgenliginin dizenlenmesi gibi biyolojik slreclerdeki genetik mekanizmalarin belirlenerek
bu genlerin hastaliklarla olan iligkilerinin ortaya konulmasiyla apoptotik yolaklardaki islevsel
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zenginlegtirmeler sayesinde hastaliklarin  molekiler patogenezinin aydinlatimasina imkan
saglayacaktir.

Anahtar Kelimeler: apoptoz, apoptotik genler, yolak
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DETERMINATION OF GENE ONTOLOGY AND DISEASE RELATION OF
APOPTOTIC GENES VIA KEGG PATHWAY

Gozde Oztan

Department of Medical Biology, Istanbul Faculty of Medicine, Istanbul, Turkey

Introduction: Apoptosis is a genetically programmed process of eliminating damaged or redundant
cells by activating caspases (1).The process of apoptosis (programmed cell death) is mostly
determined by different morphological features and energy-dependent biochemical mechanisms
(2).There is a deregulation of apoptosis associated with many diseases, from cancer to
neurodegeneration (3).

Materials and Methods: The aim of the study is to determine the apoptotic genes involved in
apoptosis-related pathways and to reveal their biological processes and molecular functions by gene
ontology (GO) analysis and to determine their relationship with diseases. In this study, first of all,
apoptotic genes involved in apoptosis-related pathways were determined via the KEGG pathway (4).
These apoptotic genes have been identified to be involved in TNF signaling, extrinsic (receptor
mediated), intrinsic (mitochondria mediated), and Granzyme B pathways.

Results: Apoptotic genes in TNF signaling [TNFR1, DAXX, TRADD, FADD],extrinsic (receptor-
mediated) [FAS, FADD],intrinsic (mitochondrial-mediated) [ASK1, BID, BAX, BAK, BIM, BCL2, BCL-
XL, INK, NOXA, APAF1, BAD] and Granzyme B signaling [GZMB, CASP6, CASP3, CASP7, CASPS,
CASP9] pathways were included in the study for gene ontology analysis via the STRING database (5).
Accordingly, possible interactions between 23 genes were determined through STRING and network
enrichment was performed(avg. local clustering coefficient:0.859, PPI enrichment p-value:< 1.0e-16)
(Figure 1).

A significant enrichment was detected by Gene Ontology enrichment analysis in a subset of apoptotic
genes involved in the biological process, including modulation by virus of host apoptotic process
(G0:0039526), suppression by virus of host apoptotic process (G0O:0019050),positive regulation of
apoptotic process by virus (GO:0060139),B cell negative selection (GO:0002352),protein insertion into
mitochondrial membrane involved in apoptotic signaling pathway (GO:0001844). In the analysis used
for molecular function, enrichment of a gene subset in cysteine-type endopeptidase activity involved
in execution phase of apoptosis (GO:0097200), death effector domain binding (GO:0035877), BH3
domain binding (G0O:0051434), cysteine-type endopeptidase activity involved in apoptotic process
(G0O:0097153), cysteine-type endopeptidase activity involved in apoptotic signaling pathway
(G0O:0097199). In addition, BCL2,NOXA,BIM,BAD,PUMA,BAX genes in the microsatellite
instability(MSI) pathway were found to be associated with colorectal cancer (hsa05210) when
compared with the KEGG pathway.

Discussion: Investigating the mechanism underlying apoptosis and the dysregulation of apoptosis
modulators in the extrinsic and intrinsic apoptotic pathway may lead to the development of new
strategies to induce apoptosis in cancer cells.

Conclusion: By determining the genetic mechanisms in biological processes such as the apoptotic
process, cellular response and regulation of mitochondrial membrane permeability of the genes
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involved in apoptotic pathways, revealing the relationships of these genes with diseases, functional
enrichments in apoptotic pathways will enable to elucidate the molecular pathogenesis of diseases.
Keywords: apoptosis, apoptotic genes, pathway
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METIYONIN YOKSUNLUGU DURUMUNDA MDA-MB-231 MEME KANSERI
HUCRELERININ HUCRESEL SAGKALIM ARACILI YANITLARININ MICRORNA-
21 TARAFINDAN DEGISTIRILMESI
Burcu Topalogullari®, Pinar Uysal Onganer?, Elif Damla Arisan?

1Biyoteknoloji Enstitiist, Gebze Teknik Universitesi, Gebze, Kocaeli, Turkiye
2Cancer Research Group, School of Life Sciences, University of Westminster, London UK

Giris: Meme kanseri diinya ¢capinda en yaygin kanser tirlerinden biridir ve kansere bagh élimlerin en
yaygin ikinci nedenidir. microRNA-21(miR-21) up reglle edilir ve gesitli timor tiplerinde metastazi
destekler. Onceki galismalar, miR-21'in MDA-MB-231 meme kanseri hiicrelerinde hiicre gogalmasini
ve gogunl indUkleyebilecegini gostermistir. Daha 6nceki ¢alismalara gére, metiyonin énemli bir amino
asittir ve metiyonin yoksunlugu, mTOR ve AMPK sinyalleme kaskadi yoluyla hiicre gogalmasini
engellemektedir. Bu bilgilerden hareketle meme kanserinde miR-21 eksikligi durumunda hicrelerin
metabolik tepkileri arastirildi. Bu nedenle, bu galisma, metabolizmayi hedef alan agresif MDA-MB-231
meme kanseri hlicrelerinde metiyonin yoksunlugu durumunda miR-21'in rolini vurgulamaktadir.
Yontemler: Metiyonin yoksunlugunun MDA-MB-231 dt ve miR-21-/- hiicrelerinde 24, 48, 72 saat
boyunca hiicre sagkalimi ve 8limu UGzerindeki etkilerini incelemek igin MTT analizi, koloni olusumu,
tripan mavisi ile boyama ve floresan boyama deneyleri yapildi. Her iki hiicre grubu igin hiicre sagkalim
ve Olim oranlari tripan mavisiyle boyama ile elde edildi. Metiyonin igermeyen medium muamelesini
takiben meme kanseri proliferasyonunu test etmek igin koloni olusumu gergeklestirildi. Mumelenin
ardindan htcre canhligini ve proliferasyonunu gdézlemlemek icin ve hiicresel metabolik aktiviteyi
6lgmek icin ise MTT analizi yapildi. DiOC6 ve PI floresan boyalari kullanarak hiicre canhhdi, DCFDA
ve BODIPY kullanarak ise ile ROS ve lipid olusumlari incelendi. Hiicre déngusi degisikliklerini
g6zlemlemek icin akis sitometrisi kullanildi.

Bulgular: Hucrelerin metiyonin igermeyen besiyeri ile muamelesi sonrasinda, saglikli kontrollere
kiyasla miR-21-/- MDA-MB-231 meme kanseri hicre hattinda hicre canhlik oraninin azaldigi
g6zlemlendi. En duguk hucre canhligi orani, miR-21-/- MDA-MB-231 meme kanseri hucrelerinde 72
saatlik muameleden sonra g6zlemlendi. Ayrica miR-21'in inhibisyonu, MDA-MB-231 meme kanseri
hicrelerinde sagkalim oranini ve koloni olusumunu engelledi. Metiyonin eksikliginin, meme kanseri
hicrelerinde G1/S kontrol noktasinda hiicre déngusunid durdurarak hicre ¢ogalmasinin
engelleyebildigi anlagildi.

Tartisma: Metiyonin yoksunlugu durumunda miR-21'in énemini agiga ¢ikarmamiza ragmen, yeni
hedef genleri, molekiler mekanizmalari ve klinik potansiyeli hala daha fazla arastirmaya ihtiyag
duymaktadir.

Sonug: miR-21, meme kanseri icin faydall ve umut verici bir hedef olabilir. Metiyonin yoksunlugunda
hicre dénglsunin durmasi, hicre canliliginin azalmasi ve koloni olusumunun azalmasi sonuglarinin
elde edilmesi, metiyonin acliinin meme kanseri Uzerinde terapdtik bir énemi oldudunu isaret
etmektedir.

Anahtar Kelimeler: miR-21, metiyonin, meme kanseri
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MICRORNA-21 ALTERS CELL SURVIVAL MEDIATED RESPONSES OF MDA -
MB-231 BREAST CANCER CELLS IN THE STATE OF METHIONINE
DEPRIVATION
Burcu Topalogullari®, Pinar Uysal Onganer?, Elif Damla Arisan?
linstitute of Biotechnology, Gebze Technical University, Gebze, 41400 Kocaeli, Turkey

2Cancer Research Group, School of Life Sciences, University of Westminster, London W1W 6UW,
UK

Background: Breast cancer (BCa) is one of the most common types of cancer worldwide and is the
second most common cause of cancer-related death. microRNA-21(miR-21) is upregulated and
promotes metastasis in various tumor types. Previous studies showed that miR-21 can induce cell
proliferation and migration in MDA-MB-231 breast cancer cells. According to earlier studies,
methionine is a key amino acid, and methionine deprivation inhibits cell proliferation via mTOR/AMPK
signaling cascade. Based on this information, the metabolic responses of cells in the case of miR-21
deficiency in selected breast cancer were investigated. Thus, this study highlights the role of miR-21
in the case of methionine deprivation in aggressive MDA-MB-231 BCa cells as metabolism targeted.

Methods: For examining the effects of methionine deprivation on cell survival /death in MDA-MB-231
wt and miR-21-/- cells for 24,48,72 hours, MTT assay, colony formation, trypan blue staining,
fluorescent staining were performed. Cell survival and death rates obtained by trypan blue staining for
cell proliferation in both groups of cells. Colony formation was performed to test breast cancer
proliferation following methionine-free media treatment. MTT assay was used to measure cellular
metabolic activity to observe cell viability and proliferation after treatment. Cell viability was observed
by using DIOC6 and Pl while ROS and lipid formations examined with DCFDA and BODIPY fluorescent
dyes. Flow cytometry was used to observe cell cycle changes.

Results: Cell viability rate was decreased in miR-21-/- MDA-MB-231 BCa cell line compared with
healthy controls after treatment. The least cell viability rate was observed after treatment for 72 hours
in miR-21-/- MDA-MB-231 BCa cells. Inhibition of miR-21 prevented cell survival and colony formation
in MDA-MB-231 BCa. Methionine deficiency can inhibit proliferation by arresting the cell cycle at G1/S
checkpoint in BCa.

Discussion: Although we highlighted the importance of miR-21 in methionine deprivation, its novel
genes, molecular mechanisms, clinical potential still need further investigation.

Conclusion: miR-21 could be a useful target for BCa. Obtaining the results of cell cycle arrest,
decreased cell viability and decreased colony formation in methionine deprivation indicates that
methionine starvation has a therapeutic importance on breast cancer.

Keywords: breast cancer, methionine, miR-21
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CRISPR/CAS9 SIiSTEMiNi KULLANARAK FARKLI HUCRE HATLARINA VPS54
KNOCK-IN MUTASYONU EKLEME
Hilal Cihankayal?, Carsten Theiss!2, Veronika Matschke?

Ruhr Universi_t_esi Bochum, Uluslararasi Sinir Bilim Yiksek Okulu, Sinir Bilim, Almanya
2Ruhr Universitesi Bochum, Tip Fakiiltesi, Sitoloji Departmani, Almanya

Girig: Amyotrofik lateral skleroz (ALS), merkezi sinir sisteminde motor néronlarin 6limdu ile karakterize
bir motor ndéron hastahdidir. Motor néronlarin dejenerasyonuna genellikle mikroglial hicrelerin
noroinflamasyonu eslik eder. Aktive edilmis mikroglial hiicreler, motor néronlarla iletisim kurabilir ve
motor néron ile mikroglia arasindaki hiicresel etkilesimleri etkileyebilir. ALS'de hiicre-hiicre iletisimin
6nemini incelemek icin wobbler fare modelini kullandik. Wobbler faresi, Vps54 geninde spontan bir
nokta mutasyonuna sahiptir ve ALS hastalariyla benzer hiicresel kusurlar ve patolojik semptomlar
gosterir. Bu calismada, hastalikh durumdaki hiicresel etkilesimleri arastirmak icin CRISPR/Cas9
sistemini kullanarak motor néron ve mikroglial hlicrelere Vps54 mutasyonu yerlestirmeyi amagladik.
Materyal ve Metotlar: CRISPR plazmidi, puromisin direncini ve eGFP ifadesini icerecek sekilde
tasarlanmistir. Vps54 mutasyonunu igeren tek sarmalli deoksiniikleotit (ssODN), bir onarim sablonu
olarak hizmet etmek tzere yapilandiriimigtir. Puromisin éldirme egrileri, propidium iyodur ve DAPI
boyamasi kullanilarak belirlendi. CRISPR plazmiti ve ssODN'nin verilmesi, farkli transfeksiyon ajanlari
ve elektroporasyon kullanilarak gergeklestirildi. Plazmit ve ssODN tasinmasindan sonra, seri
seyreltme ile tek hicreli koloniler elde edildi ve bu hucreler kiltirde ¢ogaltildi. Mutasyonu dogrulamak
icin PCR ve restriksiyon enzimi kullanildi.

Bulgular: Puromisin 6ldirme egrilerine dayali olarak, NSC-34 hiicreleri icin 2 giin streyle 6 ug/ul
puromisin ve N9 hicreleri icin 2 gln slreyle 4 ug/ul puromisin segcildi. Lipofectamine 3000
kullanildiginda NSC-34 hiicrelerinin transfeksiyonu basarili oldu. Cesitli transfeksiyon ajanlarinin N9
hicrelerinde uygunluguna saptanamadi ve bu hiicrelerde plazmit tagsinmasi igin transfeksiyon yerine
elektroporasyon ydnteminin tercih edilmesi tavsiye edilebilir.

Tartigma: CRISPR/Cas9 sistemi, homoloji ile yonlendirilmis onarim mekanizmasini kullanarak nokta
mutasyonlarini hicre igine iletmemizi saglar. Lipofectamine 3000, CRISPR plazmitlerini NSC-34
hicrelerine vermek igin kullanilabilir. N9 mikroglial hiicrelerinin elektroporasyonu, gesitli transfeksiyon
yontemlerine gore tercih edilir. Yiksek mortalite gd6zlenirse, CRISPR plazmitleri yerine
riboniikleoprotein komplekslerinin elektroporasyonu da dusinudlimelidir.

Sonug: Genel olarak, CRISPR/Cas9 duzenlenmis motor néron ve mikroglial hicreleri kullanarak
hicre-hicre iletisiminde Vps54 mutasyonunun rolinu ¢ézmeye calisiyoruz.

Anahtar Kelimeler: Vps54; amyotrofik lateral skleroz; motor néron; mikroglia; CRISPR/Cas9
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INSERTING VPS54 KNOCK-IN MUTATION INTO DIFFERENT CELL LINES BY
USING CRISPR/CAS9 SYSTEM
Hilal Cihankayal?, Carsten Theiss!?, Veronika Matschke?

1Department of Cytology, Faculty of Medicine, Ruhr-University Bochum, Germany
?International Graduate School of Neuroscience, Ruhr-University Bochum, Germany

Introduction: Amyotrophic lateral sclerosis (ALS) is a motor neuron disease, which is characterized
by the death of motor neurons in the central nervous system. Degeneration of motor neurons is
generally accompanied by neuroinflammation of the microglial cells. Activated microglial cells can
communicate with motor neurons and affect the cellular interactions between motor neuron and
microglia. We adopted wobbler mouse model to examine the importance of the cell-to-cell
communications in ALS. Wobbler mouse has a spontaneous point mutation in the Vps54 gene and
shows similar cellular defects and pathological symptoms as ALS patients. In this study, we aim to
insert Vps54 mutation into the motor neuron and microglial cells by using CRISPR/Cas9 system to
investigate the cellular interactions in the diseased state.

Materials and Methods: CRISPR plasmid was designed to include puromycin resistance and eGFP
expression. Single stranded deoxynucleotide (ssODN) containing the Vps54 mutation was constructed
to serve as a repair template. Puromycin killing curves were determined by using propidium iodide and
DAPI staining. Delivery of CRISPR plasmid and ssODN was performed by using several transfection
reagents and electroporation. After the delivery, single cell colonies were obtained by serial dilution
and cells were cultured until they reach confluency. To confirm the mutation, PCR and restriction
digestion reaction were performed.

Results: Based on the puromycin Killing curves, 6 mg/ml puromycin for 2-days was selected for NSC-
34 cells and 4 mg/ml puromycin for 2-days was selected for N9 cells. Transfection of NSC-34 cells
was successful when Lipofectamine 3000 was used. Transfection reagents aren’t convenient for N9
cells and electroporation can be selected for plasmid delivery in these cells.

Discussion: CRISPR/Cas9 system allows us to introduce point mutations by using homology directed
repair mechanism. Lipofectamine 3000 can be used to deliver CRISPR plasmids into the NSC-34 cells.
Electroporation of N9 microglial cells is preferable over several transfection methods. Electroporation
of ribonucleoprotein complexes instead of CRISPR plasmids should also be considered if high
mortality is observed.

Conclusion: Overall, we try to unravel the role of Vps54 mutation in the cell-cell communications by
using CRISPR/Cas9 edited motor neuron and microglial cells.

Keywords: Vps54; amyotrophic lateral sclerosis; motor neuron; microglia; CRISPR/Cas9
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KATNAL2 (KATANIN-LIKE2) GENINDEKi YANLIS ANLAM VARYANTI TASIYAN
HASTA FIBROBLASTLARINDAN ELDE EDILMi$ IPSC’LERDEN NORAL
PROGENITOR HUCRELERIN TURETILMESI

Ayse Semra Hiz!, Ece Sonmezler?, Burcu Ekinci2, Tutku Yaras?, Ahmet Yaramisg3,
Yavuz Oktay?
1Dokuz Eylil Universitesi, Tip Fakiiltesi, Cocuk Néroloji Bilim Dali, Tirkiye
2jzmir Biyotip ve Genom Merkezi (IBG), Turkiye
30zel Cocuk Néroloji Klinigi, Tirkiye

Amag: Pediyatrik birinci basamakta karsilasilan en yaygin kronik tibbi durumlardan olan
norogelisimsel hastaliklar biligssel islevler, motor beceriler, hafiza, iletisim ve davranis alanlarinda
bozukluklarla karakterlidir. Nobetler ve beyin malformasyonlar eslik edebilir. Etiyolojiden siklikla
genetik faktorler sorumludur, ancak gogunda hastalik yapici mekanizmalar tam anlasilamamistir.
Bunun temel nedenlerinden biri, nérogelisimsel hastaliklarin mekanizmalarini anlamada hayvan
deneyleri veya postmortem incelemelerin, canli néronal hiicrelerin yerini tutmamasidir. Dolayisiyla bu
yikici hastaliklan iyilestirecek hedefe yonelik bireysel tedavilerin gelistiriimesi zorlasmaktadir. Bu
ihtiyaca yanit olarak, gunimuzde ulasilan kdk hicre ve yeniden programlama teknolojileri devrim
yaratmistir. Bu galismada, ileriye donuk fonksiyonel arastirmalarin yapilmasina olanak saglamak
Uzere, iglevi tam olarak bilinmeyen KATNAL2 geninde patojenik bir varyant saptadigimiz
norogelisimsel gerilikli bir hastanin fibroblastlarindan Yamanaka faktorleri kullanarak ilk asamada
uyariimis pluripotent kék hiicreler (iPSC-KATNAL2_mut) gelistirilmistir. ikinci asamada ise ileriye
dondk mikrotbdl-iliskili yapilarin fonksiyonel analizlerini gergeklestirmek lzere, mutant ve kontrol
iPSC hiicreleri, noéral progenitor hiicrelere (NPC) farklilastinimistir.

Yontem: ilk olarak hasta dermal fibroblastlarinin epizomal plazmid ydéntemiyle yeniden
programlanmalari saglanmistir. Elde edilen iPSC’lerin, fare embriyonik fibroblast (MEF) hiicreleri
Uzerinde ve HESC medium varliginda cogaltilarak uygun sayiya ulasmalari saglanmistir. Her gin
besiyeri degisikligi yapilan ve yeterli buyuklige ulasan iPSC kolonileri MEF hucreleri tGzerinden
alinarak matrijel kapl kuyucuklara aktariimistir. Farklilagtirma baglatmak icin, yeterli sayiya ulasan
iPSC kolonileri “Monolayer Kulttr Protokoll” ile tek huicrelere ayrilmis ve SMAD inhibisyonu ile néral
indiikleme saglayan “STEMdiff™ SMADi Neural Induction Kit” kullanilmistir. ilk {ic pasaj boyunca
verilen noral induksiyon besiyeri ile merkezi sinir sistemi tipi néral éncul hucreler indiklenmis ve
sonrasinda “STEMdiff™ Neural Progenitor Medium”a gegilerek yeterli sayida NPC elde edene kadar
kiltir devam ettirilmistir. Uretilen NPC’lerin karakterizasyonu igin, farklilastirma sireci boyunca
floresan mikroskop altinda hicrelerin morfolojisi incelenmis ve Pax6, Nestin, Sox1 ve Oct4 antikorlari
ile immunfloresan boyamalari gergeklestirilmigtir.

Bulgular: Farkhlastirilan NPC’lerin uygun morfolojik 6zlellikleri sadladidi ve pluripotensi belirteci olan
Oct4 igin negatif, ndral dncil hiicre belirteci olan Nestin, Pax6 ve Sox1 igin pozitif oldugu gosterilmigtir.
iPSC-KATNAL2_mut hucreler ile yabanil-tip NPC’ler arasinda bu belirtecler icin belirgin bir farkhlik
gbzlenmemistir.

Sonug: Bu galismada ilk defa patojenik KATNALZ2 mutasyonu tasiyan hasta hicrelerinden 6nce iPSC,
daha sonra NPC hiicre modelleri olusturulmustur. Devam eden ve gelecek ¢alismalarda bu modeller
kullanilarak KATNALZ2’nin ndrogelisimdeki roli ve etkilesimleri daha iyi anlasilabilecek, tedaviye
yonelik olarak ilag ve gen tedavi calismalari gergeklestirilebilecektir. insan beyninin karmasik yapisini
tam anlamiyla temsil etmese de buyuk miktarlarda tretim kolaylidi, daha az degiskenlik gostermesi ve
Uzerinde ¢ok sayida kontrolll test yapilabilir olmasi nedeniyle bu ve benzer modeller, nérogelisimsel
hastallk mekanizmalarinin anlasiimasinda ileri fonksiyonel ¢alismalarin yapilmasina olanak
saglayacak dnemli araclardir.

Bu arastirma TUBITAK tarafindan desteklenmektedir (120S404)

Anahtar Kelimeler: KATNAL2, Nérogelisimsel gerilik, iki boyutlu NPC kiltiirii
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GENERATION OF NEURAL PROGENITOR CELLS FROM IPSCs OBTAINED
FROM PATIENT FIBROBLASTS CARRYING THE MISSENSE VARIANT IN THE
KATNAL2 (KATANIN-LIKE2) GENE

Ayse Semra Hiz!, Ece S6nmezler?, Burcu Ekinci2, Tutku Yaras?, Ahmet Yaramig3, Yavuz Oktay?

1Dokuz Eylul University Faculty of Medicine, Department of Pediatrics, Department of Pediatric
Neurology, Izmir
2jzmir Biomedicine and Genome Center (iBG), izmir
SPrivate Child Neurology Clinics, Diyarbakir

Objective: Neurodevelopmental diseases, one of the most common chronic medical conditions
encountered in pediatric primary care, are characterized by disabilities in cognitive functions, motor
skills, memory, communication and behavior. It may be accompanied by seizures and brain
malformations. Genetic factors are often responsible for the etiology, but the pathogenic mechanisms
in most of them are not fully understood. One of the main reasons for this is that animal experiments
or postmortem studies are not a substitute for living neuronal cells in understanding the mechanisms
of neurodevelopmental diseases. Therefore, it becomes difficult to develop targeted individual
therapies to cure these devastating diseases. In response to this need, stem cell and reprogramming
technologies reached today have revolutionized. In this study, first-stage induced pluripotent stem cells
(iPSC-KATNAL2_mut) were developed using Yamanaka factors from the fibroblasts of a patient with
neurodevelopmental retardation, in which we detected a pathogenic variant in the KATNAL2 gene,
whose function is not fully understood, to allow future functional studies. In the second step, mutant
and control iPSC cells were differentiated into neural progenitor cells (NPC) to perform prospective
functional analyzes of microtubule-associated structures.

Method: First, the patient dermal fibroblasts were reprogrammed with the episomal plasmid method.
Obtained iPSCs were replicated on mouse embryonic fibroblast (MEF) cells in the presence of HESC
medium to reach the appropriate number. The iPSC colonies, whose medium was changed every day
and reached sufficient size, were taken from MEF cells and transferred to matrigel-coated wells. To
initiate differentiation, iPSC colonies reaching sufficient numbers were separated into single cells with
the “Monolayer Culture Protocol” and the “STEMdiff™ SMADi Neural Induction Kit”, which provides
neural induction with SMAD inhibition, was used. Neural progenitor cells were induced with the neural
induction medium given during the first three passages, and then the culture was continued until a
sufficient number of NPCs was obtained by switching to “STEMdiff™ Neural Progenitor Medium”. For
the characterization of the NPCs, the morphology of the cells was examined under a fluorescent
microscope during the differentiation process and immunofluorescent staining was performed with
antibodies Pax6, Nestin, Sox1 and Oct4.

Results: It has been shown that differentiated NPCs provide appropriate morphological features and
are negative for the pluripotency marker Oct4, and positive for the neural precursor cell marker Nestin,
Pax6 and Sox1l. No significant differences for these markers were observed between iPSC-
KATNAL2_mut cells and wild-type NPCs.

Conclusion: In this study, first iPSC and then NPC cell models were created from patient cells with
pathogenic KATNAL2 mutation for the first time. By using these models in future studies, the role and
interactions of KATNALZ2 in neurodevelopment will be better understood, and drug and gene therapy
studies will be carried out. Although they do not fully represent the complex structure of the human
brain, two-dimensional cell culture models are important tools that will enable further functional studies
to be carried out in understanding the mechanisms of neurodevelopmental diseases, due to their ease
of production in large quantities, less variability, and the possibility of many controlled tests on them.
This research is supported by TUBITAK (120S5404)

Keywords: KATNAL2, Neurodevelopmental disorders, Two-dimensional NPC culture
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WHICH REFERENCE GENES ARE MORE SUITABLE FOR AML CELL LINES IN
RT-QPCR STUDIES?

Tugba Erkmen?, Gizem Giilfidan2, Kazim Yalgin Arga?, Ayse Semra Kogtlrk®
1Dokuz Eylil Universitesi, Saglik Bilimleri Enstitiist, Tibbi Biyokimya, Turkiye
2Marmara Universitesi, Miihendislik Fakiltesi, Biyomiihendislik Anabilim Dali, Tirkiye
3Dokuz Eyliil Universitesi, Tip Fakdiltesi, Tibbi Biyokimya, Trkiye

Girig: Kantitatif gercek zamanli revers transkripsiyon-polimeraz zincir reaksiyonu (RT-gPCR), tani ve
molekiler arastirmalarda kullanilan glgli bir tekniktir. Givenilir sonuglar elde etmek igin uygun
referans genlerin segimi 6nemli bir adimdir. Housekeeping geni, hiicre hatti ile uyumlu olmal ve diisiik
katsayili varyasyon (CV<0.04) ile farkh deney kosullari altinda stabiliteyi korumalidir. Calismamiz,
AML hicre hatlari igin en uygun housekeeping gen/kombinasyonlarini belirlemeyi amacglamaktadir.
Gereg ve Yontemler: AML kok benzeri KG1a hiicre hatti (FAB 0), nispeten daha olgun formu olan
KG1 hiicre hatti (FAB1) ve akut promyelositik [6semi HL-60 hiicre hatti (FAB3) olmak uzere g farkh
AML hucre hatti kullaniimigtir. L6semi igin en stabil genler olarak dnerilen bes gen (ACTB, UBE2D2,
B2M, SRP14, RPL37A), hesaplanan katsayl varyasyon (CV) degerlerine gore degerlendirildi.
Hucrelere polifenol uygulamasi sonrasinda, mRNA izolasyonu, cDNA sentezi ve ardindan RT-qPCR
analizi gergeklestirildi. CV degerleri en az 4 farkh dlgiimden hesaplandi ve < %4 kabul edilebilir deger
olarak belirlendi (De Jonge ve ark., 2007). Farkhiliklarin analizi igin Student t testi kullanildi.
Sonuglar: UBE2D2, B2M, SRP14 ve RPL37A genlerinin bireysel CV degerleri, AML kok hiicre benzeri
KG1a ve daha olgun formu KG1 hiicre hatlan igin %4'Un altinda bulunmustur. KG1A hiicreleri igin
%4'Un altinda CV degeri gosteren tek kombinasyon olan B2ZM&RPL37A kombinasyonunun CV degeri
0.018 olarak  hesaplanmistir. KG1 hicreleri  icin 0,025 CV  degerine  sahip
ACTB&UBE2D2&B2M&SRP14&RPL37A kombinasyonu ve 0,029 CV degerine sahip B2M&RPL37A
kombinasyonlari degerlendirilmisti. Ek olarak, B2M disindaki tim bireysel genler ve tim
kombinasyonlar (UBE2D2 & RPL3A & UBE2D2 & RPL3A & SRP14; UBE2D2 & RPL3A & SRP14 &
ACTIN; ACTB & UBE2D2 & B2M & SRP14 & RPL37A) HL-60 hiicre hatti igin %4'ten disuk CV
degerleri gostermistir.

Sonug¢: Calismamiz UBE2D2, SRP14, RPL37A'nin, ayri ayri dederlendirildiginde, KG1a, KG1, HL-60
hicre hatlari igin uygun housekeeping genleri oldugunu gdstermistir. B2ZM&RPL37A kombinasyonu,
KG1a ve KG1  hicreleri igin en uygun referans gen kombinasyonudur. Ayrica
ACTB&UBE2D2&B2M&SRP14&RPL37A kombinasyonu KG1 ve HL-60 hlcre hatlar i¢in uygundur.
RT-gPCR calismalarinda guvenilir sonuglar elde etmek icin bu hicre hatlar i¢in mevcut
genlerin/kombinasyonlarin kullaniminin uygun oldugunu distinmekteyiz.

Anahtar Kelimeler: Akut miyeloid 16semi, Kanser kdk hicreleri, Housekeeping geni, RT- Qpcr
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1Dokuz Eylil University, Health Science Institute, Department of Medical Biochemistry, Izmir, Turkey.
2Dokuz Eylil University, Faculty of Medicine, Department of Medical Biochemistry, Izmir, Turkey
3Marmara University, Faculty of Engineering, Department of Bioengineering, istanbul, Turkey

Introduction: Quantitative real-time reverse transcription-polymerase chain reaction (RT-gPCR) is a
powerful technique in diagnosis and molecular research. To obtain reliable results, the selection of
suitable reference genes is an important step. The housekeeping gene should be compatible with the
cell line and maintain stability under different experimental conditions with low coefficient variation
(CV<0.04). This study aims to identify the most suitable housekeeping gene/combinations for AML cell
lines.

Material and Methods: We used three different AML cell lines, which were AML stem-like KG1a cell
line (FAB 0), its parental and relatively more mature form KG1 cell line (FAB1), and acute
promyelocytic leukemia HL-60 cell line (FAB3). Five genes (ACTB, UBE2D2, B2M, SRP14, RPL37A),
which are recommended as the most stable genes for leukemia, were evaluated according to
Coefficient Variation (CV) values. Cells were treated with polyphenols and mRNA isolation, cDNA
synthesis, then RT-gPCR analysis were performed. CV values were calculated from at least 4 different
measurements and < %4 were considered as acceptable (De Jonge et al., 2007). Student t-test was
used to analyze differences.

Results: Individually CV values of UBE2D2, B2M, SRP14, and RPL37A genes were lower than %4
for AML cancer stem-like KGla and more mature KG1 cell lines. For KG1A cells, B2M&RPL37A
combination’s CV value was calculated as 0.018, which is the only combination that showed CV value
lower than %4. ACTB, UBE2D2, B2M, SRP14, RPL37A combination with 0.025 CV value and
B2M&RPL37A combination with 0.029 CV value were evaluated for KG1 cells. Additionally, all
individual genes except B2M and all combinations (UBE2D2 & RPL3A; UBE2D2 & RPL3A & SRP14;
UBE2D2 & RPL3A & SRP14 & ACTIN; ACTB & UBE2D2 & B2M & SRP14 & RPL37A) showed CV
values lower than %4 for HL-60 cells.

Conclusion: Our study showed that UBE2D2, SRP14, RPL37A were individually suitable
housekeeping genes for KGla, KG1, HL-60 cell lines. B2M and RPL37A combination is the most
suitable reference  gene combination for KGla and KG1 cells. Besides,
ACTB&UBE2D2&B2M&SRP14&RPL37A combination can be used for KG1 and HL-60 cell lines. We
suggest using these genes/combinations for these cell lines to obtain reliable results in RT-qPCR.
Keywords: Acute myeloid leukemia, Cancer stem cells, Housekeeping gene, RT- gPCR
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ASTRAGALUS TURLERINDEN ELDE EDILEN SiKLOARTAN TiPi
SAPONINLERIN MCF-7 VE MDA-MB-231 INSAN MEME KANSERI
HUCRELERINDEKi PROLIFERASYONU UZERINE ETKIiSi

Gozde Ogiitciil, Pinar Tulay?, ihsan Calis3, Aysel Kiikner*
Yakin Dogu Universitesi, Tip Fakiiltesi, Histoloji ve Embriyoloji, KKTC
2Yakin Dogu Universitesi, Tip Fakiiltesi, Tibbi Genetik, KKTC

3Yakin Dogu Universitesi, Eczacilik Fakdiltesi, Farmakognozi, KKTC
4Yakin Dogu Universitesi, Tip Fakiiltesi, Histoloji ve Embriyoloji, KKTC

Giris: Kadinlarda kansere bagl 6limlerde meme kanseri ikinci sirada yer almaktadir. Bazi destekleyici
gida ve biyoaktif bilesiklerin kullanimi, hastalik seyrini olumlu yonde etkilemekte ve meme kanseri
hastalarinin yasam kalitesini artirabilmektedir. Astragalus L., Leguminosae familyasindaki en biylk
cicekli bitki cinslerinden biridir. Sikloartanel tirevi saponinler, flavonoitler ve polisakkaritler
Astragalus'un aktif bilesenleridir. Saponinler dogal veya sentetik formda farmasétik veya nutrasoétik
ajanlar olarak 6nemli bir potansiyele sahiptir. Farmakolojik galismalarda, Astragalus'un ham ekstreleri
ve izole edilmis bilesenleri, antiinflamatuar, immunostimilan, antioksidatif, antikanserojenik,
antidiyabetik, kardiyoprotektif ve antiviral etkileri gdsterilmistir. Saponinlerin buydk bir kismi timér
hicrelerinde apoptozu uyarmaktadir. Timor hicrelerinin apoptoz ile ortadan kaldirilmasi, nekrozun
olusmamasi hastalarda yan etkileri azaltmakta ve destekleyici tedavide kullaniimaktadir. Bu ¢alismada
Astragalus turlerinden elde edilen ve meme kanserindeki etkileri konusunda calisiilmamis olan
saponinlerin farkli dozlari meme kanseri hiicre serilerine uygulanarak proliferasyon, sitotoksik ve
apoptotoik etkileri arastirildi.

Materyal ve Metot: Calismada, Astragalus tlrlerinden elde edilen bes farkh sikloartan tipi saponin
(Astragaloside IV, Cyclocanthoside E, Astrasieversianin X, Macrophylosaponin D, Macrophylosaponin
B) kullanildi. MCF-7 ve MDA-MB-231 meme kanseri hiicre serileri Gizerinde saponinlerin hiicre canhhgi
/ sitotoksisite aktivitesi Cell Counting Kit 8 (CCK 8) kullanilarak élguldu. Apoptoz analizi igin, kullanilan
5 farkli saponin tipleri igin her iki meme kanseri hiicre serilerinde de 10uM ve 100uM konsantrasyonlari
segildi ve 24-48 saat icin TUNEL ydntemi ile degerlendirme yapildi.

Bulgular: MDA-MB-231 hicrelerinde sitotoksisite verileri sonucunda, 24 saat i¢in, 10 uM,100uM ve
200uM konsantrasyonlarda, 48 saat igin, 100uM ve 150uM konsantrasyonlarda ve 72 saat igin
ise,10uM ve 100uM konsantrasyonlarda anlamli degisiklik kabul edildi. MCF-7 hucrelerinde sitotoksite
testinde ise 24 saat icin, kontrol ile verilen konsantrasyonlar arasinda anlaml bir fark gézlenmedi fakat
48 saat icin, tim konsantrasyonlarda (10uM, 100uM, 150uM, 200uM) ve 72 saat de ise 100uM
konsantrasyonda anlaml bir fark bulundu. MCF-7 hicreleri icin apoptoz analizi sonucunda anlamli
farklihk gézlendi.

Tartisma ve Sonug: Uygulanan distk doz saponin ekstrelerinin, MCF7 hicrelerinde daha belirgin
olmakla birlikte, MCF7 ve MDA-MB-231 hilcre hatlarinin hicre canhhdini azaltigr ve MCF-7
hicrelerinde apoptozu arttirdigi tespit edildi. Bu sonuglar, saponinlerin, meme kanseri hucreleri
uzerinde, antiproliferatif ve antiapoptotik etkilerini doza ve zamana bagli olarak gergeklestirebildigini
kanitlamigtir.

Anahtar Kelimeler: Meme Kanseri, MDA-MB-231, Astragalus Saponinleri, MCF-7
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THE EFFECT OF CYCLOARTANE-TYPE OF SAPONINS FROM ASTRAGALUS
SPECIES ON THE PROLIFERATION OF MCF-7 AND MDA-MB-231 BREAST
CANCER CELLS

Gozde Ogiitciil Pinar Tiilay?, ihsan Calis3, Aysel Kiikner!

INear East University, Faculty of Medicine, Department of Histology and Embryology, Nicosia,
Cyprus

°Near East University, Faculty of Medicine, Department of Medical Genetics, Nicosia, Cyprus

3Near East University, Faculty of Pharmacy, Department of Pharmacognosy, Nicosia, Cyprus

Introduction: Breast cancer is the second leading cause of cancer-related deaths in women. The use
of supplements and bioactive compounds increases the quality of life of breast cancer patients.
Astragalus L. is one of the largest genus of flowering plants in the Leguminosae family. Cycloartanel-
derived saponins, flavonoids and polysaccharides are the active ingredients of Astragalus. Saponins
have significant potential as pharmaceutical or nutraceutical agents in natural or synthetic forms,
respectively. In pharmacological studies, raw extracts and isolated components of Astragalus have
been shown to have anti-inflammatory, immunostimulant, antioxidative, anticancer, antidiabetic,
cardioprotective and antiviral effects. Almost all saponins induce apoptosis in tumor cells. The
elimination of tumor cells by apoptosis and the absence of necrosis reduce the side effects in cancer
patients. In this study, different doses of saponins obtained from Astragalus species were applied to
breast cancer cell lines and the cell proliferation, cytotoxicity and apoptotic effects were investigated.
Material and Method: In the study, five different cycloartane type saponins(Astragaloside IV,
Cyclocanthoside E,Astrasieversianin X, Macrophylosaponin D, Macrophylosaponin B) obtained from
Astragalus species were incubated with MCF 7 and MDA-MB-231 cells for 24,48 and 72hours.Cell
cytotoxicity activity of these saponins on MCF-7 and MDA-MB-231 breast cancer cell lines was
measured using Cell Counting Kit 8(CCK 8).For apoptosis analysis, TUNEL Assay Kit was used.
Breast cancer cell lines were incubated for 24 and 48hours using two different concentrations of 10uM
and 100uM extracted saponins (Astragaloside 1V, Cyclocanthoside E, Astrasieversianin X,
Macrophylosaponin D and Macrophylosaponin B).

Results: Significant changes in the cytotoxicity were obtained at concentrations of 10uM,100uM and
200uM for 24hours,at concentrations of 100uM and 150uM for 48hours,and at concentrations of 10uM
and 100uM for 72hours in the MDA-MB-231 cells,respectively.In MCF-7 cells,no significant changes
in the cell cytotoxicity were obtained between the control and administered concentrations for 24hours
but the significant changes were obtained at all concentrations(10uM,100uM,150uM,200uM) for
48hours and at concentration of 100uM for 72hours.There was significant change in the apoptosis
analysis for the MCF-7 cell lines.

Discussion and Conclusion: As a result of the study, it was determined that low dose saponin
extracts decreased cell viability of MCF7 and MDA-MB-231 cell lines and increased apoptosis in MCF-
7 cells. These results proved that saponins can exert their antiproliferative and antiapoptotic effects on
breast cancer cells in a dose and time dependent manner.

