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BITKILERDE BAZI METAL STRESINE KARSI
miRNA’LARIN ROLU

Mustafa AKCAY!

1. GIRIS

Yasamin dort ana makromolekuliinden biri olan RNA,
genlerin ifadesi ve dizenlenmesinde esastir. RNA, kodlayan ve
kodlamayan olmak iizere iki gruba ayrilir. Bitkiler, 24
nikleotidlik kiiciikk girisimci RNA'lar (SIRNA) ve 21
nikleotidlik kiglk kodlamayan mikroRNA'larin (MiRNA), en
yiiksek ifade bolluguna sahiptir. SIRNA'lar ilk olarak bitkilerde
kesfedilmistir ve bitkilerde transkripsiyonel gen susturulmasi ve
transkripsiyon sonrasi gen susturulmasi yolaginda rol oynarken,
hayvanlarda ise RNA interferans yolaginda rol oynamaktadir
(Hamilton ve Baulcombe, 1999; Elbashir ve ark., 2001; Sijen ve
ark., 2001; Pal-Bhadra ve ark., 2002). miRNA’lar ise ilk olarak
1993 yilinda kesfedilmis ve tanimlanan ilk miRNA olan lin-4,
Caenorhabditis elegans adli toprak solucan iizerinde yapilan bir
calismada bulunmustur (Lee ve ark., 1993; Stricklin ve ark.,
2005). miRNA’lar, ortalama 18-24 nikleotid uzunluguna sahip,
kiglk, protein kodlamayan RNA molekiillerinin kapsamli bir
smifidir (Min ve Chen, 2013). Olgun miRNA'lar bitkilerde
transkripsiyon, oOnciil isleme, metilasyon ve miRNA kaynakli
susturma kompleksinin birlestirilmesi dahil olmak Uzere cok
asamal1 bir suregle Uretilir. miRNA'larin birincil gorevi hedef
mRNA'larin ¢evirisine miidahale etmek veya hedeflerinin
bozunmasini tesvik etmektir (Mladinov ve ark., 2013). Bununla
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beraber miRNA’lar, hiicre farklilasmasi ve ¢ogalmasi, apoptoz
gibi ¢esitli hiicre sinyal yollarini etkileyebilen birgok ilgili
genlerin ifadesini destekleme veya engelleme yetenegine de
sahiptir (Vasudevan ve ark., 2007; Budhu ve ark., 2010).

2. miRNA ve METAL STRESI

MiRNA c¢alismalarinin son donemlerde artmis olmast,
miRNA'larin bitkilerde doku farklilasmasi ve gelisiminde,
fitohormon sinyalizasyonunda, ikincil metabolit Gretiminde ve
abiyotik ve biyotik streslere karsi yanitta Onemli derecede
rollerinin oldugunu gostermektedir (Khraiwesh ve ark., 2012;
Shriram ve ark., 2016). miRNA'lar, asag1 veya yukari ifadelerini
diizenleyerek bitki biiyiime ve gelisimi ile strese verilen yanitin
birden fazla sirecini etkilerler (Valinezhad ve ark., 2014).
Ornegin; miRNA319 ile yapilan bir ¢calismada miRNA319’un
ifadesinin yukar1 dogru diizenlenmesi ilgili domates bitkisinin
yapragimin  boyutu ve seklinde oOnemli degisikliklerin
ger¢ceklesmesine yol agtigr aciklanmistir (Ori ve ark., 2007).
miRNA’lar bitkilerin kdk olusumu ve ¢icek gelisiminde rol
oynarlar. miRNA167’nin kdk olusumunda aktif bir rol oynadigi,
miRNA156 ve miRNAL172’nin ise cicek kontroliinde gorev
aldig1 dogrulanmigtir (Zhu ve ark., 2011; Yu ve ark., 2012).

Farkli mahsul bitkilerinde (Arpa, bugday, misir, piring
vs.) miRNA'lar farkli abiyotik (1s1, soguk, kuraklik, tuzluluk vs.)
ve biyotik (patojenler vs.) stres faktorleri sirasinda gen
ekspresyonunu diizenlerler ve bitki biiyiimesi ve gelisimine ek
olarak stres tolerans1 kazandirmada da onemlidirler (Manavella
ve ark., 2019). Ornegin; Arabidopsis bitkisi ile yapilan bir
calismada miR398'in ifadesinin artmasinin hedef genlerinin
CSD1, CSD2 ve CSD'nin bakir saperonunun (CCD) ifadesini
olumsuz yonde duzenleyerek bitkide 1s1 toleransini artirdig
bildirilmistir (Guan ve ark., 2013). Benzer sekilde piring (Oryza
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sativa) ve transgenik siirlinen egrelti otu (Agrostis stolonifera)
ile yapilan calismada Osa-miR319a'nin asiri
ifadesinin, TCP transkripsiyon faktorini dizenleyerek tuz ve
kuraklik stresine karst daha yiiksek tolerans gosterdigi
bildirilmistir (Zhou ve ark., 2013).