Keywords: Breast Cancer, MCF-7, MDA-MB-231, Astragalus Saponins
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CASTICIN: A PROMISING CANDIDATE TO DEVELOP A STEM CELL
TARGETED STRATEGY IN AML TREATMENT

Tugba Erkmen?, Belgin Sert Serdar?!, Halil Ates2, Pembe Keskinoglu3, Semra Kogtlirk*

1Dokuz Eyliil Universitesi, Saglik Bilimleri Enstitiisi, Tibbi Biyokimya, Tirkiye
2Dokuz Eyliil Universitesi, Tip Fakiiltesi, Onkoloji, Tiirkiye
3Dokuz Eylil Universitesi, Tip Fakdiltesi, Halk Saghg, Tirkiye
4Dokuz Eyliil Universitesi, Tip Fakiiltesi, Tibbi Biyokimya, Tiirkiye

Giris: Akut miyeloid I6semi, genetik, epigenetik heterojenite gosteren en yaygin akut I6semidir. Mevcut
terapdtik ajanlar, basarili remisyon saglamasina ragmen, 5-yillik sagkalim oranlari hala dusuktir.
Gelisen ilag direnci ve hastaligin niksiinde ana neden olarak, I6semi kok hiicrelerinin etkin bir sekilde
hedeflenememesi gosteriimektedir. Fitokimyasallar, hedefli ilag arastirmalari i¢in halen umut vaad
eden bir kaynaktir. Calismalar, Casticin'in 16semi hicreleri Uzerinde antiproliferatif etkileri oldugunu
g6stermektedir. Bununla birlikte, Casticin'in 16semi kok huicreleri Gizerindeki etkileri bilinmemektedir.
Calismamizda, Casticin'in kok hiicre benzeri (KG1a) ve nispeten olgun (KG1) AML hicre hatlari
Uzerindeki antiproliferatif kapasitesini saglikli periferal kan mononukleer hucreleriyle (PBMC)
karsilastirmali olarak arastirmayi amagcladik.

Materyal ve Metot: Casticin'in KG1a, KG1, PBMC hicreleri Gizerindeki antiproliferatif etkileriyle IC50
degerleri MTT canlilk testiyle belirlendi. Casticin'in hicrelerdeki kaspaz 3/7 aktivitesine,
apoptotik/nekrotik hiicre 6limi Gzerine etkileri, akis sitometri ve TUNEL analizleriyle dederlendirildi.
Bulgular: 2 uyM Casticin ile 24 saat gerceklestirilen uygulama sonucunda, PBMC canlili§i belirgin
Olciide etkilenmezken, kok hicre-benzeri KG1a ve olgun KG1 proliferasyonu 6nemli olglide
baskilanmistir. Apoptoz ve kaspaz 3/7 aktivitesi, 2 uM Casticin uygulamasi sonucunda KG1 (%27,2;
%17,30; p <0,01), KG1a (%21,6; %11,35; p <0,01) hicrelerinde artis gosterirken, nispeten dusuk
nekroz (%1,4; %0,3) gézlenmistir. Casticin’in KG1 (%22,3; p<0,05), KG1a (%19,03; p<0,05) hicre
hatlarinda apoptozu anlamli sekilde arttirdidi, TUNEL analiziyle de teyit edilmigtir. Casticin, PBMC
hicrelerinde, apoptoz (%10,6), kaspaz 3/7 aktivitesi (%0,24), nekroz seviyesi (%0,6) acisindan belirgin
degisiklige sebep olmamistir.

Tartisma: Casticin, saglikli hiicrelerde hasara sebep olmaksizin hem l6semi kdk hiicre-benzeri
(KG1a) hem de olgun I6semi (KG1) hicrelerinde apoptotik hiicre élimunu tetikleyebilmektedir.
Sonug: Casticin'in nihai AML tedavisinde gelistirilecek yeni terapdtik stratejiler igin umut vaad eden
bir bilesik oldugunu disinmekteyiz.

Anahtar Kelimeler: Apoptoz, Akut myeloid I6semi, Casticin, Kanser kdk hlcreleri
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CASTICIN: A PROMISING CANDIDATE TO DEVELOP A STEM CELL
TARGETED STRATEGY IN AML TREATMENT
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1Department of Biochemistry, Health Sciences Institute, Dokuz Eylil University, Faculty of Medicine,
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Introduction: Acute myeloid leukemia is the most common form of acute leukemia with genetic and
epigenetic heterogeneity. Although current chemotherapeutics provide successful remission, 5-year
survival rates are still low. Insufficiency of targeting leukemia stem cells is considered as the main
obstacle that causes drug resistance and relapse. Phytochemicals, especially polyphenols remain a
promising source for targeted drug research. Studies showed that Casticin, which is a predominant
polyphenolic component of the fruit of Vitex trifolia, has antiproliferative effects on leukemic cells, but
its effects on leukemic stem cells are still unclear. In this study, we aimed to investigate the
antiproliferative capacity of Casticin on acute myeloid leukemia stem-like (KG1a) cell line and its
parental (KG1) cell line comparison with healthy peripheral blood mononuclear (PBMC) cell line.
Material and Methods: The antiproliferative effects of Casticin on cells and IC50 values were
determined by MTT test. The effects of Casticin on caspase 3/7 activity, apoptosis, and necrosis in
cells were evaluated by flow cytometry and TUNEL assays.

Results: 2 yM Casticin treatment for 24 h was increased apoptosis, caspase 3/7 activation in KG1
(27,2%; 17,30%; p<0,01), KG1la (21,6%; 11,35%; p<0,01) with relatively low necrosis (1,4%; 0,3%)
compared to their control groups. TUNEL assay also confirmed Casticin-induced apoptosis in KG1
(22,3%; p<0,05), KG1la cells (19,03%; p<0,05). There were no significant changes in apoptosis
(10,6%), caspase 3/7 activity (0,24%), necrosis (0,6%) of PBMC compared to its control group.
Discussion: Casticin has the capacity to induce apoptosis in both leukemia stem-like KGla and
parental cells KG1without significantly affecting healthy cells.

Conclusion: We think that Casticin can be a promising compound to develop novel therapeutic
strategies for final AML treatment.

Keywords: Apoptosis, Acute myeloid leukemia, Casticin, Cancer stem cells
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DROSOPHILA NOROJENEZINDE ETS TRANSKRIPSiYON FAKTOR AILESI

Pinar Mutlu?, Ekin S6nmez?, Igil Kurnaz!?, Yigit Koray Babal?
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Giris: ETS transkripsiyon faktor ailesi, proliferasyon, farklilasma, apoptoz ve hicre goci gibi bazi
hicresel sireglerin diizenlenmesinde 6énemli bir role sahiptir. Bu transkripsiyon faktor ailesi oldukca
biyulk bir ailedir ve Gyeler yaklasik 85 amino asitten olusan ETS bolgelerindeki benzerliklerine gore
PEA3, ETS, ERG vb. sekilde gruplandirilir. ETS proteinleri ile hedef genlerin aktivasyonu spesifik
protein-protein etkilesimleri ile olusmasina ragmen, hedef gen seciciliginde ETS transkripsiyon
faktorlerinin mekanizmasi tam olarak belirlenememektedir. Bu g¢alismada, biyoinformatik araglari
birlestirerek Drosophila ETS transkripsiyon faktérinu ve noérojenezdeki hedef genlerini incelemeyi
amagcladik.

Materyal ve Metotlar: Bu galismada, transkriptomik veri seti GEO veri tabanindan elde edilmistir.
Galaxy platformu kullanilarak ham data analizi gergeklestirilmistir. Elde edilen datadan R programlama
dili kullanilarak gen ekspresyon analizi gergeklestiriimis ve data icerisinden incelenecek olan Typell
noroblast (NB), glia ve ndron gruplari secilmistir. Typell NB’dan glia veya noérona giderken ETS
genlerinin ekspresyon seviyeleri incelendi ve anlaml degisenler belirflendi. Glia ve ndron setlerindeki
genler karsilastirilarak ortak genlerin Gen Ontoloji (GO) analizi yapilarak sinir sistemi ile ilgili olan
genler belirlendi. Ayrica ortak genlerin belirlenen ETS genleri tarafindan nasil regile edildigini
belirlemek icin Cytoscape kullanilarak aralarindaki a§ gorsellestirildi. R programi izerinden promoter
analizi yapilarak ETS baglanma bolgeleri olan genler belirlendi.

Bulgular: Drosophila ETS transkripsiyon faktorleri nérojenezdeki genleri diizenler. Promoter analizine
gore, ETS genleri ve ndrojenez ile ilgili hedef genleri arasinda bir gen diizenleyici ag olusturulmustur.
Tartigma ve Sonug: Calismamiz ETS transkripsiyon faktorlerinin, 6zellikle Ets65A'nin, Drosophila’da
Typell NB’dan glia ve néron olusumunda roli oldugunu goéstermistir. Bulgularimizin 1s1ginda,
dizenleyici agimiz memeli veri setleriyle karsilastirimalidir. Bunun ardindan farkli model sistemleri
birlestirerek nérodejeneratif hastalik icin terapétik bir yaklasim geligtirilebilir.

Anahtar Kelimeler: Drosophila, ETS transkripsiyon faktorleri, nérojenez, Ets65A
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ETS Transcription Factor Family in Drosophila Neurogenesis
Pinar MUTLU!, Ekin SONMEZ2, Yigit Koray BABAL?2, Isil KURNAZ12

1Department of Molecular Biology and Genetics, Gebze Technical University, Kocaeli
?Institute of Biotechnology, Gebze Technical University, Kocaeli

Objectives: ETS transcription factor family has an important role in regulation of some cellular
processes such as proliferation, differentiation, apoptosis and cell migration. This transcription factor
family is quite large and members are grouped according to their similarities in their ETS domain which
is about 85 amino acids as PEA3, ETS, ERG etc. Although the activation of target genes by ETS
proteins occurs through specific protein-protein interactions, the mechanism of ETS transcription
factors in target gene selectivity cannot be fully determined. In this study, we aim to dissect Drosophila
ETS transcription factor and their target genes in neurogenesis by combining bioinformatics tools.
Materials and Methods: In this study, transcriptomic dataset was obtained from GEO database. Raw
data analysis performed by using Galaxy platform. By using R programming, differentially gene
expressed analysis of data which obtained from Galaxy was performed and to be examined Typell
neuroblast, glia and neuron groups were selected from data. Expression levels of ETS genes were
examined in glia or neuron formation from Typell neuroblast and significantly changed genes were
determined. By comparing genes on neuron and glia datasets, common genes detected and Gene
Ontology (GO) analysis of these genes were performed. After the GO analysis, nervous system related
genes were determined. Also, to determine how common genes are regulated by the selected ETS
genes a network was created by using Cytoscape. By performing promoter analysis in R programming,
genes that have ETS binding site were determined.

Results: Drosophila ETS transcription factors regulate the genes in neurogenesis. According to
promoter analysis, a gene regulatory network was established between ETS genes and their
neurogenesis related target genes.

Conclusion: Our study showed that, ETS transcription factors, specially Ets65A has role the formation
of glia and neuron from Typell neuroblast in Drosophila . In light of our findings, our regulatory network
should be compared with mammalian datasets then a therapeutic approach for neurodegenerative
disease may developed by merging different model systems.

Keywords: Drosophila, ETS transcription factors, Ets65A, neurogenesis
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EPIGALLOKATESIN GALLATIN MCF-7 MEME KANSERiI HUCRELERINDEKI
HUCRE CANLILIGI, HUCRE PROLIFERASYONU VE HUCRE OLUMU
UZERINDEKI ETKILERININ DEGERLENDIRILMESI

Giilsen Ozduran?, Eda Becer?, Ergiil Mutlu Altundag?, Hafize Seda Vatansever#

yakin Dogu Universitesi, Saglik Bilimleri Fakiiltesi, Beslenme ve Diyetetik Bélimii, KKTC
2Yakin Dogu Universitesi, Eczacilik Fakiiltesi, Biyokimya Anabilim Dali, KKTC
3Dogu Akdeniz Universitesi, Tip Fakiiltesi, Tibbi Biyokimya Anabilim Dali, KKTC
4Manisa Celal Bayar Universitesi, Tip Fakiiltesi, Histoloji ve Embriyoloji Anabilim Dali, Tiirkiye

Giris: Epigallokatesin gallat, flavonoid ailesinden flavan-3-ol alt siniflamasina ait, yesil cayda en
yuksek miktarda bulunan biyoaktif bir besin bilesenidir. Bu ¢alismada, epigallokatesin gallatin MCF-7
meme kanseri hicrelerinde hiicre canhligi, anti-proliferatif ve apoptotik etkilerinin arastiriimasi
amagclanmistir.

Materyal ve Metotlar: MCF-7 meme kanseri hiicrelerinin hiicre blytumesi ve sitotoksisitesi 3-(4,5-
dimetiltiazol-2-il)-2,5-difenil tetrazolyum bromdr (MTT) testi ile rutin protokol uygulanarak
degerlendirilmistir. MCF-7 meme kanseri hiicrelerine 24 saat ve 48 saat inkiibasyon surelerinde bes
farkl konsantrasyonda (10 puM, 50 pM, 100 pM, 150 pM ve 200 pM) epigallokatesin gallat
uygulanmistir. Epigallokatesin gallatin apoptotik ve anti-proliferatif etkileri Ki-67 antikoru kullanilarak
immunositokimya ve TUNEL analizi yontemleri ile test edilmistir. Elde edilen verilerin istatistiksel
analizlerinde GraphPad Prism 9 programi kullaniimistir. istatistiksel olarak anlamlilik diizeyi p<0.05
olarak kabul edilmistir.

Bulgular: MTT analizi sonrasinda MCF-7 meme kanseri hiicrelerinin hiicre blyimesinin inhibisyonu
igin etkili dozun, 24 saat suresince uygulanan 100 uM epigallokatesin gallat oldugu belirlenmistir.
Epigallokatesin gallat uygulanmayan kontrol grubundaki MCF-7 meme kanseri hicrelerinin
epigallokatesin gallat uygulanan hticrelere kiyasla Ki-67 immin boyama yogunlugunun gugli oldugu
bulunmustur. Ki-67 icin H-SKOR degerleri sirasiyla; epigallokatesin gallat uygulanan grupta
106.52+9.19, kontrol grubu huicrelerinde ise 362.50+53.03 olarak tespit edilmistir. Gruplar arasindaki
fark istatiksel agidan anlamhdir (p<0.001). Epigallokatesin gallat uygulanan MCF-7 meme kanseri
hicrelerinde, TUNEL pozitif hiicre sayisinin kontrol grubu hiicrelerinden daha yiksek oldugu da
goralmastir (p<0.001).

Sonug: Epigallokatesin gallatin, MCF-7 meme kanseri hiicrelerinde hicre canlihdini azalttigi, anti-
proliferatif etki gésterdigi ve TUNEL pozitif hiicre sayisinda azalmaya neden olmasindan dolayl meme
kanseri hlcreleri Gzerinde etkili oldugu sonucuna varildi.

Anahtar Kelimeler: Apoptoz, Epigallokatesin gallat, Ki-67, MCF-7 meme kanseri, Tunel analizi
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Introduction: Epigallocatechin gallate is a bioactive nutritional component of the flavonoid family,
belonging to the flavan-3-ol subclassification, which is found in the highest amount in green tea. The
study aimed to investigate the cell viability, anti-proliferative and apoptotic effects of epigallocatechin
gallate in MCF-7 breast cancer cells.

Materials and Methods: Cell growth and cytotoxicity of MCF-7 breast cancer cells were evaluated
using the routine protocol with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
test. Five different concentrations (10 uM, 50 yM, 100 uM, 150 uM and 200 uM) of epigallocatechin
gallate were applied to MCF-7 breast cancer cells at 24 h and 48 h incubation times. The apoptotic
and anti-proliferative effects of epigallocatechin gallate were tested by immunocytochemistry and
TUNEL analysis methods using Ki-67 antibody. GraphPad Prism 9 program was used in the statistical
analysis of the obtained data. The statistical significance level was accepted as p<0.05.

Results: After MTT analysis, the effective dose for cell growth inhibition of MCF-7 breast cancer cells
was determined to be 100 uM epigallocatechin gallate administered for 24 hours. It was found that the
Ki-67 immunostaining intensity of MCF-7 breast cancer cells in the control group was strong compared
to the cells treated with epigallocatechin gallate. H-SCOR values for Ki-67 are respectively; It was
determined as 106.52+9.19 in the epigallocatechin gallate group and 362.50+53.03 in control group
cells. The difference between the groups was statistically significant (p<0.001). It was also observed
that the number of TUNEL positive cells in MCF-7 breast cancer cells treated with epigallocatechin
gallate was higher than the control group cells (p<0.001).

Conclusions: It was concluded that epigallocatechin gallate was effective on breast cancer cells
because it decreased cell viability in MCF-7 breast cancer cells, showed anti-proliferative effects and
caused a decrease in the number of TUNEL positive cells.

Keywords: Apoptosis, Epigallocatechin gallate, Ki-67, MCF-7 breast cancer, Tunnel analysis
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SERYUM OKSIiT NANOPARTIKULLERININ MCF-7 HUCRE HATTI UZERINDEKI
ANTITUMOR ETKILERI

Ziilal Ath Sekeroglu, Vedat Sekeroglu, Seval Kontas Yedier

Ordu Universitesi, Fen Fakiiltesi, Molekiiler Biyoloji ve Genetik, Turkiye

Kemoterapi kanser tedavisinde kullanilan en etkin metotlardan biridir ancak kanser hicreleri yaninda
normal dokulara da zarar veriyor olmasi nedeni ile gogu zaman tedaviyi sonlandirmaya kadar giden
yan etkilere sahiptir. Seryum oksit nanopartilkillerinin anti timér ve anti-anjiyojenik mekanizmalara
sahip oldugu ve radyasyon terapisine maruz kalmis kanser hicrelerinin 6limutne neden olurken
cevresel dokulari ve saglikh hiicreleri oksidatif stres hasarindan korudugu ileri sirtlmustir. Ancak bu
konuda yapilmis galisma sayisi oldukga sinirhidir. Bu galismada; seryum oksit (CeQ) nanopartikdilleri
ve abraksanin (AB) tek baslarina ve birlikte kullanildiklarinda meme kanseri hiicrelerinin
proliferasyonu, apoptozu ve migrasyonu Uzerindeki etkileri arastiriimistir. MCF-7 hiicreleri 24, 48 ve
72 saatligine 2 yM ABS ve/veya 10,20 ve 30 mM CeO nanopartikulleri ile muamele edilmistir. Hucre
canhhgi, apoptoz ve hiicre goc¢l degerleri, kontrol grubuna kiyasla tim muamelelerde 6nemli délglide
degismistir. 30 mM CeO hem tek basina hem de AB ile birlikte kullanildiginda hiicre canhhgi tek
basina AB'ye gore daha fazla azalmistir. 20 mM hem de 30 mM CeO nanopartikulleri hem tek
baslarina hem de AB ile birlikte kullanildiklarinda apoptozu AB'den daha fazla indiklemiglerdir. 30
mM CeO tek basina ve 20 ve 30 mM CeO AB ile birlikte kullanildijinda hiicre gocl tek basina AB'ye
gore daha fazla diismustir. Bu sonuglar, AB'nin CeO nanopartikilleri ile birlikte muamelesinin, MCF-
7 hicrelerinde sitotoksisite ve apoptozu artirabilecegini ve hiicre goginu azaltabilecegini
g6stermistir. Bu nedenle meme kanseri tedavisinde kullanilan antikanser ilaglarin CeO
nanopargaciklari ile kaplanmasi daha etkili sonuglar verebilir.

Bu galisma Ordu Universitesi Bilimsel Arastirma Projeleri Fonu (BAP) tarafindan A-2014 proje
numarasi ile desteklenmigtir.

Anahtar Kelimeler: Seryum oksit nanopartikilleri, Abraksan, Apoptoz, Migrasyon, Meme kanseri
hicreleri
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ANTITUMOR EFFECTS OF CERIUM OXIDE NANOPARTICLES ON THE MCF-7
CELL LINE

Ziilal Ath Sekeroglu, Vedat Sekeroglu, Seval Kontas Yedier

Department of Molecular Biology and Genetics, Faculty of Science and Letters, Ordu University,
Ordu, Turkey

Chemotherapy is one of the most effective methods used in cancer treatment, but it often has side
effects that lead to termination of treatment because it damages normal tissues as well as cancer cells.
It has been suggested that cerium oxide nanoparticles have anti-tumor and anti-angiogenic
mechanisms, and they can cause the death of cancer cells exposed to radiation therapy, while
protecting peripheral tissues and healthy cells from oxidative stress damage. However, the number of
studies on this subject is very limited. In this study, we investigated the effects of cerium oxide (CeQO)
nanoparticles and abraxane (AB) on proliferation, apoptosis and migration of breast cancer cells when
used alone or together. MCF-7 cells were treated with 2 yM AB and/or 10, 20 and 30 mM CeO
nanoparticles for 24, 48 and 72 hours. Cell viability, apoptosis and cell migration values were
significantly altered in all treatments compared to the control. When 30 mM CeO was used both alone
and with AB, cell viability was decreased more than AB alone. Both 20 mM and 30 mM CeO when
used alone and with AB induced apoptosis more than AB alone. 20 mM and 30 mM CeO when used
alone or with AB induced apoptosis more than AB alone. When 30 mM CeO was used alone, and 20
and 30 mM CeO were used with AB, cell migration reduced more than AB alone. These results showed
that co-treatment of AB with CeO nanoparticles can increase cytotoxicity and apoptosis and reduce
cell migration in MCF-7 cells. Therefore, coating of anticancer drugs used in breast cancer treatment
with CeO nanoparticles may give more effective results.

This study was supported by the Scientific Research Funding of Ordu University (Turkey) with project
number A-2014.

Keywords: Cerium oxide nanaparticles, Abraxane, Apoptosis, Migration, Breast cancer cells
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YENI SENTEZLENEN 4-N-[(1-METILPIROLIDEN)AMINO]JANTIPIRIN SCHIFF
BAZI CU(ll) KOMPLEKSININ MEME KANSERI HUCRELERINDEKI SITOTOKSIK
VE APOPTOTIK ETKILERI

Vedat Sekeroglu®, Aliye Gediz Ertlirk?, Zilal Atli Sekeroglut

1Ordu Universitesi, Fen Fakdiltesi, Molekdler Biyoloji ve Genetik, Tirkiye
20Ordu Universitesi, Fen Fakiiltesi, Kimya, Turkiye

insan kaynakh cesitli normal ve kanser hiicrelerinde, farkli model organizmalarda yapilan
calismalarda, Schiff bazimetal komplekslerinin sitotoksisite, apoptoz, DNA hasari gibi yollarla
antitimoral potansiyellerinin oldudu ortaya ¢ikariimistir. Bu amacla ¢alismamizda yeni sentezlenen 4-
N-[(1-metilpiroliden)amino]antipirin Schiff bazi Cu(ll) kompleksinin (NMPAAP-Cu), adenokarsinomlu
(MCF-7) meme hicre hattinda sitotoksik ve apoptotik etkileri incelenmisti. MTT deney sonuglari,
NMPAAP-Cu kompleksinin (10-2000 uM) sitotoksisiteyi doza ve zamana bagh bir sekilde arttirdigini
gOstermektedir. Bu artiglar, tim muamele sireleri i¢cin 50 uM ve yukaridaki konsantrasyonlarda énemli
bulunmustur. AO/EB boyama sonuglari, bu kompleksin (25-250 yM) MCF-7 hucrelerinde apoptozu
o6nemli olgide arttirdigini ortaya koymustur. Calisma sonuglari, NMPAAP-Cu'nun MCF-7 karsinom
hicrelerine karsi bir antikanser aktivitesine sahip oldugunu géstermistir.

Bu calisma Ordu Universitesi Bilimsel Arastirma Projeleri Fonu tarafindan BY-1723 ve TF-1634 proje
numaralari ile desteklenmistir.

Anahtar Kelimeler: Schiff baz kompleksi, Sitotoksisite, Apoptoz, Meme kanseri
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CYTOTOXIC AND APOPTOTIC EFFECTS OF A NOVEL SCHIFF BASE CU (ll)
COMPLEXES DERIVED 4-AMINO ANTIPYRINE ON BREAST CANCER CELLS

Vedat Sekeroglu®, Aliye Gediz Ertlirk?, Zilal Atli Sekeroglut

1Department of Molecular Biology and Genetics, Faculty of Science and Letters, Ordu University,
Ordu, Turkey
2Department of Chemistry, Faculty of Science and Letters, Ordu University, Ordu, Turkey

Schiff base-metal complexes have been revealed to have antitumoral potentials such as cytotoxicity,
apoptosis, and DNA damage in various normal and cancer cells of human origin and in different model
organisms. Therefore, the study aimed to investigate the cytotoxic and apoptotic activities of a newly
synthesized Schiff base-Cu (1) complex (4-N-[(1-methylpyrrolidine) amino] antipyrine) (NMPAAP-Cu)
in adenocarcinoma (MCF-7) breast cell line. MTT results showed that NMPAAP-Cu (10-2000 pM)
significantly increased cytotoxicity in a concentration- dependent manner. These increases were found
to be significant at 50 uM and above concentrations for all treatment times. AO/EB staining results
revealed that this complex (25-250 pM) significantly increased apoptosis in MCF-7 cells. The study
results indicated that the NMPAAP-Cu has an anticancer activity against MCF-7 carcinoma cells.

This study was supported by the Scientific Research Funding of Ordu University with project numbers
BY-1723 and TF-1634.

Keywords: Schiff base complex, Cytotoxicity, Apoptosis, Breast cancer
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HUCRE DONGUSU DUZENLEYICi PROTEIN OLAN HN1’IN SHSY-5Y
HUCRELERINDE PARKIN iLE ANTAGONISTIK ILiSKiSi

Sevda Altun, Aadil Javed, Giilseren Ozduman, Kemal Sami Korkmaz

Ege Universitesi, Miihendislik, Biyomiihendislik, Tirkiye

Giris: Prostat kanseri hiicrelerinde y-tibdilin ile etkilesime giren Hematolojik ve Norolojik Eksprese 1
(HN1), hicre dongisu ile iligkili bir proteindir. Hematolojik ve nérolojik dokularda belirgin ifade
g6stermesinden sonra HN1 adini almistir. SHSY-5Y, néronlara farkhlasabilen bir néroblastom hiicre
hattidir. E3 Ubikitin ligaz olan Parkin, SHSY-5Y hicrelerinde hiicre donglsu duzenleyici proteinleri
module eder. Hicre dongusu duzenleyici protein olan HN71’in Parkin dlzenleyicisi olarak hicre
déngusiine aracilik etmesindeki roli henlz arastiriimamistir.

Materyal ve Metotlar: SHSY-5Y hicrelerinde HN1'in ylksek ifadesini saglamak igin Tet-ON sistem
kullanarak HNZ21-uyarilabilir SHSY-5Y-pCW57-HMHN1 ve SHSY-5Y-pCW57-HN1-Venus hucreleri
(kontrol hiicreleriyle birlikte) kurulmustur. HN1 ylksek ifadesinin, SHSY-5Y hiicrelerinin proliferasyonu
Uzerindeki etkisi Tripan mavisi yontemi ile belirlenmistir. pCW57-HMHN1 hiicrelerinde doksisiklin
kullanilarak HN1 ylksek ifadesinin Parkin, Cyclin B1 ve Cdh1'in ekspresyonundaki faza 6zgu
degisikliklerini anlamak igin hiicre dénglsl senkronizasyonlari yapilarak seviyesel degisiklikler
western blotlama ydntemiyle gosterilmistir.

Bulgular: HM-HN1 ve HN1-Venus Tet-ON ifadeleri ektopik bantlar western blotlama ydntemiyle
dogrulandi. HN1 ile uyarlanan SHSY-5Y hicrelerinde proliferasyon seviyesi, HN1 dogal ifadesi olan
kontrol huicrelerine oranla daha dislk goézlendi. HN1 dogal ifadesinin seviyesinde, hiicre déngisinin
S-fazinda belirgin bir artis g6zlendi. Ayrica, HN7'in yiksek ifadesinin S, G2 ve mitozda Parkin
seviyesinin azalmasina neden olurken, CDK1 inhibitéri ile muamele edilen hicrelerde azalma
goérulmedi. HN7T’in yuksek ifadesi, Cdh1 ekspresyonunu onemli o6l¢ide stabilize ederken, G2
tutuklanmasindan sonra G1'e salinan hiicrelerde Parkin ve Cyclin B1 seviyelerinin azalmasina neden
oldugu gdzlendi.

Tartisma: HN1 yiksek ifadesinin Parkin’nin koaktivatéri olan Cdh1'i stabilize etmesi, HN1'in Parkin
Uzerindeki etkisinin anlasiimasinda kilit bir noktadir. HN1’in yiksek ifadesiyle S-fazinda Parkin'in
seviyesinin azalmasi, HN1'in Parkin ile antagonistik bir iligkisi oldugunu goésterir.

Sonuglar: SHSY-5Y hucrelerinde, hiicre dénglsu duzenleyici protein olan HN1’in hiicre déngusunun
farkl fazlarinda farkli seviyelere sahip olan bir protein oldugu belirlenmistir. HN?1’in yuksek ifadesi
Parkin koaktivatori Cdh1 stabilize ederken, protein seviyesinin ise azalmasina neden olmaktadir.
Anahtar Kelimeler: HN1, Hicre Dongus(, Parkin, Néroblastom
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HN1 IS A CELL CYCLE REGULATORY PROTEIN WITH ANTAGONISTIC
RELATIONSHIP WITH PARKIN IN SHSY-5Y CELLS

Sevda Altun, Aadil Javed, Giilseren Ozduman, Kemal Sami Korkmaz

Cancer Biology Laboratory, Department of Bioengineering, Ege University, Bornova (35040), izmir,
Turkey

Introduction: Hematological and Neurological Expressed 1 (HN1) is a cell cycle-related protein
interacting with y-tubulin in prostate cancer cells. It was named after showing significant expression in
hematological and neurological tissues. SHSY-5Y is a neuroblastoma cell line capable of
differentiating into neurons. The native expression of HN1 in SHSY-5Y cells has not been recorded.
Parkin is an E3 Ubiquitin ligase active in SHSY-5Y, modulates the cell cycle regulatory proteins in
SHSY-5Y cells. Since HN1 is a cell cycle regulatory protein, its role in mediating the cell cycle as a
regulator of Parkin is yet to be investigated and is the aim of this study.

Materials and Methods: We established HN1-inducible SHSY-5Y-pCW57-HMHN1 and SHSY-5Y-
pCW57-HN1-Venus cells (along with mock control cells) to overexpress HN1 in SHSY-5Y cells utilizing
the All-in-one Tet-ON system. Trypan Blue assay was used to determine the effect of HN1
overexpression on the proliferation of SHSY-5Y cells. Cell cycle synchronizations were performed to
understand the phase-specific changes in the expression of Parkin, Cyclin B1, and Cdhl by HN1
induction using doxycycline in pCW57-HMHN1 cells and measured by western blot method.
Results: The distinct ectopic bands for HM-HN1 and HN1-Venus by western blotting validated the
Tet-ON system. HN1 overexpression resulted in a significantly reduced proliferation rate in HN1-
induced SHSY-5Y cells as compared to control cells. HN1 native expression fluctuates during the cell
cycle with a sharp increase in S-phase. Furthermore, HN1 overexpression resulted in a decline of
Parkin levels in S, G2, and mitosis but not in CDKL1 inhibitor-treated cells. HN1 overexpression
significantly stabilized Cdh1 expression, however, reduced the Parkin and Cyclin B1 levels in the cells
released into G1 after G2 arrest.

Discussion: HN1 overexpression stabilizing Cdhl is a key point in understanding the effect of HN1
on Parkin as Cdh1l is one of the co-activator of Parkin. HN1 overexpression resulting in depleted Parkin
in S-phase shows that HN1 has an antagonistic relationship with Parkin.

Conclusions: HNL1 is a cell cycle regulatory protein in SHSY-5Y cells with oscillating protein levels in
different phases of the cell cycle. Its overexpression stabilizes the co-activator Cdhl of Parkin but
reduces its protein levels.

Keywords: HN1, Cell Cycle, Parkin, Neuroblastoma
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METASTATIK PROSTAT KANSERI GELISIMINDE KRONIK ENFLAMATUAR
MIKROGEVRE iLE TETIKLENEN EPITELYAL MEZENKIMAL GECIS VE
ANOIKiS DIRENCI

Elif isel®, Bilge Debeleg Biitiiner?

'Ege Universitesi/Kongre, Fen Bilimleri Enstitiisti, Biyoteknoloji, Tlrkiye
2Ege Universitesi, Eczacilik Fakdltesi, Farmasétik Biyoteknoloji ABD, Tirkiye

Girig: Kronik enflamasyonun epitelyal mezenkimal gecis (EMT) mekanizmasini tetikleyerek epitel
hicrelerin mezenkimal karakter kazanmasini tesvik ettiji ve metastatik prostat kanseri (PCa)
gelisimine katki sagladigi bilinmektedir. Intravazasyon yapan mezenkimal karakterdeki tiimér
hlcreleri, damar igerisinde seyahat ederken anoikis direnci olarak adlandirilan apoptozdan kagma
mekanizmasi ile hayatta kalir. Enflamatuar ortamda, prostat hiicrelerine spesifik timoér baskilayici olan
NKX3.1 proteininin, yikima ugradigi ve migrasyonu tetikledigi bilinmektedir. NKX3.1 geninin kaybinin
EMT profili Gzerindeki etkisi, bu genin tekrar hiicrelere kazandiriimasi durumunda EMT degisimi ve
anoikis direnci uzerindeki etkisi bilinmemektedir. Bu amagla, NKX3.1 ekspresyonu olan ve olmayan in
vitro kronik enflamatuar hiicre kultird modeli tasarlandi.

Materyal ve Metotlar: U937 monosit hlicreleri makrofajlara farklilastirildi ve makrofajlar sitokin salimi
icin induklenerek ‘sartlandiriimis ortam’ (CM) elde edildi. CM igerigindeki TNF-a ve TGF-1 sitokin
konsantrasyonlari Elisa yontemiyle dl¢ildi. Prostat kanseri lenf nodu metastazi hicre hatti LNCaP
hicreleri, belirlenen dozlarda CM ortaminda iki hafta kiltiire edilerek in vitro kronik enflamatuar bir
hicre kiltird modeli olusturuldu. Enflamatuar mikrogevrede tetiklenen EMT aktivasyonunun hiicreler
Uzerindeki etkisi, morfolojik degisimin 1sik mikroskobunda izlenmesiyle ve EMT iligkili markerlarin
imminfloresan isaretlemesiyle arastirildi. Hiicre canlihdi WST-1, anoikis direnci anoikis protokoli ile
analiz edildi.

Bulgular: LNCaP hicreleri 2,5/250, 5/500, 10/1000 ve 20/2000 pg/ml TNF-o/TGF-1
konsantrasyonlarina sahip CM ile 1-2 hafta kiltlir edildi. Hiicrelerde mezenkim-benzeri morfolojik
degisim gozlendi. immiinfloresan analizlerine gére, artan TNF-a/TGFB-1 konsantrasyonlari ile dogru
orantili olarak vimentin ve a-SMA gibi EMT iligkili belirteclerin ekpsresyonunun arttigi saptandi. TNF-
a/TGFB-1 konsantrasyon artigina bagh olarak hicrelerdeki canliigin ve metabolik hizin azaldig,
NKX3.1 ekspresyonu kazandiriimasinin da hiicre canhhdini ve anoikis direncini baskiladigi gézlendi.
Tartigma: Tumdr baskilayici fonksiyon gdsteren NKX3.1, normal prostat hiicrelerinde hiicre canhihdini
destekleyici bir rol oynarken, stres kosullarinda hicre canlligini baskiladigi ve kronik enflamasyon ile
artan anoikis direncini baskiladigi sonucuna varildi.

Sonug: Metastatik PCa gelisiminde kronik enflamatuar mikrogevre ile tetiklenen EMT ve anoikis
direnci, NKX3.1 proteinin fonksiyonu ile iligkilidir. EMT iligkili bagka belirteclerin protein seviyelerindeki
degisimin incelenmesini gerektiren ek calismalara ihtiya¢c duyulmaktadir.

Anahtar Kelimeler: prostat kanseri, enflamasyon, EMT, anoikis
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EPITHELIAL MESENCHYMAL TRANSITION AND ANOIKIS RESISTANCE
INDUCED IN CHRONIC INFLAMMATORY MICROENVIRONMENT IN
METASTATIC PROSTATE CANCER

Elif isel', Bilge Debelec Butuner?

1Ege University, Dept. of Biotechnology, Bornova, 35100, Izmir, Turkey
2Ege University, Faculty of Pharmacy, Dept. of Pharmaceutical Biotechnology, Bornova, 35100,
Izmir, Turkey

Introduction: Chronic inflammation triggers the epithelial-mesenchymal transition (EMT) mechanism,
promoting the mesenchymal characterization of epithelial cells and contributing to the development of
metastatic prostate cancer (PCa). Intravasating tumor cells with mesenchymal character survive
through escaping from apoptosis, called anoikis resistance, while traveling through the vessel. The
NKX3.1 protein, which is a tumor suppressor specific to prostate cells, is known to degrade in the
inflammatory environment and trigger migration. Cellular effects of both NKX3.1 loss and its recovery
on EMT change and anoikis resistance is still unknown. For this purpose, a unique in vitro chronic
inflammatory cell culture model w/wo NKX3.1 overexpression has been established.

Materials and Methods: U937 monocyte cells were differentiated into macrophages, they were
induced for cytokine release and conditioned media (CM) collected TNF-a and TGF-B1 cytokine
concentrations in CM were measured by Elisa. An in vitro chronic inflammatory cell culture model was
established by culturing prostate cancer lymph node metastasis cell line LNCaP cells in CM medium
at specified doses for 1-2 weeks. Cellular effects of EMT activation induced by inflammatory
environment was investigated by visualizing morphological changes under light microscopy, and the
immunofluorescent labeling of EMT-related markers. Metabolic rate and anoikis resistance of cells
was analyzed by WST-1 assay and anoikis assay sequentially.

Results: LNCaP cells were cultured for 1-2 weeks with CM with TNF-a/TGF-B1 concentrations of
2.5/250, 5/500, 10/1000 and 20/2000 pg/ml. Mezenchyme-like morphological changes were observed
under microscope. According to the immunofluorescence analysis, levels of EMT-related markers such
as vimentin and a-SMA was determined to increase in correlation with the increasing TNF-a/TGF-31
concentrations. At the end of two weeks, NKX3.1 was overexpressed into the cells. Depending on the
increasing TNF-a/TGF-B1 concentrations, the viability and metabolic rate of the cells were observed
to decreased, however, cell viability and anoikis resistance were suppressed in the cells with restored
NKX3.1 expression.

Discussion: It is suggested that NKX3.1, which is a tumor suppressor support cell survival in normal
prostate cells, however, it suppresses cell proliferation and anoikis resistance in chronic inflammatory
microenvironment.

Conclusion: EMT and anoikis resistance triggered by the chronic inflammatory microenvironment in
metastatic PCa development are associated with the function of the NKX3.1 protein. Additional studies
are needed to examine changes in protein levels of other EMT-related biomarkers.

Keywords: prostate cancer, inflammation, EMT, anoikis
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MYOMLARDA OTOFAJi BELIRTEGLERININ iIMMUNOHISTOKIMYASAL
OLARAK iNCELENMESI

Eren Akbaba, Nazh Can
Mugla Sitki Kogman Universitesi, Tip Fakiiltesi, Kadin Hastaliklari ve Dogum AD, Tiirkiye

Giris: Fizyopatolojik olarak miyometriumdan kdken alan, degisen miktarda fibréz doku igeren iyi huylu
duz kas tumorleridir. Myomlarin olusum mekanizmalari programli hicre 6lim mekanizmalari ile
etkilesimleri birgok ¢alismaya konu olmasina ragmen saglikl endometrial dokuda etkinligi daha énceki
calismalarda g0sterilmis olan ve otofaji ve myomlarla ilgili literatirde herhangi bir c¢alismaya
rastlanmamigtir. Otofaji; hlcrenin aclikla karsilastidi fizyolojik kosullarda, ihtiya¢ duydudu besin
6gelerini kazanabilmek igin sitoplazmada bulunan bazi proteinlerin, hiicreye ait organellerin ve diger
yapilarin lizozomal kompartiman iginde yikima ugratildigi hiicresel bir yoladi da ifade etmektedir Biz
bu ¢calismada, myom patogenezinde, otofaji mekanizmasinda gérev alan Beclin-1, Atg5, Atg12, Atg16,
LC3 p62 belirteclerinde olasi degisiklikleri incelemeyi, myom patogenezinde, otofaji mekanizmasinda
meydana gelen degisiklikleri arastirmayi ve elde edilen verilerle yeni yapilacak olan ¢alismalara i1sik
tutmay1 hedeflemekteyiz.

Materyal Metod: Bu galismaya Mugla Egitim Arastirma Hastanesi patoloji laboratuvarinda doku
bloklari arsivlenen bireylere ait doku drnekleri dahil edilmistir.

Grup1. Calsima grubu (n=50); histopatolojik myom tanisi konan bireylere ait dokularin dahil edildigi
grup

Grup2. Kontrol grubu (n=50); histopatolojik olarak histerektomi piesinde miyom saptanmayan bireylere
ait dokularin dahil edildigi grup

Bulgular: Caligmaya aldigimiz olgularin toplam sayisi 100 dir. Yas dagihmi 25-88 arasinda olup,
ortalama yas 45,67 dir Otofaiji belirtegleri ile yapilan immunohistokimyasal boyama sonrasi elde edilen
h skor deg@erleri ATG5,12,16 belirteglerinde calisma grubunda en yilksek diizeyde bulunurken
(p=0,000). p62, LC3A/B, Beclin-1 belirteclerinde de anlamli artis gdzlenmistir.(p<0,05).

Tartisma: Endometrial miyomlar kadin ntfusunun buyudk bir kismini etkileyen ginlik yasantida agiri
kanama gibi semptomlar gdsteren ve bireyin yasam kalitesini dislren ayrica malinite ydninde
ilerleyebilen bening olusumlardir. Endometrial olusumlarin molekiler mekanizmalarinin ¢éziimlenmesi
otofaji mekanizmasinda olabilecek olasi degisikliklerin eski haline getirerek endometrial miyomlari
tedavi etmek icin terapdtik bir strateji olarak karsimiza ¢ikabilecegi gibi yeni tedavi yontemlerinin
geligtiriimesinin ilk ayagidir. Biz bu ¢alisma ile miyom dokusu ile histerektomi piesinde miyom
saptanmayan bireylere ait endometriyum dokusu arasindaki otofajik degisimleri inceledik ve farkh
sonuglar elde ettik. Daha fazla olgu ile molekiler ve elektron mikroskobik tekniklerle destekleyecek
calismalara ihtiyag oldugu kanaatindeyiz.

Sonug: Otofajinin  dizenlenmesindeki temel molekiler mekanizmalar ve otofajinin  timor
hicrelerindeki roli tam olarak agiklanamamaktadir. Bununla birlikte, otofajinin farmakolojik olarak
dizenlenmesi yaklagimi, timd&run yok edilmesinde yeni tedavi stratejileri icin 6nemli klinik potansiyele
sahiptir.

Anahtar Kelimeler: Miyom, otofaji, immunohistokimya
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IMMUNOHISTOCHEMICAL EXAMINATION OF AUTOPHAGY MARKERS IN
MYOMAS

Eren Akbaba, Nazli Can

Dept. of Obstetrics and Gynecology, Medicine Faculty, Mug@la Sitki Kogman University, Mugla,
Turkey

Introduction: Physiopathologically, they are benign smooth muscle tumors originating from the
myometrium and containing varying amounts of fibrous tissue. The formation mechanisms of fibroids
and their interactions with programmed cell death mechanisms have been the subject of many studies.
however, no study was found in the literature on autophagy and myomas. autophagy; It is a cellular
pathway in which some proteins, cell organelles and other structures in the cytoplasm are destroyed
in the lysosomal compartment in order to gain the nutrients it needs in physiological conditions where
the cell faces hunger. In this study, we aim to examine the possible changes in Beclin-1, Atg5, Atgl12,
Atg16, LC3 p62 markers that are involved in the autophagy mechanism in myoma pathogenesis, to
investigate the changes in the autophagy mechanism in the myoma pathogenesis, and to shed light
on the new studies to be done with the data obtained.

Material and Method: Tissue samples of individuals whose tissue blocks were archived in the
pathology laboratory of Mugla Training and Research Hospital were included in this study.

Groupl. Study group (n=50); The group in which tissues belonging to individuals diagnosed with
histopathological myoma are included

Group2. Control group (n=50); The group in which tissues belonging to individuals whose fibroids were
not detected histopathologically in the hysterectomy pie were included

Results: The total number of cases included in the study is 100. The age distribution is between 25
and 88, and the mean age is 45.67. While the h score values obtained after immunohistochemical
staining with autophagy markers were the highest in the study group for ATG5,12,16 markers
(p=0.000). Significant increases were also observed in p62, LC3A/B, Beclin-1 markers (p<0.05).
Discussion: Endometrial fibroids are benign formations that affect a large part of the female
population, show symptoms such as excessive bleeding in daily life, reduce the quality of life of the
individual, and may progress towards malignancy. The analysis of the molecular mechanisms of
endometrial formations may appear as a therapeutic strategy to treat endometrial fibroids by restoring
possible changes in the autophagy mechanism, and is the first step in the development of new
treatment methods. In this study, we examined the autophagic changes between the fibroid tissue and
the endometrial tissue of individuals whose fibroids were not detected in the hysterectomy pie, and we
obtained different results. We believe that there is a need for studies to support more cases with
molecular and electron microscopic techniques.

Conclusion: The basic molecular mechanisms in the regulation of autophagy and the role of
autophagy in tumor cells cannot be fully explained. However, the approach of pharmacological
regulation of autophagy has significant clinical potential for new treatment strategies in tumor
eradication.

Keywords: Myoma, autophagy, immunohistochemistry
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YUMURTALIK KANSERi HUCRE HATTI OLAN SKOV-3 HUCRELERINDE USNiK
ASIT MOLEKULUNUN APOPTOTIK ETKISININ MRNA SEVIYESINDE
ARASTIRILMASI

Zehra Sena Bumin, Demet Cansaran Duman

Ankara Universitesi Biyoteknoloji Enstitlisti, Biyoteknoloji Enstitiisti, Ankara Universitesi Biyoteknoloji
Enstitlsu, Tarkiye

Kadinlarda en 6limcil jinekolojik kanser turlerinden biri olan yumurtalik kanseri, ginimuzde geg
evrelerde teshis edilmektedir. Ovaryum kanserinde konvansiyonel tedavi yontemleri ile henliz tam
etkili bir tedavi yontemi elde edilememistir (1,2). Kemoterapétikler yumurtalik kanseri igin standart bir
tedavi yéntemi olarak kullanilir, ancak kemoterapétik tedavi yontemleri ile elde edilen umut verici
sonuglar hastahgin erken evrelerinde goézlenmektedir (1,2). Hasta, yumurtalik kanserinin rutin
tedavisinde kullanilan kemoterapdtiklere zaman icerisinde direng gelistirir (2). Ayrica, geleneksel
tedavilerde kullanilan molekiller, zamanla hasta tzerinde toksik etki gosterir (2,3). Usnik Asit (UA)
likenlerde bol bulunan bir liken ikincil metabolittir (4). UA'nin anti-kanser, anti-enflamatuar ve anti-
mikrobiyal 6zelliklere sahip oldugu yapilan c¢alismalarla belirlenmistir (4,5). Bu ¢alisma, UA'nin
terapdotik etkilerini inceleyerek, toksik etkisi olmayan ve dogal bir aday ilag molekull olarak UA'nin
yumurtalik kanseri tedavisindeki mevcut tedavilere ek yenilikgi bir tedavi yaklagimi olarak kullanimini
belirlemeyi amaglamaktadir.

XCELLigence Gergek Zamanh Hicre Analizi (xCELLigence RTCA) ile SKOV-3 ovaryum kanser
hicrelerine ilag aday molekili UA uygulandiktan sonra sitotoksik etkisisi ve sonrasinda IC50 dozu
belirlendi. Buna ek olarak, dort adet apoptoz yolagi ile ilgili genin ifade seviyesi gercek zamanli
kantitatif PCR (qRT-PCR) ile belirlendi. Bu galisma sonucunda, UA molekuli uygulanmasi sonucu
SKOV-3 hicrelerinde doz ve zamana bagl olarak anti-proliferatif etki ve hiicre canliiginda azalma
g6zlendi. UA molekllinin 1C50 konsantrasyonu 8.75 pM olarak belirlendi. UA molekilinin
uygulandiktan 10 saat sonra istenilen etkiyi gosterdigi gdzlendi. Ayrica qRT-PCR deneylerinin
sonuglari, UA uygulanmasinin gen ifadesi dizeyini mRNA seviyesinde 6nemli dlgiide dizenledigi
gosterilmistir. Kaspaz 3, Kaspaz 8, Kaspaz 1 genlerinin ifade seviyesinde énemli bir artis ve Bcl-2
geninin ifade seviyesinde azalma gézlenmistir. Bu c¢alisma literatirde UA'nin SKOV-3 yumurtalik
kanseri hucreleri Uzerindeki anti-proliferatif ve apoptotik etkisini belirleyen ilk ¢alismadir. UA'nin
yumurtalik kanseri tedavisi icin bir ila¢g adayi molekul olarak kullanilma potansiyelini degerlendirmek
icin daha fazla arastirma yapilmasi gerekmektedir.
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INVESTIGATION OF APOPTOTIC EFFECTS OF USNIC ACID IN MRNA LEVEL
IN OVARIAN CANCER SKOV-3 CELL LINE

Sena Bumin, Demet Cansaran-Duman

Ankara University, Biotechnology Institute, Kecioren, Ankara, Turkey

Ovarian cancer, one of the deadliest types of gynecological cancer in women, is primarily diagnosed
in late stages today, and fully effective treatment has not yet been obtained with the conventional
treatment methods (1,2). Chemotherapeutics are used as a standard treatment method for ovarian
cancer, but with chemotherapeutic treatment methods, promising results are obtained primarily in the
early stages of the disease (1,2). The patient develops resistance to chemotherapeutics used in the
routine treatment of ovarian cancer stage (2). Additionally, the molecules used in traditional treatments
develop toxic effects on the patient over time (2,3). Usnic Acid (UA) is a lichen secondary metabolite
abundant in lichenized fungi (4). UA has some biological effects as anti-cancer, anti-inflammatory and
antimicrobial activities (4,5). This study aims to investigate the therapeutic effects of UA as a candidate
drug molecule, which is a promising natural and innovative treatment option that has no toxic effect in
the treatment of ovarian cancer in addition to existing therapies.

XCELLigence Real-Time Cell Analysis (xCELLigence RTCA) assay is performed to determine the the
anti-proliferative effect after applying the UA drug candidate molecule and IC50 dose on SKOV-3 cells.
In addition, the determination of the expression level of the four apoptosis pathway related genes is
examined with real-time quantitative PCR (gQRT-PCR) in UA-treated cells. As a result of this study, UA
anti-proliferative effect was showed a dose- and time-dependent reduction of cell viability after UA
exposure on SKOV-3 ovarian cancer cells. IC50 concentration of UA is found at 8.75 yM and most
effective upon 10 h of UA application. Moreover, the results of qRT-PCR experiments demonstrated
that UA treatment significantly regulated gene expression level as increases in Caspase 3, Caspase
8, Caspase 1 and a decrease of Bcl-2 at mRNA level. This study is the first in the literature to determine
the anti-proliferative and apoptotic effect of UA on SKOV-3 ovarian cancer cells. Further research
needs to be conducted to assess the potential of UA as a drug candidate molecule for the treatment
of ovarian cancer.
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TUZ STRESI ALTINDA YETISTIRILEN CISTUS CRETICUS L.'NiN PANKREATIK
KANSER HUCRE HATLARINDA ANTI-KANSER ETKILERININ INCELENMESI

Burgin Ozbekle, Yagmur Arikan, Bahar Yildiz Kutman, Elif Damla Arisan

Gebze Teknik Universitesi, Biyoteknoloji Enstitiisti, Biyoteknoloji, Tiirkiye

Giris: C.creticus, Turkiye'nin Akdeniz Bolgesi'nde dogal olarak yetisen tibbi ve aromatik bitkilerden
biridir. C.creticus, biyoaktif maddeler acisindan oldukg¢a zengindir ve 92 farkli terpen ve 12 farkli
fenilpropanoid flavonoid igerir. Onceki ¢alismalar, C.creticus éziitiiniin meme kanseri hatti, rahim agzi
kanseri hatti, I6semi ve melanom hatti Gzerinde etkili oldugunu gostermistir. Bitkiler tuzluluk stresine
maruz kaldiklarinda; morfolojik, fizyolojik ve biyokimyasal degisiklikler meydana gelir. Pankreas duktal
adenokarsinomu (PDAC), kanser 6limunin dérdinct énde gelen nedenidir. Bu nedenle, bu galisma,
artan tuzluluk stres kosullarina bagli olarak pankreas kanseri hicre hatlarinda C.creticus
ekstraktlarinin hiicre sagkalimi, otofaji ve apoptoz tGizerindeki anti-kanser etkilerini gdstermektedir.
Materyal ve Metotlar: PANC-1, MIAPaCa-2 ve AsPC-1 hiicrelerinde C.creticus'un hiicre sagkalimi
ve Oliumu Uzerindeki terapotik etkilerini incelemek Uzere; metabolik aktiviteyi, hicre canhligini ve
proliferasyonu 6lgmek icin 24 saatlik muameleden sonra MTT tahlili, koloni olusturma tahlili, floresan
boyama, immuinoblotlama ve akis sitometrisi yapildi. ROS olusumu DCFDA boyasi ile olgildi ve
mitokondriyal degisiklikler MitoTracker RedCMXRos boyasi ile goézlemlendi. Hicre doéngisu
degisikliklerini gdzlemlemek icin akis sitometrisi kullanildi. Otofaji ve apoptotik hiicre dlim yolu
belirteglerini arastirmak ve protein ekspresyonu miktarini 6lgmek igin Western blot yapildi.

Bulgular: MIAPaCa-2 ve PANC-1 hicreleri icin artan dozlardaki C.creticus’un etanol
ekstraksiyonunun hucre canlilik orani, su ekstraksiyon yontemine gére Onemli dlgide azalmigtir.
Hucrelerdeki mitokondri birikimi, C.creticus'un su ekstraktlarindan ziyade tg¢ hicre hattinin timu igin
etanol ekstraktlarinin kullaniimasiyla énemli élglide azaldi. 150 pg/ml C.creticus konsantrasyonu
kullanildiktan sonra tim hucre tiplerinin koloni olusumu azaldi. Muameleye karsi hicrelerin ROS
olusumu, kontrol grubuna gdre her G¢ hicre hattinda da azald1.

Tartisma ve Sonug: C.creticus, PDAC igin potansiyel olarak faydali bir hedef olabilir. C.creticus
bitkisinin etanol ekstraksiyonu pankreas kanseri hicrelerinde tedavi edici 6neme sahip oldugu
goérulmastar. EtOH, bitkilerden polifenol ekstraksiyonu i¢in sudan daha iyi bir ¢ézici oldugundan,
etanol ekstraksiyon ydntemi daha basarili anti-kanser etkilere sahiptir. Deneysel verilerden sonra,
artan C.creticus konsantrasyonunun hiicre canhligi, azaltiimis koloni olusumu ve hticre proliferasyonu
uzerinde 6nemli etkileri olmustur. Ayrica tedaviye karsi reaktif oksijen tlirlerinin azalmasi, C.creticus'un
pankreas kanseri tedavisine karsi yararli bir antioksidan oldugunu kanitlamistir.

Anahtar Kelimeler: Pankreatik duktal adenokarsinom, Cistus creticus L., hiicre élimu, hicre
sagkalimi, tuzluluk stresi
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INVESTIGATION OF ANTI-CANCER EFFECTS OF CISTUS CRETICUS L.
GROWN UNDER SALINITY STRESS IN PANCREATIC CANCER CELL LINES

Burgin Ozbekle, Yagmur Arikan, Bahar Yildiz Kutman, Elif Damla Arisan

Institute of Biotechnology, Gebze Technical University, 41400 Kocaeli, Turkey

Introduction: C.creticus is one of the medicinal and aromatic plants that grows naturally in the
Mediterranean Region of Turkey. C.creticus is very rich in bioactive substances and contains 92
different terpenes and 12 different phenylpropanoid flavonoids. Previous studies showed that the
C.creticus extract is effective on breast cancer line, cervical cancer line, leukemia, and melanoma line.
When plants are exposed to salinity stress; morphological, physiological and biochemical changes
occur. Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer death. Thus,
this study highlights the anti-cancer effects of C.creticus extracts on cell survival, autophagy and
apoptosis in pancreatic cancer cell lines depending on the increased salinity stress conditions.
Materials and Methods: For examining the therapeutic effects of C.creticus on cell survival and death
in PANC-1, MIAPaCa-2 and AsPC-1 cells; MTT assay, colony formation assay, fluorescent staining,
immunoblotting and flow cytometry were performed after 24 hours of treatment to measure metabolic
activity, cell viability and proliferation. ROS formation was measured by DCFDA dye and mitochondrial
changes was observed by MitoTracker RedCMXRos dye. Flow cytometry was used to observe cell
cycle changes. Western blotting was performed to measure the amount of protein expression to
investigate autophagy and apoptotic cell death pathway markers.

Results: Cell viability rate was significantly decreased with increasing ethanol extraction of C.creticus
doses for MIAPaCa-2 and PANC-1 cells than water extraction method. Mitochondria accumulation in
cells was significantly decreased by using ethanol-extracts for all three cell lines than water-extracts
of C.creticus. Colony formation of all cell types was reduced after using 150 ug/ml of C.creticus
concentration. ROS formation of cells against treatment was decreased in all three cell lines in respect
to control group.

Discussion and Conclusion: C.creticus could be a potential useful target for PDAC. Ethanol
extraction of C.creticus plant has therapeutic importance in pancreatic cancer cells. Ethanol extraction
method had more successful anti-cancer effects because EtOH is a better solvent for polyphenol
extraction from plants than water. After experimental data, increasing concentration of C.creticus had
significant effects on cell viability, reduced colony formation and cell proliferation. Also, reduced
reactive oxygen species against treatment proved that C.creticus is an useful antioxidant against
pancreatic cancer therapy.

Keywords: pancreatic ductal adenocarcinoma, Cistus creticus L., cell death, cell survival, salinity
stress
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MATERNAL SIRKADIYEN RiTiM DEGISIKLIGININ ERISKIN YAVRU OVARYUM
DOKULARINDA HUCRE PROLIFERASYONU VE APOPTOZ UZERINE
EPIGENETIK ETKILERININ ARASTIRILMASI

Gamze Zengin, Gizem Gamze Tas, Leyla Sati
Akdeniz Universitesi, Tip Fakdiltesi, Histoloji ve Embriyoloji AD, Tirkiye

Giris: Ureme sistemi, fotoperiyodik isaretler ile aydinlik/karanlik déngiisiine bagli olan diizenli ve
hassas bir ritmiklik sergiler. Maternal sirkadiyen ritim bozulmasinin, anne de oldugu kadar yavru
soylarda 6zellikle Greme sistemi ve metabolik saglik agisindan etkileri tam olarak bilinmemektedir.
Calismamizda, gebelik ve laktasyon dénemlerinde maternal sirkadiyen ritim degisikligi ile eriskin
déneme gelen yavrularin ovaryumlarindaki hiicre 6lumu ve proliferasyon arasindaki olasi iligkinin
ortaya konulmasi amaclanmistir.

Materyal ve Metotlar: Calismamizda gebelik ve laktasyon sureglerinde anneler kontrol (12 saat
aydinlik/12 saat karanlik), kisa giin (KG; 8 saat aydinlik/16 saat karanlik) ve uzun gin (UG; 16 saat
aydinlik/8saat karanlk) periyotlarina birakilmistir. Annenin gebelik ve laktasyon ddnemindeki
kosularina bagh olarak yavrular, kontrol, kisa giin gebelik (KG-G), kisa giin laktasyon (KG-L), kisa giin
gebelik ve laktasyon (KG-G+L), uzun giin gebelik (UG-G), uzun giin laktasyon (UG-L), uzun gin
gebelik ve laktasyon (UG-G+L) alt kategorilere ayriimistir (n=5 sigan/grup). Postnatal 90. giinde
ovaryum dokulari alinarak immunohistokimya ydntemi ile ovaryum folikullerindeki (primordiyal, primer,
sekonder, preantral, antral), aktif kaspaz-3 (apoptoz belirteci) ve PCNA (proliferasyon belirteci)
proteinlerinin ekspresyonlari, boyanma siddeti (0: boyanma yok, 1: zayif, 2: orta, 3: gi¢li) ve boyanma
alani (%50’den az ise 1, %50’ye esit veya daha fazla ise 2) garpimi skorlanarak degerlendirilmistir.
Bulgular: PCNA proteini, KG-G grubunda sekonder, preantral ve antral folikillerin granuloza
hucrelerinde belirgin sekilde azalan bir ekspresyon gdstermistir (p<0,05). Aktif Kaspaz-3 proteini
acisindan ise tum deney gruplarinda 6zellikle primer ve antral foliklllerin granuloza hicrelerinde
anlamli bir artis izlenmistir (p<0,05).

Tartisma: Granuloza hlcreleri, ovaryumda foliktl blylimesi ve ovulasyonda énemli rol oynar. Farkli
doku ve sistemlerde sirkadiyen saat ile proliferasyon ve apoptoz arasindaki iligkiyi gésteren ¢alismalar
mevcuttur. Calismamizda da deney gruplarinda apoptozun 6zellikle primer ve antral folikillerde arttigi
gOsterilmigtir.

Sonug: Bulgularimiz, gebelik ve laktasyon sureclerindeki maternal sirkadiyen ritim degisikliginin
epigenetik olarak yavru ovaryumlarinda hiicre proliferasyonu ve apoptoz dengesini, ayrica
foliklilogenezi etkileyebilecegdini ortaya koymaktadir.

Anahtar Kelimeler: Sirkadiyen ritim, Epigenetik, Ovaryum, Proliferasyon, Apoptoz
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INVESTIGATION OF THE EPIGENETIC EFFECTS OF MATERNAL CIRCADIAN
RHYTHM CHANGES ON CELL PROLIFERATION AND APOPTOSIS IN ADULT
OFFSPRING OVARIAN TISSUES

Gamze Zengin, Gizem Gamze Tas, Leyla Sati
Akdeniz University School of Medicine, Department of Histology and Embryology, Antalya, Turkey

Introduction: The reproductive system exhibits steady and critical rhythmicity that is dependent on
the light/dark cycle with photoperiodic cues. However, the effects of maternal circadian rhythm
disruption in offspring as well as in the mother are not fully known, especially in terms of reproductive
system and metabolic health. Thus, we aimed to investigate the possible relationship between
maternal circadian rhythm changes during pregnancy and lactation periods and, apoptosis and
proliferation in the ovaries of the adult offspring.

Materials and Methods: Mothers were kept at control (12 hours light/12 hours dark), short day (SD;
8 hours light/16 hours dark) and long day (LD; 16 hours light/8 hours dark) conditions during pregnancy
and lactation periods. The offspring were subcategorised as control, short-day pregnhancy (SD-P),
short-day lactation (SD-L), short-day pregnancy and lactation (SD-P+L), long-day pregnancy (LD-P),
long-day lactation (LD-L), long-day pregnancy and lactation (LD-P+L) groups (n=5 rats/group)
depending on the maternal light condition during pregnancy and lactation periods. Ovaries were
collected at adulthood. Active caspase-3 (apoptosis marker) and PCNA (proliferation marker)
expressions in the ovarian follicles (primordial, primary, secondary, preantral, antral) were evaluated
by immunohistochemistry. The staining intensity (0: no staining, 1: weak, 2: moderate, 3: strong) and
stained area percentage (1 for <50%; 2 for 250%) were multiplied to establish a weighted score.
Findings: PCNA expression was significantly decreased in the granulosa cells of secondary, preantral
and antral follicles in the SD-P group (p<0.05). On the other hand, active caspase-3 expression was
significantly increased in all experimental groups, particularly in granulosa cells of primary and antral
follicles (p<0.05).

Discussion: Granulosa cells play an important role in follicle growth and ovulation. There are studies
showing the relationship between the circadian clock and, proliferation and apoptosis in several tissues
and systems. We observed that apoptosis was increased particularly in primary and antral follicles in
our experimental groups.

Results: Our results demonstrated that maternal circadian rhythm changes during pregnancy and
lactation periods can epigenetically affect the balance between cell proliferation and apoptosis, and
folliculogenesis in adult offspring ovaries.

Keywords: Circadian rhythm, Epigenetics, Ovary, Proliferation, Apoptosis
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SESSIZ TUMOR SUPRESOR GEN MUTASYONLARININ MRNA iSLENMESI
UZERINE OLASI ETKILERININ MINIGENE SPLICING ASSAY ILE SAPTANMASI

Ali Yiiksel, Oguz Altung6z
Dokuz Eyll Universitesi, Saglik Bilimleri Enstitiist, Tibbi Biyoloji ve Genetik Anabilim Dali, Tirkiye

Girig: Okaryotik genlerin transkript Griinleri éncii bir mRNA (pre-mRNA) olarak sentezlenir ve
‘Alternative splicing’ ile genelde tek pre-mRNA’dan ¢ok sayida olgun-mRNA olusturulur. Pre-
MmRNA'nin islenmesinde klasik 5’-3’ kesim motifleri ile birlikte diger cis-etkili splicing dizenleyici
elementler olan ‘exonic veya intronic splicing enhancer ve silencer’ motiflerinin (Exonic Splicing
Enhancer / Silencer: ESE/ESS; Intronic Splicing Enhencer / Silencer: ISE-ISS) rolt buyuktur. Bu cis-
etkili Splicing duzenleyici motifler trans-etkili proteinlerin 6zgil baglanma domainleridir ve bu motiflerde
olugsan mutasyonlar hatali mRNA’lara veya pre-mRNA’nin tamamen yikimina neden olur. Kanser
turlerinde splicing mutasyonlari ve anormal splice varyantlari daha fazla goérilir. Bu ¢alismada timor
sUpresor genlerin (TSG) ESE veya ESS dizilerini bozan sessiz mutasyonlarin da timoér stipresorlerin
fonksiyonlarini bozabilecedinden yola ¢ikarak bu durumun hiicre bélinmesi kontroliinii bozabilecedi,
hasarli hicrelerin kontrolli 6limden kagarak c¢ogalabilecedi ve sonugta kansere evrilebilecedini
oOngordik.

Gereg ve Yontem: COSMIC (Catalogue of somatic mutations in cancer) veri tabaninda kanser
hicrelerinde belirlenmis sessiz TSG mutasyonlarini taradik ve bu mutasyonlari Human Splicing Finder
biyoinformatik analiz sisteminde test ettik. Analiz sonucu bes fakl TSG’de sekiz farkl sessiz ekzonik
mutasyonu (CDKN2A: ¢.273G>A, ¢.339G>T, ¢.342C>G; TP53: ¢.793C>T, ¢.801G>T; BAI3:
¢.1419C>T; CABLES2: c.1002C>T; PTCH2: c.249A>G) sectik. Bes gene ait normal ekzon dizileri
(CDKN2A: Ekzon2, TP53: Ekzon8, BAI3: Ekzon8, CABLES2: Ekzon8 ve PTCH2: Ekzon2) kontrol
gurubunu olusturmak Uzere 'minigene-splicing assay' sisteminde kullanilan bir ekzon tutuklama
vektorl olan pETO1plazmidi igerisine paketledik. Site-directed mutagenesis (SDM) protokoli ile sekiz
mutant-plazmid’i olusturduk. Kontrol ve mutant plazmidlerini HeLa hlcreleri icerisine transfekte ettik
ve mutasyonlarin mRNA islemlenmesi Uzerindeki etkilerini cDNA'larin dizi analizi sonuglari Gzerinden
degerlendirdik.

Sonug: Sectigimiz sekiz TSG mutasyonunun 'minigene splicing assay' sonuglari, hi¢cbir mutasyonun
mMRNA islenmesini bozmadidini géstermektedir. Dolayisiyla bu sekiz mutasyon da yolcu (passenger)
mutasyon gibi gériinmektedir.

Tartisma: Deneysel sonuglarin biyoinformatik analiz sonuglari ile uyumlu olmadigi saptanmistir. Bu
durum biyoinformatik tahmin araglarinin gelistirimeye muhta¢ olduklarina isaret etmektedir. Bizim
calismamiz ve benzer deneysel calisma sonuglari bu tarz araglarin gelistiriimesine katki sunacaktir.
Ayrica, elde edilmesi imkansiz veya zor olan dokularda var oldugu bilinen mutasyonlarin mRNA
islemlenmesi Uzerine etkisinin analizinde 'minigene-splicing assay' sisteminin kullanimi faydali bir
model olabilir.

Anahtar Kelimeler: Splicing Duzenleyici Elementler, Sessiz Mutasyonlar, Kanser, Tumdr Stpresor
Genler
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IDENTIFICATION OF POSSIBLE EFFECTS OF SILENT TUMOR SUPPRESSOR
GENE MUTATIONS ON MRNA PROCESSING BY MINIGENE SPLICING ASSAY

Ali Yiiksel, Oguz Altung6z

Department of Medical Biology and Genetics, Institute of Health Sciences, Dokuz Eylul University,
35330 Balcova / izmir Turkey

Background: The transcript products of eukaryotic genes are synthesized as a precursor mRNA (pre-
MRNA), and alternative splicing produces various mature-mRNAs from a single pre-mRNA. Classical
5'-3' splice-side motifs as well as exonic/intronic splicing enhancer and silencer motifs (ESE/ESS and
ISE/ISS), which are other cis-acting splicing regulatory elements (SRE), plays a major role in the
processing of pre-mRNA. These cis-acting SRE motifs are specific binding domains for trans-acting
proteins, and mutations in these sequences can lead to aberrant mMRNA sequence or complete
destruction of pre-mRNA. Splicing mutations and aberrant splice variant have commonly observed in
cancers. In this study, based on the notion that silent mutations altering the ESE or ESS sequences
in a tumor suppressor gene (TSG) may impair the tumor suppressor function; we hypothesized that
this condition would disturb cell division control, allowing damaged cells to evade apoptosis and in turn
eventually evolve into cancer.

Materials and Methods: We screened silent mutations of TSG identified for cancer cells in COSMIC
database and analyzed these mutations using Human Splicing Finder bioinformatics tool. According
to the results optained by bioinformatictools, we selected eight different silent exonic mutations in five
different TSG (CDKN2A: c.273G>A, ¢.339G>T, ¢.342C>G; TP53: ¢.793C>T, ¢.801G>T; BAIS3:
€.1419C>T; CABLES2: ¢.1002C>T; PTCH2: c.249A>G). We cloned the reference exon sequences of
five genes (CDKN2A: Exon2, TP53: Exon8, BAI3: Exon8, CABLES2: Exon8, and PTCH2: Exon2) into
plasmid pETO01, an exon trapping vector system used in the minigene-splicing assay to obtain the
control group. Using the site-directed mutagenesis, we created eight mutant plasmids for described
genes. Mutated and non-mutated plasmids were separately transfected into HelLa cells and the effects
of mutations on mRNA splicing patterns were evaluated based on cDNA sequencing results.
Results: cDNA sequencing results showed that none of the sequence variations altered mRNA
splicing transcript. Thus, these variations observed in tumors appear to be passenger mutations.
Discussion: Our experimental data were discordant with bioinformatic results. This suggests that
bioinformatic tools for splice site prediction need to be improved. Our study, as well as other related
studies, may help to improve these bioinformatic tools for splice site prediction. In addition, the use of
the 'minigene-splicing assay' system can be a useful model in the analysis of the effect of known
mutations on MRNA processing in tissues that are impossible or difficult to obtain.

Keywords: Splicing Regulatory Elements, Silent Mutation, Cancer, Tumor Suppressor Genes
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GEBELIK VE LAKTASYON SUREGLERi BOYUNCA SIRKADIYEN RiTiM
DEGISIKLIGI ILE MATERNAL OVARYUMDAKI HUCRE PROLIFERASYONU VE
APOPTOZ iLiSKiSi

Gizem Gamze Tas, Gamze Zengin, Leyla Sati

Akdeniz Universitesi, Tip Fakiiltesi, Histoloji ve Embriyoloji AD, Tip Fakiiltesi, Histoloji ve Embriyoloji
AD, Turkiye

Giris: Gundiz ve gece uzunluguna bagh olarak fizyolojik reaksiyonlarin, Ureme sisteminin
dizenlenmesinde rol oynadigi ortaya konulmustur. Bununla birlikte gebelik ve laktasyon siregleri
boyunca sirkadiyen ritim degisikliginin anne ovaryum dokularindaki olasi etkileri bilinmemektedir.
Dolayisiyla ¢alismamizda, gebelik ve laktasyon sirecleri boyunca degisen sirkadiyen sartlarda
maternal ovaryum dokularindaki proliferasyon ve apoptoz sireglerinin aydinlatiimasi amaglanmistir.
Materyal ve Metotlar: Gebelik (G) ve laktasyon (L) dénemleri boyunca, gebe ratlar kontrol (K) (12
saat aydinlik/12 saat karanlik), kisa gin (KG; 8 saat aydinlik/16 saat karanlik) ve uzun gin (UG; 16
saat aydinlik/8 saat karanlik) kosullarinda tutuldu. Sirkadiyen kosula gore deney gruplar K-G+L, K-G,
KG-G, KG-L, KG-G+L, UG-G, UG-L, UG-G+L (n=6 rat/grup) olarak alt kategorilere ayrildi. Ovaryum
dokulari alinarak immunohistokimya yontemi ile ovaryum folikillerindeki (primordiyal, primer,
sekonder, preantral, antral), aktif kaspaz-3 (apoptoz belirteci) ve PCNA (proliferasyon belirteci)
proteinlerinin ekspresyonlari, boyanma siddeti (0: boyanma yok, 1: zayif, 2: orta, 3: gui¢lii) ve boyanma
alani (%50'den az ise 1, %50’ye esit veya daha fazla ise 2) garpimi skorlanarak degerlendirildi. TUNEL
yontemi ile de apoptotik indeks analiz edildi.

Bulgular: PCNA proteini agisindan kontrol gruplarina kiyasla KG ve UG gruplarinda primer, sekonder,
preantral ve antral folikillerde anlamli bir farkhlik tespit edilememistir (p>0,05). Kontrol gruplarina
kiyasla, aktif kaspaz-3’in, KG-G, KG-L, UG-G ve UG-L gruplarinda 6zellikle sekonder ve preantral
foliktllerde anlamh derecede arttigi izlenmistir (p=<0,001). TUNEL bulgularinda ise aktif kaspaz-3
artis1 gozlenen foliklllere ek olarak, UG-G+L gruplarinda da sekonder ve preantral folikillerde
istatistiksel olarak anlamli bir artis tespit edilmistir (p=0,020, p=<0,001, sirasiyla).

Tartigma: Ovaryum folikillerinin gelisimi, cesitli modulatérlerin  kontroli altindaki hucrelerinin
proliferasyonu, farklilagsmasi ve apoptozuyla iligkilidir. Bircok calisma, sirkadiyen sistemin hicre
proliferasyonu ve apoptozun reglilasyonunda énemli bir rol oynadigini géstermektedir. Bulgularimiz
gore, sirkadiyen ritim degisikligi nedeniyle, folikil tipleri arasinda proliferasyon agisindan herhangi bir
fark gézlenmedigi ancak Ozellikle sekonder ve preantral folikiillerde apoptozun arttidi izlenmistir.
Sonug: Calismamiz, gebelik ve laktasyon donemlerinde sirkadiyen ritim degisikliginin, ovaryumda
hicre proliferasyonu, apoptoz ve folikller gelisim tzerindeki olasi etkilerini ortaya koymustur.
Anahtar Kelimeler: Maternal sirkadiyen ritim, ovaryum, proliferasyon, apoptoz

KL



4th Congress of Cell Death Research Society-Turkiye with International Participation
4. Uluslararasi Katilmh Hiicre Olimi Arastirma Dernegi Kongresi

P22

THE RELATIONSHIP BETWEEN CIRCADIAN RHYTHM CHANGES DURING
PREGNANCY AND LACTATION PERIODS AND CELLULAR PROLIFERATION
AND APOPTOSIS IN THE MATERNAL OVARY

Gizem Gamze Tas, Gamze Zengin, Leyla Sati

Akdeniz University School of Medicine, Department of Histology and Embryology, Antalya, Turkey

Introduction: It has been previously shown that physiological reactions depending on the length of
day and night play a role in the regulation of reproductive system. However, the potential effects of
circadian rhythm changes on mother’s ovary during pregnancy and lactation are unknown. Thus, we
aimed to evalaute the proliferation and apoptosis processes in ovarian tissues in varying circadian
conditions during pregnancy and lactation periods.

Materials and Methods: Pregnant rats were kept at control (C) (12 hours light/12 hours dark), short
day (SD; 8 hours light/16 hours dark) and long day (LD; 16 hours light/8 hours dark) conditions during
pregnancy (P) and lactation (L) periods. The experimental groups were subcategorised as C-P+L, C-
P, SD-P, SD-L, SD-P+L, LD-P, LD-L, LD-P+L (n=6 rats/group) depending on the circadian condition.
Active caspase-3 (apoptosis marker) and PCNA (proliferation marker) were evaluated in the ovarian
follicles (primordial, primary, secondary, preantral, antral) by immunohistochemistry. The staining
intensity (0: no staining, 1: weak, 2: moderate, 3: strong) and stained area percentage (1 for <50%; 2
for 250%) were multiplied to establish a weighted score. Apoptotic index was analyzed with TUNEL
method.

Findings: In terms of PCNA protein, no significant difference was detected for follicle types in the SD
and LD groups compared to control groups (p>0.05). Active caspase-3 was significantly increased in
the SD-P, SD-L, LD-P and LD-L groups, especially in the secondary and preantral follicles (p=<0.001).
A significant increase was observed in the secondary and preantral follicles in the LD-P+L group by
TUNEL analysis beside to follicle types with increased active caspase-3 expression (p=0.020,
p=<0.001, respectively).

Discussion: The development of ovarian follicles is associated with cell proliferation, differentiation
and apoptosis under control of various modulators. Several studies indicated that circadian system
plays a role in the regulation of cell proliferation and apoptosis. According to our data, no difference
was detected for proliferation, but increased apoptosis, particularly in secondary and preantral follicles
was observed due to maternal circadian rhythm changes.

Result: Our study revealed the possible effects of circadian rhythm changes during pregnancy and
lactation periods on the ovarian cell proliferation and apoptosis and also follicular development.
Keywords: Maternal circadian rhythm, ovary, proliferation, apoptosis
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YENI TIYAZOLO[5,4-B]PIRIDIN TUREVLERININ DU-145 HUCRELERI UZERINE
ETKILERI; ON GALISMA

Merve Tiitiincii, Ahmet Ozdemir?, Mehlika Dilek Altintop?, Zekiye Sultan Altun3

'Dokuz Eylil pniversitesi, Saglik Bilimleri Enstitisl, Temel Onkoloji Anabilim Dali, Turkiye
2Anadolu Universitesi, Eczacilik Fakultesi, Farmasotik Kimya Anabilim Dali, Tarkiye
3Dokuz Eylil Universitesi , Tip Fakiiltesi, Temel Onkoloji Anabilim Dali, Tirkiye

Giris: Prostat kanseri diinyada erkeklerde en sik rastlanan kanser tirlerinden biridir. Dosetaksel,
prostat kanseri temel kemoterapdtik ilacidir. Dosetaksel ve lokal ve metastatik prostat kanseri sag
kalimlari Gzerine yapilan son galismalar, metastatik prostat kanserinde sagkalimda énemli bir degisim
ortaya koymamistir. Bu galismada, yeni tiyazolo[5,4-b]piridin tlrevlerinin metastatik prostat kanseri
hicre hatti olan DU-145 hiicre hattinda hiicre gogalmasi Uzerine etkilerini belirlemeyi amagladik.
Materyal-Metot: DU-145 prostat kanser hiicreleri RPMI 1640 besi yeri ile gogaltildi. Yeni tiyazolo[5,4-
b]piridin tirevleri Anadolu Universitesi Eczacilik Fakiiltesi Farmasoétik Kimya Anabilim Dal’'nda
sentezlendi. Dosetaksel ticari olarak elde edildi. 1-(4-Florofenil)-2-(tiyazolo[5,4-b]piridin-2-iltiyo)etan-
1-on (3), 1-(4-siyanofenil)-2-(tiyazolo[5,4-b]piridin-2-iltiyo)etan-1-on (6) ve dosetakselin DU-145 hiicre
proliferasyonu Uzerine etkileri WST-1 testi ile degerlendirildi. Sonuglar SPSS 26 versiyonu; Mann-
Whitney U testi kullanilarak degerlendirildi ve p<0.05 anlamhlik diizeyi esas alindi.

Bulgular: Bilesik 3 ve 6’nin LD50 dozlarini belirlemek igin, 1000 uM ve 1 uM arasi doz galismasi
yapildi ve 24 saatlik en iyi LD50 dozu her iki bilesik igin de 400 uM olarak belirlendi. Bilesik 3 ve 6
DU145 (zerine 24 saat uygulandidinda canlilik sirasiyla %51 ve %49 olarak saptandi (p<0.05).
Dosetakselin 10-100 nM arasi degisen dozlarda uygulamalari sonrasi canlilik degerlendirildi ve 10
nM’'da DU145 hicrelerinde %73 oraninda hiicre canliligi saptandi.

Tartisma: Yapilan bir calismada (Foster ve ark, 2020), dosetaksel tek basina DU145 metastatik
prostat kanser hiicre hattinda hiicre 6lim mekanizmalarini az oranda indiiklemistir. Bu ¢alismada da
dosetaksel tek basina uygulandiginda kontrole gore anlamli olarak hicre 6lumunu indiklemis; ancak
bu oran Foster ve ark. (2020) tarafindan yapilan ¢alismadaki gibi disiuk oranda gorilmustir. Bilesik
3ve 6’nin dosetaksel ile karsilastirildiginda hiicre proliferasyonunu anlamli olarak inhibe ettigi gézlendi.
Bu etkileri ile bilesik 3 ve 6antikanser etki potansiyeli tagsiyan molekullerdir.