miRNA ile ilgili elde edilen bulgular agir metal
diizenleyici aglarda da miRNA gen dizenlenmesinin 6nemli
roliiniin oldugunu ortaya koymaktadir. Hardal (Brassica juncea
L.), pirin¢g (Oryza sativa L.), arpa (Hodeum vulgare L.), misir
(Zea mays L.), yonca (Medicago truncatula L.), asma (Vitis
vinifera L.) ve diger bircok bitkide agir metale duyarh
mMiRNA’lar tamimlanmistir (Liu ve ark., 2015; Du ve ark., 2021).
Bir¢ok miRNA’nin hedef genlerinin analizi yoluyla agir metal
stresine (Al, Cd, Cu, As, Cr, Hg vs.) karst verdigi yanitta yer
aldig1 belirtilmigtir (Min ve Chen, 2013). Son dénemde agir
metal ve miRNA’lar {izerine yapilan c¢aligmalar artmakta ve yeni
nesil dizileme gibi ileri teknolojiler kullanilarak metal stresine
yanitta bilinen ¢ok sayida miRNA tanimlanmistir. Fakat
bitkilerde hala metal stresi iletiminde miRNA’larin iglevleri
hakkinda yapilan c¢aligmalar belirsizligini  korumaktadir.
Dolayisiyla bu boliimde bitki de bazi metal streslerine (Cd, Al,
Mn, As ve Cu) kars1 tanimlanan miRNA’lar ve hedef genlerin
ifadesinin duizenlenmesindeki rollerine deginilmistir.

2.1. Kadmiyum (Cd)

Kadmiyum (Cd), bitkiler icin en toksik metallerden biri
olup, en tehlikeli kirletici olarak kabul edilir (Ding ve ark.,
2009; Shriram ve ark., 2016). Cd, bitkiler tarafindan kolayca
biriktirilir ve ROS Uretimi ile oksidatif strese neden olur (Arshad
ve ark., 2016). Cd, bitkide tiriin verimliligini etkileyerek, bodur
blylme, kloroz, solma, hiicre 6lima, blylime azalmasi ve hatta
bitki 6lumune neden olabilmektedir (Rodriguez-Serrano ve ark.,
2009; Rizwan ve ark., 2016). miRNA’lar ve ilgili gen
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karakterizasyonu, agir metal toleransi i¢in bitkilerde molekiiler
mekanizmalarin taninmasinda biiyiik rol oynar (Fang ve ark.,
2013). Son yillarda, Urlinlerde Cd toksisitesine yanitta yer alan
cesitli tastyicilart ve sinyal molekiillerini tanimlamak igin ¢esitli
ilerlemeler kaydedildi. Kanola (Brassica napus) bitkisinde 84
tane korunmus ve korunmamis farkli miRNA’lar tanimlanmis ve
bunlardan miRNA156, miRNA171 ve miRNA396a’nin asagi
regiile edildigi bildirilmistir (Zhou ve ark., 2012). Ayni sekilde
80 uM Cd stresine maruz birakilan Brassica napus bitkisinin
koklerinde ~ miRNA156, miRNA171, miRNA393 ve
mMiRNA396a’nin asagi regiile edildigi fakat miRNA399’un
etkilenmedigi bildirilmistir (Xie ve ark., 2007). Cd stresine
maruz birakilan Medicago bitkilerinde ise farkli ifade profilleri
gosterilmistir. MIRNA166’nin asag regiile edildigi buna karsin
miRNA171, miRNA319, miRNA393 ve miRNA529’un yukari
regile edildigi bildirilmistir  (Zhou ve ark., 2008).
miRNA166’nin asag1 regiile olmas1 CSD1/CSD2 transkriptlerini
indikleyerek Cd stresine bagli olarak olusan hasarlar1 hafiflettigi
ve boylelikle miRNA’larin  bitkide metal stresine karsi
diizenlemede ne kadar oOnemli oldugu vurgulanmistir.
miRNA’lar bitkilerde cesitli metabolik siireclerde transkriptleri
hedef alir. Ornegin; Arabidopsis’te miRNA164 oksidatif stresi
duzenleyen monotiol glutaredoksinini (AtGRXS17) hedefler
(Cheng ve ark., 2011). Cd stresi altinda soya fasiilyesinde
(Glycine max) farkli ifadelere sahip miRNA’lar kesfedilmis ve
Cd stresine yanit veren miRNA hedef genleri fitokelatin sentaz-
1, demir ve ABC tastyici proteinleri olarak bildirilmistir (Xu ve
ark., 2013). Cd stresine maruz kalan farkli bitkilerdeki bu
sonuglar, miRNA’larin Cd stresine karsi potansiyel rollni
ortaya koymakta ve stresin toksisitesini azaltma veya ortadan
kaldirmada agir metallere 6zgli mevcut ve yeni transkripsiyon
faktorleri, enzimler ve proteinlerle calisarak mahsul iiretiminin
artirtlmas1 adina ve yeni stratejilerin tasarlanmasina imkan
saglayacaktir.
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2.2. Aluminyum (Al)