Sonug: Bu 6n calisma ile, bilesik 3 ve 6 metastatik prostat kanseri icin potansiyel antikanser ajanlar
oldugu belirlenmigtir; ancak antikanser etki mekanizmalarini aydinlatmak icin ileri galismalara ihtiyag
duyulmaktadir.

Kaynak:

Foster K, Oyenihi O, Rademan S, Erhabor J, Matsabisa M, Barker J, Langat MK, Kendal-Smith A,
Asemota H, Delgoda R. Selective cytotoxic and anti-metastatic activity in DU-145 prostate cancer cells
induced by Annona muricata L. bark extract and phytochemical, annonacin. BMC Complement Med
Ther. 2020 Dec 10;20(1):375. doi: 10.1186/s12906-020-03130-z. PMID: 33302945; PMCID:
PMC7727144.
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EFFECTS OF NOVEL THIAZOLO[5,4-B]PYRIDINE DERIVATIVES ON DU-145
CELLS; A PRELIMINARY STUDY

Merve Tiitiincii, Ahmet Ozdemir?, Mehlika Dilek Altintop?, Zekiye Sultan Altun?

1Dokuz Eylul University, Oncology Institute, Department of Basic Oncology, izmir, Turkey
2Anadolu University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, Eskisehir,
Turkey

Introduction: Prostate cancer is one of the most common malignancies in men worldwide. Docetaxel
is the main chemotherapeutic drug for the treatment of prostate cancer. Recent studies on docetaxel
and survival rates in local and metastatic prostate cancer did not reveal a significant change in survival
of metastatic prostate cancer. In this study, we aimed to determine the effects of new thiazolo[5,4-
b]pyridine derivatives on cell proliferation in the metastatic prostate cancer cell line; DU-145.
Material-Method: DU-145 prostate cancer cells were cultured in RPMI 1640 medium. Novel
thiazolo[5,4-b]pyridine derivatives were synthesized in Anadolu University, Faculty of Pharmacy,
Department of Pharmaceutical Chemistry. Docetaxel was acquired commercially. The effects of 1-(4-
fluorophenyl)-2-(thiazolo[5,4-b]pyridin-2-ylthio)ethan-1-one (3), 1-(4-cyanophenyl)-2-(thiazolo[5,4-
b]pyridin-2-ylthio)ethan-1-one (6) and docetaxel on DU-145 cell proliferation were evaluated using
WST-1 assay. The results were analyzed using SPSS version 26 and Mann-Whitney U test and p<0.05
was regarded as statistically significant.

Results: A dose study between 1000 yM and 1 yM was performed to determine the LD50 doses of
compounds 3 and 6, and the LD50 dose was determined as 400 uM for 24 hours after treatment for
both compounds. When DU-145 cells were treated with compounds 3 and 6 for 24 h, cell viability was
determined as 51% and 49% (p<0.05). The viability of DU-145 cells was evaluated after treatment of
docetaxel at different doses between 10-100 nM, and cell viability was found as 73% when cells were
treated with 10 nM of docetaxel.

Discussion: In a study carried out by Foster et al. (2020), docetaxel alone induced cell death
mechanisms slightly on DU145 metastatic prostate cancer cell line. In this study, when docetaxel was
applied alone, it induced cell death significantly compared to the control, but this induction was also
weak as shown in the study of Foster et al. (2020). Compounds 3 and 6 were observed to inhibit cell
proliferation significantly when compared to docetaxel. Due to their potency, compounds 3 and 6 have
potential to be anticancer agents.

Conclusion: By means of this preliminary study, it was determined that compounds 3 and 6 are
potential anticancer agents for metastatic prostate cancer, but further studies are required to elucidate
their mechanism of anticancer action.

Reference:

Foster K, Oyenihi O, Rademan S, Erhabor J, Matsabisa M, Barker J, Langat MK, Kendal-Smith A,
Asemota H, Delgoda R. Selective cytotoxic and anti-metastatic activity in DU-145 prostate cancer cells
induced by Annona muricata L. bark extract and phytochemical, annonacin. BMC Complement Med
Ther. 2020 Dec 10;20(1):375. doi: 10.1186/s12906-020-03130-z. PMID: 33302945; PMCID:
PMC7727144.

Keywords: Prostate Cancer, Cell Death, Thiazolo[5, 4-b]pyridine Derivatives
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SMAC MIMETIGIN APOPTOTIK GEN EKSPRESYONLARI UZERINDEKI ETKISI

Burgin Baran?, Zekiye Altun?!, Hongling Yuan?, Safiye Aktas?, Nur Olgun?

1Dokuz Eyliil Universitesi, Tip Fakiiltesi, Temel Onkoloji AD, izmir, Tirkiye
2Dokuz Eyliil Universitesi, Tip Fakiiltesi, Pediatrik Onkoloji AD, izmir, Tiirkiye

Giris: inhibitér Apoptoz Proteinleri (IAP), hiicre 6lim yolaklarinin yiriitiilmesini engelleyen hem
islevsel hem de yapisal olarak iligkili protein grubudur. IAP’nin asiri ekspresyonu, pek ¢ok kanser
tipinde gosterilmis ve kot prognoz veya tedaviye direng ile iliskilendirilmistir. Sekonder Mitokondriyal
Kaspaz Aktivatori (SMAC/DIABLO) proteinleri, hiicrede mitokondriyal membran igerisinde bulunur ve
apoptoz sirasinda sitozele salinarak I1AP’lere baglanirlar. Bu sayede IAP’leri inhibe ederler. SMAC
mimetikleri de SMAC proteinlerinin kimyasal yapisi tGizerine gelistiriimis ajanlardir. Kanser hicre hatlari
ve ksenograft fare modelleri kullanilarak yapilan pek ¢ok pre-klinik galismada, hem SMAC mimetiklerin
bazi hicrelerde tek basina hicre 6liminu tetikledigi hem de kemoterapi, radyoterapi etkinligini
arttirdig1 gézlenmistir.

Bu g¢alismada, SMAC mimetik LCL-161'in, SH-SY5Y noroblastom hiicrelerinde hiicre 6limd ile iligkili
gen ekspresyon seviyelerini nasil etkilediginin incelenmesi amaglanmistir.

Materyal — Methodlar: LCL-161, monovalent tipte SMAC mimetik olarak kullaniimistir. SH-SY5Y
insan noroblastom hicreleri 50uM LCL-161 ile 48 saat inkube edilmistir. RNA izolasyonu, kit
kullanilarak gergeklestiriimistir. RNA’larin konsantrasyonu Nanodrop ile élglilerek sonrasinda cDNA’ya
cevrilmigtir. Apoptotik ve nekroptotik genlerin ekspresyonlari SYBR green master mix kullanilarak ilgili
primerlerle Nano Real-time PCR cihazin’da calisiimistir. Sonuglar istatiksel olarak analiz edilmistir.
Bulgular: LCL-161 ile inkubasyon sonrasinda SH-SY5Y hiicrelerindeki apoptotik ve nekroptotik
yolaklarla iliskili olarak Kaspaz-8, Kaspaz-3, RIP1, RIP3, TRIB3, ATF4, ATF6, PERK, XBP1, IRE1,
IAP1, IAP2, XIAP, CHOP gen ekspresyonlarindaki degisimler incelenmistir. TRIB3 ve CHOP, XBP1
ve IRE1 ekspresyonunda istatiksel anlamli bir degisim gézlenirken (p<0.05), RIP1, RIP3, Kaspaz-8,
Kaspaz-3, XIAP, GADD34 ekspresyonunda anlamli bir degisim gézlenmemistir. IAP1 ve IAP2 geninde
istatiksel olarak anlamli azalig saptanmigtir (p<0.05).

Tartisma: LCL-161 ile induklenen néroblastom hiicrelerinde Kaspaz-8’in yer aldigi digsal apoptotik ve
nekroptotik yolak yerine, ER-stres aracilikli 8lim yolaginin daha énemli rol oynadidi belirlenmigtir.
Sonug: SH-SY5Y ndéroblastom hucrelerinde SMAC mimetik LCL-161’in apoptotik, nekroptotik gen
ekspresyonlari Uzerindeki etkisi incelenmistir.

Anahtar Kelimeler: SMAC mimetik, Noéroblastom, Apoptoz
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THE EFFECT OF SMAC MIMETIC ON APOPTOTIC GENE EXPRESSIONS
Burgin Baran?, Zekiye Altun?, Hongling Yuan?, Safiye Aktas?, Nur Olgun?

'Dokuz Eylul University, Department of Basic Oncology, iz_mir, Turkiye
2Dokuz Eylil University, Department of Pediatric Oncology, Izmir, Tirkiye

Introduction: Inhibitory Apoptosis Proteins (IAP) are a group of functionally and structurally related
proteins that inhibit the execution of cell death pathways. Overexpression of IAP has been
demonstrated in many cancer types and has been associated with poor prognosis or resistance to
treatment. Secondary Mitochondrial Caspase Activator (SMAC/DIABLO) proteins are located in the
mitochondrial membrane of the cell and are released into the cytosol during apoptosis and bind to
IAPs.Hence, they inhibit IAPs. SMAC mimetics are agents, which developed on the chemical structure
of SMAC proteins. In many pre-clinical studies using cancer cell lines and xenograft mouse models, it
has been observed that both SMAC mimetics trigger cell death in some cells and increase the efficacy
of chemotherapy and radiotherapy.

In this study, it was aimed to examine how the SMAC mimetic LCL-161 affects cell death-related gene
expression levels in SH-SY5Y neuroblastoma cells.

Material - Methods: LCL-161 was used as a monovalent type SMAC mimetic. SH-SY5Y human
neuroblastoma cells were incubated with 50uM LCL-161 for 48 hours. RNA isolation was performed
using the kit. The concentration of RNAs was measured with Nanodrop and then translated into cDNA.
Expressions of apoptotic and necroptotic genes were studied in Nano Real-time PCR device with
relevant primers using SYBR green master mix. The results were analyzed statistically.

Results: Caspase-8, Caspase-3, RIP1, RIP3, TRIB3, ATF4, ATF6, PERK, XBP1, IREL, IAP1, IAP2,
XIAP, CHOP gene associated with apoptotic and necroptotic pathways in SH-SY5Y cells after
incubation with LCL-161 The changes in their expression were examined. While a statistically
significant change was observed in the expression of TRIB3 and CHOP, XBP1 and IRE1 (p<0.05), no
significant change was observed in the expression of RIP1, RIP3, Caspase-8, Caspase-3, XIAP,
GADD34. A statistically significant decrease was found in IAP1 and IAP2 genes (p<0.05).
Discussion: It has been shown that ER-stress mediated death pathway plays a more important role
in LCL-161-induced neuroblastoma cells instead of the extrinsic apoptotic and necroptotic pathway
involving Caspase-8.

Conclusion: The effect of SMAC mimetic LCL-161 on apoptotic and necroptotic gene expressions in
SH-SY5Y neuroblastoma cells was studied.

Keywords: SMAC mimetic, Neuroblastoma, Apoptosis
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INSAN TUMORLERINDE SOX2’NIN PAN-KANSER ANALIZI iLE ONKOJENIK
ROLU

Hongling Yuan, Zekiye Sultan Altun, Burgin Baran, Selen Kum Ozsengezer

Dokuz Eylil Universitesi, Tip Fakdltesi, Temel Onkoloji, Tirkiye

Giris: Sox2 bir transkripsiyon faktortidir ve embriyonik gelisimde, hiicre tipinin belirlenmesi ve
differensiyasyonu gibi pek cok farkli siiregte rol oynamaktadir. Pek ¢ok farkl insan kanser tipinde
SOX2 asiri ekspresyonu ve gen amplifikasyonu, timérde agresif davranig, metastaz, tedaviye direng
ve kanser hastalarinda disuk sag kalimla iligkilendiriimektedir. Buna ilaveten, Sox2 pek ¢ok sinyal
yoladi ile etkileserek, pek ¢cok 6nemli biyolojik sireglerin de dizenlenmesini saglar. Bu nedenle,
potansiyel bir terapdtik hedef olarak arastirilabili. Sox2’nin iglevleri henlz tam olarak
aydinlatilamamistir ve su anda mevcut bir pan-kanser analizi bulunmamaktadir.

Materyal ve Method: TCGA ve GEO veri tabanlarinda bulunan 33 timor tipinin analizleri Gzerinden,
TIMERZ kullanilarak SOX2 gen ekspresyon analizleri yapildi, devaminda UALCAN portali kullanilarak
SOX2 promotér metilasyonu ile gen ekspresyonunun epigenetik diizenlenmesi degerlendirildi. Ek
olarak, cBioPortal web kullanilarak Sox2 genetik degisimi degerlendirildi ve GEPIA2 kullanilarak sag
kalim durumlari analiz edildi. Sox2 baglayici genleri belirlemek icin STRING araci kullanildi. Baglayici
ve etkilesen genlerden yola cikilarak KEGG yolak analizi yapildi.

Bulgular: Sox2, TCGA veri tabaninda bulunan 16 kanser tiriinde yuksek oranda eksprese oldugu
bulunmustur. Yiksek oranda eksprese edilen Sox2, TCGA icinde Akciger Skuomoz Hicreli Karsinom-
LIHC, Sarkoma-SARC ve Renal Berrak Hucreli Karsinom-KIRC kanseri i¢in disik sagkalim ve kétu
prognoz ile baglantihdir (p<0.05). 13 kanser turiinde, timdr dokularinda Sox2 promotdér metilasyon
seviyesi normal dokudan daha yiksek iken, sadece LUSC'de metilasyon seviyesi timér dokusunda
daha duslktir. Ayrica Sox2’de gorilen genetik degisiklikler degerlendirildiginde, en yliksek degisiklik
durumu olarak saptanan ‘Amplifikasyon’, LUSC’'da yaklagik %40 oraninda ve Ovaryen Serdz
Kistadenokarsinom-OV’'da %18 oraninda goézlenmigtir. Sox2 badglayici proteinleri ve ilgili genlerin
fonksiyon analizi sonucunda, bu proteinlerin 6n beyin gelisimi, glial hicre farklilagsmasi ve tiroid
hormonu sinyal yolaklarinda yer aldigi gosterilmistir.

Tartigma: Bircok kanser turinde Sox2 yiksek ekspresyonunun daha detaylica arastiriimasi
gerekmektedir. Ayrica Sox2 promotdrinin hipermetilasyonu da Sox2 gen ekspresyonu igin kritik bir
epigenetik dizenleyici mekanizmadir.

Sonug: Birgok kanser tiriinde Sox2 asiri ekspresyonu gézlenmektedir, ancak mekanizmasi halen
belirsizdir. Bu pan-kanser c¢alismasi, farkli tUmorigenez sureclerinde Sox2'nin onkojenik rollerinin
nispeten kapsamli bir gsekilde anlagiimasini saglamaktadir.

Anahtar Kelimeler: Sox2, Pan-Kanser, Onkojenik
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PAN-CANCER ANALYSIS OF THE ONCOGENIC ROLE OF SOX2 IN HUMAN
TUMORS

Hongling Yuan, Zekiye Altun, Burcin Baran, Selen Kum Ozsengezer

Department of Basic Oncology, Institute of Oncology, Dokuz Eylul University, 1zmir, TURKEY

Introduction: Sox2 is a transcription factor and plays an important role in various phases of embryonic
development, including cell fate and differentiation. In many types of human cancer, overexpression
and gene amplification of Sox2 has been associated with tumor aggression, metastasis, resistance to
therapy and poor survival of cancer patients. Sox2 also cross-talks with multiple signaling pathways to
ensure proper regulations of important biological processes. It can be potentially explored for a
therapeutic target. Still their function remains mechanistically not fully elucidated, and there is no pan-
cancer analysis available now.

Materials and Methods: Through analysis of thirty-three types of tumors based on the datasets of
TCGA and GEO, we conduct the SOX2 gene expression analysis through TIMER2, then evaluate
epigenetic regulation of gene expression by SOX2 promoter methylation using UALCAN portal. Sox2
genetic alteration evaluated by using cBioPortal web and survival status analyzed with GEPIA2. Using
STRING tool to determine Sox2 binding proteins and based on binding and integrated genes, KEGG
pathway was performed.

Results: Sox2 is highly expressed in 16 types cancers with TCGA dataset. Highly expressed Sox2
was linked to poor prognosis of overall Survival for cancers of Liver hepatocellular cancer-LIHC,
Sarcoma-SARC, and Kidney Renal Clear Cell Carcinoma-KIRC within the TCGA (p < 0.05). In 13
types of cancer, Sox2 promoter methylation level were higher in tumor than normal tissue, while only
in Lung Squamous Cell carcinoma-LUSC the methylation level is lower in tumor. Also, the genetic
alteration status of Sox2 showed the highest alteration frequency of Sox2 (nearly 40%) appeared with
LUSC with “Amplification” and nearly 18% in OV. Sox2 binding proteins and related genes function
analysis showed these proteins involves in forebrain development, glial cell differentiation and thyroid
hormone signaling pathway.

Discussion: Sox2 higher expression in many types of cancer need further investigate, and
hypermethylation of Sox2 promoter appears to be a critical epigenetic event in regulatory mechanisms
of Sox2 expression.

Conclusion: Sox2 overexpression in many types of cancer were observed, but its mechanism still
remains to be answered. This pan-cancer study provides a relatively comprehensive understanding of
the oncogenic roles of Sox2 in different tumorigenesis.

Keywords: Sox 2, Pan-cancer, Oncogenic
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KALITSAL MEME VE/NVEYA OVER KANSERI SENDROMLU HASTALARDA
YENI NESIL DIZILEME ILE SAPTANAN BRCA VE NON-BRCA VARYANTLAR

Hamide Betiil Gerik Celebi?, Hilmi Bolat?

1Balikesir Atatiirk Sehir Hastanesi Tibbi Genetik Klinigi, Manisa Celal Bayar Universitesi, Tibbi
Genetik, Turkiye
2Balikesir Universitesi Tip Fakiiltesi Tibbi Genetik AD., Balikesir Universitesi Tip Fakiiltesi, Tibbi
Genetik, Turkiye

Giris: Meme kanseri Diinya Saglk Orgiti’niin 2020 verilerine gore, en sik gérilen kanser tiir(i olmusg
ve en sik tani alan akciger kanserini geride birakmistir. Meme kanseri ¢cogunlukla sporadik olmakla
birlikte %10-15’'inde genetik faktérler dGnemli rol oynamaktadir. Tim diinyada en sik goérilen kanser
tird olan meme kanseri degerlendirilirken, BRCA ve non-BRCA genlerinde mutasyona sahip olmak
ileri derece artmis risk olarak gorilmektedir. Meme kanseri ve/ veya over (yumurtalik) kanseri tanisiyla
basvuran hastalardaki genetik yatkinligi retrospektif olarak arastirdigimiz bu ¢alismamizda BRCA ve
non-BRCA genlerinde saptadigimiz varyantlar “Amerika Tibbi Genetik Toplulugu (American College
of Medical Genetics, ACMG)” kriterlerine gore siniflandirilarak sunulmustur.

Materyal ve Metodlar: 01.01.2019-01.12.2021 tarihleri arasinda Balikesir Atatirk Sehir Hastanesi
Tibbi Genetik poliklinigine bagvuran Herediter Meme ve/ veya Over Kanseri molekiiler genetik ¢calisma
kriterlerini karsilayan 128 kadin hastadan éncelikle sirasiyla BRCA1 ve BRCA2 geni dizi analizi
calisiimistir. BRCA1/2 tim gen dizi analizi yontemiyle mutasyon tespit edilmeyen hastalardan BRCA1
ve BRCA2 geni delesyon dublikasyon analizi ve/ veya kansere yatkinlikla iliskilendirilen ¢oklu gen
paneli calisiimistir.

Bulgular: Bu ¢alismada 21 hastada BRCA1 ve BRCA2 genlerinde, 21 hastada ise baglica ATM,
CHEK2, RAD50, RAD51D, SDHA, RB1, POLD1, SMAD4, CDH1, CDKN2 ve STK11 gibi non-BRCA
genlerinde mutasyon tespit edilmistir.

Sonug: Herediter Meme ve/ veya Over Kanseri ile iligkili retrospektif olarak molekuler genetik
yatkinhdin degerlendirildigi ¢alismamizda BRCA ve non-BRCA genlerinde %32,81 pozitif varyant
saptanmistir. Bu calisma ile BRCA2 geninde iki; ATM, RAD50, RAD51D, STK11 ve POLD1 genlerinde
birer varyant olmak lizere toplam yedi yeni varyant literatlire kazandiriimistir.

Anahtar Kelimeler: BRCA1 geni, BRCA2 geni, meme kanseri, genetik yatkinhk
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BRCA AND NON-BRCA VARIANTS DETECTED BY NEXT GENERATION
SEQUENCING IN PATIENTS WITH HEREDITARY BREAST AND/OR OVARIAN
CANCER SYNDROME

Hamide Betiil Gerik Celebi’, Hilmi Bolat2

1Ball[§esir Ataturk City Hospital, Department of Medical Genetics, Balikesir, Turkiye
2Balikesir Universitesi Faculty of Medicine, Department of Medical Genetics, Balikesir, Tirkiye

Introduction: Breast cancer is the most frequently diagnosed female cancer according to the 2020
data of the World Health Organization. It is mostly sporadic, 10-15% of which occur on the basis of
genetic predisposition. In this study, we aimed to detect mutations in BRCA and non-BRCA genes in
patients admitted with the diagnosis of breast cancer and/or ovarian cancer, and to identify mutations
with increased frequency and variants specific to the Turkish population.

Materials and Methods: Between January 2019 and December 2021, 128 patients who applied to
our clinic with hereditary Breast and/or Ovarian Cancer meeting the genetic test study criteria were
included in the study. First, BRCA1/2 genes next-generation sequencing were performed on these
patients, respectively. BRCA1 and BRCA2 gene deletion duplication analysis and/or multiple gene
panel associated with cancer susceptibility were studied from patients with no mutations.

Results: In this molecular genetic susceptibility study associated with Hereditary Breast and/or
Ovarian Cancer, 32,81% positive variants were found in BRCA and non-BRCA genes. BRCA1/2
mutations were detected in 21 patients. In addition, non-BRCA mutations (ATM, CHEK2, RAD50,
RAD51D, STK11, SDHA, RB1, POLD1, SMAD4, CDH1 and CDKN22 genes) were detected in 20
patients. We identified a total of 7 new variants in the BRCA2, ATM, RAD50, RAD51D, STK11 and
POLD1 genes.

Discussion: Clarification of risks specific to non-BRCA genes is necessary for a better understanding
of the Hereditary Breast and/or Ovarian Cancer Syndrome (HBOC) genetic susceptibility spectrum.
Therefore, multi-gene panel testing is needed after routine BRCA genes. In our study, most of the
novel mutations were detected in non-BRCA genes. In addition, two novel BRCA variants have been
reported. It also contributed to the identification of mutations specific to the Turkish population.
Keywords: BRCAL gene, BRCA2 gene, Breast cancer, Genetic predisposition
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CD95 LIGANDININ (FASL) PRIMER iINSAN MAKROFAJ POLARIZASYONU
UZERINDEKI ETKISININ ARASTIRILMASI

Derya Goéksu Helvaci!, Resul Ozbilgi¢?, Sinem Giinalp?, Duygu Sag*

1Dokuz Eyliil Universitesi Tip Fakiiltesi, izmir/ izmir biyotip ve Genom Merkezi, izmir, Tip Fakiiltesi,
Tip Doktorlugu, Tirkiye

?Laboratory of Pathogen Host Interactions UMR5235 - Université Montpellier, Molekdiler Biyoloji ve
Genetik, immiinoloji, Fransa

3Dokuz Eyliil Universitesi izmir Uluslararasi Biyotip ve Genom Enstitiisii, izmir, Genom Bilimleri ve
Molekiler Biyoteknoloji Anabilim Dali, Genom Bilimleri ve Molekiiler Biyoteknoloji Anabilim Dali,
Tarkiye

4Dokuz Eyliil Universitesi Tibbi Biyoloji Anabilim Dali, izmir/ izmir Biyotip ve Genom Merkezi, izmir,
Dokuz Eyliil Universitesi Tip Fakiiltesi/ izmir Biyotip ve Genom Merkezi, Tibbi Biyoloji, Tiirkiye

CD95 ligandinin (CD95L, FasL) ekspresyonu, inflamatuar hastaliklarda, timér mikrogevresinde ve
hasta serumlarinda artar. CD95L'nin TNF reseptori super ailesinin bir Giyesi olan CD95'e (Fas)
baglanmasi, makrofajlarda apoptozdan ziyade apoptotik olmayan mekanizmalari baglatarak bazi pro-
inflamatuar faktorlerin ekspresyonunu arttirir. Bununla birlikte, CD95L'nin makrofajlarin M1/M2
polarizasyonu Uzerindeki etkisi bilinmemektedir.

immiin sistemimizde yer alan bir hiicre grubu olan makrofajlar dokularimizda bulunurlar veya gerekli
uyaranlar ile periferik kan monositlerinin dokuya yonelmesi ile bu monositlerden farklilagsabilirler.
Makrofajlar M1 ve M2 olarak 2 ana gruba ayrilirlar. M1 makrofajlar pro-inflamatuar ve anti-timoéral
yanit verirken, M2 makrofajlar anti-inflamatuar ve pro-timéral yanit gosterir. Ayrica M2 makrofajlar
kendi iglerinde M2a, M2b ve M2c olmak lzere 3 alt gruba ayrilirlar. M1/M2 makrofaj polarizasyonu
arasindaki dengenin bozulmasi; kanser, romatolojik hastaliklar, tip 2 diyabet gibi bir ¢cok hastaligin
prognozunda dnemli rol oynar. Bu nedenle makrofaj polarizasyonlari arasindaki dengenin saglanmasi
ve bu konunun arastiriimasi énemlidir.

Biz bu ¢alismamizda, CD95L'nin primer insan makrofaj polarizasyonu uzerindeki etkisini arastirmak
icin, saghkh dondrlerin buffy coatlarindan sirasiyla Ficoll ve Percoll yogunluk gradient santrifiijleme
teknigi ile monositleri izole ettik. Ardindan monositler 7 giin boyunca monosit/makrofaj koloni stimilan
faktdér (MCSF) ile inkibe edilip makrofajlara dénusturildi. Ardindan turetilen makrofajlar, ¢ézunur
CDO95L ile uyarildi ve ayni anda LPS+IFN-y ile M1 fenotipine, IL-4 ile M2a fenotipine ve IL-10 ile M2c
fenotiplerine polarize edildi. Ayrica CD95L’nin uyariimamig (M0) makrofajlarindaki etkisini incelenmek
icin bu makrofajlara yalnizca CD95L ile uyarim gergeklestirildi. Ardindan, makrofajlardaki M1 ve M2
belirteclerinin  ekspresyon seviyeleri qPCR ve akig sitometrisi ile analiz edildi.
Arastirmamizda CD95L stimilasyonunun polarize olmayan makrofajlarda M1 ve M2 belirteglerinde
degisime neden olmayip, makrofaj yanitini degistirmedigini goésterdik. Bunun yaninda M1
makrofajlarinda CD95L uyariminin mRNA duzeyinde pro-inflamatuar belirteglerin ekspresyonunu
arttirdigini gézlemledik. Ancak CD95L M1 makrofajlarinda protein diuzeyinde bir degisime neden
olmadi. M2a makrofajlarinda ise CD95L, protein seviyesinde M2a belirteci olan CD206’nin hiicre
yuzeyindeki ekspresyonunu énemli élglide azaltti. Ancak, M2c polarizasyonu CD95L'den etkilenmedi.

Biz bu ¢alismamizda CD95L’nin MO ve M2c makrofajlarina etki etmezken M1 ve M2a makrofajlarindaki
pro-inflamatuar o6zellikleri artirabilecegini gdsterdik. CD95L’nin bu o6zelliklerinden faydalanmak
immunoterapiler igin gelecek vaat edebilir. Sonug olarak bu bulgularimiz bize CD95L’nin primer insan
makrofajlarinda belli bagli fenotiplere etki ederek onlari pro-inflamatuar fenotipe yénlendirebilecegini
gOstermektedir.

Anahtar Kelimeler: hicre 6limu, CD95L, makrofaj polarizasyonu
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INVESTIGATION OF THE IMPACT OF CD95 LIGAND (FASL) ON PRIMARY
HUMAN MACROPHAGE POLARIZATION

Derya Goéksu Helvaci'*, Resul Ozbilgi¢?, Sinem Giinalp?, Duygu Sag345

1Dokuz Eylul University Faculty of Medicine, Izmir, Turkey
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3Dokuz Eylul University Izmir International Biomedicine and Genome Institute, Izmir, Turkey
41zmir Biomedicine and Genome Center, Izmir, Turkey

5Dokuz Eylul University Department of Medical Biology, |zmir, Turkey

The expression of CD95 ligand (CD95L,FasL) is increased in inflammatory diseases, tumor
microenvironment, and patient sera. The binding of CD95L to CD95(Fas), a member of the TNF
receptor superfamily, increases the expression of certain proinflammatory factors via initiating non-
apoptotic mechanisms rather than apoptosis in macrophages. However, the effect of CD95L on M1/M2
polarization of macrophages is unknown.

Macrophage is a type of cell in our immune system and they are divided into 2 main groups as M1 and
M2. M1 macrophages show pro-inflammatory and anti-tumoral responses, while M2 macrophages
show anti-inflammatory and pro-tumoral responses. The balance between M1/M2 macrophage
polarization plays an important role in the prognosis of many diseases such as cancer and
rheumatological diseases. For this reason, it is important to enlighten this topic to regulate the balance
of macrophage polarization.

In this study, to investigate the effect of CD95L on primary human macrophage polarization, we
isolated buffy coats from healthy donors and isolated peripheral blood monocytes using Ficoll and
Percoll density gradient centrifugation techniqgue. Monocytes were then incubated with
monocyte/macrophage colony-stimulating factor (MCSF) for 7 days and transformed into
macrophages. Subsequently, the derived macrophages were stimulated with soluble CD95L and
simultaneously polarized into M1 with LPS+IFN-y,M2a with IL-4,or M2c phenotype with IL-10.
Expression levels of M1 and M2 markers in macrophages were analyzed by gPCR and flow cytometry.

In our study, we showed that stimulation of CD95L did not cause a change in M1 and M2 markers in
unpolarized macrophages therefore did not change macrophage response. Also, we observed that
CD95L stimulation in M1 macrophages increased the expression of proinflammatory markers at the
MRNA level. However, CD95L did not cause a change on protein level in M1 macrophages. On the
other hand in M2a macrophages, CD95L significantly reduced the cell surface expression of the M2a
marker “CD206” at the protein level. However, M2c polarization was not affected by CD95L.

In conclusion, these findings show us that CD95L has an impact on some phenotypes in primary
human macrophages and leads them to a pro-inflammatory phenotype. Taking advantage of these
properties of CD95L may be promising for immunotherapies.

Keywords: cell death, CD95L, macrophage polarization
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ILAG YENIDEN KONUMLANDIRMA iLE BELIRLENEN ADAY IiLAGLARIN AKUT
MYELOID LOSEMi HUCRELERINDE PROTEAZOM iNHIiBITORU iLE
KOMBINASYON TEDAVISININ INCELENMESI

Nalan Siimeyra Korkmaz!, Nurdan Kelesoglu2, Ozlem Ates Duru3, Beste Turanl2, Medi Kori2,
Ayse Mine Yilmaz Goélert, Kazim Yalgin Arga?, Betil Karademir Yilmaz?*

IMarmara Qniversitesi, Tip Fakultesi, Tibbi Biyokimya Anabilim Dali, TUrkiye
2Marmara Universitesi, MUhendislik Fakultesi, Biyomuhendislik Bolumu, Tarkiye
SNisantasi Universitesi, Saglik Bilimleri Y{iksekokulu, Beslenme ve Diyetetik Bolimdi, Tirkiye

Akut miyeloid I6semi (AML), ileri yasla birlikte artan bir insidans ile I6seminin en yaygin seklidir. AML,
onemli 6lgclide genetik, epigenetik ve fenotipik heterojeniteye sahip, olduk¢a karmasik bir malignitedir,
Proteazom inhibitorleri, artik Multipl Miyelom (MM) ve diger plazma hticre bozukluklari olan ¢gogu hasta
icin standart bakim rejimlerine dahil edilmistir. Bu yaklasim, bu hastalar i¢in 6nemli di¢lde iyilestiriimis
klinik yanitlar ve genel sagkalim sadlamistir. Yakin zamanda yapilan bir galisma, proteazom inhibit6ri
Ixazomibin reaktif oksijen turlerini indukledigini ve insan AML hucrelerinde bir miktar antilésemik
aktiviteye sahip oldugunu gostermistir. Ixazomib rejiminin iyi tolere edildidini ve relaps/refrakter AML
hastalari igin yiksek klinik yanit orani ile iligkili oldugu gosterilmistir. Gelistiriimis tolere edilebilirlik
profili, Ixazomib'i AML tedavisinde idame tedavisi veya diger antildsemik ilaglarla kombinasyon tedavisi
icin umut verici bir antildsemik ajan yapmaktadir. ilaglarin yeniden konumlandiriimasi galismalarinda
kullanilan temel bilgi, gen-ilag iligkileridir. Bunun yaninda ilag ve etki mekanizmasi ile ilgili temel
bilgilerinde var olmasi bliylik 6nem tagimaktadir. Son yillarda, rapor edilen gen-ilag iliski sayisi artmis
ve bu bilgiler veri bankalarinda toplanmaktadir. Hangi ilaglarin hangi hastaliklar igin hedef olabilecegi
ise biyoinformatik temelli ydntemler ile belirlenmeye calisiimaktadir. AML’nin farkl terapétik ajanlara
etkisini incelemek yeni tedavilere umut 15191 olabilir.

Bu c¢alismada, ila¢ yeniden konumlandirma ile segilmis aday ilaglarin ve proteazom inhibitori
Ixazomib’in yetiskin AML hiicrelerindeki etkileri incelenmistir. Oncelikli olarak, AML hiicrelerine 7 farkli
aday ilacin (Nortriptyline, Desipramine, Doxepin, Estramustine, Leucovorine, Risedronate,
Hydrochlorothiazide) 24 saatlik uygulamasi ardindan 20S + 26S proteazom aktivitelerine bakilmigtir.
Elde edilen 6n veriler 1s1ginda, Desipramine, Leucovorine ve Risedronate ilaglari proteazom inhibitori
Ixazomib ile kombine edilerek AML hucrelerinde canlilik testleri yapilmistir. Calismamizda elde edilen
canlilik testlerine gére AML hucrelerine uygulanan kombine ila¢ tedavilerinden Desipramine ve
Ixazomib kombinasyonu segcilerek, kombine ilag uygulamasi ardindan 20S+26S proteazom aktivitesi
ve apoptoz progresyonuna bakilmistir.

Calismamizda AML hicrelerine kombine ila¢g (Desipramine + Ixazomib) uygulamasinin ardindan
20S+26S proteazom aktivitesinde azalma gorilmustir. Hucrelerde kombinasyon grubunda kontrol,
Desipramine ve Ixazomib grubuna kiyasla apoptoz progresyonu artis gostermistir.

Calismadan elde edilen sonuglar 1s1ginda, daha kapsamli analizler yapilmasi halinde proteazom
inhibitorleri ve ila¢c yeniden konumlandirma ile segilmis trisiklik antidepresan Desipramine AML
tedavisinde destekleyici terap6tik ajan olabilir.

Anahtar Kelimeler: akut myeloid |I6semi, ila¢ yeniden konumlandirma, proteazomal system
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INVESTIGATION OF COMBINATION THERAPY OF CANDIDATE DRUG
IDENTIFIED BY DRUG REPOSITIONING WITH PROTEASOME INHIBITOR IN
ACUTE MYELOID LEUKEMIA CELLS
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Acute myeloid leukemia (AML) is the most common form of leukemia, with an increasing incidence
with advanced age. AML is a highly complex malignancy with significant genetic, epigenetic and
phenotypic heterogeneity, Proteasome inhibitors are now included in standard care regimens for most
patients with Multiple Myeloma (MM) and other plasma cell disorders. This approach resulted in
significantly improved clinical responses and overall survival for these patients. A recent study showed
that the proteasome inhibitor Ixazomib induces reactive oxygen species and has some antileukemic
activity in human AML cells. The ixazomib regimen has been shown to be well tolerated and associated
with a high clinical response rate for patients with relapsed/refractory AML. Its improved tolerability
profile makes Ixazomib a promising antileukemic agent for maintenance therapy in the treatment of
AML or for combination therapy with other antileukemic drugs. The basic information used in drug
repositioning studies is gene-drug relationships. In addition, it is of great importance to have basic
knowledge about the drug and its mechanism of action. In recent years, the number of reported gene-
drug associations has increased and this information is collected in data banks. It is tried to determine
which drugs can be targets for which diseases with bioinformatics-based methods. Examining the
effect of AML on different therapeutic agents may be a glimmer of hope for new treatments.

In this study, the effects of drug repositioning selected candidate drugs and the proteasome inhibitor
Ixazomib in adult AML cells were investigated. First of all, 20S + 26S proteasome activities were
examined after 24 hours of application of 7 different candidate drugs (Nortriptyline, Desipramine,
Doxepin, Estramustine, Leucovorine, Risedronate, Hydrochlorothiazide) to AML cells. In the light of
the preliminary data obtained, viability tests were performed in AML cells by combining Desipramine,
Leucovorine and Risedronate drugs with the proteasome inhibitor Ixazomib. According to the viability
tests obtained in our study, the combination of Desipramine and Ixazomib was selected from the
combined drug treatments applied to AML cells, then 20S+26S proteasome activities and apoptosis
progression were examined after the combined drug administration.

In our study, 20S+26S proteasome activity decreased after combined drug (Desipramine + Ixazomib)
administration to AML cells. Apoptosis progression was increased in the combination group compared
to the control, Desipramine and Ixazomib groups.

In light of the results obtained from the study, proteasome inhibitors and drug repositioning, selected
tricyclic antidepressant Desipramine may be a supportive therapeutic agent in the treatment of AML,
if more comprehensive analyzes are performed.

Keywords: acute myeloid leukemia, drug repositioning, proteasomal system
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THE ROLE OF ENDOTHELIAL FUNCTION FAILURE IN COVID-19 DISEASE
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Abstract: The SARS-CoV-2 virus penetrates the human cell through the ACE receptor located in the
endothelial layer of the respiratory and circulatory tracts. Changes in endothelial function after SARS-
CoV-2 infection are thought to cause symptoms of the disease. In this study, it was aimed to examine
the effects of ACE inhibitor and activator on endothelial cells in an in vitro model like SARS-CoV-2.
Human Umbilical Vein Endothelial (ECV304) cells were used in the study, and 50 ng/ml TNF-a and 100
ng/ml IFN-y were administered for 48 hours for the model. ECV cells were divided into 6 groups;
Group 1: No treatment was made.

Group 2: TNF-a and IFN-y treatment

Group 3: ACE activator treatment

Group 4: ACE inhibitor treatment

Group 5: Treatment of TNF-a + IFN-y + ACE activator

Group 6: Treatment of TNF-a + IFN-y + ACE inhibitor

After 48 hours of incubation, the groups were fixed with 4% paraformaldehyde and the
immunoreactivities of CD31, caspase-1, caspase-3, eNOS and iNOS were evaluated by indirect
immunoperoxidase method.

It was determined that CD31 immunoreactivity was decreased in group 2 compared to the control group,
while it was highest in group 6. It was observed that increased caspase 1 and 3 immunoreactivity in
group 2 decreased in groups 3, 5 and 6. While eNOS and iNOS immunoreactivities were low in groups
3 and 4, eNOS in group 5 and iNOS in group 6 were similar to group 2.

It was concluded that in the SARS-CoV-2 endothelial inflammation model created in vitro, both ACE
activator and inhibitor protected CD31 release and suppressed endothelial inflammation by causing a
decrease in caspase-1. It was reach the end of that the protection of ACE activator may be higher in
endothelial damage, since the decrease in caspase-3 is mainly provided by ACE activator.

Keywords: COVID-19, SARS-CoV2, Coronavirus, Endothelial dysfunction, ACE2

INTRODUCTION

Coronavirus disease 2019 (Covid-19) caused by severe acute respiratory syndrome with SARS-CoV-2
virus, is pandemic size since the start of 2020 [1-3]. It has been reported that SARS-CoV-2 virus uses
the Angiotensin Coverting Enzyme 2 (ACEZ2) protein in the endothelial layers of the body as a receptor
and penetrates the cell through the spike proteins in its content [4-6]. Angiotensin Coverting Enzyme
(ACE) is responsible for the conversion of Angiotensin 1 to Angiotensin 2 [2,6,7]. ACE2 enzyme
produces Angiotensin 2, which stands out with its vasoconstrictor, inflammatory and
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fibrotic effects; It converts it to Angiotensin 1-7, which has anti-apoptotic and vasodilator effects [2,6,7].
Endothelial activation begins with the entry of SARS-CoV-2 into the cell, and as a result of the increase
in immune system cells in the blood with the activation of the immune system, cytokines secreted more
than necessary lead to a cytokine storm [8]. Along with this cytokine storm, the release of
proinflammatory cytokines such as IL-6, IL-1 and TNF-a ultimately leads to severe endothelial damage,
endothelial cell death and inflammation [9]. Nitric oxide (NO) synthesized by many cell types especially
endothelial cells; It has vasodilator, anti-thrombotic and antiviral effects. SARS COV-2; it decreases NO
secretion by causing an increase in ROS (Reactive Oxygen Species) and indirectly causes endothelial
dysfunction [3,10]. Endothelial dysfunction; it is defined as impaired endothelium-dependent
vasodilation with a decrease/destruction of NO release or an increase in the release of vasoconstrictor
mediators. It results in permeability, vasoconstriction, inflammation, increased expression of cell
adhesion molecules, loss of anti-coagulant properties, thrombosis, and deterioration of vascular
homeostasis [3,10,11]. Changes in endothelial function after SARS-CoV-2 infection are thought to cause
symptoms of the disease [3]. In this study, it was aimed to examine the effects of ACE inhibitor and
activator on endothelial cells in an in vitro inflammation model like SARS-CoV-2 infection [2].

MATERIAL AND METHODS

In Vitro Inflammation Model

Human Umbilical Vein Endothelial (ECV304, ATCC® CRL-1998) cells were used in the study, the cells
were cultured in Medium 199 (MA199-A, CAPRICORN) containing 10% fetal bovine serum (FBS) (FBS-
11B, CAPRICORN) and 15 mm HEPES (HEP-B, CAPRICORN) and the medium was changed every 2
days and cultured at 37°C in 5% CO2 and 95% air (Figure 1A). For in vitro inflammation model, ECV304
cells were treated with 50 ng/ml TNF-a (315-01A-50UG, PetroTech) and 100 ng/ml IFN-y (315-05-
100UG, PetroTech) for 48 hours [2] (Figure 1B).

Experimental Groups and Analysis

ECV304 cells were divided into 6 groups (Table 1); and they were cultured in 24-well plate so as to be
1x104 cells in each well. After LPS administration they were fixed with 4% paraformaldehyde
(1.04004.0800, MERCK, Darmstadt, Germany) in Phosphate-Buffered Saline (PBS, PBS404.100,
Bioshop, Ontario, Canada) at room temperature for 30 min. After washing with PBS twice for 30 min.,
they were permeabilized with 0.1% Triton X-100 (A4975,0100, Applichem, Darmstadt, Germany) both
in PBS at 4°C for 15 min., and then washed with PBS, endogenous peroxidase activity was quenched
by incubation with 3% H202 (1.08597.2500, MERCK, Darmstadt, Germany) for 5 min at room
temperature and they were washed with PBS. Cells were incubated with blocking solution (TA-125-UB,
THERMOFISHER), for 30 min to block unspecific binding of the antibodies and incubated with anti-
CD31 (rabbit polyclonal, bs-0468R, BIOSS, 1/50), anti-Caspase-1 (rabbit polyclonal, BT-AP01191, BT-
LAB, dilution:1/100), anti-Caspase-3 (rabbit polyclonal, BT-AP01199, BT-LAB, dilution:1/100), anti-
eNOS (rabbit polyclonal, RB-1711-P, Neomarkers, dilution: 1/100), and anti-iNOS (rabbit polyclonal,
RB-1605-P, Neomarkers, dilution: 1/100), primary antibodies at 4°C for overnight. After washing with
PBS, the cells were incubated with biotinylated goat anti rabbit/mouse IgG (TP-125-UB,
THERMOFISHER) for 30 min, followed by three washes in PBS and then peroxidase-conjugated
streptavidin (TS-125-UB, THERMOFISHER) were incubated for 30 min. After washing with PBS,
diaminobenzidine (DAB, TA-125-HD, ThermoFisher Scientific, MA, USA) was applied to the cells as
chromogen for 5 min. After washing with PBS, cells were counterstained with Mayer’s hematoxylin (TA-
125-MH, ThermoFisher Scientific, MA, USA) for 1 min. After washing with distilled water, they were
covered with mounting medium (DMM-125, Spring Bioscience, CA, USA), then viewed under light
microscope (Olympus BX43, Tokyo, JAPAN). Immunolabeling was evaluated semi-quantitatively using
an additive immunoreactive score reflecting signal intensity, as negative (), mild (+), moderate (++) and
strong (+++).
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Table 1. Experimental groups list of cell

Groups | Treatments
1 No treatment was made.
2 50 ng/ml TNF-a and 100 ng/ml IFN-y / 48 hours
3 7.5 pg/ml ACE activator dexamethasone / 48 hours
4 9 ug/ml ACE inhibitor rethionic acid / 48 hours
5 50 ng/ml TNF-a and 100 ng/ml IFN-y / 48 | 7.5 pg/ml ACE activator dexamethasone / 48
hours hours
6 50 ng/ml TNF-a and 100 ng/ml IFN-y / 48 | 9 ug/ml ACE inhibitor rethionic acid / 48 hours
hours
RESULTS
Cell Culture

Treatment group ECV304 cells (Figure 1B) were cultured with 50 ng/ml TNF-a and 100 ng/ml IFN-y for
48 hours, while the control group (Figure 1A) were cultured simultaneously.

Figure 1. Representative images of ECV304 cell culture at 48 hours; control cells (A) and 50 ng/ml TNF-
a and 100 ng/ml IFN-y treated cells (B). Scale bar: 100 pm.

Immunohistochemistry

It was determined that endotelial cell marker CD31 immunoreactivity was decreased in group 2 (Figure
2B1) compared to the control group (Figure 2 A1), while it was highest in group 6 (Figure 2 F1). It was
observed that increased caspase 1 and 3 immunoreactivities in group 2 (Figure 2 B2 and B3,
respectively) decreased in groups 3 (Figure 2 C2, C3), 5 (Figure 2 E2, E3) and 6 (Figure 2 F2, F3).
While eNOS and iNOS immunoreactivities were low in groups 3 (Figure 2 C4 and C5, respectively) and
4 (Figure 2 D4 and D5, respectively), eNOS in group 5 (Figure 2 E4) and iNOS in group 6 (Figure 2 F5)
were similar to group 2 (Figure 2 B4 and B5).
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Figure 2. Immunoreactivity of CD31: (A1->F1), Caspase-1 (A2->F2), Caspase-3 (A3>F3), eNOS
(A4>F4) and INOS (A5>F5) in Group 1 (A1-A6), Group 2, (B1-B6), Group 3 (C1-C6), Group 4 (D1-
D6), Group 5 (E1-E6) and Group 6 (F1-F6). Scale bars: 20um.

Discussion & Conclusions

A clinical study with COVID-19 patients showed that mortality was significantly lower in patients using
ACE inhibitors or angiotensin Il type-I receptor blockers [2,13]. Sinha et al. reported that in mammalian
lung and kidney cell lines, vorinostat and isotretinoin are the top up/down regulators of ACE2, and
dexamethasone, a corticosteroid used in the treatment of severe acute respiratory syndrome and
COVID-19, significantly upregulates ACE2 both in vitro and in vivo [2]. It has been reported that the
vitamin A metabolite rethionic acid causes a decrease in blood pressure and attenuation of micardial
damage by upregulating the expression of ACE2 in spontaneously hypertensive rats [12]. RECOVERY
trial of results demonstrated that low-dose dexamethasone treatment could reduced the death rate of
patients that require respiratory support [12]. In our study, it was observed that CD31 secretion was
protected by both ACE activator and inhibitor in the in vitro SARS-CoV-2 endothelial inflammation model.
The decrease in caspase-1 was considered as an indicator of endothelial inflammation. The reduction
in caspase-3 by ACE activator led to the conclusion that ACE activator would be more protective in
endothelial damage.It was concluded that in the SARS-CoV-2 endothelial inflammation model created
in vitro, both ACE activator and inhibitor protected CD31 release and suppressed endothelial
inflammation by causing a decrease in caspase-1. It was reach the end of that the protection of ACE
activator may be higher in endothelial damage, since the decrease in caspase-3 is mainly provided by
ACE activator.
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Abstract: Hematological and Neurological Expressed 1 gene encoded HN1 influences the cell cycle
differently upon its overexpression in various cell lines. Its native expression level is critical for cell cycle
regulation and has not been studied extensively. Hence, there are reports of HN1 being overexpressed
in different cancers and there is no experimental evidence of HN1’s post-translational modifications and
its putative kinases, HN1’s role in cancer cell survival remains elusive. Here we report that the HN1 is
phosphorylated by Cdk1 kinase and its post-translational modification in the G2 phase of the cell cycle
leads to augmented mitotic transition.

Keywords: Cell Cycle, Mitosis, Prostate Cancer and HN1

INTRODUCTION

Hematological and Neurological Expressed 1 (HN1) gene also known as Jupiter microtubule associated
homolog 1 (JPT1), encodes 154 aa peptides corresponding to a small 18 kDal protein [1]. While it is
ubiquitous, HN1 mRNA was first cloned in mouse embryos, and the encoded protein HN1’s functional
role is still not clear in human cells [2,3]. Varisli and colleagues showed that HN1 overexpression
decreased the interaction between B-catenin and E-cadherin, destroyed the F-actin distribution, and
consequently increased cell migration in prostate cancer cell line PC-3 [4]. It was also reported that HN1
promotes the progression of breast cancer by enhancing MYC activity [5]. Also, recently our group
reported that the HN1 expression is critical and important for centrosome maturation and cell cycle
regulation [6]. Since HN1 expression level increases in various types of cancers and its native
expression level is critical in the cell cycle, we studied its putative kinases and the post-translational
modifications by inhibitor experiments. Here we showed that HN1 is phosphorylated by Cdkl mitosis
onset, and its overexpression promotes early exit from mitosis.

MATERIAL AND METHODS

Cell culture and treatments

RWPE-1, PC3, DU-145, LNCaP, MCF10A, MDA-MB231, SH-SY5Y, and HL-60 cells were obtained from
the American Type Culture Collection (ATCC), and cultured as ATCC recommended. Nocodazole (165
nM for 16-24 h) was used to arrest cells at the G2/M transition. Thereafter, the kinase inhibitors
LY294002 (25 uM) for P13K, SB216763 for GSK3B, RO3306 (10 uM) for CDK1, Flavopiridol (50 nM)
as pan CDKi, TAME (100 uM) for APC/C and TBCA (500 nM) for CK2 were used for the last 4 hours
right before cells were harvested.
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Lentiviral Tet-ON System

Briefly, the HN1 ORF sequence from pcDNA4-HM-HN1 vector cut by restriction enzymes, Smal and
EcoRV, cloned into pCW57.1 plasmid. The resulting pCW57.1-HM-HN1 construct was transfected into
HEK293T cells together with Lentivirus packaging plasmids for virus production. Then the collected
Lentiviruses were used for infection, and puromycine selection was performed as reported previously
[6]. Finally, HN1 inducible cell lines were treated with doxycycline (1 ug/ml) for various time points to
have the inducible over-expression of HN1.

Immunoblotting

Briefly, cells were lysed with RIPA modified buffer and isolated proteins were quantified by a BCA kit
(Sigma). 50 pg of total protein lysates were run on an SDS-PAGE for the separation of proteins.
Immunoblotting experiments were carried out as previously reported [6].

Flow Cytometer

Cell-cycle distribution of HN1 overexpressed cells was studied by flow cytometry using BD Accuri 5.
Briefly, the cells in PBS were fixed by adding 100% cold ethanol by mixing. The cells were permeabilized
with 0,1 % triton X-100 and treated with RNase (20 ug/mL) and consequently stained with propidium
iodide (5 yg/mL). The analysis was conducted using ModFit software and cell-cycle phases were shown
as histograms.

RESULTS

HNL1 is differentially expressed protein

Since the expression level might be related to the invasiveness of the cell lines, as suggested previously
in prostate cancer [6] and melanoma [1], we performed immunoblotting experiments in different cell
lines from varying origins. We observed that the HN1 expression is relatively higher in aggressive cell
lines of prostate and mammary cancer, PC3 and MDA-MB-231 cells respectively, and moderate
expression in prostate cell line DU-145, mammary epithelial cell line MCF-10A, and promylecytic
leukemia HL-60, but clearly lower in normal prostate epithelial cell line RWPE-1 and Neuroblastoma cell
line SHSY-5Y cells (figure 1).
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Figure 1. Some non-tumorigenic, moderate cancer, and aggressive cancer cell lines were grown
standard culture conditions. Total cell lysates were probed with the HN1 and B-actin antibodies on
Western blotting.

HN1 is phosphorylated by Cdk1

Since the cell cycle longevity is another parameter of growth and invasiveness of cell lines of interest,
we explored HN1’s involvement in mitosis transition. We treated PC3 cells with nocodazole to arrest the
cells in the G2/M transition, and we found that the HN1 is phosphorylated in mitosis (data not shown).
Then, we used various kinase inhibitors to identify the putative kinase for HN1 phosphorylation during
mitosis. Our group demonstrated that HN1 is phosphorylated by GSK3( previously, therefore we used
SB216763, a specific inhibitor of GSK3[ as a positive control.
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While inhibition of AKT and CKIl stabilized HN1 phosphorylation, treatments with RO3306 (CDK1-
specific inhibitor) and Flavopiridol (pan Cdk inhibitor) significantly blocked HN1’s phosphorylation. As it
is well recognized that the Cyclin-dependent kinase 1 (Cdk1) is the major regulator of mitotic transition
in the cell cycle, and its activation promotes entry and inactivation promotes exit from mitosis. Thus, the
data consistently suggest that HN1 is phosphorylated by CDK1 during mitotic arrest induced by
nocodazole treatment and its overexpression led to an early transition of the cells from mitosis (figure
2).
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Figure 2. PC3 cells were treated with nocodazole (165 nM for 16 h) with/without various kinase inhibitors
as indicated. The mitotic cells were harvested by mitotic shake-off and the lysates were subjected to
western blotting with HN1 and B-actin antibodies.

When nocodazole arrested cells are relased, G1 population increases by HN1 expression
HN1-inducible PC3 cells (pCW57.1-HMHN1-PC3) were synchronized in G2/M using nocodazole and
washed with nocodazole-free media for up to 4 hours (figure 3a). When the inhibitor treatments were
performed in nocodazole. HN1 overexpression upon doxycycline treatment did not result in a significant
difference in cell cycle distribution after release from nocodazole. Noc (165 nM)
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Figure 3.) pCW57.1-HMHN1-PC3 cells were synchronized, at G2 (nocodazole treatment) by the
presence or absence of doxycycline (dox) and released into G1 with nocodazole-free media for up to 4
hours. (a) Experimental design; (b) total cell lysate labeled with HN1, Cyclin D1, and B-actin antibodies;
(c) The PI-stained cell populations were read by flow cytometry to determine cell cycle phases.

Another similar experiment was performed with a shorter burst of doxycycline induction of HN1, where
a total of 6 hr treatment of doxycycline in all samples provided a G2 specific response of HN1
overexpression. We observed that the HN1 expressing cells promoted the mitotic exit, subsequently
increasing the G1 population at 2 and 4 hours after release from nocodazole. Since mitotic cells are
beginning to express the G1 hallmark Cdtl, we evaluated the M phase to G1 transition by Cdtl
expression [7]. Thus, HN1 overexpression stabilized the Cdtl expression after release into G1 in
nocodazole arrested pCW57.1-HMHN1-PC3 cells in comparison to control pCW57.1-HMHN1-PC3 cells
without doxycycline induction.
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DISCUSSIONS

HN1 protein expression is higher in aggressive cancer cell lines such as PC3 and MDA-MB231 as
compared to non-tumorigenic epithelial RWPE-1 and MCF-10A cells, implying that HN1 is a cancer-
related gene. Further, HN1 phospho-form(s) being depleted upon CDK1 inhibitor RO3306 treatment
suggests that HN1 is specifically phosphorylated at mitosis by CDK1. When HN1 overexpression
stabilized the Cdtl expression and resulted in a higher G1 population, the data suggest that the HN1
influences replication machinery or cell cycle through kinase-dependent pathway, where Cdk1 plays an
important role that will be investigated in further studies.

Conclusions

HN1 is a cancer-related gene, and its encoded protein is specifically phosphorylated at mitosis onset by
Cdk1, and overexpression leads to an early exit from mitosis.

Funding: This research was funded by EGE University Scientific Research Projects Coordination, grant
number FGA-2021-21986.
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Cell Death Modulations in Traumatic Brain Injury

Introduction: Traumatic brain injury (TBI) is one of the common cause of adult permanent disability. As
its physio-pathological mechanisms have yet to be elucidated; in addition to clinical studies, recent
evidence indicates hope from in silico analysis. This study aimed to detect possible pathophysiological
factors in TBI by examining the expression levels of genes, using bioinformatics tools.

Methods: Gene expression levels in the GSE23653 dataset obtained from Gene Expression Omnibus
(GEO) database were re-analyzed in the R program for this research. In the dataset, n=6 control, n=15
mild TBI and n=13 severe TBI samples derived from Wistar rat cortical neurons were recruited and gene
expression levels were measured. Gene set enrichment analyses were performed in Gene Ontology
(GO) and ENRICHR tools. Based on Benjamini-Hochberg correction, adjusted p-values <0.05 were
accepted as significant.

Results: Gene expression levels indicated that ATG4C, ATG101, ATG16L1, ATG4B [responsible for
autophagy], UBA52, TOMMZ20 [responsible for mitophagy], CASP2, CASP3, CASP4, CASP12, FASLG,
CYCS, MCL1, BCL2L12, BIRC2 [responsible for apoptosis], COL2A1, TRPV4, TNFRSF10B,
TNFRSF11B, IFNGR1, IFNGR2 [responsible for necrosis] genes were down-regulated (p<0.05); and
ATG9B, LAMP2 [responsible for autophagy], PINK1, OPTN, GABARAPL2, MAP1LC3B [responsible for
mitophagy], CASP6, CASP9, CASP14, FAS, BCL2L11 [responsible for apoptosis], IL6R, MYLK2
[responsible for necrosis] were up-regulated (p<0.05) in severe TBI group, compared with the control
and mild-TBI groups.

Conclusion: Results from this in silico analysis indicate imbalances in the expression levels (up- and
down-regulation) of genes known to be involved in many cell death processes, implicating the
involvement of impaired autophagic, mitophagic, apoptotic, and necrotic signaling in the
pathophysiological mechanisms of TBI.

Keywords: traumatic brain injury, autophagy, apoptosis, necrosis, bioinformatics.

INTRODUCTION

Traumatic brain injury (TBI) is defined as brain damage caused by external mechanical force such as
sudden acceleration or deceleration, impact, or blast waves.[1] TBI may be classified according to
severity (from mild TBI to severe TBI), the mechanism (closed or penetrating head injury), or other
features (eg occurring in a localized or a widespread area). TBI may result in physical, cognitive, social,
emotional, and behavioral symptoms and may range from complete recovery to permanent disability or
death.This study aimed to detect possible cellular pathophysiological factors in TBI by examining the
expression levels of genes from TBI-modeled rats, using bioinformatics tools.

METHODS

Appropriate datasets were searched on the Gene Expression Omnibus (GEO) online database platform
from the National Institute of Health (NIH). GSE23653 dataset was selected and re-analyzed in the
biostatistics R program. In the dataset, n=6 control, n=15 mild TBI, and n=13 severe TBI samples
derived from Wistar rat primary cortical neurons were recruited and gene expression levels were
measured by Ng JM et al.[2]

In that study [2], microarray was performed on 34 arrays on lllumina Rat Ref12V1 expression beadchips;
6 control samples were adopted as universal controls, and n=3 was used for each time-points (0Oh, 8h,
15h, 24h, and 48h) for mild neurotrauma and (8h, 15h, 24h, and 48h) for severe neurotrauma modeling
(Only one replicate was present for Oh -severe neurotrauma).

In our study, after reanalyzing the GSE23653 dataset in the R program; Benjamini-Hochberg correction
analysis was performed, and adjusted p<0.05 values were accepted as «significant». Gene set
enrichment analyses were performed in Gene Ontology (GO) and ENRICHR online tools.
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RESULTS

Gene expression levels indicated the following results: Autophagy related 4C cysteine peptidase
(ATGA4C), autophagy-related protein 101 (ATG101), autophagy related 16 like 1 (ATG16L1), autophagy
related 4B cysteine peptidase (ATG4B) [responsible for autophagy], ubiquitin A-52 residue ribosomal
protein fusion product 1 (UBA52), translocase of the outer mitochondrial membrane complex subunit 20
(TOMM20) [responsible for mitophagy], caspase 2 (CASP2), caspase 3 (CASP3), caspase 4 (CASP4),
caspase 12 (CASP12), fas ligand (FASLG), somatic cytochrome C (CYCS), myeloid cell leukemia-1
(MCL1), B-cell ymphoma 2 like 12 (BCL2L12), baculoviral IAP repeat containing 2 (BIRC2) [responsible
for apoptosis], collagen type Il alpha 1 chain (COL2AL1), transient receptor potential cation channel
subfamily V member 4 (TRPV4), TNF receptor superfamily member 10b and 11b (TNFRSF10B,
TNFRSF11B), interferon gamma receptor 1 and 2 (IFNGR1, IFNGR2) [responsible for necrosis] genes
were down-regulated (p<0.05); and autophagy related 9B (ATG9B), lysosomal associated membrane
protein-2 (LAMP2) [responsible for autophagy], phosphatase and tensin homolog-induced kinase-1
(PINK1), optineurin (OPTN), gamma-aminobutyric acid receptor-associated protein-like 2
(GABARAPL?2), microtubule associated protein 1 light chain 3 beta (MAP1LC3B) [responsible for
mitophagy], caspase 6 (CASP6), caspase 9 (CASP9), caspase 14 (CASP14), Fas cell surface death
receptor (FAS), B-cell ymphoma 2 like 11 (BCL2L11) [responsible for apoptosis], interleukin 6 Receptor
(IL6R), myosin light chain kinase 2 (MYLK2) [responsible for necrosis] were up-regulated (p<0.05) in
severe TBI group, compared with the control and mild-TBI groups. (Table 1)
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Adjusted Fold

Gene symbol | p value change Microarray ID

Atg4c | 5.14e-07 2.84e+01 ILMN_66693

L8 Atg9b | 6.81e-07 | 2.75e+01 ILMN_52361

E‘P @o Atgl101 | 2.99e-04 1.30e+01 ILMN_56005

2z Atg1611 | 1.38e-03 | 1.01le+01 ILMN_66048

E % Atg4b | 1.78e-06 | 2.49e+01 ILMN_68388

= Lamp2 | 3.03e-03 | 1.08e+01 ILMN_52067

Pinkl | 3.62e-12 | 8.23e+01 ILMN_53302

. @ Mapllc3b| 1.26e-06 | 2.58e+01 ILMN 58642

EP gc)o Optn | 5.03e-03 | 1.07e+01 ILMN_67016

g § Ubab52 | 3.13e-06 | 2.34e+01 ILMN_56729

S < Tomm20 | 3.67e-07 | 2.94e+01 ILMN_57174

/ Casp2| 1.22e-03 | 1.03e+01 ILMN_66477

Casp9| 1.55e-02 | 6.03e+01 ILMN_57734

Caspl4 | 2.97e-02 | 5.02e+01 ILMN_59807

Caspl2| 1.51e-11 7.32e+01 ILMN_50964

Casp4 | 3.32e-11 | 6.85e+01 ILMN_55458

Casp6| 5.39e-10 | 5.41e+01 ILMN_56824

3 Casp3| 8.19e-09 | 4.24e+01 ILMN_50498

‘g " < Fas| 2.13e-02 | 1.05e+01 ILMN_51642

n 2 Faslg | 4.52e-02 | 1.04e+01 ILMN_68070

ég)o Cycs| 3.29e-02 | 1.04e+01 ILMN_69834

=3 Bcl2111 | 4.27e-03 8.12e+01 ILMN_68510

< Mcll | 4.66e-05 | 1.69e+01 ILMN_50647

Bcl2112 | 2.10e-14 | 1.25e+02 ILMN_62564

Tnfrsfl0b | 2.40e-04 | 1.34e+01 ILMN 55962

Birc2 | 4.53e-02 | 1.04e+02 ILMN_54243

K Col2al | 4.15e-27 1.10e+03 ILMN_50488

~ lI6r | 3.11e-04 | 1.29e+01 ILMN_64145

= Trpv4 | 3.77e-12 | 8.21e+01 ILMN_68220

% Tnfrsfllb | 8.42e-14 | 1.11e+02 ILMN_60409

@ v Ifngr2 | 5.23e-11 | 6.59e+01 ILMN_60094

% §o < Ifngrl | 6.50e-06 2.15e+01 ILMN_60486

g Mylk2 | 4.02e-09 | 4.53e+01 ILMN_53538

= Tnfrsf10b | 2.40e-04 1.34e+01 ILMN_ 55962
N

Table 1. Up-regulations (blue labels) and down-regulations (red-labels) of cell death processing genes
in GSE23653 dataset

Gene set enrichment analyzes were also performed in Gene Ontology (GO) and ENRICHR online
tools and confirmed in agreement with these results.(Table 2 and 3)
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Table 2. Gene Ontology (GO) tool results of selected genes in GSE23653 dataset

S Enrichr i i
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No description available (34 genes)
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Click the bars to sort. Now sorted by p-value ranking.

_ stress induction of heat shock protein regulation
-or regulation of apoptosis
-rial role in apoptotic signaling

eceptor-mediated signaling

Table 3. ENRICHR tool results of selected genes in GSE23653 dataset

CONCLUSION

The cellular pathogenesis of traumatic brain injury is not fully understood yet and there is no satisfactory
treatment. Furthermore, clinical experiments are ongoing, and also recent evidence indicates hope from
in silico analysis.Results from this in silico analysis indicate imbalances in the expression levels (up-
and down-regulation) of genes known to be involved in many cell death processes, implicating the
involvement of impaired autophagic, apoptotic, and necrotic signaling in the pathophysiological
mechanisms of traumatic brain injury.
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Kisa Baslik: clAP1 ve clAP2 GENLERININ CRISPR/eSpCas9 SISTEMIYLE DUAL NAKAVTI
TUluslararasi Katimli Hiicre Olim( Aragtirma Dernegi 4. Kongresi’'nde Sunulmustur, Cevirimigi, 17-19
Mart 2022.

Ozet:

Bu calismada, CRISPR/eSpCas9 sistemi ile gen diizenlenmesi arastirmalarina yeni bir perspektif
katarak clAP1 ve clAP2 genlerine ait benzer nuikleotid dizileri filogenetik analiz programi kullanilarak
belirlenmistir. Boylece, tek bir rehber RNA ile CRISPR/eSpCas9 sisteminin ayni anda hem clAP1 hem
de clAP2 genlerini dual nakavt ederek kanser hicrelerinin apoptoza yénlendirilmeleri amaglanmistir. Bu
¢alismada iskelet yapisinda CRISPR/eSpCas9 sistemini tasiyan plazmidlerin rehber RNA bdélgelerine
sadece clAP1, clAP2 ve ayni zamanda her iki geninde 3. exon bélgesini ayni anda hedefleyen aralayici
diziler klonlanmistir. Elde edilen plazmidler kolon (HCT-116) ve serviks (HelLa) insan kanser hiicre
hatlarina transfekte edilmis ve clAP1 ve clAP2 gen bdlgelerinde meydana gelen gen diizenlenmesi T7
endonikleaz | ile belirlenmistir. Hlcrelerde gen ekspresyonlarinda meydana gelen degisimler transkript
seviyesinde RT-gPCR ile ¢alisiimistir. Nakavt sonucu olugsan apoptotik hiicreler akis sitometrisi ydntemi
ile belirlenmistir HCT-116 ve Hela hucre hatlarinda, T7 endonikleaz | analizi sonucu hedef gen
bolgelerinin yaklagsik %50 oraninda nakavt edildigi goralmusttr. clAP1 ve clAP2 genlerinin nakavti
sonucu hem HCT-116 hem de Hela hiicrelerinde bu genlerin ekspresyonu azalmis ve anti-apoptotik
genlerin ekspresyonunda disus, pro-apoptotik genlerin ekspresyon seviyesinde ise artis belirlenmigtir.
Ozellikle, hiicrelerde dual nakavt saglayan sistemin clAP1 ve clAP2 genlerinin ekspresyonunu ayni
anda dislrdigu ve Bcl-xL ve Bad genleri disinda diger tum genlerin ekspresyonunda tek nakavt
sistemlerine gbre daha fazla farklilk meydana getirdigi belirlenmigtir. Ayrica, yapilan flow sitometri
analizi ile nakavt edilen hicrelerin apoptotik hiicre oraninda belirgin bir artisg oldugu belirlenmistir. Ayni
anda clAP1 ve clAP2 gen bdlgelerinin nakavtinin etkili bir sekilde hicreleri apoptoza surikledigi
belirlenmis olsa da, elde edilen sistemin virGsler araciliiyla in vivo c¢alismalarinin yapilmasi
planlanmaktadir. Sonug¢ olarak, CRISPR/eSpCas9 sistemi araciliiyla 6zellikle ayni anda clAP1 ve
clAP2 gen bdlgelerinin nakavt edilmesinin tek bir gen bolgesi ile yapilan bir nakavt ¢alismasina goére
daha eftkili bir sekilde kanser hiicrelerini apoptoza surlkledigi goralmuastar.

Anahtar Kelimeler: CRISPR/eSpCas9, clAP1, clAP2, kanser, apoptoz

GIRIS

Apoptoz, huicrelerimizde belli yolaklar tarafindan kontrol edilen yliksek oranda korunmus bir hiicre 6limu
mekanizmasidir. Bu mekanizmanin ayirt edici asamasi ise kaspazlar adi verilen aspartik aside 6zgu
sistein proteazlarinin aktivitelerini icerir [1, 2]. Normal sureclerde hiicre apoptozu kontrol altinda tuttugu
en ¢ok bilinen protein ailelerinden birisi apoptoz inhibitéri ailesi (IAP) proteinleridir. En ¢ok ¢alisilan IAP
ailesi Uyeleri ise clAP1, clAP2 ve XIAP proteinleridir. Bu parolog proteinler icerisinde ise nukleotid
dizilimi bakimindan en fazla benzerlik gdsteren aile tyeleri ise clAP1 ve clAP2 genleridir. clAP1 ve
clAP2 proteinleri 6zellikle 2. ve 3. BIR bdlgeleri ile prokaspaz-3, -7 ve -9a baglanarak apoptoz
inhibisyonunu gergeklestirirler [3]. Yapilan c¢alismalarda, farkli |AP proteinlerinin ayri ayr
hedeflenmesinin kanser hucrelerini apoptotik stirece surikledigi gorilmustir. Ayrica, IAP proteinlerini
hedefleyen yontemlerin diger tedavi yontemleriyle birlikte kullaniimasinin tedaviye daha iyi yanit
verdigini gostermislerdir [4].
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Genom mihendisligindeki yeni tekniklerden biri olan ve kimelenmis dizenli aralikh palindromik
tekrarlarla iligkili SpCas9 endonikleazi (CRISPR/SpCas9) olarak adlandirilan bir sistem bizlerin insan
genomunda arzu edilen genomik dizenlenmeleri meydana getirmemize olanak saglar. Bir rehber RNA
(sgRNA) esliginde CRISPR/SpCas9 sistemi bizlere istedigimiz hedef gen bdlgesinde cift iplik kingi
olugturarak, bu bélgenin hiicrede tamiri esnasinda rastgele nikleotid degisimlerini elde etmemizi ve
bdylece hedef genin nakavt olmasini saglar [5].

Kolon ve serviks kanser hucrelerinde clAP1 ve clAP2 genlerinin tekli ya da dual nakavtinin etkisi
hakkinda literatlirde herhangi bir bilgi bulunmaktadir. Bu sebeple galismada, clAP1 ve clAP2 genlerinin
CRISPR/eSpCas9 sistemiyle tekli veya dual nakavtinin insan kolon kanser (HCT-116) ve insan serviks
kanser (HelLa) hiicre hatlarinda apoptotik etkisi belirlenmistir. Ayrica, tekli veya ¢oklu gen nakavtinin
kolon ve serviks kanser hicrelerinin uzun sdreli hiicre sag kalimi Gzerine olan etkisi incelenmigtir.

MATERYAL VE METOT

Hiicre Hatlarinin Kiltiirii

HCT-116 ve Hela hiicre hatlan %10 fetal sigir serumu (FBS), 1X Penisilin/Streptomisin ve 1X L-
Glutamin igeren Dulbecco's Modified Eagle Medium (DMEM) besi yerinde kuyucuk basina 25.000 hiicre
olacak sekilde 24 goézlu kultir kaplarina ekilmistir. Tek hucre kulturid ise plasmid aktarimi ve puromisin
seleksiyonu yapilan hiicrelerin 96 gozlu kultir kaplarinda 12 giin boyunca tam besi yeri ortaminda
kiltart yapilmasi ile gergeklestirilmigtir.

Plazmidlerin Eldesi, clAP1 ve clAP2 Hedef Boélgesine Ozgii sgRNA Aralayici Dizilerinin Dizayni
ve sgRNA Aralayici Dizilerinin KA2601_eSpCas9-G2P Plazmidine Klonlanmasi:

Calisma igin kullanilan KA2601_eSpCas9-G2P (Plasmid #124203) plazmidi Addgene firmasindan
tedarik edilen Escherichia coli bakterilerinden kultir sonrasi miniprep plazmid izolasyon kiti (Zymo
Research, A.B.D) ile elde edilmistir. Calismada clAP1 ve clAP2 genlerinin ayni anda dual nakavtinin
saglanabilmesi icin her iki genin MEGA filogenetik analiz programinda ClustalW araciliiyla dizilemesi
yapiimis ve 3. ekzonlari Uzerinde ortak nikleotid dizilimleri bulunmustur. Sentez ettirilen sgRNA
aralayici dizilerine ait Forward ve Reverse primerleri plazmidlere Golden Gate yontemi ile klonlanmistir.
Bunun soncunda, clAP1 geniicin sg1 ve sg2, clAP2 geni icin sg1 ve sg2, ortak dizili clAP1/2 genleri igin
sg1 ve sg2 aralayici dizilerine sahip toplamda 6 plazmid ve de herhangi bir gen bdlgesini hedeflemeyen
non-target (NT) plasmidi elde edilmistir.

HCT-116 ve HeLa Hiicrelerine Plazmidlerin Transfeksiyonu:

HCT-116 ve Hela hucrelerine en az 3 pasajlama islemi sonrasi farkli kuyucuklardaki hiicrelerin Uzerine
tum plazmidler ve X-tremeGENE™ HP DNA transfeksiyon ajani (Sigma, A.B.D) ve 1:3 (w/v) oranlarinda
50 pl opti-mem ile kanistirilir ve 20 dakika inkibe edilen plazmidler hiicrelere transfekte edilmigtir.

Plasmid Transfeksiyonu Gergeklestirilen HCT-116 ve HeLa Hiicrelerinden DNA izolasyonu ve T7
endoniikleaz | Analizi

Herhangi bir transfeksiyon igleminin uygulanmadigi kontrol hiicreleri ile plazmid transfeksiyonun ve
puromisin seleksiyonun gercgeklestigi hicrelerden DNA izolasyonu QuickExtract™ DNA Extraction
(Lucigen/A.B.D) solusyonunun ilgili proseduru ile gergeklestiriimistir. Ardindan hucrelerden elde edilen
DNA'lar ve hedef gen primerleri ile PCR c¢alismalari gerceklestiriimis ve olusan PCR Urinleri ile T7
endonikleaz | (T7E1) analizleri yapilmigtir.

Plasmid Transfeksiyonu Gergeklestirilen HCT-116 ve HeLa Hiicrelerinden RNA izolasyonu ve RT-
gPCR Analizi

Kontrol hiicreleri, NT aralayici dizili, sg1 aralayici dizili clAP1, sg1 aralayici dizili clAP2 ve sg2 aralayici
dizili clAP1/2 plazmidi ile transfekte olan hiicrelerde clAP1, clAP2, Bcl-2, Bcl-xL, caspase-3, Bad ve Bax
genlerinin ekspresyonlarinda meydana gelen degisimler incelenmistir. EvaGreen master mix ve hedef
gen primerleri kullanilarak Rotor-Gene Real-Time gqPCR (Qiagen, A.B.D) cihazinda analizler (-
microtubulin (B2M) house keeping genine gore gerceklestiriimistir.

Plasmid Transfeksiyonu Gergeklestirilen HCT-116 kolon ve HeLa Hiicrelerinden RNA izolasyonu
ve Apoptozis Analizi

Apoptozis analizi, NT aralayici dizili, sg1 aralayici dizili clAP1, sg1 aralayici dizili clAP2 ve sg2 aralayici
dizili clAP1/2 plazmidi ile transfekte olan hiicrelerde puromisine bagli hiicre 6liminden kaginmak igin
puromisin sec¢imi olmadan 48 ve 72 saatlik transfeksiyon sonrasi Muse Annexin V and Dead Cell kiti
(Millipore, Billerica, MA, ABD, MCH100105) kullanilarak ilgili kitin prosedtiriine gore yapilimistir.
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istatiksel Analizler
Gruplar arasi farkhliklarin analizi igin SPSS (istatistiksel paket yazilim, Windows 23.0) kullaniimigtir.

SONUCLAR

clAP1 ve clAP2 Gen Bolgelerini Hedef Alan sgRNA Aralayici Dizilerinin T7E1 Analizi

T7E1 analiz sonuglarina gére clAP1 gen bélgesi icin sg1, clAP2 gen bélgesi igin sg1 ve clAP1/2 dual
gen bdlgesi icin sg2 sgRNA aralayici dizileri en iyi nakavt sonucunu vermistir.

ar— s 3|

=cIAP2f

} n

Sekil 1. clAP1 ve clAP2 gen bodlgelerini hedef alan sgRNA aralayici dizilerinin T7E1 agaroz jel
gOruntuleri.

HCT-116 ve HelLa Hiicrelerinde clAP1, clAP2, Anti-apoptotik ve Pro-apoptotik Genlerin
Ekspresyon Seviyelerinin RT-qPCR Araciligiyla Belirlenmesi

clAP1, clAP2 ve clAP1/2 sistemlerinin aktarildigi hem HCT-116 hem de HelLa hicrelerinde clAP1 ve
clAP2 gen ekspresyon seviyesi negatif ve pozitif kontrol gruplarina goére 48. ve 72. saatlerde belirgin
anlamli bir disius gostermistir (p<0.0001). Bcl-2, Bcel-xL, Bax, Bad ve caspase-3 gen ekspresyonlari
bakimindan, her iki hiicre hattinda belirlenen Bcl-xL ve Bad gen ekspresyonlari disinda, kontrollere gére
en fazla anlamli degisiklige sebep olan clAP1/2 sistemi olmustur (Sekil 2).

HCT-116
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karkrol 48 NTa AP a8 U248 P2 48 korkrol 72 NTTZ claP 72 claP2 72 CIAPL/2 T2

Gruplar

Sekil 2. HCT-116 ve HelLa hicrelerinin gruplarina ait relatif gen ekspresyon degerleri.



110

4th Congress of Cell Death Research Society-Turkiye with International Participation
4. Uluslararasi Katilimli Hiicre Olim{ Arastirma Dernegi Kongresi

clAP1, clAP2 ve clAP1/2 Sistemlerinin Transfekte Edildigi HCT-116 ve HelLa Hiicrelerinde
Apoptozis Analizi

CRISPR/eSpCas9 sistemi ile gen diizenlemesi sonucu HCT-116 ve HelLa hticrelerinde clAP1 ve clAP2
genlerinin nakavt edildigi hicrelerde flow sitometri yontemi ile apoptozis analizi yapilmistir. Post-
transfeksiyon sonrasindaki 48. ve 72. saatlerde, clAP1, clAP2 ve clAP1/2 sistemleri ile transfekte
edilmis HCT-116 hucrelerinden elde edilen apoptotik hiicre orani, pozitif kontrole ait hiicrelere kiyasla
(Sekil 3) anlamh bir artis gostermistir (p<0,0001, <0,0001, <0,0001). HelLa hiicrelerinde ise post-
transfeksiyon sonrasindaki 48. saatte clAP1, clAP2 ve clAP1/2 sistemleri ile transfekte edilmis
hicrelerde elde edilen apoptotik hiicre orani bakimindan, pozitif kontrole gére yalnizca dual nakavt
etkisine sahip clAP1/2 sistemi anlamh bir artis saglamistir (p=0.006). Post-transfeksiyon sonrasindaki
72. saatte ise clAP1, clAP2 ve clAP1/2 sistemleri ile transfekte edilmis HelLa hiicrelerinden elde edilen
apoptotik hiicre orani, pozitif kontrole ait hiicrelere kiyasla (Sekil 4) anlamh bir artis gostermistir
(p=0.049, p=0.012, p=0.008).
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Sekil 3. HCT-116 hicrelerinin gruplarina ait apoptotik grafik degerleri.
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Sekil 4. HeLa hicrelerinin gruplarina ait apoptotik grafik degerleri.

clAP1, clAP2 ve clAP1/2 Sistemlerinin Transfekte Edildigi HCT-116 ve HeLa Hiicrelerinin Tek
Hucre Kulturleri

clAP1, clAP2 ve clAP1/2 sistemlerinin transfekte edildigi ve puromisin seleksiyonu yapildigi HCT-116
ve Hela hucreleri 96 gozIu kultir kaplarina her kuyucukta bir hiicre olacak sekilde aktariimis ve 12 guin
boyunca kiltire alinmislardir. 12. giin sonunda clAP1, clAP2 ve clAP1/2 sistemlerinin transfekte edildigi
HCT-116 ve HelLa hicrelerinde herhangi bir proliferasyon belirlenmezken, herhangi bir iglemin
yapiimadigi kontrol hiicreleri godalarak koloni olusturmusglardir (Sekil 5).
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HCT-116 Hiicreleri
cIAP1 c[AP2 cIAP1/2 Kontrol

HeLa Hiicreleri
cIAP1 cIAP2 cIAP1/2 Kontrol

Sekil 5. clAP1, clAP2 ve clAP1/2 sistemlerinin transfekte edildigi HCT-116 ve HeLa hucrelerinin tek
hicre kaltar gérintileri.