Toprakta farkli iyonik formlarda bulunan Aliiminyum
(Al) yiksek iyon (AI™®) toksisitesine sahiptir. Al, asidik
topraklarda (pH 5,5 veya daha diisiik) iirin verimliligini
sinirlayan bir faktordir (Panda ve ark., 2009). Al*® iyonlar:
hicre bélinmesini ve kok blyumesini olumsuz yonde etkiler ve
su almmminin diizensizlesmesine neden olur. Fotosentez ve
enerji  UOretimini  engeller. ROS  dretimini  ve lipit
peroksidasyonunu etkileyerek bazi antioksidan enzimlerin
sentezini tetikler (Singh ve ark., 2017). Bu baglamda miRNA’lar
temel diizenleyiciler olarak gorev yaparlar ve son yillarda
bitkilerde Al stresine yanit olarak miRNA’larin diizenleyici
rolleri ile ilgili ¢alismalar yiritilmistir. AlCIs stresine maruz
birakilan Medicago truncatula fidelerinde 23 miRNA
tanimlanmis ve iki ana grup (hizli ve siirekli yanit veren)
MiRNA’lar olarak siniflandirilmistir. mMiRNA159, miRNAL60,
miRNA319, miRNA390 ve miRNA396 nin asag: regiile edildigi
bildirilmistir (Chen ve ark.,, 2012). Medicago truncatula
bitkisine uygulanan 50 uM Al stresiyle yapilan bir baska
calismada ise MIRNAL166 ve mMIRNA398’in asagi dogru
diizenlendigi fakat miRNA171, miRNA319, miRNA393 ve
MiRNA529’un yukart dogru diizenlendigi raporlanmistir (Zhou
ve ark., 2008). A. thaliana'da Al*3 yanit olarak yapilan farkli bir
calismada birkag miRNA’nin (miRNA160, miRNA164) énemli
derecede modiile edildigi ve miRNA160’in bitkide kok
gelisiminin transkripsiyonel diizenleyicileri olan ARF genlerinin
ekspresyonunu azaltarak kok tag hiicrelerinin olusumunu kontrol
ettigi, miRNA164’Un ise birka¢ NAC alani igeren transkripsiyon
faktorin (NAC1 ve ORE1) negatif dizenleyerek lateral kok
gelisimini diizenledigi bildirilmistir (He ve ark., 2014; Li ve
ark., 2016). %1 Al203 nanopartikiil maruziyetine birakilan tiitiin
(Nicotiana Tabacum) bitkisinde ise miRNA395, miRNA397,
MIRNA398 ve miIRNA399’un ekspresyonunda 6nemli derecede
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bir artis oldugu ve bu artigin bitkinin ¢evredeki Al toksisitesini
tolere etme yetenegini artirmada énemli olabilecegi bildirilmistir
(Burklew ve ark., 2012). Sonu¢ olarak yukarida ifade edilen
miRNA ornekleri degerlendirildiginde bitkilerin g¢esitli gelisim
asamalarinda miRNA’larin diizenleme gorevi aldiklar1 ve Al
stresinin etkisini azaltma ya da ortadan kaldirmada merkezi bir
rol oynadig1 diistiniilmektedir.

2.3. Mangan (Mn)

Cesitli enzimatik reaksiyonlar i¢cin onemli bir bilesen
olan Mangan (Mn), inorganik bir katalizérdir. Mn stresinin
miRNA’larla iligkili c¢aligmalar1 olduk¢a kisithdir. Yapilan
calismalara bakildiginda ise fasiilye (Phaseolus vulgaris)
bitkisinde abiyotik stres altinda (Fe, Mn, P ve N) 68 miRNA’ nin
ifadesi analiz edilmis ve 11 miRNA’nin 200 pM MnCl'ye maruz
kalan bitkinin yapraklarinda veya koklerinde gii¢lii bir sekilde
inhibe edildigi bildirilmistir (Valdés-Lopez ve ark., 2010).

2.4. Arsenik (As)

Arsenik (As), yer kabugunda bol bulunan kanserojen bir
elementtir. Bitkilerde toksik seviyelere kadar birikebilen As
besin zinciri iginde risk olusturmaktadir. Toksisitesinin ylksek
olmasi ve kanserojenligi nedeniyle As'in neden oldugu tarimsal
ve cevresel kontaminasyon kiresel sorun haline gelmistir.
Bitkilerde As alimi ve metabolizmasinda birden fazla
mekanizma yer almaktadir. As elementinin toksik formlari
genellikle As™ ve As™’tir (Abbas ve ark., 2018). As'a maruz
kalan bitkilerde fotosentez hizinda azalma, karbonhidrat
metabolizmasinda bozulma ve ROS firetimi gibi semptomlar
gorulmektedir (Zhou ve ark., 2010; Srivastava ve ark., 2012).
Farkli seviyelerdeki topraklarda As stresine maruz kalan
bitkilerin diizenleyici aglardaki miRNA'larinin rolleri hakkinda
yetersiz bilgi s6z konusudur. Bu agidan As stresi altindaki
miRNA’larin diizenleyici fonksiyonlarinin ortaya c¢ikarilmasi


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/carcinogenicity
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onemli olmustur. Piringte (Oryza sativa) As (100 puM) stresi
altinda 36 farkli miRNA tanimlanmis bunlardan 14 tanesinin
tasima, sinyalleme ve matabolizmada gen ifadesinin
diizenlenmesinde muhtemel gorev aldiklar bildirilmistir (Yu ve
ark., 2012). Benzer sekilde bir bagka ¢alismada 25 uM As
stresine maruz kalan pirin¢ bitkisinin koklerinde 67 yeni
miRNA tespit edilmis ve 54 tanesinin asagi, 13 tanesinin ise
yukari regiile edildigi ve bunlardan miRNA164, miRNA166,
mMIRNA169, miRNA171 ve miRNA319'un oksidatif strese
yanitta ve fotosentetik aktivitede rol oynadigi, miRNA390,
MIRNA396 ve mMIRNA397°nin agir metal stresine yanitta,
miRNA408 ve miRNA528’in ise blylime dizenlemesi ile
hormon sinyallemesinde rol oynadiklar1 raporlanmistir (Liu ve
Zhang, 2012). Elde edilen bu sonuglar yapilan diger ¢alismalar
ile hardal bitkisi (Brassica juncea L.) dogrulanmistir (Srivastava
ve ark., 2012).

2.5. Bakir (Cu)

Bitkiler tarafindan c¢ok ¢esitli fizyolojik aktiviteler igin
zorunlu olan bakir (Cu), ylksek konsantrasyon olmasi
durumunda bitkiler igin zararli olabilmektedir (Paul ve ark.,
2015). Yuksek konsantrasyon Cu, bitkide kok uzamasinin
azalmasi, zar biitiinltiglinlin bozulmasi, fotosentez
fonksiyonunun azalmasi, protein metabolizmasi, kloroplastta
asir1 ROS iiretimi gibi hem fizyolojik hem de biyokimyasal
ozellikleri kisitlar ve toksisite semptomlarini gelistirir (Patsikka
ve ark., 2002; Huang ve ark., 2010). Bakirin en bol bulunan
proteinleri olan bakir/ginko siiperoksit dismutaz (Cu/Zn-SOD),
plastosiyanin (PC) ve sitokrom c oksidaz (COX), fotosentez,
solunum elektron tasinmasi ve oksidatif stresin hafifletilmesi
icin gerekli olan ii¢ bakir proteinlerdir (Marschner, 1995). Cu
iyonlarinin fazlaligi hiicresel redoks durumunda dengesizlik
yaratabilir ve hedefleri esas olarak siiperoksit dismutazlarin
(Cu/Zn-SOD) ve lakkazlarin pozitif diizenlenmesinde rol


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/brassica
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oynayan miRNA397, miRNA398 ve miRNA408 dahil olmak
uzere ROS temizleme islemini tetikleyerek hiicre icerisindeki
mevcut Cu iyonlarmi azaltir. Cu stresi altinda miRNA’lar
Arabidopsis thaliana'da ve Triticum aestivum'da tanimlanmistir
(Aguirre ve Pilon, 2016; Pilon, 2017; Araki ve ark., 2018).
Bugiine kadar yapilan caligmalar Cu stresiyle basa ¢ikmada
miRNA’larin rollerini isaret etmektedir. Arabidopsis thaliana'da
100 uM vyiiksek Cu stresinde miRNA398’in gen ifadesinin asagi
regiile oldugu ve bu durumun CSD1ve CSD2 mRNA
seviyelerinin induklenmesi igin 6nemli olabilecegi bildirilmistir
(Sunkar ve ark., 2006; Yamasaki ve ark., 2007; Abdel-Ghany ve
ark., 2008). Arabidopsis thaliana bitkisiyle yapilan bir baska
calismada Cu kaynakli oksidatif strese karsi yanit olarak
tanimlanan MIRNA395’in yukar1 regiile oldugu bildirilmistir
(Jagadeeswaran ve ark., 2014). Bir sakayik tiirii olan Paeonia
ostii fidelerine uygulanan 100 uM Cu stresinde 18 yeni ve 12
korunmus miRNA’larin tanimlandig: bildirilmistir (Jin ve ark.,
2015). Cu eksikligine yanit olarak promotor bolgesindeki GTAC
motifleri gereklidir. Ornegin; yesil alg cinsi Chlamydomonas'ta,
Cu'ya yanit veren diizenleyici squamosa promotdr baglayici
protein benzeri 7'nin (1SPL7) homolog bir TF'si, Cu eksikligine
tepki icin zorunludur. Bu SPL7, miRNA398 promotorinde
GTAC motiflerine baglanir ve gen aktivasyonuyla sonuclanir.
Ayrica, SPL7, Cu ile iligkili baz1 diger miRNA'larin, 6rnegin;
mMIRNA857'nin ekspresyon duzenlemesi igin de gereklidir
(Kropat ve ark., 2005; Yamasaki ve ark., 2009). Bu caligsmalar,
miRNA398’in Cu'ya duyarli miRNA'larin transkripsiyonel
duzenlenmesinde SPL7'nin  6nemini gostermektedir. Aym
sekilde Arabidopsis thaliana ile yapilan farkli bir ¢alismada
miRNA408’in direkt promotorle etkilesime girerek
SPL7 ve HY5 tarafindan transkripsiyonel olarak diizenlendigi
raporlanmistir (Zhang ve ark., 2014). Sonug olarak elde edilen
bu bulgular, miRNA'larin bitkilerin Cu proteinlerinin ifadesini