TARTISMA VE SONUG

clAP1 ve clAP2 genlerinin kanser hucrelerinde tek baglarina ve birlikte nakavtlarinin, hicreleri etkili bir
sekilde hem apoptoza surikledigini hem de anti- ve pro-apoptotik genlerinin ekspresyonlarinda
kontrollere gdére daha belirgin degisimlere sebep oldugunu géstermistir. Bununla birlikte, clAP1 ve clAP2
genlerinin ayni anda nakavtinin kanser hicrelerini apoptoza surikleme bakimindan daha etkili bir
yontem oldugu gortlmustar. Bu veriler 1siginda elde edilen CRISPR/eSpCas9 sisteminin timor spesifik
promotor esliginde viris aracilikli olarak in vivo ¢alismalarda timér dokularina verilmesiyle birlikte
tedaviye yonelik bir gcalismanin yapilmasi planlanmaktadir. Ayrica, bu sistemin kanser hiicreleri
Uzerindeki etkisinin TNF-a ve TRAIL ligandlari ile kombine ¢alismasi yapilmasi planlanmaktadir.
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Ozet: Meme kanseri tiim diinyada 6liime neden olan ciddi bir kanser tiirtidiir. Luminal A, Luminal B ve
HER2'yi eksprese eden meme kanseri, normal benzeri ve bazal benzeri (li¢li negatif: TNBC) olarak
siniflandirilir ve tim meme timord tipleri kemoterapi ile tedavi edilebilirken, ER ve PR eksprese eden
timorler de hormon uretimini veya timaor buyumesini engelleyen ajanlarla tedavi edilir. Ancak TNBC igin
etkili bir tedavi yontemi heniz gelistiriimemistir. Bu nedenle alternatif terap6tik molekdullerin arastiriimasi
ve bunlarin anti-kanserojen etkilerinin molekuler karakterizasyonu, kanser hastalarinin tedavisine
katkilari icin umut vermektedir. Dogal bilesiklerin anti-kanser 6zellikleri, mikroRNA (miRNA) ifadesinin
diizenlenmesiyle baglantiidir. Sonug olarak, dogal biyolojik organizmalardan elde edilen molekiiller
kullanilarak  miRNA'larin profilini belirlemek kanser tedavisinde kritk 6neme sahiptir. Calisma
kapsaminda arastirimasi amaglanan ilag aday moleklli olarak usnik asit (UA), 6nemli biyolojik
aktiviteleri olan bir metabolittir. Bu calismada, UA sekonder metabolitinin TNBC (zerindeki anti-
kanserojen etkisi ve miRNA diizeyinde ifade seviyesi profillemesi yapiimistir. UA'nin MDA-MB-468 ve
normal meme epitel hiicre dizisi (MCF-12A) tizerindeki etkisinin bir sonucu olarak yanit veren miRNA'lari
belirlemek icin miRNA-mikrodizin analizi kullaniimistir. Ayrica, ¢esitli biyoinformatik araglar kullanilarak,
UA'yva duyarli miRNA'lar tarafindan hedeflenen gen setleri ve yolak analizleri gergeklestirildi.
xCELLigence analizi kullanilarak MDA-MB-468 hicresinin analizi sonucunda, UA icin ICso
konsantrasyonu 50.34 yM olarak belirlendi ve zamana bagh etki 31 h olarak belirlendi. UA (ICso
konsantrasyonu) uygulamasinin ardindan miRNA analizi sonucunda, MDA-MB-468 hiicrelerine 6zgu 85
mMiRNA  belirlendi. miRNA zenginlestirme analizine gdére miRNA hedeflerinin  ¢ogunlukla
PIBK/AKT/mTOR ve apoptoz yolaklarinda rol oynadigi bulundu. Calisma, UA liken sekonder
metabolitinin miRNA dizeyinde en agresif meme kanseri hiicresine uygulanmasindan sonra aktif olan
sinyal yollarini belirleyen ilk calisma oldu. UA'ya yanit veren miRNA'larin TNBC'nin tedavi ve teshisinde
terapdtik ve biyobelirte¢ olma potansiyelini belirlemek igin daha fazla arastirmaya ihtiya¢ vardir.

Anahtar Kelimeler: Uglii negative meme kanseri, usnik asit, miRNA

GIRIS

Meme kanseri diinya genelinde 6lime yol agan énemli bir kanser tiridar [1]. Luminal A, Luminal B,
HER?2 ifade eden, normal-benzeri ve bazal-benzeri (ig¢lu-negatif (TNBC): ER-, PR-, HER2-) seklinde
molekdiler tiplere ayrilan meme kanserinde, tim meme timoru tipleri kemoterapi ile tedavi edilebilirken,
ER ve PR'yi ifade eden timorler, hormon Gretimine veya timoére midahale eden maddelerle de tedavi
edilmektedir [1, 2]. Ancak TNBC meme kanseri i¢in heniiz etkin bir tedavi metodu gelistirilebilmis degildir
[3]. Bu nedenle alternatif terapdétik 6zellikli molekillerin arastiriimasi ve anti-kanserojen etkisinin
molekuler boyutta karakterize edilmesi kanser hastalari igin tedaviye olabilecek katkilari nedeniyle umut
kaynagi olmaktadir. Dogal kdkenli molekullerin anti-kanser 6zellikleri, mikroRNA (miRNA) ifadesinin
dizenlenmesi ile iligkilidir. Bu nedenle dogal kaynakli molekdller kullanilarak miRNA'larin profilinin
degistiriimesi kanser tedavisinde olduk¢a 6nemlidir [4]. Calisma kapsaminda arastiriimasi hedeflenen
ilag aday molekul usnik asit, liken sekonder metabolitleri arasinda yer alan énemli biyolojik aktivitelere
sahip metabolittir [5, 6]. Gergeklestirilen galismada usnik asit sekonder metabolitinin Ggli-negatif meme
kanser uzerine olan anti-kanserojenik etkisi ve miRNA boyunda ifade profillemesi gergeklestirilmistir. Bu
kapsamda usnik asitin MDA-MB-468 ve normal meme epitel hiicre hatti (MCF-12A) Uzerindeki etkisi
sonucu yanit veren miRNA’lar miRNA-mikrodizin analizi ile belirlenmistir. Ayrica farkli biyoinformatik
araclar kullanilarak usnik asite cevap veren miRNA’larin hedefledigi gen setleri ve yolak analizleri
belirlenmistir.
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MATERYAL VE METOD

Mikrodizin analizi

100 pM wusnic acid %0.05 DMSO konsantrasyonunda DMEM besiyeri igerisinde ¢06zllerek
hazirlanmistir. Usnik Asit'in 50, 25, 12.5, 6.25, 3.13 ve 1.56 uM olmak uzere farkli konsantrasyonlari
hazirlandi. xCELLigence Gergek Zamanh Hicre Analiz Cihazi ile hicre canlihdi ve proliferasyonu
belirlendi. RTCA Software Lite yazihmi kullanilarak 1Cso degeri belirlendi. Usnik asitin ICso
konsantrasyonunun uygulamasi sonrasi MDA-MB-468 hicrelerinden toplam RNA izolasyonu Trizol ile
gerceklestiriimistir. Mikroarray Hibridizasyonu GeneChip 3’ IVT Kit ile gerceklestiriimistir. Mikroarray
yontem basamaklari; Poly-A Kontrollerin Hazirlanmasi, Total RNA / Poly-A Kontrol Karigimin
Hazirlanmasi, Birinci Zincir cDNA Sentezi, Ikinci Zincir cDNA Sentezi, In Vitro Transkripsiyon/aRNA
isaretleme, aRNA'nin Saflastiriimasi, aRNA Fragmentasyon islemi, Hibridizasyon, Yikama, boyama,
tarama olarak gercgeklestirilmistir.

istatistiksel Analiz

BRB Array Tools programi kullanilarak analiz edilmigtir. Her bir ¢ipten elde edilen veriler dncelikle arka
plan gurdltisinden kurtulmak ve batun cipleri birbirleri ile kiyaslanabilir hale getirmek igcin Robust
Multiarray Analysis (RMA) algoritmasi kullnanilarak normalize edilmistir. Normalizasyon sonrasi elde
edilecek ¢ip verileri birbirleri ile kiyaslanarak usnik asit uygulanan hiicrelerde DMSO ile muamele edilen
hiicrelere gére farklilik gosteren genler belirlenmistir. iki grup birbiri ile kiyaslanirken t-test yéntemi
kullanilacaktir ve farkhlik gosteren gen setlerinin anlamh olup olmadigina p dederine gére karar
verilmistir. p<0.05 olan genler anlamli olarak farklihk gosteren genler olarak tespit edilmistir.

Farkhhk gosterdigi belirlenen miRNA’larin qRT-PCR ile dogrulanmasi

Usnik asit sekonder metabolitinin mikrodizin yéntemi uygulanmasi sonucunda elde edilen sonuglarin
dogrulanmasi gRT-PCR ydntemi ile yapilmistir. Bu asamada RNA izolasyonu, cDNA sentezi ve qRT-
PCR analizleri gergeklestiriimistir. qRT-PCR sonuglarinin analizi delta delta Ct metodu kullanilarak
gerceklestiriimistir. Normalizasyon geni olarak RNU6 kullaniimistir.

BULGULAR

MDA-MB-468 huicre hattinin xCELLigence RTCA S16 cihazinda analizi sonucunda usnik asit igin ICso
konsantrasyonu 50.34 pM ve zamana bagli etkisi de 31. saat olarak belirlenmistir (Sekil 1A, 1B).
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Sekil 1. Usnik asit uygulamasi sonrasi MDA-MB-468 hicre hattinin xCELLigence RTCA S16 cihazinda
analizi (A) Usnik asitin farkli konsantrasyonlarda anti-proliferatif etkinliginin belirlenmesi (B) Usnik asitin
MDA-MB-468 huicresi Uzerindeki etkinliginin log tabaninda gésterimi.

Usnik asit uygulanmis ve uygulanmamis (DMSO:¢6ziici) MDA-MB-468 hiicreleri i¢ biyolojik tekrarh
olarak mikrodizin analizine (GeneChip™ Human Genome U133 Plus 2.0 Array, Agilent) alinmistir. Elde
edilen sonuglar 6ncelikle normalizasyon islemine tabi tutulmustur daha sonrasinda istatistiksel analiz
yapilmistir (Sekil 2).
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Sekil 2. Mikrodizin analizi sonuglarinin normalizasyon islemi

Elde edilen sonuglara Moderated T-Test uygulanmistir ve Multiple Testing Correction (Corrected p-
value) i¢in Bonferroni FWER metodu secilmistir. Ayrica kat degisimi >2 ve p<0.05'den kuguk olanlar

istatistiksel olarak degerlendirilmistir. miRNA analizi sonucunda ise usnik asit ICso konsantrasyonu

uygulamasi sonrasi MDA-MB-468 hucresi spesifik 85 miRNA belirlenmistir (Sekil 3).
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Sekil 3. MDA-MB-468 (DMSO) vs MDA-MB-468 (Usnik asit) uygulamasi sonrasi ifade veren

miRNA’larin heat-map analizi
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Gergeklestirilen mikrodizin ve istatistiksel analizi sonuglarina gére meme kanseri ile
iliskilendirilebilecek 6 miRNA daha ileri analizler igin belirlenmistir (Tablo 1).

Tablo 1. MDA-MB-468 huicresine usnik asit uygulamasi sonrasi hedeflenilen 6 miRNA listesi

hsa-miR-1229-
5p
hsa-miR-4465

hsa-miR-4739
hsa-miR-5703
hsa-miR-6068

hsa-miR-8063

Benzer sekilde MDA-MB-468 hiicresine cevap veren hsa-miR-132-3p 47 kat ifade seviyesi arttigi
mikrodizin analizi sonrasi belirlenmistir. miR-132-3p ifade seviye diizeyini valide etmek amaciyla qRT-
PCR analizi yapilmistir ve analiz sonrasi kontrole gére bu miRNA'nin ifade seviyesinin 21.9 kat arttigi
tespit edilmistir. miRNA zenginlestirme analizine gére miRNA hedeflerinin cogunlukla PISBK/AKT/mTOR
ve apoptoz yolaklarinda rol oynadigi bulunmustur.

TARTISMA VE SONUC

Calisma sonucunda usnik asit liken sekonder metabolitinin en agresif meme kanseri hucresine
uygulanmasi sonrasinda aktiflesen sinyal yolaklarinin miRNA dizeyinde belirlenmesi ilk defa
gercgeklestiriimistir. Ucli-negatif kanser tedavisinde ve tanisinda usnik asite cevap miRNA’larin terapotik
ve biyobelirte¢ olabilme potansiyelleri ileri calismalarla desteklemesi ile mimkuin géziukmektedir.
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Ozet: Meme kanseri diinyada kadinlar arasinda en sik rastlanan kanser tiiriidiir. Mevcut tedaviler meme
kanseri hastalari icin etkili bir ¢6ziim olusturamamaktadir. Dolayisiyla teshis ve tedavi icin yeni terapétik
yaklasimlarin gelistirimesi, alternatif aday molekdillerin arastiriimasi gerekmektedir. Onemli bir liken
sekonder metaboliti olan Atranorin’nin (ATR) cesitli biyolojik aktivitelere sahip oldugu bilinmektedir.
Ferroptoz, demir-bagimh lipid peroksitlerin ve reaktif oksijen tirlerinin birikiminden kaynaklanan bir
hicre Olum seklidir. Calismamizda bir liken sekonder metaboliti olan ATR’nin meme kanseri
hicrelerinde ferroptoz yolagi Gzerinden anti-proliferatif ve ferroptotik etkinliginin gen ifadesi seviyesinde
belirlenmesi amaclanmistir. Bu amacla calismada MDA-MB-231 ve BT-474 meme kanseri hiicrelerinin
proliferasyonu MTT testi ve xCELLigence gergek zamanl hiicre analiz cihazi ile belirlenmigtir. Ayrica
ferroptoz yolagi ile iligkili hedef genlerinin ifade seviyesi gRT-PCR ile belirlenmistir. Calisma sonucunda
meme kanseri hlcrelerine ATR uygulamasi ile hlicre canliliinda doza ve zamana bagli bir azalma
oldugu gosterilmistir. Ayrica kontrole kiyasla GPX4 gen ifade seviyesinde istatistiksel olarak anlamli
degisimler oldugu qRT-PCR deneyleri ile tespit edilmistir. Calismamiz literatlrde ilk defa ATR’nin meme
kanseri Uzerinde ferroptoz yoladi lGzerinden anti-proliferatif etkiye sahip olmasini ve ATR’nin meme
kanseri tedavisinde ilag adayl molekil olarak kullanim etkinligini belirlemistir.

Anahtar Kelimeler: Meme Kanseri; Atranorin; Ferroptoz Yolagi

GIRIS

Meme kanseri diinyada kadinlar arasinda en sik rastlanan kanser tirtidir [1]. Diinya Saglik Orgiti'ne
(WHO) gore 2020'de yaklasik 2,3 milyon yeni meme kanseri vakasi rapor edilmistir [2]. Meme kanseri
farkli patolojik ve klinik etkilere sahip olan heterojen bir hastaliktir ve bu fenotipik gesitliligin hastaligin
tani, prognoz ve tedavisini 6nemli 6lcide etkiledigi bilinmektedir [3]. Meme kanseri temelde 5 ana alt
tipe ayriimaktadir; Liminal A, Liminal B, HER2-pozitif, Uglii-negatif / basal benzeri (TNBC) ve Normal
benzeri meme kanseri [4]. Meme kanserinin tedavisinde su anda birinci basamak tedavi stratejileri
arasinda cerrahi midahale, adjuvan radyoterapi, hormon tedavisi, kemoterapi ve hedefe ydnelik
biyoterapi yer almaktadir [5]. Son yillarda tani ve tedavide gézle gorullr ilerlemeye ragmen, meme
kanseri olan hastalarin klinik sonuclarinda niks ve metastaz halen yuksek oranda goértimektedir [6].
Ayrica rutin tedavide kullanilan kemoterapoétiklerin saglikli hicrelere karsi toksik etki gdstermesi,
hastalarin zaman igerisinde tedaviye direng gelistirmesi meme kanseri hastalari igin etkili bir ¢ézim
olusturamamaktadir [7]. Bu nedenle, teshis ve tedavi igin yeni hedeflerin ve yeni terap6tik yaklagsimlarin
gelistiriimesi, alternatif ve yenilikgi aday molekiillerin arastiriimasi gerekmektedir.

Likenler, fotobiyontlar ve mikobiyontlar olarak hareket eden fotoototrofik algler veya sinobakterilerin
mantarlar ile simbiyotik bir yasam kurmasi sonucu olugan organizmalardir [8]. Likenler gesitli biyolojik
aktiviteler sergiledigi bildirilen sekonder metabolitler Gretebilmektedir [8]. Likenlerdeki 6nemli sekonder
metabolitlerden biri olan Atranorin’in (ATR) birgcok biyolojik aktiviteye sahip oldugu bilinmektedir [9].
ATR, molekiler formili C19H180s olan depsid molekilidir [10]. Son zamanlarda yapilan ¢alismalarda
ATR’nin 6nemli anti-mikrobiyal, anti-viral, anti-inflamatuar, antioksidan, anti-kanser ve anti-proliferatif
Ozelliklere sahip oldugu gésterilmistir [9, 10].

Ferroptoz; apoptoz, nekroz ve otofaji gibi diger hicre 6lim yollarindan énemli farkliliklar gdsteren,
demir-bagimh lipid peroksitlerin ve reaktif oksijen turlerinin birikiminden kaynaklanan bir hiicre élim
seklidir [11]. Ferroptoz, iskemi-reperflizyon hasari, nérolojik hastaliklar, inflamatuar hastaliklar ve kanser
gibi diger birgok hastahdin gelisimi ve tedavisinde énemli bir rol sahiptir [12]. ATR’nin bir¢ok biyolojik
aktivitesinin yaninda gugli bir antioksidan ve anti-inflamatuar 6zellige sahip olmasi onun kanser
hicrelerinde ferroptozu baskilayarak antiproliferatif 6zellik g0Osterecegini disundirmektedir.
Gergeklestirilen bu galismada bir liken sekonder metaboliti olan ATR’nin farkli alt tiplerdeki meme
kanseri hicrelerinde ferroptoz yolagi Uzerinden anti-proliferatif ve ferroptotik etkinliginin gen ifadesi
seviyesinde belirlenmesi amacglanmistir.
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MATERYAL VE METOT

ilag adayr molekiil ATR ticari olarak temin edilmis, 100 uM ATR %0.05 DMSO konsantrasyonunda
DMEM besiyeri igerisinde ¢dzilerek hazirlanmistir. insan meme kanseri hiicre hatlari MDA-MB-231
(ER-, PR-, HER2-) ve BT-474 (ER+, PR+, HER2+) %10 FBS (Fetal Sigir Serumu), %1 pen/strep iceren
DMEM yuksek glukoz besiyerinde kultire edilmistir. Farkli ATR konsantrasyonlari kullanilarak MTT
Testi ve xCELLigence Gergcek Zamanli Hucre Analiz Cihazi ile hicre canhhdr ve proliferasyonu
belirlenmistir. ATR uygulamasi sonrasi BT-474 hiicrelerinden toplam RNA izolasyonu Trizol reaktifi ile
gerceklestiriimistir. cDNA sentezi EURX sentez kiti ile gergeklestirilmistir. qRT-PCR deneyinde kullanilan
reaksiyon kosullari ve hedef gen primer sekanslari Sekil 1’de yer almaktadir (Sekil 1). Referans gen
olarak GAPDH kullaniimistir. Deney dizayni Sekil 2'de gosterilmektedir (Sekil 2).

qRT-PCR Kosullari E]
Denaturation: 95°C 10 dk PRIMER ~ SEKANS5-3’ b)
Cycling: 95°C 10'sn GPX4F ACAAGAACGGCTGCGTGGTGAA
60°C 45sn - 98 GPX4R GCCACACACTTGTGGAGCTAGA
72°C 10sn
ACSLA F GCTATCTCCTCAGACACACCGA
Melting: 95°C 10 sn ACSLAR AGGTGCTCCAACTCTGCCAGTA
65°C 10 sn
959C continuous ALOXI15 F CAGACGTGGCTGTGAAAGAC
B S ALOXIS R AAGAGACAGGAAACCCTCGG
ooling: % sn

Sekil 1. gRT-PCR reaksiyon kosullari (a), hedef gen primer sekanslari (b).

MTT Testi

SN
bl M_*_* Rt

= il \ l / ; ?NA cDNA Istatistiksel
Hiicre Kiltiiri izolasyonu sentezi qRT-PCR ‘Analiz
AR oS GPX4
g |- égg © | ACSL4
e—e ALOXIS
XCELLigence Gergek Zamal FERROPTOSIS GAPDH
Hiicre Analiz Cihaz1

Sekil 2. Deney dizayni

BULGULAR

MTT testi ve xCELLigence gergcek zamanli hiicre analiz cihazi ile MDA-MB-231 ve BT-474 hicre
hatlarinin hiicre canlihdi ve proliferasyonu incelenmis ve BT-474 hlcrelerinde ATR uygulanmasindan
sonra hiicre canliiginda doza ve zamana bagh bir azalma oldugu belirlenmistir (Sekil 3). Ancak MDA-
MB-231 hucre proliferasyonunda BT-474 meme kanser hicresine gore anti-proliferatik etki diizeyi daha
dislk gézlenmistir. Sitotoksisite testleri sonucunda BT-474 hicrelerinde ATR'nin ICso konsantrasyonu
48 saatte 14.7 uM olarak belirlenmigtir.
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al

BT-474 ATR 24-48-72 H [a]

Sekil 3. BT-474 meme kanseri hiicreleri gortntisi (10x) (a), BT-474 hiicrelerine ATR uygulamasi ile
MTT testi sonucu (b) ve BT-474 hiicrelerine ATR uygulamasi sonucu xCELLigence gercek zamanl
hiicre analiz cihazi sonucu (c, d). (*P < 0.05)

gRT-PCR deneyleri sonucunda ICso konsantrasyonunda ATR uygulamasinin BT-474 hicrelerinde

GPX4 gen ifade seviyesini 6nemli dlgude artirdigi belirlenmistir. Ancak ACSL4 ve ALOX15 gen ifade
seviyelerinde istatistiksel bir farkhilk gézlenmemistir (Sekil 4).

Ferroptoz Yolag: ile Iligkili Genletin Ifade Seviyeleri

90
80 *
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Ee0
;
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0 = =
GPa AcCLsA ALOX15

Sekil 4. Kontrole kiyasla ATR uygulamasi sonrasi BT-474 hicrelerindeki ferroptoz yolagi ile iligkili gen
ifade seviyeleri. (*P < 0.05)

TARTISMA VE SONUC

Gergeklestirdigimiz calismada ATR'nin farkl alt tiplerde yer alan meme kanseri hiicreleri Gzerindeki anti-
proliferatif etkisi MTT testi ve xCELLigence gergek zamanl hiicre analiz cihazi ile incelenmistir. BT-474
meme kanseri hicresinde ATR uygulamasindan sonra hicre canliiginda doza ve zamana bagh bir
azalma gozlenmis ve ICso konsantrasyonu 48 saatte 14.7 uM olarak belirlenmistir. MRNA seviyesinde
gerceklestirilen calismalarla ATR’nin ferroptoz yolagi ile iligkili genlerin ifade seviyelerini diizenleyerek
ferroptoz yolagini modile ettigi belirlenmistir. Kontrole kiyasla ATR’nin BT-474 huicrelerinde énemli bir
ferroptoz dnleyici gen olan GPX4’Gin gen ifade seviyesini Snemli dlgtide artirdigi ve bu sayede ferroptozu
Onleyebilecedi belirlenmistir. ATR’nin meme kanseri hiicrelerinde ferroptoz yolagi Uzerindeki etkisinin
tam olarak aydinlatilabilmesi i¢in biyokimyasal testlerle, mMRNA seviyesinde ve protein boyutunda daha
fazla galisma yapilmasina ihtiyag vardir.
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Gergeklestirdigimiz galisma ATR’nin BT-474 meme kanseri hiicreleri Gzerinde anti-proliferatif etkiye
sahip oldugunu ve bu etkinin ferroptoz yolagi ile iligkili oldugunu goésteren literatlirdeki ilk ¢calisma olmasi
nedeniyle énemlidir. Calismamiz ATR’nin BT-474 meme kanseri hlcreleri tzerindeki anti-proliferatif
etkisini ve meme kanseri tedavisinde potansiyel bir terap6tik aday olarak kullanilabilecegini
gOstermektedir. Potansiyel terapétik etkinin dogrulanmasi igin in vivo ¢alismalari ve klinik ¢alismalari
iceren ileri arastirmalara ihtiyag vardir.
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INSAN NOROBLASTOMA HUCRE HATTINDA SIKLOOKSIJENAZ-2 iNHIBITORU
ARACILIGIYLA FERROPTOZUN HEDEFLENMESI
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1 Ege Universitesi Eczacilik Fakiiltesi Biyokimya Anabilim Dali, izmir, Tirkiye
Kisa Baglik: Néroblastomada Ferroptozun Hedeflenmesi

Ozet

Noroblastoma ¢ocukluk ¢agdi kanserlerine bagh 6limin %15’inden sorumlu bir timoérdir. Prognozu kéti
seyreden bu kanser tipinde COX-2, Bcl-2 ve GPX4 protein ekspresyonunda artis dikkat ¢ekicidir. Yani
sira kanser hicrelerinde ylksek dlzeyde bulunan prostaglandinlerin timér blylimesi ve gelismesine
katki sagladigi gosterilmisti. Bu durum kanserde siklooksijenaz (COX) enzimini ve beraberinde
kaspazdan badimsiz hiicre 6lim sekillerini (nekroptoz ve ferroptoz) hedef alan galismalarin énini
acmistir. Calismamizin amaci COX-2 inhibitéri bir ilag olan selekoksibi néroblastoma tedavisinde
ferroptozu hedefleyerek degerlendirmektir.

Calisma kapsaminda hiicre canliliginda %50 inhibisyonu saglayan konsantrasyonu belirlemek igin farkl
konsantrasyonlarda (0.1-100 uM) selekoksib insan néroblastoma hicre hattina (SH-SY5Y) 48 ve 72
saat slre ile uygulanmis ve MTS yontemi ile hiicre canhligi 6lgliimustir. Ardindan, ferroptoz inhibitori
varliginda selekoksibin hiicre canliligina etkisi degerlendiriimistir. Selekoksib uygulanmis hicrelerde
ferroptoz parametrelerinden GPX4 ve lipid peroksidasyon Uriini 4- hidroksinonenal (4-HNE-modifiye
protein araciligiyla) diizeyleri Western Blot teknigi ile 6lgiiimuUstir. Deney sonucunda elde edilen verilerin
istatistiksel analizi GraphPad Prism Version 5.0 programi kullanilarak yapilmistir.

Elde edilen sonuglara gore, 48 saat uygulanan selekoksib (1-50 uM) néroblastoma hiicrelerinde canhiligi
azaltmis ve IC50 degeri 13,01 uM olarak bulunmustur. Kontrol grubu ile karsilastirildiginda selekoksib
uygulamasinin GPX4 protein diizeyini istatistiksel olarak anlamli sekilde azalttidi; 4-HNE diizeylerini ise
anlaml sekilde arttirdig1 saptanmistir (p<0.05).

Buna goére, COX-2 inhibitorii olarak gdrev yapan selekoksib, néroblastoma hicrelerinde ferroptotik
hicre 6lumunu induklemektedir. Nonsteroidal antiinflamatuar ilaglarin, kanser patogenezinde énemli
bir paya sahip oldugu tespit edilen ferroptozda etkili olabilecedi gdsterilmistir. Elde edilen bulgularla
birlikte, ileri ¢alismalar antiinflamatuar ilaglarin antikanser aktivitesindeki molekiler mekanizmalarin
aydinlatiimasina katki saglayacaktir.

Anahtar Kelimeler: Kanser; Noroblastoma; Selekoksib; Ferroptoz

GIRIS

Noéroblastoma, dogumda ve erken ¢ocukluk déneminde ortaya ¢ikabilen bir cocukluk ¢agi timaortudur.
(Edsjo, 2007). Mevcut terapoétik secenekler, devam eden klinik arastirmalar ve temel bilim
arastirmalarina ragmen, 6ngorilemeyen klinik seyri sebebiyle ndroblastomalar karmasik bir hastalik
olmaya devam etmektedir (Ishola, 2007). Agri, vicudun enfeksiyon ve yaralanma durumlarinda
olusturdugu dogal bir alarmdir. Calismalar, agrinin fizyolojisini, inflamatuvar araci “Siklooksijenaz”
(COX) enzimi araciligiyla gergeklestigini ortaya c¢ikarmistir. Nonsteroidal antiinflamatuar ilaglar
(NSAIi'ler) ilk kez 1960'larin baslarinda sentezlenmistir. Etki mekanizmalari COX enziminin COX-1 ve
COX-2 olarak adlandirilan iki izoformunun inhibisyonu tzerindendir. Kanserde artan COX-2 seviyesi,
karsinogenez sirasinda tumoér hicresi proliferasyonu, anjiojenez, invazyon ve metastazi tesvik
etmektedir (Brown, 2005, Ladetto, 2005, Ferrandina, 2002, Liu, 2009). Bu baglamda COX-2 inhibitdrleri
ile prostaglandin sentezinin baskilanmasi antiinflamatuar ilaglarin antikanser ajanlar olarak da
kullanilabilecegini gdstermektedir. Selekoksib selektif COX-2 inhibitdrii bir ilagtir. Diger NSAii'lere
benzer sekilde, selekoksib, in vitro ve in vivo timdr baslangicini ve timér hicresi buyumesini engeller
(Phillips, 2002, Arber, 2006, Steinbach, 2000). Dolayisiyla, selekoksib antikanser tedavi agisindan ilgi
cekici bir bilesik haline gelmektedir.
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Hiicre 6limi organizmanin gelisimi, homeostazi ve hastaliklarin seyri icin kritiktir. Ozellikle son yillarda
yapilan ¢alismalar ferroptoz adi verilen, demirin aktif rol aldigi, GPX4 ile regiile edilen bir hiicre 6lim
sekline yogunlasmistir. Ferroptoz, morfolojik olarak butlnligini korumus bir hiicre membrani,
mitokondriyal hasar, oksitlenmis ¢oklu doymamis yag asitleri ve lipid peroksidasyon urinlerinde artis ile
karakterizedir (Lei vd, 2020). Metabolik yolaklar halen galigiimakla birlikte son birka¢ yildir yapilan
kapsamli arastirmalar gesitli diizenleyici mekanizmalarin yani sira ¢ok sayida spesifik indukleyici ve
inhibitdr bilesigin ortaya ¢cikmasini saglamistir (Han vd, 2020).

Son c¢alismalar, ferroptozun hedeflenmesinin meme kanseri, renal hiicreli karsinom, akciger kanseri,
pankreas kanseri, bas boyun skuaméz hicreli karsinomlari ve hepatoselller karsinomlar gibi kanser
turlerinde etkili oldugunu gostermistir (Wang, 2020). Dolayisiyla, ferroptozda gorevli mekanizmalarin
kanserin ilerlemesinde veya kanserin baskilanmasinda iglev gorebilecegi belirtiimistir. Calismamizin
amaci selekoksibin antikanser etkinligini farkli bir hicre o6lim tipini ele alarak arastirmaktir.
Noéroblastomalarda, timor materyaline erisim sinirlidir bu ylzden ¢alismalarin dokuda yapilmasi zordur.
Bunun yerine, néroblastoma hicre hatlari in vitro modeller olarak kullaniimaktadir (Edsjé, 2007). Bu
sebeple calismamizda ndéroblastoma modeli olarak insan néroblastoma hicre hatti (SH-SY5Y)
kullanilmigtir.

METOD

Calisma Gruplarinin Olusturulmasi

Calisma kapsaminda insan néroblastoma hiicre hatti (SH-SY5Y) kullaniimistir. Hicreler %10 fetal sigir
serumu (FBS), 2 mM L-glutamin, 100 U/ml penisilin ve streptomisin iceren besi yeri (DMEM/F12)
kullanilarak poli-L-lizin kapli polistiren hiicre kiiltir kaplarina ekilip %5 CO: ve 37°C’de inklibe edilerek
cogaltiimistir. Alti- veya 96-kuyucuklu kultir kaplarina ekilmistir. Protein analizi igin htcreler, igerisinde
proteaz inhibitérl bulunan lizis tamponu ile homojenize edilmis ve protein miktar tayininde kullaniimistir.

Hiicre Canlihgi Analizi

Selekoksib icin hucrelerin %50’si i¢in toksik olan konsantrasyon (ICso) ve uygulama sire belirlenmistir.
Hicreler 96 kuyucuklu kiltir kaplarinda 2X103 hiicre/kuyucuk/200uL olacak sekilde ekilmis ve 24 saat
boyunca inkibe edilmistir. Hucrelerin adhere olmasini takiben selekoksib (0,1-50 yM) ortama ilave
edilmigtir. Hicreler 48 veya 72 saat boyunca inkilibe edilmistir. Selekoksibin sebep oldugu hiicre
Olumunlin ferroptotik surecler araciligiyla olup olmadidini arastirmak Uzere selekoksibin hicre
canlihdina etkisi ferroptoz inhibitdru ajan Liprokstatin (50nM) varliginda1 saat 6n uygulama yapilarak
arastinimistir. Hicre canhihdr MTS testi ile dlgiimustur.

GPX4 ve 4-HNE-Modifiye Protein Analizi

Protein analizi igin hiicreler (5x10° hicre/kuyucuk) 6 kuyucuklu kiltir kaplarinda ekilmis ve 24 saat
boyunca inkiibe edilmigtir. Hiicrelerin adhere olmasini takiben selekoksib 10-40 uM konsantrasyonda
48 saat uygulanmistir. Stire sonunda hicreler lizis tamponu ile muamele edilmis, santrifijin ardindan
supernatantta protein miktar tayini yapiimistir. Toplam protein tayini icin BCA Protein Tayin Kiti
kullanilmistir. Hiicre ici GPX4 ve 4-HNE modifiye protein analizi Western Blot Yéntemi ile yapilimistir.

istatistiksel Degerlendirme

Deney gruplarinda en az 3 kez calisiimigtir. Sayisal dederlendirmelerde ortalama degerler ve standart
sapmalar rapor edilmistir. Deney gruplari arasindaki istatistiksel farklar ANOVA (analysis of variance)
yontemi ile %95 guven araliginda degerlendirilerek, gruplar arasinda ikili iliskiler Tukey’s post-hoc
yontemiyle saptanmistir.

BULGULAR

Selekoksib igin konsantrasyon ve siirenin belirlenmesi kapsaminda farkli konsantrasyonda (0,1- 50uM)
selekoksib 48 ve 72 saat sre ile hiicrelere uygulanmistir. Uygulamalar sonucunda selekoksib igin ICso
degeri 13,01 uM ve uygulama suresi 48 saat olarak belirlenmistir (Sekil 1).
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Sekil 1. insan néroblastoma hiicre hattinda (SH-SY5Y) selekoksib igin konsantrasyon ve siirenin
tespiti. 48 ve 72 saat sure ile farkh dozlarda (0,1- 50 pM) uygulanmis selekoksibin MTS testi ile
canlihga etkisinin olgimu. ** p <0,05.

insan néroblastoma hiicre hattinda selekoksib icin IC50 degeri belirlendikten sonra selekoksibin hiicre
canliiina etkisi ferroptoz inhibitérii ajan varhiginda arastirnimistir. Ug farkli konsantrasyonda selekoksib
hicrelere uygulanmistir. Ferroptoz inhibitori olarak kullanilan Liprokstatin, selekoksib uygulamasindan
1 saat 6nce hicrelere uygulanmistir. Liprokstatin, 1Cso ve 2xICso selekoksib uygulamasinin neden
oldugu hiicre 6luminu istatistiksel olarak anlamli sekilde azaltmistir (Sekil 2). Boylece, selekoksib
aracihgi hicre éliminde ferroptozun yeri gosterilmistir.
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Sekil 2. Selekoksib ve Ferroptoz inhibitéri varliginda hiicre canliiindaki degisim. Selekoksib 1Cso/2,
ICs0 ve 2xICso konsantrasyonda 48 saat sureyle; Liprokstatin (50 nM) ise selekoksib uygulamasindan

1 saat 6nce uygulanmistir. ** p <0,05; tek basina selekoksib uygulanan hiicrelerle karsilastiriidiginda
anlamli farkhlik.

Ferroptoz icin kritik gostergelerden biri lipid peroksidasyon Urinlerinde artis, GPX4 diizeyinde ise
azalmadir. Lipid peroksidasyonun o6lgimunde siklikla kullanilan parametrelerden biri 4-HNE’dir. Sekil
3’'te goruldigu lzere hiicrelere 48 saat slreyle selekoksib uygulamasi sonrasi 4-HNE-modifiye protein
dizeyleri konsantrasyona bagli olarak anlamh gsekilde artmaktadir. Lipid peroksidasyon drtnd
radikallerin uzaklastirlmasinda goérevli olan GPX4 enzimi hicreyi korumaktadir. Noéroblastoma
hicrelerine 10 ve 20 uM konsantrasyonda selekoksib uygulamasi sonrasi GPX4 dizeylerinde anlaml

azalma tespit edilmigstir (Sekil 3). Diger taraftan, selekoksib konsantrasyonu arttikca GPX4 diizeyinin de
arttigi dikkat cekmektedir.
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Sekil 3. Farkli konsantrasyonlarda (10-40 pM) selekoksib uygulamasi sonrasi GPX4 ve 4-HNE-
modifiye protein diizeylerindeki degisim. ** p <0,05; ilag uygulanmamis hiicrelerle karsilastirildiginda
anlamh farkllik.

SONUC ve TARTISMA

Elde edilen sonuglara gére COX-2 inhibitdri olarak goérev yapan selekoksib antikanser etkisini
gosterirken ferroptozla iliskili parametreleri etkilemektedir. Kanser patogenezinde énemli bir paya sahip
oldugu tespit edilen ferroptozda, NSAIl'lar etkili olabilir. ileri calismalar, antiinflamatuar ilaglarin
antikanser aktivitesinin aydinlatiimasina katki saglayacaktir.
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Ozet

Yaslanan nifusun artmasiyla birlikte Alzheimer hastaligi (AH) prevalansinda da artis gorulmustur.
Narinjin, portakal ve greyfurt gibi turuncgillerde yiiksek miktarda bulunan flavonoidlerdendir. Yapilan
calismalarda narinjinin antiinflamatuar ve antioksidatif 6zelliklere sahip oldugu saptanmistir. Calismada,
narinjinin  SK-N-AS ve in vitro AH model hiicrelerinde noéroprotektif etkilerinin degerlendiriimesi
amagclanmistir. Calismada in vitro AH modelinin olusturulmasi igin SK-N-AS ndroblastom hicrelerinde
farkh doz ve surede AB2s-35s uygulanmis ve amiloid olusumu ThT boyamasi ile yapilmigtir. Narinjin etkin
dozu MTT analizi ile belirlenmis olup SK-N-AS ve AH hiicrelerine 48 saat sure ile uygulanmigtir. Narinjin
uygulanmayan SK-N-AS ve AH hiicreleri ayni sirede kiltir vasati ile kultire edilmistir. B-amiloid, tau ve
a-siniiklein dagiimlari her iki grup hiicrelerinde immiinositokimyasal yéntem ile degerlendirilmistir. in
vitro AH model igin 1 uM AB2s-35'in 48 saat uygulanmasi sonrasinda ThT boyamasinin pozitif olmasindan
dolayl uygun doz olarak belirlenmigtir. 3-amiloid immunoreaktivitesi, narinjin uygulanan in vitro AH
model hucrelerinde SK-N-AS hiicreleriyle benzer iken, narinjin uygulanmayan AH model hucrelerinde
daha az oldugu saptanmistir. Narinjin uygulanan SK-N-AS hicrelerinde ise narinjin uygulanmayan
gruba gore daha ylUksek (-amiloid immuUnoreaktivitesi gdzlenmistir (p<0.05). Tau immunoreaktivitesinin
narinjin uygulanan AH model hicrelerinde narinjin uygulanan SK-N-AS hucrelerine gére daha dusuk
oldugu saptanmistir. Hem SK-N-AS hem de AH model hicrelerinde a-siniklein immunoreaktivitesi
incelendiginde narinjin uygulanan hicrelerde narinjin uygulanmayan hiicrelere gére anlamli derecede
daha disik oldugu gérilmistir (p<0.05). in vitro AH model hiicrelerinde narinjin uygulamasi
sonrasinda narinjin uygulanmayan hucrelere kiyasla her ¢ antikorda da azalma saptanirken; narinjin
uygulanan SK-N-AS hicrelerinde narinjin uygulanmayanlara gére daha duisiuk tau ve a-sindklein
immunoreaktivitesi saptanmistir. Bu sonuglar narinjinin AH’de ndronal koruyucu potansiyel etkisinin
olabilecegini dusundurmistar.