https://www.sciencedirect.com/science/article/pii/S0098847220303956?casa_token=p1gYUGcG2yQAAAAA:oGMZ88PV2vKOmyxmgJ_XQXPxFeJOX7_xekzEHqYVosGOKH3gccKmP7pEd65ObZtIKAZx9da2bUc#bib0025
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ve baglantili gelismeleri senkronize etmesini kolaylastirmasina
imkan saglayabilecegini 6ne ¢ikarmaktadir.

3. SONUC

Farkli tiirlerdeki bitkilerde gesitli metal stresine yanitta
yer alan ¢ok sayida miRNA’lar belirlenmig, ancak bu
miRNA'larin ¢ogu derinlemesine incelenmedigi icin belirli
islevleri hala tam olarak aydinlatilamamstir. Onceki yapilan
calismalar ve elde edilen bulgular dikkate alindiginda bir¢ok
miRNA’nin hedef geninin transkripsiyon faktorleri ve enzimler
oldugu, bu durum da metal stres tepkisinin diizenleyici aginda
miRNA’larin 6nemli rollerinin oldugunu gostermektedir. Bir
miRNA’nin birden fazla hedef geninin olabilecegi gibi bir genin
de birden fazla miRNA tarafindan diizenlenebilecegi ve bu
durum miRNA’lar ile hedef genler arasindaki iliskinin birlikte
analiz edilmesi gerektigi vurgusunu One cikarmaktadir. Farkli
bitkilerde tiim miRNA’larin hedefleri korunmamakta ve bu
nedenle farkli bitki tiirlerinde miRNA hedeflerinin arastirilmasi
ve dogrulanmasi gerekmektedir. Ayrica duzenleyici o6zelligi
bulunan miRNA’larin ve mekanizmalarinin iyi derecede
anlasilmasi bitkilerin metal stresine karsi toleransinin islevsel
olarak iyilestirilmesine yardimei olacaktir. Son olarak bitkide
metal stresi tepkisini dizenlemede rol oynayan daha fazla
miRNA’nin tanimlanmasi ve islevlerinin arastirilmasi, bitkilerin
metal stresine karst direncinin iyilestirilmesine imkan
saglayacaktir.
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ANALYSIS OF SOME miRNA’s EFFECTS ON
ANOIKIS RESISTANCE IN SEVERAL CANCER
CELLS UNDER SUSPENSION CONDITIONS

Muzaffer DUKEL!

1. INTRODUCTION

Anoikis resistance represents a critical mechanism that
facilitates the survival of metastatic cells following detachment
from the extracellular matrix (ECM) and subsequent entry into
the bloodstream. Upon acquiring this capability, carcinoma cells
can disseminate to distant tissues and establish secondary
colonies, thereby driving metastatic progression (Gilmore, 2005;
Guadamillas, Cerezo, & Del Pozo, 2011). Lung, colon, breast,
and prostate cancers are the most common cancer types for both
sexes worldwide, cause more than 3.5 million deaths each year
(Bray et al., 2024). Numerous studies have shown that metastases
in tumors are responsible for majority of cancer-related deaths
(Dillekas, Rogers, & Straume, 2019). MicroRNAs (miRNAs) are
small, non-coding RNA molecules that have been enormously
investigated in various cancer, including colon, lung, breast, and
prostate cancers, and are involved in the regulation of oncogenes
and tumor suppressor genes (Y. Shi et al., 2021; Uzuner, Ulu,
Gdrler, & Baran, 2022). Several groups have been documented
miRNAs play significant regulatory roles in carcinogenesis as
both oncogenes and tumor suppressors (Ahmad et al., 2013).
Additionally, miRNAs were investigated for future applications
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in cancer therapy and as a marker for cancer diagnosis and
prognosis (Schoof, Botelho, Izzotti, & Vasques, 2012). There are
numerous studies on the roles of non-coding RNAs, including
miRNAs, in the regulation of anoikis. These studies have
demonstrated the mechanisms by which miRNAs regulate anoikis
resistance and induce anoikis in various cancer cell (Lee, Son,
Moeng, Choi, & Park, 2021). However, there is limited
information on the changes in miRNAs during the long-term
suspension growth phase of cells and their effects on colony-
forming properties. In this study, the expression levels of 7
different miRNAs, that oncogenic or tumor suppressor properties
have been identified in various cancers, were investigated in lung,
colon, breast, ovarium and prostate cancer cells during
suspension growth. Our findings indicate that miR-145 is
downregulated in metastatic cancer cells during suspension
growth, and restoration of miR-145 results in increased anoikis
sensitivity in cancer cells.

2. MATERIAL AND METHODS
2.1. Cell Culture and maintenance

CCD-18Co, LoVo, MDA-MB-231, MCF-10A,
HOSEpIC, SK-OV-3, A459, PC-3 cell lines were kindly provided
by Prof. Dr Hulya Ayar Kayali. RWPE-1 (ATCC CRL-3607),
NL-20 (ATCC CRL-2503) were obtained obtained from the
American Type Culture Collection (ATCC). LoVo, MDA-MB-
231, A459, RWPE-1, and NL-20 cell lines were cultured in RPMI
medium (Gibco), and CCD-18Co, SK-OV-3, MCF-10A, PC-3,
and HOSEpiC were cultured in DMEM (Sigma) supplemented
with 1% penicillin/streptomycin (Corning), 10% FBS (FCS; Life
Technologies). All lines were maintained in a carbon dioxide
(CO2) incubator, with humidity set at 95% at 37 °C under sterile
conditions.
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2.2. Cell Viability Assay

Cell viability of studied cell lines upon anoikis was
measured via Resazurin (Alfa Aesar, B21187) according to
manufacturers’ protocol. For Resazurin assay, approximately
2000 cells/well were seeded into normal and poly-HEMA coated
96-well plates for up to 8 days. After indicated incubation, 10 pL
of 1x Resazurin added to each week and plates were incubated at
37 °C for 3 h. Cell viability was measured by spectrophotometry
at 570 nm using a Biotek Epoch microplate reader.

2.3. Anoikis Assay

To assess level of anchorage-independent growth induced
cell death, we prepared 10 mg/ml polyHEMA solution in 95%
ethanol. 6-well plates were coated with 0.5 mL of 10 mg/mL
poly-HEMA solution and plates were allowed to dry overnight as
partially covered in a laminar flow tissue culture hood. The plates
were washed twice with PBS to remove residual ethanol. All cell
lines were harvested and seeded into poly-Hema coated plates at
a density of 1 x 10° per cm2. Each cell line was cultured at both
normal and low attachment plates up to 8 days in either RPMI or
DMEM medium and then cells transferred to normal plates. After
indicated incubation time, viable cells were counted either with
cell viability assay or with trypan blue staining.

2.4. RNA Extraction and Quantification of Mature
mMiRNASs

Total RNA from cell lines for gqRT-PCR was isolated
using miRVana miRNA Isolation Kit (Foster City, CA, USA)
following the manufacturer's instructions. Complementary DNA
(cDNA) was synthesized according to the manufacturer’s
instructions Mir-X™ miRNA First-Strand Synthesis Kit (Takara,
JAPAN). To determine expression levels of target miRNAs, we
performed real-time RT-PCR analyses performed using either
SYBR™ Select Master Mix (Thermo Fisher Scientific) or TB
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Green™ Premix Ex Tag™ Il (Takara) following manufacturer's
manual. Target miRNAs expressions in studied cell lines were
normalized using U6 as the internal standard, and fold changes in
transcript abundance were calculated by the 2722t method (Livak
& Schmittgen, 2001). The relevant primer sequences are listed
in Table 1.Q-PCR reactions were performed with ROCHE
LIGHTCYCLER 480 1l 96 , the reaction conditions were as
follows: 95 »C for 30 s, 95 °C for 5 s, and 60 °C for 34 s (1 cycle),
totally 40 cycles.

Table 1. Oligonucleotide primers used in this study

miRNAs Sequence Ref

has-miR- (Kim, Yoo, Lee, Choi,
200c ATAATACTGCCGGGTAATGATGGA & Yoon, 2017)
has-miR-10a | CTGTAGATCCGAATTTGTGA (Zheng et al., 2020)
ggz'_’;‘;f‘ TGACCGATTTCTCCTGGTGTTC (Yeetal., 2018)
hsa-miR- (S. Yu, Wang, Zhang,
145 CGGTCCAGTTTTCCCAGGA Guo, & Qin, 2024)
2;3'_?;)R' AGCAGCAATTCATGTTTTG (DU et al., 2025)
hsa-miR- (Qiu, Qi, & Wang,
204-5p CGAAGTTCCCTTTGTCATCCT 2022)

hsa-miR- (He, Zhao, Wang, Ren,
125b-5p TCCCTGAGACCCTAACTTGTGA & Han, 2025)

hsa-U6 TCGTGAAGCGTTCCATATTTTTAA | (Zheng et al., 2020)

2.5. miR-145 Transfection

To target miR-145, we purchased miR-145 (miRNA
mimic) or scrambled negative control from Ambion (Austin, TX,
USA). Studied cell lines were trypsinized and seeded in 6-well
plates at density 2x10° cells/well. Each cell line was then
transfected with 50 nM miRNA mimic or negative control using
the Lipofectamine 2000 (Invitrogen) in serum free RPMI for 20
minutes. Cells were incubated at 37°C for 24 h before
replacement of medium. This procedure was continuously
performed to generate cells used for further experiments.
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2.6. Western Blot Analysis