Anahtar Kelimeler: Narinjin; in vitro Alzheimer modeli; f-amiloid; SK-N-AS

GIRIS

Alzheimer hastaligi (AH), hipokampus ve korteksteki geri déntssiuz néron kaybi nedeniyle ortaya ¢ikan
bilissel ve hafiza bozukluklarini kapsayan nérodejeneratif bir hastaliktir [1]. AH, ekstraseluler amiloid-
beta (AB) birikimi sonucu olusan ndritik plak ve mikrotlbdl iligkili taunun hiperfosforile filamentlerini
iceren intraselller norofibriler yumaklar ile karakterizedir [1,2]. AB ve tau patolojisi diginda bozulmus
sinaptik fonksiyon, mikroglia aracili inflamasyon ve a-siniiklein agregasyonu AH patogenezinde yer
almaktadir [1,3]. AH patogenezindeki yetersiz bilgi ve tedavi icin mevcut sinirli yaklagimlar kisileri dogal
bilesiklere yonlendirmigtir [4,5]. Flavonoidler, sebze ve meyvelerde yaygin olarak bulunan, polifenolik
yaplya sahip dogal bilesiklerdir [6]. Narinjin, portakal ve greyfurt gibi turung¢gillerde yodun olarak bulunan
flavonoidlerdendir [7]. Yapilan bir¢ok ¢calismada narinjinin antikarsinojenik, antiinflamatuar, antioksidatif
vb. 6zelliklerine rastlanmistir [7,8,9]. Yapilan ¢alismalarda narinjinin AB plak olusumunu ve fosforile tau
(p-tau) dizeylerini azalttigi saptanmistir [5,10]. Calismada AP2s-3s kullanilarak in vitro AH modeli
olusturulmustur. Bu dogrultuda tau, f-amiloid ve a-sinlklein dagilimlarina bakilarak SK-N-AS ve in vitro
AH model hicrelerinde narinjinin néroprotektif etkilerinin arastiriimasi amacglanmistir.
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METOD

Hiicre Kiiltiirii ve in Vitro Alzheimer Modelinin Olusturulmasi

Calismamizda SK-N-AS (ATCC: CRL-2137) insan ndroblastom huicre hatti, Dulbecco’s Modified Eagle’s
Medium (DMEM) (Capricorn Scientific, DMEM-LPA) kultir vasatinda iki glinde bir vasat degisimi
yapilarak 37°C ve %5 karbondioksit (CO,) iceren atmosferde inkiibe edilmistir. Model olusumu igin;
AB2s-35, (2%97 HPLC, A4559, St. Louis, MO, ABD) distile suda ¢ézdirulerek agregasyon igin bes giin
37 °C’de inkibe edilmistir. Sonrasinda AP2s3s, DMEM icerisinde seyreltilerek 1 ve 5 uM
konsantrasyonlarda hazirlanmis ve siyah 96 kuyucuklu hiicre kiltir kabinda bulunan SK-N-AS
hlcrelerine 24 ve 48 saat siureyle uygulanmistir. Belirlenen sireler sonunda her kuyucuga 200 uL
tiyoflavin T (ThT) (T3516, St. Louis, MO, ABD) boyasi eklenerek hiicreler 60°C'de 30 dakika inkiibe
edilmigtir. Amiloid olusumunun izlemi igin ThT floresan yogunlugu 440 ve 482 nm’'de SpectraMax M5
Multi-Mode Mikroplaka Okuyucu (Molecular Devices, LLC, CA, ABD) ile dlgllmustar.

immunositokimya Analizi

immunositokimya analizi, Hoca ve arkadaslarinin calismasindaki protokole gére uygulanmistir [11]. SK-
N-AS hicrelerine, ThT boyama sonuglarina gore belirlenen, 48 saat 1 uM dozda AB2s-35 uygulanarak in
vitro AH model hicreleri olusturulmustur. Calisma gruplari SK-N-AS ve in vitro AH model hicreleri
olarak ayrilmigtir. Her iki hicre grubunun kontrol gruplari olan hucrelere narinjin uygulamasi
yapiimamistir. SK-N-AS ve in vitro AH model hiicreleri 24 kuyucuklu hiicre kultiri kabina 5x10*
hicre/kuyucuk yogunlugunda ekilmistir. Analiz igin anti-a-sintklein (sc-53955, Santa Cruz
Biotechnology, Inc., Dallas, TX, ABD), anti-B-Amiloid (sc-28365, Santa Cruz Biotechnology, Inc., Dallas,
TX, ABD) ile anti-tau proteini (sc-21796, Santa Cruz Biotechnology, Inc., Dallas, TX, ABD) primer
antikorlari kullaniimistir. Boyama yogunlugu Histolojik-Skor (H-SKOR) kullanilarak derecelendirilmistir.

istatistiksel Analiz

Veriler ortalama + standart sapma (SS) olarak verilmistir. iki yoénli varyans analizi (ANOVA), gruplar
arasindaki farkin istatistiksel analizi igin kullanilmistir. Tukey ve Sidak ¢oklu karsilastirma testleri
kullanilarak post-hoc analizler yapilmistir. Sonuglar, GraphPad Prism 9 yaziimi kullanilarak
degerlendirilmistir. p<0.05 istatistiksel anlamlilik dizeyi olarak kabul edilmistir.

Bulgular

Huicre Morfolojisi

SK-N-AS hucreleri, yapigkan epitel morfolojiye sahiptir. Narinjin uygulanmayan in vitro AH model
hicrelerinde yuvarlaklasma, sisme ve geri cekilme tespit edilmistir. Hem SK-N-AS hem de in vitro AH
model hucrelerinde narinjin uygulamasi sonrasinda benzer ve yapiskan epitel hicre morfolojisi
gozlenmisgtir.

in Vitro Alzheimer Modelinin Belirlenmesi

in vitro Alzheimer modeli olusumu igin SK-N-AS hiicrelerine, 24 ve 48 saat boyunca 1 ve 5 pM ABs-35
uygulanmigtir. Model olusumunu izlemek amaciyla yapilan ThT boyamasi analizleri sonucunda,
zamana bagl olarak amiloid olusumunun arttigi gézlenmistir. Bu nedenle model olusumu icin 48 saatte
1 UM doz AB,s-35 uygulanmasina karar verilmistir.

immunositokimyasal Degerlendirme

Narinjin uygulanan SK-N-AS hiicrelerinde (Sekil 1A), narinjin uygulanmayan SK-N-AS kontrol grubuna
(Sekil 1B) gére daha dislik tau immunoreaktivitesi saptanmistir (p>0.05). in vitro AH model hiicrelerinde
de narinjin uygulanan (Sekil 1C) hicrelerde, narinjin uygulanmayan (Sekil 1D) kontrol hucrelerine
kiyasla daha zayif tau immunoboyamasi gdzlenmistir (p>0.05). SK-N-AS hdcrelerinde narinjin
uygulamasi sonrasinda (Sekil 1E), narinjin uygulanmayan kontrol gruba (Sekil 1F) goére anlamli olarak
daha giglu B-amiloid immunoboyamasi tespit edilmistir (p<0.05). Narinjin uygulanan in vitro AH model
hicrelerde (Sekil 1G), in vitro AH model kontrol gruba (Sekil 1H) goére daha dusik B-amiloid
immunoreaktiviesi saptanmistir (p>0.05). Narinjin uygulamasi yapilan (Sekil 11) ve yapiimayan (Sekil
1J, kontrol grup) SK-N-AS hicrelerinde sirasiyla zayif, gicli derecede tau immunoboyamasi tespit
edilmigtir. Bu fark istatistiksel olarak anlamli bulunmustur (p<0.05). Narinjin uygulanan in vitro AH model
hicrelerinde (Sekil 1K), narinjin uygulanmayan in vitro AH model kontrol hicrelerine (Sekil 1L) gore
anlamli derecede daha disuk a-sinlklein immunoreaktivitesi saptanmistir (p<0.05).
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Sekil 1. 48 saat boyunca 1 yM narinjin uygulanan hicrelerde ve standart kiltir ortaminda SK-N-AS ile
in vitro AH model hucrelerinin tau, B-amiloid, a-sintklein H-SKOR degerleri ve immunoreaktiviteleri (A-
L, 6lcek=20 ym). Veriler ortalamaSS olarak gosterilmistir. °: Farkl harfe sahip SK-N-AS ve in vitro AH
model hicrelerinde narinjin ve kontrol grubu arasinda anlamli fark vardir (p<0.05). *:Narinjin uygulanan
hicreler veya kontrol grubunda iki grup (SK-N-AS ve in vitro AH model) arasinda anlamli fark vardir
(p<0.05).

TARTISMA

Alzheimer patogenezinde A, tau ve a-sinliklein agregasyonu bulunmaktadir [1,3]. Narinjin, antioksidan
ve antiinflamatuar 6zellikleri ile nérodejeneratif hastaliklara karsi etkili olabilmektedir [8,9]. Kaur ve
arkadaslari, farkli narinjin dozlari (40-80 mg/kg) verilen ratlarda AB;-4, birikiminin anlamli derecede
azaltildigini saptamigtir [10]. Calismamizda da narinjin uygulamasi ile in vitro AH model hlcrelerinde
kontrol gruba gére AB yogunlugu azaltiimistir. Meng ve arkadaslari, farelerde néroprotektif etkileri
hidrokortizon modeli Gzerinde arastirmistir. Narinjin (100 mg/kg/giin) grubunda model grubuna kiyasla
p-tau ekspresyonu 6nemli dlglide azalmistir [5]. Yaptiimiz ¢alismada narinjinin hem SK-N-AS hem de
in vitro AH model hicrelerinde tau immunoreaktivitesini azalttigi saptanmistir. Flavonoidlerin
antioksidatif 6zellikleri nedeniyle a-sintklein agregasyonunu inhibe edebilecegi gosterilmistir [12].Wang
ve arkadaslari tarafindan yapilan galismada, LPS ile indiklenen PC12 hiicrelerinde reaktif oksijen
tirevleri (ROT) artmistir. Narinjin (200, 600 ve 1000 ng/ml), uygulanan hiicrelerde anlamli derecede
ROT olugsumu azaltiimistir (p<0.05). Yine oksidatif stresle iligkili belirteglere bakildiginda narinjinin, hem
oksijenaz-1 (HO-1), nukleer faktor eritroid 2-iligkili faktor 2 (Nrf2), slperoksit dismutaz (SOD)2
seviyelerinde anlamli bir iyilesmeye neden oldugu goérilmustur [7]. Bu dogrultuda ¢alismamizda narinjin,
kontrol gruplarina gére hem SK-N-AS hem de in vitro AH model hiicrelerde anlamli derecede a-sintklein
yogunlugunu azaltmistir (p<0.05).
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Sonug olarak in vitro AH model hiicrelerinde kontrol grubuna goére her (¢ protein immunoreaktivitesinde
de azalma saptanmigtir. SK-N-AS hicrelerinde ise narinjin uygulamasi ile kontrol gruba gére AB
immunoreaktivitesi artarken; tau ve a-sindklein immunoreaktivitesinde azalma gozlenmistir.
Calismamizda narinjinin AH’ye karsi ndroprotektif etkileri gdsterilmis olup bu konuda ileriki calismalarin
yapilmasina ihtiyag bulunmaktadir.
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Abstract:

Pancreatic ductal adenocarcinoma is a cancer type with high mortality and cancer stem cells in its
heterogeneous cell population; It is one of the most important causes of tumor formation, metastasis,
chemotherapy resistance and recurrence of the disease. In addition, interleukin, cytokine and
chemokines, which are control molecules of the inflammatory process, play a role in the development
of many cancer types. Pyroptosis is the process by which the inflammatory programmed cell pathway
is activated with the help of various caspases. In this study, it was aimed to examine the pyroptotic
process of pancreatic cancer stem cells in an in vitro inflammatory model.

The human pancreatic carcinoma cell line (PANC-1) was used in the study. CD133 positive PANC-1
cells were separated with MiniMacs. For the in vitro inflammatory study groups, 200ug/mi
lipopolysaccharide (LPS) was treated to the cells for 1 week, and the control group cells were cultured
with simultaneous culture medium. Cells of all groups were fixed with 4% paraformaldehyde after culture
and immunoreactivity of I1L-18 for inflammatory process and caspase-1 for pyroptosis were determined
by two different observers by indirect immunoperoxidase method as weak (-), mild (+), moderate (++).
and strong (+++) were scored.Caspase 1 immunoreactivity was observed to be strongly positive in all
experimental groups. While IL-18 immunoreactivity was strong in PANC-1 cells, moderately positive in
PANC-1 CD133+ cells, moderate/strongly positive in PANC-1 CD133- cells, it was strongly positive in
all groups treated with LPS and this increase was statistically significant in PANC-1 CD133- cells.
Caspase-1 is the key molecule in the pyroptotic cell death process. IL-18 is one of the inflammatory
cytokines that induces pyroptosis. It was concluded that the significant increase of IL-18 in all groups
after LPS treatment resulted in a successful in vitro inflammation model, but the similar observation of
Caspase-1 in all experimental groups showed that the pyroptotic process was synthes at similar levels
in both pancreatic cancer and cancer stem cells.

Keywords: Cancer Stem Cell, Inflammation, Lipopolysaccharide, Pyroptosis

INTRODUCTION

Pancreatic ductal adenocarcinoma responsible for more than 80% of pancreatic cancers and is one of
the tumors with the highest mortality [1,2]. Pancreatic ductal adenocarcinoma contains cancer stem
cells, which are known to be one of the most important causes of tumor formation, metastasis,
chemotherapy resistance and recurrence of the disease in heterogeneous cell population [1,2]. In
addition, interleukin, cytokine and chemokines, which are the control molecules of the inflammatory
process, also play a role in the development of many cancer types such as pancreatic cancers [1,2]. It
has been reported that it directly affects the poor prognosis of pancreatic cancer in cell populations
including cancer stem cells that express the surface marker CD133, which is frequently used in the
diagnosis of pancreatic cancer [1,3,4].

Pyroptosis is an inflammatory programmed cell death process activated with caspases, especially
Caspase-1, and cytokines such as IL-18 [5,6,7]. Pyroptosis can prevent tumor formation and
development, on the contrary, it can provide a suitable microenvironment for tumor growth [5,6,7].
Therefore, the relationship between pyroptosis and cancer is still unknown [5,6,7]. Activation of
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Caspase-1 induces classical pyroptosis cell death, which is observed as a result of swelling and bursting
of the cell with the formation of small pores in the cell membrane [6,7]. IL-18, is a proinflammatory
cytokine, induces cell-mediated immunity following infection with microbial products such as
lipopolysaccharide (LPS) [6,7]. In this study, it was aimed to investigate the pyroptotic process of
pancreatic cancer stem cells in an in vitro inflammatory model.

MATERIAL AND METHODS

Cell Culture

For cell culture studies, the Primary Human Pancreatic Cancer Cell Line (PANC-1, ATCC® CRL-1469)
was used. PANC-1 cells cultured in DMEM culture medium containing of 10% FBS (FBS-11B,
CAPRICORN), 2 mM L-glutamine (GLN-B, CAPRICORN), 1% penicillin-streptomycin (PS-B,
CAPRICORN), and the medium was changed every 2 days and cultured at 37°C in 5% CO2 and 95%
air.

Isolation of CD133+ PANC-1 Cells

CD133+ cancer stem cells were isolated from PANC-1 cells using the MiniMACS isolation kit (130-100-
857, Miltenyi Biotec). After the PANC-1 cells were confluent, they were incubated with antibody-labelled
CD133 bead for 30 min at 37°C. Cells were collected at the end of the incubation and they were passed
through the MiniMACS column and CD133- cells were collected in the bottom tube. CD133+ cells were
remained in the column due to positive selection. The column was separated from magnetic field and
washed with culture medium, and CD133+ cells were collected in a separate tube. After centrifugation,
supernatant was discard and they were cultured.

Experimental Model of Inflammation

For the experimental inflammation model, PANC-1 cells were cultured at 48 hours, 96 hours and 1 week
by adding 200ug/ml lipopolysaccharide (LPS, L2630-10MG, SIGMA) to the culture medium. To
determine the procedure, TNF-a and IL-8 levels in culture media collected at 48th hour, 96th hour and
1st week were analyzed by ELISA.

ELISA

Confirmation of the in vitro inflammation model was performed by determining TNF-a (201-12-0083,
SunRedBio) and IL-8 (SRB-T-83151, SunRedBio) levels in culture media at 48 hours, 96 hours, and 1
week of LPS treatment to PANC-1 cells with an ELISA kit. Briefly, standards and culture media of control
and LPS-treated PANC-1 cells at 48th hour, 96th hour and 1st week were added to 96 well plates in 3
replicates. Then, biotin-containing TNF-a/IL-8 antibodies and streptavidin-HRP were added,
respectively, and incubated at 37°C for 60 minutes. At the end of the incubation, washing was done,
chromagen A and B were added and incubated at 37°C for 10 minutes in the dark. Then, the reaction
was stopped with a stop solution and the absorbance values were measured at 450nm and calculated.
After calculating the density corresponding to the sample OD value according to the sample curve, the
density corresponding to the standard curve was found, and the equation of the standard curve with the
standard density and OD value, and the sample OD value and sample density in the equation were
calculated.

In vitro Inflammation Model and Study Groups

For the in vitro inflammatory study groups, 200 pg/ml LPS was treated to the cells for 1 week, and the
control group cells were cultured with simultaneous culture medium (Fig. 1).

PANC-1
Pl CD133- CD133+

{ PANC-l} {PANC-l

PANC-1
CD133+

LPS LPS LPS
Treatment Treatment Treatment

Figure 1. Schematic representation of study groups.

CD133-

Immunohistochemistry

For immunocytochemistry, all study groups were cultured in 24-well plate 2x103 cells in each well. All
cells from all groups were fixed in 4% paraformaldehyde (1.04004.0800, MERCK, Germany) in
Phosphate-Buffered Saline (PBS, PBS404.100, Bioshop, Canada) at room temperature for 30 min. After
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washing with PBS twice for 30 min., they were permeabilized with 0.1% Triton X-100 (A4975,0100,
Applichem, Germany) both in PBS at 4°C for 15 min. They were then washed with PBS and,
endogenous peroxidase activity was quenched by incubation with 3% H202 (1.08597.2500, MERCK,
Germany) for 5 min at room temperature. After washing with PBS the cells were incubated with blocking
solution (TA-125-UB, THERMOFISHER), for 30 min to block unspecific binding of the antibodies and
incubated with anti-caspase-1 (rabbit polyclonal, BT-AP01191, BT-LAB, dilution:1/100) and anti-IL-18
(rabbit polyclonal, 10663-1-AP, Proteintech, dilution:1/100) primary antibodies at 4°C for overnight. After
washing with PBS, the cells were incubated with biotinylated goat anti rabbit/mouse 1gG (TP-125-UB,
THERMOFISHER) for 30 min, followed by three washes in PBS and then peroxidase-conjugated
streptavidin (TS-125-UB, THERMOFISHER) were incubated for 30 min. After washing with PBS,
diaminobenzidine (DAB, TA-125-HD, ThermoFisher Scientific, USA) was applied to the cells as
chromogen for 5 min. After washing with PBS, cells were counterstained with Mayer’'s hematoxylin (TA-
125-MH, ThermoFisher Scientific, USA) for 1 min. After washing with distilled water, they were covered
with mounting medium (DMM-125, Spring Bioscience, USA), then viewed under light microscope
(Olympus BX43, JAPAN). Immunolabeling was evaluated semi-quantitatively using an additive

immunoreactive score reflecting signal intensity, as negative (), mild (+), moderate (++) and strong
(++4+).

RESULTS

Cell Culture

PANC-1, PANC-1 CD133- and PANC-1 CD133+ cells, on the 3rd day of the culture (Fig. 1A-C,
respectively) it was epithelioid and adhered, while on the 7th day of the culture (Fig. 1D-F, respectively)
it increased further and formed colonies.

Figure 2. Cell culture images of 3th and 7th days of culture PANC-1 (A,D), PANC-1 CD133- (B,E) and
PANC-1 CD133+ cells (C,F), respectively. Scale bars: 100um

ELISA
According to ELISA results, the in vitro inflammation model was confirmed by observing the highest

concentrations of both TNF-a (Fig. 3A) and IL-18 (Fig. 3B) compared to the control in 1 week of LPS
treatment.

A TNF-ALPHA B IL-8
=00 1000
= = = = = = = = = = = =
0 = = = = = = 0

48 hour 96 hour 1week 48 hour 96 hour 1 week

48 hour 96 hour 1week 48hour 96 hour 1 week control control control  LPS LPS LPS

control control control  LPS LPS LPS

Figure 3. ELISA results. Column charts of TNF-a (A) and IL-18 (B) concentrations in PANC-1 cells
culture media with or without LPS treatment.
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Immunohistochemistry
Caspase 1 immunoreactivity was observed to be strongly positive in all experimental groups (Fig. 4).

4}‘1

"'[ t‘x

Figure 4. Caspase-1 immunoreactivity of PANC-1 (A, D), PANC-1 CD133- (B, E) and PANC-1 CD133+
(C, F) cells in control (A-C) and after LPS treatment (D-F). Scale bars: 20um. While IL-18
immunoreactivity was strong in PANC-1 cells (Fig. 5A), moderately positive in PANC-1 CD133+ cells
(Fig. 5C), moderate/strongly positive in PANC-1 CD133- cells (Fig. 5B), it was strongly positive in all
groups treated with LPS (Fig. 5D-5F).
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Figure 5. IL-18 immunoreactivity of PANC-1 (A, D), PANC-1 CD133- (B, E) and PANC-1 CD133+ (C,
F) cells in control (A-C) and after LPS treatment (D-F). Scale bars: 20um

DISCUSSION & CONCLUSIONS

LPS treatment causes the inflammatory process to start with the realization of cellular immunity and is
used in many studies [6,8,9]. IL-18 is a proinflammatory cytokine that responds directly to LPS [6,8,9].
In our study, the significant increase of IL-18 in pancreatic cancer and cancer stem cells after LPS
treatment indicates a successful in vitro inflammation model. On the other hand, similar caspase-1
observations in all experimental groups showed that the pyroptotic process was expressed at similar
levels in both pancreatic cancer and cancer stem cells.

In recent years, the destruction of malignant cells by inducing cell death is an accepted alternative
method in cancer treatment that can be accomplished by inducing pyroptosis as well as apoptosis
[6,8,9]. In this study, it was shown that the inflammatory process induced by LPS treatment, especially
in pancreatic cancer stem cells, triggers pyroptosis through IL-18 and caspase-1.

In conclusion, our study provides preliminary information for cell death-mediated therapy applications in
the treatment of malignant cancers containing heterogeneous cell populations such as pancreatic
cancer.

Author Contributions: All authors contributed to every stage of the study.
Acknowledgments: This study was supported by Turkish Society of Medical Oncology.
Conflicts of Interest: The authors declare no conflict of interest.
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Abstract

Introduction: LncRNAs serve as important regulatory molecules of gene expression and protein
functionality at multiple levels, and their deregulation play a key role in tumorigenesis including in breast
cancer metastasis. Therefore, in this study, we aim to compare the expression of LINC01209 in the
landscape of invasive ductal (IDC) and invasive lobular (ILC) breast carcinomas.

Material and Method: In this study breast biopsy materials taken from 16 female patients with IDC and
at least 5 female patients with ILC were examined and the relationship of the obtained findings with
histological, and pathological evaluations and IncRNA analysis was investigated. As a method, after the
tissues were deparaffinized, RNA was isolated by the trizole method. cDNA synthesis was performed
from the obtained RNAs. The obtained cDNAs were studied in the LightCycler 480 Real-Time PCR
System, using validated primers to be designed specifically for the INcRNA our targeted and BlazeTaq
SYBR Green Master Mix according to the kit protocol. GAPDH, B2M, and YWHAZ were used as
validated housekeeping genes. The results were analyzed using IBM SPSS Statistics 25 version and
Mann-Whitney U, and Microsoft excel.

Results: The mean age of the cases is 53£15.81. While 47.6% of the cases were pre-menopausal,
52.4% were postmenopausal. Significant statistical values between menopausal states between IDC
and ILC were found as p=0.017. Hormonal positivity values of the cases were negative and positive
Estrogen receptors showed 19% negative and 80% positivity according to their positivity, while 23.8%
negative and 76.1% positivity for Progesterone receptor. Grade values of the cases were 14.3% Grade
I, 66.7% Grade Il, 14.3% Grade3, respectively. The tumor diameter values of the cases were found to
be 38% T1, 47.6% T2, and 14.3% T3, respectively. Statistical results for LINC01209 were p=0.869.
Discussion:Intake care of results, in both breast carcinomas it was observed that cancer progressed,
and tumor diameters increased with age. This indicates that the progression of cancer metastasis may
be associated with relevant genes. Increasing the number of cases may increase the number of
LINC01209 expressions and its relationship with metastasis can be determined.

Conclusion: If the potential applications of IncRNAs as biomarkers and therapeutic targets are
documented, this can become a hot topic in breast cancer diagnosis, prognosis, and therapeutics.

Key words: Long non-coding RNA, invasive ductal carcinoma, invasive lobular carcinoma, breast
clinical information.

INTRODUCTION

Long non-coding RNAs (IncRNA) are a type of RNA as defined by more than 200 nucleotides, and they
are not translated into protein [1]. Despite accumulating evidence that the majority of long noncoding
RNAs in mammals are likely to be functional [2,3] only a relatively small proportion has been
demonstrated to be biologically relevant. These functional properties of INcRNAs depend on extensively
reported to be involved in transcriptional regulation [4]. LncRNAs serve as important regulatory
molecules of gene expression and protein functionality at multiple levels [5,6,7] and their deregulation
plays a key role in tumorigenesis including in breast cancer metastasis [8,9,10,11]. Therefore, in this
study, as a new target, we aimed to compare the expression of LINC01209 in the landscape of invasive
ductal(IDC) and invasive lobular(ILC) breast carcinomas.
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METHOD

Tissue Deparaffinization process

Briefly, the deparaffinization process was made modifier kit protocol [12]. Paraffin tissues were taken
into 1.5 mL Eppendorf tubes. 1200 uL of xylene was added, vortexed vigorously, and centrifuged for 5
minutes (>13.000xg), and the supernatant was carefully removed. 1200uL of ethanol was added to the
pellet and the supernatant was carefully removed by centrifugation for 5 minutes (>13.000xg) to remove
xylene. After repeating 3-4 times, Eppendorf tubes were incubated for 10-15 minutes with their lids open,
ethanol was removed and the samples were prepared for isolation.

RNA isolation procedure trizole method

Briefly, the process was made by modifier kit protocol. [13]. Homogenized samples were incubated for
5 minutes at room temperature. 1 ml of trizole was added to the pellet tube, vortexed, and waited for 5
minutes. 200uL of chloroform was added and vortexed. After 3 minutes of centrifugation, the
supernatant was transferred to another tube. 200uL of chloroform was added and vortexed. Waited for
3 minutes, after centrifugation 600uL was taken from the liquid phase and transferred to another tube.
200uL of chloroform was added and vortexed. Waited for 3 minutes, after centrifugation 500uL was
taken from the liquid phase and transferred to another tube. 500uL isopropanol was added to it, and
after the vortex was made, it was incubated at -20°C for 30 minutes. After centrifugation, isopropanol
was removed and 1 ml of 80% cold ethanol was added. After centrifugation again, alcohol was removed
and 1 ml of 80% cold ethanol was added, and after centrifugation, the ethanol was removed by keeping
the lid of the tube open and kept at -80°C after adding 20uL of water.

cDNA synthesis

Transcription High-Capacity DNA Synthesis kit (A.B.T.™) kit protocol was applied for cDNA
synthesis[14] 100 ng of total RNA per sample, 1 pL of primer (2.5 uM) was placed in PCR tubes. 2 uL
of 10x Transcription High Fidelity Reverse Transcriptase Reaction Buffer (containing 1X and 8 mM
MgCl2) was added.1 pl of Random hexamer (50uM) was added to the contents of the tubes. 1 uL of
reverse transcriptase (200U/uL) was added. 0.5 pyL of RNAase inhibitor was added. 3.5 yL of RNAase-
free water was added. 10 uL of RNAase was added to the template. The total volume was made up to
20 ul. Then the tubes were incubated in a PCR Thermal Cycler. The resulting cDNAs were used for
amplification in the LightCycler 480 Real-Time PCR System.

Determination of Target Gene mRNA Expression levels by Real Time qPCR

The obtained cDNAs were studied in the LightCycler 480 Real-Time PCR System, using validated
primers (Genecopoeia) to be designed specifically for the genes we targeted and BlazeTag SYBR Green
Master Mix (Genecopoeia) according to the kit protocol. Validated GAPDH, B2M, and YWHAZ
(Genecopoeia) as housekeeping genes were used. Results were analyzed with the delta-delta CT
method (2-24%Y) as relative gene expression with Microsoft Excel.

Statistical analysis

Statistical analysis was performed by using SPSS statics 25 version analysis program and Mann-
Whitney U analysis for examines whether the mean of a population is statistically different. Statistically
significant was considered at p<0.05. The number of cases was made by using the Microsoft Excel
software program.

RESULTS

IDC gene frequency mean rank for age was found 9.64, while ILC gene frequency means rank was
14.70. Expressions LINC01209 for IDC and ILC associated with age were found 76.2%, 23.8%
respectively. While 52% of the cases were in the postmenopausal period, 47.6% were in the
premenopausal period.

Frequencyof gene values for molecular subtype according to carcinoma types of cases were found as
9, 8, 2, 2 for Luminal B, Luminal A, Her2-rich, and triple-negative type, respectively.

The estrogen receptor-positive status of the cases was 80%, while Estrogen negative status was 19%.
IDC gene frequence mean rank for Estrogen was found 10.25, while ILC mean gene frequence rank
was 13.40. According to the immunohistochemistry staining degrees of the cases, the frequency ratios
for weak, moderate, and strong estrogen receptor-positive states were found to be 4, 9, 2, respectively.
Progesterone receptor-positive status of the cases was 76.1 %, while Progesterone negative status was
23.8 %. IDC'sgene frequence mean rank for Progesterone was found 10.41, while ILC's gene frequence
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mean rank was 12.90. According to the immunohistochemistry staining degrees of the cases, the gene
frequency ratios for weak, moderate, and strong Progesterone receptor-positive states were found to
be 7, 4, 5, respectively.

According to the immunohistochemistry staining degrees of the cases, the frequency ratios for Gradel,
Grade2, and Grade3 states were found to be 2, 12, 2, respectively. Expressions LINC01209 mean rank
for IDC and ILC were found 11.3, 10.66 respectively.

DISCUSSION

While the mean age rate was 9.64 for ductal carcinoma, it was 14.70 for lobular. This shows that lobular
carcinoma cases are in the postmenopausal period.

For LINC01209 expression, there was no statistical difference in expression levels for estrogen and
progesterone receptors between the two breast carcinomas.

Considering the results, it was seen that there was no difference between the two breast carcinomas
for LINC01209 expression (p=0.869). Considering the types of carcinomas, it is seen that the gene does
not differ according to the type, but according to other factors. For example, menopausal conditions
between the two carcinomas showed a significant statistical difference between two carcinomas
(p=0.017).

Conclusion

According to the results, it was observed that there were changes in hormonal values in both breast
cancers, cancer progressed and the tumor diameters of the carcinoma grades increased with age.
These genes were found to show expression for ductal and lobular breast carcinomas. This indicates
that the progression of metastasis may be related to related genes. By increasing the number of cases,
the number of LINC01209 expression can be increased and its relationship with metastasis can be
determined. If the potential applications of IncRNAs as biomarkers and therapeutic targets are
documented, this could become a hot topic in breast cancer diagnosis, prognosis, and therapeutics.
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Abstract

Melanoma cancer is considered to be one of the most death causing cancers in recent years. Malignant
melanomas are lethal neoplastic cancers that arise from melanocytes, the cells that produce melanin in
the lower epidermis and cause metastasis by spreading to the other parts of the body. Melanoma
treatment methods used in routine treatment include surgical removal, radiation therapy and
chemotherapy. However, there is no effective method for melanoma cancer treatment in the world. In
recent years, the number of studies based on the search for complementary or new alternative
molecules to reduce the risk of chemotherapy drugs has rapidly increased. These studies focused on
determining the therapeutic efficacy of molecules obtained from different biological organisms as new
drug candidates in the treatment of melanoma cancer. Lichens are symbiotic organisms formed by the
combination of mycobiont and photobiont. Lobaric acid is a secondary metabolite derived from lichens
that has antibiotic, antimycobacterial, antioxidant, antiviral, and anticancer properties. The purpose of
this study was to determine the proliferative activity of lobaric acid in melanoma cancer cells, as well as
the mRNA level of this activity's potential to induce apoptosis via mitochondrial and/or extrinsic
pathways. The effect of different concentrations of lobaric acid on cell proliferation of A-375, MDA-MB-
435 and G-361 melanoma cells was determined by MTT test and XCELLigence real-time cell analyzer.
In addition, the expression level of five target genes associated with melanoma cancer and the apoptosis
pathway was determined by real-time quantitative PCR (qRT-PCR). The result of MTT and xCELLigence
tests determined that lobaric acid showed activity at a concentration of 12.15 uM in 48 h. The gRT-PCR
results showed that Bax, TP53, caspase 1, caspase 8 target gene expression levels increased while
Bcl-2 expression levels decreased. The antiproliferative effect of lobaric acid on various melanoma
cancer cells by apoptotic pathway has provided a strong basis for its utility as a potential therapeutic
agent for melanoma therapy.

Keywords: Melanom cancer; lobaric acid; antiproliferative effect; apoptosis

INTRODUCTION

Skin cancer, also known as melanoma, is one of the most common malignancies that affect humans. It
is most commonly found on parts of the skin that are exposed to ultraviolet (UV) radiation from the sun
[1]. Skin cancers are classified into two types based on their cellular origin: melanoma, which is derived
from melanocytes and epithelial cells [2]. Melanoma also is recognized as one of the most incident and
mortality cause cancer which increased the last centuries. Malignant melanomas are lethal neoplastic
cancers that arise from melanocytes, the cells that produce melanin in the lower epidermis. Skin cancer
can be treated in a variety of ways, including surgical removal, radiation therapy, chemotherapy or
cryosurgery [3, 4]. To reduce the risk of chemotherapy drugs, there has been a growing interest in the
use of novel candidate molecules [5]. Natural compounds derived from plant and other organisms such
as microorganisms, fungus and lichens have shown promising anti-cancer drug potential, and they have
been discovered to serve as lead compounds in the synthesis of new drugs [6]. Lichens can be defined
as a symbiotic organism those originated from fungus partner known as mycobiont and photobiont algae
(photosynthetic organism). Secondary metabolites from lichens have been found to have a variety of
biological activities, including antimicrobial, antioxidant, antitumor, antiviral, antigenotoxic, antidiabetic,
and neuroprotective effects [7]. Lobaric acid is a lichen secondary metabolite which is extracted from
the Antarctic lichen Stereocaulon alpnum, it contains biologically potent bioactive compounds with
antibiotic, antimycobacterial, antioxidative, antiviral, and anticancer properties [8] (Figure 1A).

The purpose of this study was to determine the anti-proliferative effect of lobaric acid in different
melanoma cancer cells and the mRNA level of this activity's potential to induce apoptosis via
mitochondrial and/or extrinsic pathways.
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MATERIAL AND METHOD

Lobaric acid was obtained commercially as a pure active ingredient. It was prepared by dissolving 100
MM lobaric acid in DMEM medium with 0.05 % DMSO. A-375, G-361, and MDA-MB-435 melanoma cells
used in this study. A-375 cell line was grown in DMEM (Gibco) medium containing 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin at 37°C. MDA-MB-435 and G-361 were cultured in DMEM
medium with 10% FBS, 1% penicillin/streptomycin, 1% L-Glutamine and 1% non-essential amino acid.
Human melanoma A-375, G-361, WM-115, and MDA-MB-435 cells were seeded in 96-well plates at a
density of 2x103 cells/ml and different concentrations of lobaric acid (1.56 uM, 3.125 uM, 6, 25 uM, 12.5
MM, 25 uM, 50 uM and 100 uM) were treated and incubated for 24h and 48h. The cell viability was
determined using the 3-(4,5-Dimethyl 2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide method (MTT).
The plate was measured in the microplate reader at 570 nm. In the XCELLigence® Real-Time Cell
Analysis, the cells were seeded in 16-well plates containing 100ul of medium at a density of 2x103 cells
per well (ACEA Biosciences, San Diego, CA). The e-plate was kept in laminar flow for 30 min to allow
the cells to settle on the e-plate base. After 24 h, the wells were treated with lobaric acid at various
concentrations (1.56 uM, 3.125 pM, 6, 25 uM, 12.5 pM, 25 pM, 50 pM and 100 pM). The cells
were incubated for 120 h at 37°C in a % CO: incubator. The ICso values was calculated by using RTCA
Software Lite software. Total RNA isolation from A-375 cells was performed with Trizol reagent. cDNA
synthesis was carried out with the EURX synthesis kit. The reaction conditions and target gene primer
sequences used in the gRT-PCR analysis. GAPDH was used as housekeeping genes for gRT-PCR
normalization. Five apoptosis-related target genes were used to determine the apoptotic effect of lobaric
acid at the mRNA level. Results were evaluated with the formula 224,

RESULTS

Lobaric acid was treated with 3 different melanoma cancer cell lines (A-375, MDA-MB-435 and G-361)
(Figure 1B). Then, proliferation of cells was determined by MTT test and xCELLigence cell analyzer
(Figure 1C, 1D, 1E). Lobaric acid showed anti-proliferative effect from 3.125 to 100 yM and ICso
concentration of lobaric acid was determined 12.15 yM in 48 h (Figure 1C, 1D). As a result of qRT-PCR
experiments, it was determined that lobaric acid application at ICso concentration significantly increased
the expression levels of Bax, TP53, Caspase 1, and Caspase 8 target genes while Bcl-2 expression
levels decreased (Figure 2). These data determined that lobaric acid has cytotoxic effect on A-375
melanoma cancer cell and suppressed cell growth by apoptotic pathway and provided a strong basis
for its utility as a potential therapeutic agent for melanoma therapy.

Figure 1. Lobaric acid structural formula (A) [9], A-375 melanoma cells (10X) (B), MTT assay result with
lobaric acid application to A-375 cells (C), and xCELLigence real time cell analyzer result after lobaric
acid application to A-375 cells (D, E). (*p<0.05)
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Figure 2. Apoptosis pathway-related gene expression levels in A-375 cells after lobaric acid application
compared to the control (*p<0.05).

DISCUSSION AND CONCLUSION

In our study, the anti-proliferative effect of lobaric acid on melanoma cancer cells in different subtypes
was examined using the MTT test and xCELLigence real-time cell analyzer. Lobaric acid application
resulted in a dose- and time-dependent decrease in cell viability in A-375 melanoma cancer cells, with
the ICsoconcentration determined for 12.15 pM after 48 h. The gene expression level showed that lobaric
acid modulates the apoptosis pathway by regulating the expression levels of genes associated with the
apoptosis pathway compared to the control.

Our research is the first study to lobaric acid has an anti-proliferative effect on A-375 melanoma cancer
cells and related to the apoptosis pathway. Our findings show that lobaric acid could be used as a
potential therapeutic candidate in the treatment of melanoma cancer. The further studies as in vivo
studies and clinical trials are confirmed the potential therapeutic effect of lobaric acid on melanoma cells.
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Abstract

Parkinson’s Disease (PD) is a neurodegenerative disease, which is characterized by dopaminergic cell
death in substantia nigra. The studies showed that various mutations in SNCA gene are associated with
early- onset of the disorder. Beside overexpressing wild type or mutant forms of SNCA, some
neurotoxins can also be used to model PD pathology. Hydroxidopamine (6-OHDA) is a
catecholaminergic neurotoxin that is widely used to model PD. In this study, we aim to use three different
approaches for modelling PD using LUHMES cell line: overexpressing SNCA, 6-OHDA treatment and
6-OHDA treatment with SNCA overexpression to induce PD. We perform transcriptomic analysis and
follow a bioinformatic approach to determine the gene regulatory network between PEA3 transcription
factor family members and PD related genes. In PD models we constructed, there was a decrease in
dopaminergic neuron markers and they were correlated with ETV1 and other PEA3 transcription factor
family members such as ETV4 and ETV5. It has also been shown that genes in the dopaminergic
pathway and genes related to PD, especially those related to mitochondria, are among the potential
target genes of PEA3 proteins.