After suspension growth, cells were lysed using RIPA
buffer (Thermo Fisher Scientific, Inc.), containing proteinase and
phosphatase inhibitor cocktails (Sigma-Aldrich; Merck KGaA)
on ice. The lysates were centrifuged at 12,000 x g, for 10 min at
4°C according to the manufacturer's instructions. Protein
concentration was determined using a bicinchoninic acid protein
(BCA) assay (Thermo Fisher Scientific, Inc.). A total of 40 pg of
protein were resolved wusing sodium dodecyl sulfate-
polyacrylamide gel (Bio-Rad, Hercules, CA, USA)
electrophoresis  (SDS-PAGE) and then transferred to
nitrocellulose membranes (Millipore, USA) that were then
blocked with 5% skimmed milk powder for 2 hours to block
nonspecific binding. Subsequently, the blots were immunoblotted
with indicated primary antibodies either at 4 °C overnight or at
room temperature 1 h. The primary antibodies used in our study
were listen in table 2. After washing 3 times with TBST for 15
min, the membranes were incubated with corresponding
horseradish peroxidase (HRP)-conjugated secondary antibodies
at a dilution of 1:1000 for 1 h at room temperature. The protein
bands were visualized using chemiluminescence imaging system.
Both anti-GAPDH and anti-p-actin antibody as a protein loading
control were used. All experiments were performed in triplicate,
and results were quantified with ImageJ software.

2.7. Annexin V

To assess apoptosis following miR-145 restoration or
knockdown, Annexin V-FITC/Propidium lodide (PI) staining
was performed using the Annexin V-FITC Apoptosis Detection
Kit (BioLegend, BD Biosciences,) according to the
manufacturer’s instructions. LoVo, CCD-18Co, MDA-MB-231
and MCF-10A cells were transfected with miR-145 mimics,
inhibitors, or appropriate negative controls using Lipofectamine
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RNAIMAX (Thermo Fisher Scientific) and incubated for up to 8
days both under attached and suspension cultured. Cells were
washed twice with cold phosphate-buffered saline (PBS) and
resuspended in 1x Annexin V binding buffer at a concentration
of 1 x 10¢ cells/mL. A total of 100 pL of cell suspension was
incubated with 5 pL of Annexin V-FITC and 5 pL of PI for 15
minutes at room temperature in the dark. Samples were then
diluted with 400 puL of binding buffer and analyzed immediately
by flow cytometry. Data were analyzed using FlowJo software.

2.8. Statistical analyses

All statistical analyses were performed using SPSS
(version 17.0; (SPSS, Inc., Chicago, IL, USA) and data are
expressed as mean * standard deviation of at least three biological
replicas. To analyse differences between two groups for miRNA
expressions, we used unpaired Student’s t-test. Comparisons of
multiple groups were analyzed using the ANOVA followed by
Dunnett’s test. P<0.05 was considered to indicate a statistically
significant difference.

3. RESULTS

3.1. Lung, Colon, Breast, Ovarian and Prostate
Cancer Cells Present Different Levels Anoikis
Resistance Compared to Normal Cells

In the present study, we first investigated the anoikis
resistance abilities of several cancer cells comparing to normal
cells. We selected five different metastatic cancer cells, such as
LoVo, MDA-MB-231, SK-OV-3, A459, PC-3, that can spread
from their tissue of origin to a different tissue. We also cultured
CCD-18Co, MCF-10A, HOSEpiC, RWPE-1, and NL-20 normal
cell lines for each cancer type. Lung, colon, breast, ovarian and
prostate cancer cells cancer cells and normal cells were cultured
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normal and poly-HEMA coated plates up to 8 days. After
incubation times, death and living cells were counted with both
trypan blue and cell viability were determined using Resazurin.
Our finding showed that all metastatic cells are resistance to
anoikis for 8-day anchorage independent culture. MDA-MB-231
breast cancer cell line exerts the highest survival (94%) and
anoikis resistance in all studied cancer cell types. On the other
hand, ovarian cancer cell line SK-OV-3 present anoikis resistance
but lower survival (82%) compared to other cancer cells. As
expected, CCD-18Co, MCF-10A, HOSEpiC, RWPE-1, and NL-
20 normal cell lines are not resistant to anoikis. Interestingly,
CCD-18Co exert highest survival rate (19%) for 8-days
suspension growth. In addition, our data indicates that LoVo,
A549, and PC-3 cell lines present anoikis resistance at 93, 87,4
and 88,8 % survival rate upon to 8 days under suspension (Fig.
1). We also confirmed whether suspension growth induce
apoptosis via western blot analysis.

.....
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Figure 1. Cancer cells exist variable levels of anoikis resistance at time
dependent manner. To test anoikis resistance, we prepared Poly-HEMA-
coated plates, and all the cell lines were cultured in those plates for up to

8 days. We examined cell viability via Resazurin. A) LoVo, B) CCD-
18Co, C) MDA-MB-231, D) MCF-10A, E) A459, F) NL-20, G) SKOV-3,
H) HOSEpIC, 1) PC-3 and J) RWPE-1 cell viability results are expressed
as mean s.d (representative data from three independent experiments)

(n=3).
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Figure 2. Apoptotic marker protein levels in studied cancer and normal
cell lines during anoikis induction A) Levels of pro-apoptotic proteins
were assayed by immunoblotting. Total proteins were extracted using

RIPA buffer, quantified via spectrophotometric protein assay, and
subjected to SDS-PAGE gel electrophoresis. Nitrocellulose membranes
were probed with antibodies against Bcl-2, Bid, Bax, Cleaved Caspase-7,
and GAPDH (used as a loading control). Error bars = SD. Statistical
significance was determined using Student’s t-test: ns = not significant;
*p < 0.05; **p < 0.01; ***p < 0.001.