Keywords: Parkinson’s disease; LUHMES; a-synuclein; 6-hydroxidopamine

INTRODUCTION

The specific loss of dopaminergic neurons and Lewy body accumulation in substantia nigra are the
characteristics of Parkinson’s Disease (PD)[1]. The point mutations on SNCA gene are among the
various gene mutations known to induce the PD pathology, causing the formation of toxic a-synuclein
oligomers [2-3]. There are two major subtypes of PD models: neurotoxins and genetically induced
models. 6-hydroxidopamine (6- OHDA) is one of the widely used neurotoxins to model PD, which causes
toxicity by the oxidation and hydrogen peroxide formation in the cells [4]. Among the genetically induced
models, overexpression of wildtype or mutant forms of alpha-synuclein (aSyn) to induce production of
aggregates are also used widely to investigate the pathology of PD [5,6]. LUHMES cell line is of the
cells that are used for modelling PD in cell culture. In our study, LUHMES cell lines were used as a PD
model, where a-synuclein was overexpressed and the cells were exposed to 6-hydroxidopamine (6-
OHDA). Transcriptomic data were collected from the PD model and control, and it was used for the
construction of a regulatory network between transcription factors from PEA3 family and PD associated
genes.

MATERIALS AND METHODS

Cell Culture and 6-OHDA Treatments

Wildtype LUHMES cells or those overexpressing aSyn-overexpressing were gifts from Stefan
Schildknecht (University of Konstanz, Germany). Cells were maintained in proliferation medium, which
is DMEM:F12 supplemented with L-glutamine (2 mM), b-FGF (40 ng/ml) and N2 supplement (1%). The
cells were counted and seeded into poly-L-ornithine/fibronectin coated flasks with proliferation medium
for pre- differentiation (Day 0). After 24 hours, the proliferation medium was replaced with differentiation
medium, which is DMEM:F12 containing L-glutamine (2 mM), N2 supplement (1%), GDNF (2 ng/ml),
dbcAMP (100 um), tetracycline (1 ug/ml), and the cells were incubated for 48 hours. The cells were
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detached and seeded into new petri dishes with differentiation medium. After 48 hours of incubation,
differentiation medium was renewed (day 4) and differentiation was completed after additional 48 hours
(day 6). Differentiated LUHMES and LUHMES-aSyn cells were treated with 50 yM 6-OHDA for 12h and
collected for RNA isolation. Each experiments were replicated 4 times.

RNAseq and Bioinformatic Analysis

RNA isolation was performed by the manufacturer’s instructions. RNA integrity (RIN) values were
measured and library preparation was performed for sequencing. Raw sequenced data was analyzed
with Kallisto [7], a pseudo-alignment algorithm, to get gene expression levels. The data object was
prepared as countdata (a table with Raw count data) and coldata (a table with information about the
samples). Genes with counts lower than 10 were prefiltered. Variance Stabilizing Transformation (vst)
were used as a parametric fit for the dispersion to normalize the raw counts. To understand differences
of transcriptomic profiles between samples, differential gene expression analysis was performed by
using DESeq?2 with 0.05 as p-adjusted value threshold and 0.6 as log2-fold change cutoff for determining
up and down-regulated genes [8]. The results of the differential expression analyses were visualized by
using EnhancedVolcano package of R. The differential expressed genes and samples were clustered
to investigate, gene groups and its expression trend between sample groups by hierarchical clustering
and visualized as heatmap [8,9]. ShinyGo web application was used to perform KEGG enrichment
analysis for differentially expressed genes (DEGS) [10]. To investigate transcription factor binding site
of the selected promoter sequences, genome-wide promoter analysis was performed by using FindM
online tool [11]. Letter probability matrix of transcription factors were extracted from CIS-BP database
[12] for human. Extracted letter probability matrix was used as an input for FindM tool. In this analysis,
promoter sequence between -100 to 1000 Transcription Start Site (TSS) range was selected. Binding
motifs were determined with 0.001 p-value thresholds and converted to TF-gene interaction table. After
obtaining the TF-gene interaction list, TF- gene file and expression data were used in pandaR
Bioconductor package for the construction of a regulatory network [13]. The correlation analysis was
performed to determine the correlations between the expressions of genes of interest and PEA3
transcription factors in different groups. The correlation coefficients were filtered as R>0.75(positive) or
R<-0.75(negative). The promoter sequences of the potential targets were retrieved from UCSC Genome
browser such that the sequences 1000bp upstream and - 100bp downstream of TSS were retrieved.
MotifDB Bioconductor package was used for transcription factor binding sequence motifs. Etv1/Er81,
Etv4/Pea3 and Etv5/Erm binding sites were retrieved from Jaspar2018 database. Bioconductor package
motifcounter was used for analyzing transcription factor binding sites (TFBSs) in target promoter
sequences [14]. A false positive probability a was filtered as 0.001 for predicting TFBSs in a random
sequence._The regulatory networks of potential targets and TFs were constructed by Cytoscape [15].

RESULTS

After the differential gene expression analysis, DEGs were filtered as upregulated (log2fc>0.6) and
downregulated (log2fc<-0.6) and significant (padj <0.05). DEG analysis was performed between (i) 6-
OHDA treated group vs control group, (ii) a-synuclein overexpression group vs control group, (iii) a-
synuclein overexpressed and 6-OHDA treated group vs control group. For the comparison of 6-OHDA
treated group and control group, 1908 genes were significantly upregulated and 2185 genes were
significantly downregulated (Figure 1A). When a -synuclein overexpression group vs control group was
compared, there were 113 genes that were significantly upregulated and 174 genes significantly
downregulated (Figure 1B). The comparison between a-synuclein overexpressed and 6-OHDA treated
group vs control group showed that there were 2376 significantly upregulated genes and 2274
downregulated genes (Figure 1C). a-synuclein overexpressed and 6-OHDA treated group vs control
group DEG analysis showed that there were more significantly changed genes, and we decided to
continue with this model of PD. ETV1 gene of the PEA3 transcription factor family member was
significantly downregulated with 6-OHDA treatments. Also, two other trasncription factors from PEA3
subfamily, namely ETV4 and ETV5, were downregulated significantly (Figure 1D). KEGG analysis was
performed with significantly changed genes from a-synuclein overexpressed and 6-OHDA treated group
vs control group, and it was observed that there were 88 PD related genes (Figure 1E).
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Figure 1 Differential gene expression analysis results. Corresponding differentially expressed genes
(DEGSs) were obtained from comparisons of (A) 6-OHDA treated group vs control group, (B) a-synuclein
overexpression group vs control group, (C) a-synuclein overexpressed and 6-OHDA treated group vs
control group by using DEseq2 package with a 0.6 absolute log2 fold change and p-adj <0.05, which is
indicated with red points. (D) Heatmap of PEA3 Transcription factors based on normalized counts. (E)
KEGG analysis of differentially expressed genes for a-synuclein overexpressed and 6-OHDA treated
group vs control group. KEGG analysis was performed by ShinyGO.

Genome-wide analysis, PANDA algorithm, correlation analysis and promoter analysis were performed
to construct the gene regulatory network between PEAS transcription factors and PD related 88 genes
(Figure 2). The gene regulatory networks were then visualized by using Cytoscape software. In this
network, the edge width shows the level of the weight score and the color of the edges shows the
correlation between potential targets and TFs (Figure 2).

The downregulated genes were found to be related with mitochondria organization, oxidative
phosphorylation and dopaminergic pathways. Those genes were positively corelated with PEA3
members and they were determined as potential targets. The upregulated genes were related with
catabolic processes and they were negatively correlated with PEA3 proteins.
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Figure 2 Gene regulatory network of ETV1, ETV4 and ETV5. The color of the circles represents the
mean log2 fold change resulting from differential gene expression analysis. Edge colors show the
correlation, blue shows the negative correlation, red shows the positive correlation. Edge width shows
the edge score (evidence of regulation) between TF and each target gene.

DISCUSSION

In previous studies, it has been observed that dopaminergic neuron differentiaton fails in the abscence
of ETVL1. Also, it was shown that mitochondrial membrane potential regulated Etvl in machrophage
cells, on the other hand it was shown that Etvl repressed mitochondrial biogenesis[16,17,18]. In our
PD model there was a decrease in dopaminergic neuron markers (TH) and they were correlated with
ETV1. It was observed that there were possible regulations between PEA3 TFs. The expression levels
of ETV4 and ETV5 decreased with correlation of ETV1 gene expression. At the same time, the
expressions of genes that are related with aggregate formation, such as SNCA and SOD1 gene
expression, increased. The downregulation of ETV1 may cause the aggregate formation and affect the
gene expression regulation of mitochondrial genes and cause the PD phenotype. These results show
that PEA3 proteins can be used for therapeutic purposes to ameliorate dopaminergic neuron damage
caused by PD.
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Abstract

1,25(0OH)2D3 (Calcitriol, active form of Vitamin D), which is a broad regulatory molecule, plays a role in
changing the efficacy of chemotherapeutic drugs. In bladder cancer, effectiveness of the treatment and
reducing the resistance to chemotherapeutics and reduction of side effects due to chemotherapeutics
such as cisplatin are of great importance. Cisplatin usage is one of a current standard chemotherapy
regimen for bladder cancer. In our study T24, ECV-304 and HUVEC cell lines were treated with calcitriol
and cisplatin individually and with combination. MTT assays were used for optimal dose determination.
It was aimed to determine the possible potential of the combined use of cisplatin with calcitriol.
Determined doses and combination treatments of calcitriol and cisplatin on all cell lines were evaluated
for cytotoxicity, apoptosis and drug resistance. Also calcitriol and cisplatin interaction with p53 protein
was assessed by molecular docking analysis. Datas showed that combination treatment increased the
anti-proliferative efficacy compared to cisplatin alone (p=0.0108) in T24 cells. Also it reduced the
cytotoxicity in the HUVEC compared to cisplatin alone (p< 0.0001). Combination treatment achieved
slightly higher apoptosis rate in T24 cells than treatment of cisplatin alone (p=0.0005). It was determined
that the rate of apoptosis and P-gp levels did not change significantly in the ECV-304 cells. However it
decreased in HUVEC healthy control cell line (p=0.0082). P-gp ratios were increased in HUVEC (p <
0.0001) and decreased in T24 cells (74.47% p<0.0001) compare to control. The data obtained in this
study show that the combination of calcitriol and cisplatin allows the use of cisplatin at lower doses.

Key Words: Bladder cancer, Calcitriol, Cisplatin,

INTRODUCTION

Bladder cancer is the 10th type of cancer in worldwide. Its incidence in men is three times higher than
in women. It is known that environmental, demographic and genetic factors are effective in the
development of bladder cancer. Although there are various difficulties in determining the rates of effect
on disease development, it is known that the incidence of bladder cancer development is high in
industrial societies (1). During the chemotherapeutic treatment of bladder cancer, agents such as
valrubicin, gemcitabine, docetaxel, cabazitaxel, mitomycin C, cisplatin and their combinations are used
(2). various side effects associated with the use of these chemotherapeutics are undesirable systemic
effects. Developed optimal treatment strategies may provide an advantage in reducing the side effects
associated with chemotherapeutic usage. The pathogenesis of bladder cancer emerges with mutations
in somatic cells and failure of protooncogenes and tumor suppressor genes to maintain their normal
functions (6). P53 is one of the most commonly mutated tumor suppressor gene in cancer (7). Mutations
in p53 are associated with cisplatin resistance in many cancer types and poor prognosis in bladder
cancer (8- 9). Cisplatin damages the tumor through apoptosis by connecting with DNA and transduction
pathways (calcium signaling, receptor signaling, activation of mitochondrial pathways, etc.). However,
the most important problems in the use of cisplatin are the high systemic side effects experienced by
the patients and the development of drug resistance and the decrease in the effectiveness of the
treatment (10). Calcitriol (1,25-dihydroxyvitamin D3 (1,25D3) ) the active form of vitamin D, may also be
an option for the development of more effective treatment for bladder cancer (3,4,5). Calcitriol have
several beneficial effects such as regulation of cell metabolism (>2000 gene), anti-proliferation,
proapoptotic effects, anti-cell migration and anti-angiogenic activities.
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Therefore, in our study, we aimed to evaluate the possible cytotoxic, apoptotic and drug resistance
effects of combination therapy (cisplatin and calcitriol) on bladder cancer cell lines in vitro.

MATERIAL AND METODS

T24, ECV-304, HUVEC cell lines used for MTT Assay, Apoptosis Assay with Annexin V-PI, P-
glycoprotein Analysis and Docking Analysis. MTT, P-gp and Annexin V-PI values were statistically
evaluated with the unpaired Student-T test using GraphPad Prism 5.04 Software. HEX 8.0.0 program
was used in the evaluation of molecular docking datas. Analysis of apoptosis and P-gp expression by
flow cytometry was performed with NovoExpress 1.3.0 software.

RESULTS

Optimal Cytotoxic Dosage Determination By MTT Assay

Cytotoxic evaluation for determination of optimum dose for calcitriol and cisplatin in T24, ECV-304,
HUVEC cell lines was performed by MTT test. The cytotoxic effect of 25nM -1000 nM doses for calcitriol,
16.6 uM - 166 uM doses for cisplatin was evaluated in all cells at 24h, 48h, 72h. (Fig 1.)

As a result of MTT, 500nM were determined for calcitriol. The optimum dose of cisplatin 7.6 pg/ml for
100% TDC (25.23uM) was reported in the literature (12). A level of 100% TDC is the approximate level
of plasma peak concentrations of the chemotherapeutics (Andreotti et al., 1995)

The lower dose of cisplatin (16.6 uM; 66% TDC) was evaluated by MTT and showed cytotoxic activity.
According to the results, the combination treatment was maintained with 500 nM for calcitriol with 16.6
MM for cisplatin for 24h ( Fig. 1).

O Controd

B3 500 nM Calcitnal
Bl 16,6 M Cisplatin
Bl Combanation

T4 ECW-304 HUVEC

Figure 1: Comparison of MTT results. Control cells (non treated), 500 nM calcitriol, 16.6 uM cisplatin
and 500 nM calcitriol + 16.6uM cisplatin for combination treatment was evaluated for 24h. Triplicated
applications were done for all samples. Data are mean + SEM (n = 3), (***p<0.001, **p<0.01, *p<0.05,
ns: non significant).

Apoptosis Assay with Annexin V-PI

Apoptosis which was applied with Annexin V/PI staining, evaluated for 500nM calcitriol, 16.6 yM
cisplatin, and combination treatment (500nM calcitriol +16.6 uM cisplatin) for 24 h. According to our
results, combination treatment achieved a higher apoptosis rate in T24 cell line than treatment of
cisplatin alone (p=0.0005). It was determined that the rate of apoptosis did not change significantly in
the ECV-304 cell line. It was observed that the rate of apoptosis decreased in HUVEC healthy control
cell line (p=0.0082) (Fig. 2).
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Figure 2: Annexin V/PI staining represented images for T24 , ECV-304 and HUVEC cell lines for 24h.
Control cells (non treated), 500 nM calcitriol, 16,6 uM cisplatin and 500 nM calcitriol +16.6uM cisplatin
for combination treatment was evaluated. Total apoptosis results for T24, ECV-304 and HUVEC.
Triplicated applications were done for all samples. Data are mean £ SEM (n = 3), (***p<0.001, **p<0.01,
*p<0.05, ns: non significant).
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P-gP Levels

Examination of P-gp expression level evaluated for 500nM calcitriol, 16.6 uM cisplatin, and combination
treatment (500nM calcitriol +16.6 uM cisplatin) for 24 h. We found that the P-gp expression level of the
combination treatment in the T24 cell line decreased by p<0.0001 compared to the control and p<0.0001
compared to the treatment of only cisplatin and only calcitriol. In the HUVEC cell line, the expression
rate of P-gp increased with calcitriol treatment compared to the control p<0,0001, while it decreased
significantly with cisplatin treatment compared to the control (p=0.0005). P-gp expression levels in
HUVEC cells, increased in combination treatment compared to control p<0.0001. In addition, no
significant changes were observed in terms of P-gp expression rates in the ECV-304 cell line. When the
cisplatin treatment was evaluated statistically compared to the combination treatment in the ECV-304
cell line, the significance value was p=0,0616 (Table 1).

Cell lines Control Calcitriol Cisplatin (16.6 uM)  Calcitriol+ Cisplatin
(SnM) (500nM+ 16.6 uM)

Tr24 74.47 79.22 80.65 6833 §

ECV-304 97.64 99.18 98.05 97.47

HUVEC 87.08 92.50 86.09 92.16 t

Table 1: Percentage ratios of MFI (Mean Fluorescence Intensity) obtained from flow cytometric analysis
of P-gp expressions levels in T24, ECV-304 and HUVEC cells.

Docking Analysis Results

According to docking analysis, calcitriol has higher binding energy with p53 molecule compared to
cisplatin. It was evaluated simulatively with DNA Docking method in order to form the basis for future
research.

CONCLUSION

In our experiments, we adjusted the optimum dose of cisplatin and calcitriol to remain below the 100%
TDC (Test Drug Concentration) level. A level of 100% TDC is the approximate level of plasma peak
concentrations of the chemotherapeutics (12). Because exceeding 100% TDC doses could come out
systemic side effects when it comes to use in advanced clinical applications. The 100% TDC dose of
cisplatin in the literature was (25.23uM) (12). Therefore, we chose the ratio below the 100% TDC dose
and 66% TDC (16.6 uM) as the combination dose for cisplatin in our experiments. According to the
literature, the IC50 dose for calcitriol in T24 bladder cancer cells was 40uM (13). Based on our MTT
data on calcitriol, we benefited from its anti-proliferative properties at much lower dose levels (25nM-
500nM) of calcitriol. We have determined that calcitriol has a biphasic effect at the cellular level. Calcitriol
induced dose-dependent variable responses (Fig. 1). Our study reveals that calcitriol increases the
effectiveness of cisplatin in bladder cancer cells preclinically. It also provides data that can be
considered in the development of viable pharmacokinetic models. Considering the side effects of
cisplatin, revealing the data to be obtained from studies on combination treatments with important
regulatory molecules such as vitamin D may enable to increase the survival and life quality of bladder
cancer patients.
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Abstract

Introduction: Thiosemicarbazides/Thiosemicarbazones are drug candidate heterocyclic compounds
due to their biological activities such as anti-tumor, anti-inflammatory, antimicrobial and antidiabetic.
Because of these properties, designing and/or synthesizing new compounds is one of the current
research topics. In this study, it was aimed to investigate the existence of necroptotic and apoptotic cell
death mechanisms of thiosemicarbazones in hepatocellular carcinoma cell line.

Material and Methods: Thiazolidinone derivative structure was determined by NMR. Hepg2 cells were
cultured in RPMI-1640 culture medium containing 10% FBS, 1% penicillin-streptomycin, 1% L-
glutamine. The effective dose of thiazolidinone was determined by MTT analysis. After thiazolidinone
untreated (control) and treated cells were fixed with 4% paraformaldehyde, the distributions of Bax, Bcl2,
Caspase3, Caspase 8, Caspase 9, Ki67, RIP3, and RIPK1 were analyzed by indirect immunoperoxidase
method.

Results: As a result of MTT analysis, it was determined that thiazolidinone administration at a dose of
10 uM and for 24 hours was appropriate. After thiazolidinone application, an increase was observed in
Bax, Bcl2, Caspase3 immunoreactivities compared to the control group. In addition, Ki67 and Caspase9
immunoreactivities were decreased, while Caspase 8, RIP3 and RIPK1 immunoreactivities were similar
to the control group.

Discussion and Conclusion: After application of Thiazolidinone to HepG2 cells, decreased Ki67
immunoreactivity and increased Caspase3 immunoreactivity suggested that while Thiazolidinone
reduced proliferation in HepG2 cells, it triggered caspase-dependent cell death. It was concluded that
Bcl2/Bax ratio and RIP3 and RIPK1 immunoreactivities were similar in Thiazolidinone and control
groups, and that triggered cell death might be due to an apoptotic mechanism via extrinsic pathway
rather than necroptosis.

Keywords: Thiazolidinone, Hepatocellular carcinoma, Apoptosis, Necroptosis

INTRODUCTION

Hepatocellular carcinoma (HCC) is a liver malignancy that is the second cause of cancer-related death
worldwide. It arises in the setting of chronic liver disease and is associated with a complex interaction
between the host, environmental factors, and disease [1]. However, advanced hepatocellular carcinoma
patients have poor prognoses and have few treatment options. One of the highly efficient methods to
treat hepatocellular carcinoma is to terminate or control the uncurbed cell growth by the cell death
mechanism [2]. Therefore, apoptosis targeting strategies have become attractive investigates to design
new anticancer therapeutic agents. Currently, thiosemicarbazide derivatives are heterocyclic
compounds that are used in medicinal chemistry and have shown a wide range of anticancer activities
by triggering apoptosis. Also, thiosemicarbazide derivatives has been reported to induce apoptosis by
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the caspase-3 activation and S-phase arrest [3]. Nevertheless, the pro-apoptotic and pro-necroptotic
effects of thiosemicarbazide derivatives are limited in hepatocellular carcinoma. In the current work, we
have prepared new thiosemicarbazide derivatives and evaluated their cytotoxicities, proapoptotic and
pronecroptotic properties in HepG2, hepatocellular carcinoma cell line.

MATERIALS AND METHODS

Chemistry

Merck silica gel 60 F254 plates were used for analytical thin-layer chromatography (TLC). Melting points
were determined using a Blichi Melting Point B-540. FT-IR spectra were recorded on a Shimadzu FT-
IR-8400S spectrometer. 1H-NMR spectra were recorded on a VarianUNITY INOVA 500 MHz
spectrometer. Elemental analyses were determined by CHNS-932 (LECO).

General synthesis procedure for the compound:
2-Amino-3-[(4-methoxybenzoyl)methyl]-4-(etoxycarbonylmethyl)thiazolium bromide (1)

0.005 mol of ethyl 2-aminothiazole-4-acetate dissolved in 10 ml of acetone is added to the solution of
0.005 mol of 4-methoxyphenacyl bromide in 10 ml of acetone. After standing at room temperature for a
few days, the resulting 2-amino-3-[(4-methoxybenzoyl) methyl] -4- (ethoxycarbonylmethyl) thiazolium
bromide is filtered off and dried.

Ethyl [6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-yl]lacetate hydrobromide (2)

2-Amino-3 - [(4-methoxybenzoyl) methyl] -4- (ethoxycarbonylmethyl) thiazolium bromide is boiled in
absolute ethanol under reflux in a water bath for 20 minutes. At the end of the reaction, the precipitated
substance is dried by filtration.

2-[6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-ylJacetohydrazide (3)

0.025 mol of hydrazine hydrate (98%) is added onto the 30-40 ml etonal solution of 0.005 Mol 2 and it
is heated in the water bath under the refluxing cooler for 5 hours. The reaction mixture is allowed to cool
to room temperature and the precipitate formed is filtered. It is purified by washing with ethanol.
4-Allyl-1-[[6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-yl]Jacetyl]thiosemicarbazide (4)

0.005 mol compound 3 is boiled in a water bath under reflux with 30 ml of ethanol until a clear solution
is obtained. Add 0.005 mol from allyl isothiocyanate and heat for 3 hours. After the reaction mixture is
cooled to room temperature on its own, the precipitated product is filtered off and purified by washing
with hot ethanol (Figure 1).
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Figure 1: General Synthesis pathway of thiosemicarbazide derivative

4-Allyl-1-[[6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-yl]Jacetyl]thiosemicarbazide (4)

White solid, mp 2470C, yield 72%, Anal. Calcd. for C18H19N502S2: C, 53.85; H, 4.77; N, 17.44%.
Found: C, 53.72; H, 4.33; N, 17.10. IR umax (KBr, cm—1): 3196 (N-H streching), 3093, 3075, 3045 (ar.
C-H strecthing), 2985, 2954, 2891 (al. C-H asymmetrical and symmetrical stretching), 1703 (amide C=0
strecthing), 1556 (congugated C=C strecthing), 1170 (C=S stretching), 1156, 1145, 1409 (NH-C=S
strecthing). 1H-NMR (500 MHz) (DMSO-d6/TMS) & (ppm): 10.18 (s,1H, NH); 9.37 (s,1H, NH); 8.31
(s,1H, NH); 5.14 (dd, 1H, J=17.08 Hz; 1.46 Hz, allyl trans =C-H); 5.04 (dd, 1H, J=10.25 Hz; 1.46 Hz,
allyl cis =C-H).

Cell culture

HepG2 (ATCC, HB-8065TM) cells were cultured in RPMI 1640 (capricorn scientific, RPMI-HA) culture
medium that contains 10% FBS (gibco, 10270-106), 1% penicillin-streptomycin (capricorn scientific, PS-
B) and 1% L-glutamine (capricorn scientific, GLN-B).

2.3. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide) analysis
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The effective dose was determined by MTT (3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyl tetrazolium
bromide) (Glentham life sciences, GC4568) analysis by applying different doses of the thiazolidinone to
HepG2 cells for 24 and 48 hours. After the treatment of thiazolidinone, 10 ul MTT solution was added
into each well and incubated for 4 h at 37°C in 5% CO2. Then, the medium was vacated and 50 ul
dimethylsulfoxide (DMSO) (Glentham life sciences, GK2245) was added to each well to dissolve the
formazan crystals. The absorbance was immediately measured at 540 nm with an UV-visible
spectrophotometer multiplate reader. All experiments were done in triplicate.

Immnucytochemistry analysis

After determining the appropriate dose HepG2 cells were seeded for immunocytochemistry analysis and
thiazolidinone applied to the cells. Then the cells were fixed with 4% paraformaldehyde (merck, 30525)
and washed three times with phosphate buffered saline (PBS, Bioshop, PBS404.100). Later the cells
were treated with triton X-100 (Applichem, A4975) on ice for permeabilization and washed with PBS.
Following H202 (Merck, 107209) were applied and cells were washed three times again and primary
antibodies, which were Bax (santa cruz, sc-526), Bcl2 (santa cruz, sc-7382), caspase 3 (novus
biologycals, NB-600-1235), caspase 8 (), caspase 9 (), RIP3 (santa cruz, sc-374639), RIPK1 (bioss
antibodies, bs-5805R-TR) and Ki67 () were implemented.Next day secondary antibodies (thermo
scientific, TP-125-HL) were administered and then diaminobenzidine (DAP, Thermo scientific, TA-125-
HD) and Mayer’s Hematoxylin (sigma aldrich, 1.07961.0100) were applied after washing in each step.

RESULTS

The target compound was synthesized from 2-[6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-
ylJacetohydrazide (3) by one-step synthesis as outline Figure 1. 4-methoxyphenacyl bromide and ethyl
2-aminothiazole-4-acetate were dissolved in acetone and mixed at room temperature. After standing up
for 3-4 days, 2-Amino-3-[(4-metoxybenzoyl)methyl]-4-(etoxycarbonylmethyl)thiazolium bromide (1) was
acquired. Following this step, Ethyl [6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-yl]lacetate
hydrobromide (2) was obtained by boiling compound 1 in absolute ethanol under reflux in a water bath
for 20 minutes. Thereafter, by heating in absolute ethanol the compound 2 and hydrazine hydrate in a
water bath under the reflux for 5 hours, 2-[6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-
yllacetohydrazide (3) was obtained. The compound 3 and allyl isothiocyanate were boiled for 3 hours in
a water bath under the reflux and thus 4-Allyl-1-[[6-(4-methoxyphenyl)imidazo[2,1-b]thiazol-3-
ylJacetyl]thiosemicarbazide (4). The reaction yield of the compound 4 was 72%. It was observed that
the thiosemicarbazide scaffold onto the compound 4 was present by assessing the FT-IR and 1H-NMR
spectroscopy. IR spectroscopy results, The sharp band at 1170 cm-1 observed in the IR bands indicates
the presence of the C=S functional group. Additionally, Strong vibrational coupling is operative in the
case of the nitrogen-containing thiocarbonyl derivatives and three bands should seem to consistently
appear in the regions 1395-1570 cm-1, 1260-1420 cm—1, 940—-1140 cm-1 due to the mixed vibrations.
Accordingly, compound 6 shows similar 3 bands in the same regions- 1156, 1409, and 1145 cm-1. In
the 1H-NMR, 3 different Nitrogen peaks that arose from thiosemicarbazide and also two dd (doublet of
doublets) that originated from allyl must be observed in the H-NMR graphic. According to this
expectation, The presence of 3 different NH peaks around 10.18, 9.37, and 8.31 ppm that come from
the thiosemicarbazide scaffold, and also 2 dd peaks around 5.11 and 5.04 due to the allyl structure
indicate that compound 6 is obtained. All these observeted bands and peaks from respectively IR and
1H-NMR spectroscopy were in compliance with the liturature. Furthermore, there was no unacceptable
side reactions.

Cell Morphology
H\e&QZ iig:ells showed epitheloid, adhesive stgj’ctur‘{e in standard cell culture condition (Figure 2A, B).
b RPN, 2 LR < T e

Figure 2: HepG2 cell culture. Day 5 (A) and day 7 (B). Scale bar: 100 um.
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Cell viability and cytotoxicity

HepG2 cells were were treated with five different dilutions (5 uyM, 10 M, 25uM, 50 uyM and 100pM). We
found that 10 thiazolidinone treatment was more effective in HepG2 cell viability when compared with
other dilutions for 24 h (Figure 3).

Tiazolidinone
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Figure 3: Effect of Tiazolidinone on cell viability of HepG2 cells. Viability was quantitated by the MTT
assay. HepG2 cells were treated at different dilutions (5 pM, 10 uM, 25uM, 50 uM and 100uM) for 24
and 48 h.

Immunohistochemical evaluation
After thiazolidinone application, an increase was observed in Bax, Bcl2, Caspase3 immunoreactivities

compared to the control group. In addition, Ki67 and Caspase9 immunoreactivities were decreased,
while Caspase 8, RIP3 and RIPK1 immunoreactivities were similar to the control group (Figure 4 and

Figure 5). o5 ]
B

- 2024‘!

Figure 4: Immunoreactivity of Bax, Bcl2, Caspase 8, Caspase-3, Caspase 9, Ki-67 RIP3, RIPK1 in
Tiazolidinone treated cells. Scale bar 10um.

Figure 5: Immunoreactivity of Bax, Bcl2, Caspase 8, Caspase-3, Caspase 9, Ki-67 RIP3, RIPK1 in
Tiazolidinone treated cells. Scale bar 10um.
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DISCUSSION AND CONCLUSION

After application of Thiazolidinone to HepG2 cells, decreased Ki67 immunoreactivity and increased
Caspase3 immunoreactivity suggested that while Thiazolidinone reduced proliferation in HepG2 cells,
it triggered caspase-dependent cell death. It was concluded that Bcl2/Bax ratio and RIP3 and RIPK1
immunoreactivities were similar in Thiazolidinone and control groups, and that triggered cell death might
be due to an apoptotic mechanism via extrinsic pathway rather than necroptosis.
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Abstract

Platinum-based agents are one of the most widely used agents in chemotherapeutic treatment in recent
years. However, interest in other metal complexes is increasing due to their toxicity and increased drug
resistance by diseased cells. Some Ruthenium (Ru) compounds are highly selective for cancer cells
and thus show low toxicity. In this study, we aimed to synthesize Ru(ll) arene complexes with different
aromatic and aliphatic groups and to investigate their effects on Vero and HepG2 cells through cell death
mechanisms. An iridium complex was also synthesized for comparison. Consequently, two Ru(ll) arene
complexes (Rul and Ru2) and one Ir(lll) arene complex (Irl) were used in this study. The complexes
were characterized by 'H-, 13C-, °F- and 31P-NMR and FT-IR spectroscopic techniques. The effective
dose was determined by MTT analysis by applying different doses of complexes to both cells for 24 and
48 hours. Vero and HepG2 cells were incubated with the complexes, DMSO and cisplatin. Bax, Bcl2,
caspase 3, RIP3 and RIPK1 immunoreactivities were analyzed by indirect immunoperoxidase
technique. Rul was weak in Bax, Bcl2 and caspase 3 immunoreactivities in HepG2 cells and negative
in Vero cells. Ru2 was found to be moderate in caspase 3, RIP3 and RIPK1 immunoreactivities in both
cells, while Ir3 was mainly increase the RIPK1 immunoreactivity.nlt was observed that Rul activates
apoptosis especially in HepG2 cells, while Ru2 and Irl have an effect on activating necroptosis by
increasing RIPK1 immunoreactivity in both cells.

Keywords: Ru(ll) arene complexes, Apoptosis, Necroptosis.

INTRODUCTION

Liver malignancy is a challenging global health concern with increasing incidence worldwide.
Hepatocellular carcinoma, which originates from hepatocytes, is the most common histological subtype,
constituting 75%-90% of the total liver cancer cases diagnosed globally.123 After Rosenborg's discovery
in 1965, cisplatin and its derivatives are still widely used in cancer treatment today.* Due to the toxicity,
drug resistance and non-selectivity of cisplatin, interest in other metal-based anticancer drugs has
increased. Ruthenium (Ru), one of the platinum group metals, can be found in various oxidation steps
(I, 1, and 1V) and is thought to be less toxic than platinum in terms of its transport and penetration
mechanism into the cell.> Ruthenium complexes can be transported by binding to biomolecules such as
serum albumin and transferrin by mimicking iron in blood, and are highly selective for cancer cells. The
Ru complex [RuCls(NHzs)s] synthesized by Clarke was the pioneer for the anticancer activities of Ru
complexes.® Other Ru(lll) complexes such as NAMI-A and KP1019 have been included in the clinical
process with successful results. Sadler discovered the cytotoxic activity of Ru(ll) arene complexes.”
Ru(ll) arene complexes contain a hydrophobic arene group, a nitrogen or phosphorus donor ligand, and
a halogen anion , and are divided into two classes as RAED ([Ru(n%-arene)(en)CI]* (en:
ethylenediamine) and RAPTA ([Ru(n8-arene) (PTA)Xes] (PTA: 1,3,5-triaza-7-phosphoadamantane).5®
Promising results were obtained with RAED complexes against human ovarian cancer cells.
Programmed cell death (PCD) plays critical roles in development, homeostasis, and both control and
progression of a plethora of diseases, including cancer and neurodegenerative pathologies. Besides
classical apoptosis, several different forms of PCD have now been recognized, including necroptosis.
Apoptosis is an evolutionarily conserved process that is morphologically characterized by a variety of
features, including pyknosis, membrane blebbing, nuclear fragmentation, nuclear condensation, and
apoptotic body formation. Necroptosis is a form of PCD that, like extrinsic apoptosis, can be executed
upon death receptor activation as well as upon activation of some Toll-like receptors (TLRs) and the
intracellular sensor DAI/ZBP1. Necroptosis is both morphologically and mechanistically distinct from



4th Congress of Cell Death Research Society-Turkiye with International Participation
4. Uluslararasi Katilimli Hiicre Olim{ Arastirma Dernegi Kongresi

faeapoptosis. Whereas extrinsic apoptosis depends on initiator and effector caspase activation,
necroptosis is a kinase-mediated pathway.? In this study, it was aimed to synthesize Ru(ll) arene
complexes with different aromatic and aliphatic groups and to investigate their effects on Vero and
HepG2 cells through cell death mechanisms.

MATERIALS AND METHODS

Sytnhesis and Characterization of Complexes

The complexes were sythesized according the literature.1’® Rul and Ru2 were prepared by the reaction
of related ligands with [RuClz(p- cymene)]z and NH4PFs. Ir1l was synthesized by the reaction of ligand
with [IrCl2Cp™]2. All complexes were characterized by H-, 3C-, 19F-, and 3'P-NMR spectroscopy and FT-
IR. 1H-, 13C, 19F- and 3'P-NMR spectra were recorded on a Varian 400 MHz spectrometer.
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Figure 1. Structure of Rul, Ru2 and Irl complexes.

Cell culture

HepG2 (ATCC, HB-8065TM) cells were cultured in RPMI 1640 (capricorn scientific, RPMI-HA) culture
medium that contains 10% FBS (gibco, 10270-106), 1% penicillin-streptomycin (capricorn scientific, PS-
B) and 1% L-glutamine (capricorn scientific, GLN-B) (Fig. 1). Vero (normal kidney) (ATCC, CCL-81TM)
cells were cultured in DMEMF12 (sigma, D6421) culture medium containing 10% FBS, 1% penicillin-
streptomycin, 1% L-glutamine.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide) analysis

The effective dose was determined by MTT MTT (3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyl tetrazolium
bromide) (Glentham life sciences, GC4568) analysis by applying different doses of the complexes to
both cells for 24 and 48 hours. Vero and HepG2 cells were incubated with the complexes, DMSO
(Glentham life sciences, GK2245) and cisplatin. After the treatment of complexes, 10 yl MTT solution
was added into each well and incubated for 4 h at 37°C in 5% CO.. Then, the medium was vacated and
50 pl dimethylsulfoxide was added to each well to dissolve the formazan crystals. The absorbance was
immediately measured at 540 nm with an UV-visible spectrophotometer multiplate reader. All
experiments were done in triplicate.

Immnucytochemistry analysis

After determining the appropriate dose Vero and HepG2 cells were seeded for immunocytochemistry
analysis and the Rul, Ru2 and Ir1l complexes were applied to the cells. Then the cells were fixed with
4% paraformaldehyde (Merck, 30525) and washed three times with phosphate buffered saline (PBS,
Bioshop, PBS404.100). Later the cells were treated with triton X-100 (Applichem, A4975) on ice for
permeabilization and washed with PBS. Following H202 (Merck, 107209) were applied and cells were
washed three times again and primary antibodies, which were Bax (Santa Cruz, sc-526), Bcl2 (Santa
Cruz, sc-7382), caspase 3 (novus biologycals, NB-600-1235), RIP3 (Santa Cruz, sc-374639) and RIPK1
(bioss antibodies, bs-5805R-TR), were implemented. Next day secondary antibodies (Thermo Scientific,
TP-125-HL) were administered and then diaminobenzidine (DAP, Thermo Scientific, TA-125-HD) and
Mayer’s Hematoxylin (Sigma Aldrich, 1.07961.0100) were applied after washing in each step.

RESULTS AND DISCUSSION

Sytnhesis and Characterization of Complexes

The complexes were obtained with high yields and they were an air- and moisture-stable yellow solids
and soluble in polar solvents. Rul and Ru2 are a cationic structure that forms a chelate complex.
Stability was ensured with PFe anion. Ir1 exhibited a dimer structure.
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Cell Morphology
HepG2 cells showed epitheloid structure while Vero cells represented fibroblastic feature (Figure 2A,
B).

Figure 2. HepG2 (A) and Vero (B) cell culture.

Cell viability and cytotoxicity
As aresult of MTT analysis, it was determined that the effective dose for all three complexes was 11.10
MM and the application time was 24 hours.

Immunohistochemical evaluation

After Rul administration, weak Bax, Bcl2 and caspase 3 immunoreactivities were detected in HepG2
cells and negative in Vero cells. Caspase 3, RIP3 and RIPK1 immunoreactivities were found to be
moderate in both cells after Ru2 application and similar to cisplatin administration in HepG2 cells. In Ir1
administration, mainly an

RIPK1 —»
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Figure 3. Bax, Bcl2, Cas3, RIP3, and RIPK1 immunoreactivities after DMSO (A), Control (B), Cisplatin
(C), Rul (D), Ru2 (E), and Ir1 (F) administration to HepG2 cells. Scale bar 10 pum.
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Figure 4. Bax, Bcl2, Cas3, RIP3, and RIPK1 immunoreactivities after DMSO (A), Control (B), Cisplatin
(C), Rul (D), Ru2 (E), and Ir1 (F) administration to Vero cells. Scale bar 10 um.

increase in RIPK1 immunoreactivity was detected. Immunoreactivities were weak after control and
DMSO applications (Figure 2 and Figure 3). It was observed that Rul was activated apoptosis especially
in HepG2 cells, while Ru2 and Irl have an effect on activating necroptosis by increasing RIPK1
immunoreactivity in both cells. N-N-donor Ru(ll) complex (Rul) activates the apoptosis mechanism,
while the N-S-donor Ru(ll) complex (Ru2) performed cell death via necroptosis. In particular, the direct
effect of the straight chain hydrocarbon groups in the structure of Rul on the activity is observed. The
weaker activity of Rul (especially Bax and Bcl2) in Vero cells may indicate that this complex is selective
for cancer cells. Ruthenium complexes (Rul-2) had better immunohistochemical activity than iridium
complex (Irl). In conclusion, Ru(ll) arene complexes may be an alternative to platinum-based anticancer
drugs.
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