Immunoblot bands confirm that cancer cells exist anoikis
resistance, with no important apoptotic protein alteration, while
under 8-days suspension growth in normal and sensitive cell lines
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induced apoptotic marker proteins such as Cleaved Caspase-7,
Bax and Bid. (Fig 2).

3.2. Expression levels of listed miRNA response to
anchorage independent growth in studied cell lines

Numerous studies indicated miRNA can both promote or
inhibit anoikis in cancer cells such as lung, colon, breast, ovarian
and prostate (Malagobadan & Nagoor, 2015; T. Shi, Zhang, &
Xia, 2022). Next, we selected seven miRNA, including miR-
200c, miR-10a, miR-30a-5p, miR-145, miR-424-5p, miR-204-
5p, and miR-125b-5p that associated with anoikis resistance for
different cancer cells and evaluated expression levels of these
miRNAS response suspension growth LoVo, MDA-MB-231, SK-
OV-3, A459, PC-3 and normal cell lines by qRT-PCR. Our
findings show that only alteration of miRNA-145 correlates
anoikis resistance and miRNA-145 is downregulated in all
studied cancer cell lines compared to normal cell lines. More
importantly, we observed that expression of miR-145 is
downregulated response to suspension growth for all cancer cell
lines, but not in normal cell lines. Of note, there was no consistent
correlation between anoikis resistance and expressions levels of
other studied miRNA across the cancer cells (Fig. 3A).

For example, our data demonstrated that miR-10a
expression was decreased in ovarian, colon and breast cancer
cells, whereas it was overexpressed lung and prostate cancer cells.
In addition, miR-10a was upregulated in response to anchorage
independent growth only in lung cancer cell but not other cancer
cell lines examined (Fig. 3B). Furthermore, we found out that
miR-30a-5p is downregulated in ovarian and lung cancer cells in
response to suspension growth (~2-fold) compared to attached
cells. However, no significant changes were observed in other
studied cancer cells under either adherent or suspension culture
conditions (Fig. 3C).Moreover, we observed that expression of
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miR-200c decreased in breast and ovarian cancer cell lines
compared to normal cells but miR-200c level was stable response
to suspension growth compared to adherent cells for all studied
cell lines (Fig. 3D).

Additionally, our results demonstrated that miR-424-5p
sharply increased in prostate cancer cells (PC-3) compared to
normal prostate epithelial cells (RWPE-1) and it was upregulated
in response to suspension growth. Conversely, miR-424-5p was
downregulated in both breast cancer and ovarian cancer cells but
no statistically important alteration in both cell lines under
suspension compared to adherent conditions, Moreover, we
observed modest increase in colon cancer cells compared to
normal cells in both adherent and suspension culture, On the other
hand, miR-424-5p expression was stable for other studied cell
lines in response to anchorage-independent growth (Fig. 3E).

We observed that the expression of miRNA-204-5p is
reduced in colon, breast, and lung cancer cells, but remains
unchanged under anchorage-independent growth conditions
compared to adherent cells. In ovarian and prostate cancer cells,
the expression of miIRNA-204-5p has been found to increase
slightly but significantly; however, the level of this miRNA in
anchorage-independent cells did not differ from that in normal
culture (Fig. 3F).Finally, we observed no important alteration
expression of miR-125b-5p in all cancer cells under either
adherent or suspension culture compared to normal cells (Fig.
3F).
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Figure 3. miRNA abundance in cancer and normal cell lines
under normal and suspension culture. All cell lines were cultured
under standard tissue culture conditions. For all cell lines, we
counted and then harvested 1x10° cells. RNA was isolated from
both attached and suspended culture following 8-day culture.
RNA concentrations were determined by spectrophotometry.
Abundance levels of A) miR-145 B) miR-10a, C) miR-30a-5p, D)
mMiR-200c, E) miR-424-5p, F) miR-204-5p, and G) miR-125b-5p
were analyzed by gqRT-PCR. Error bars = SD; indicates n.s
P>0.05, *P < 0.05, **P < 0.01, *** P<0.001 Student’s t-test).
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3.3. Restoration and knockdown of miR-145 reverse
Anoikis resistance in Cancer and Normal Cells

As we observed that downregulated miRNA-145
correlated anoikis resistance in cancer cells, we aimed to examine
whether restoration or knockdown of miRNA-145 is related to
anoikis resistance. To test this, we used miRNA-145 mimic and
mimic control in anoikis resistance cancer and sensitive cell lines.
First, cells were transfected with miRNA-145 mimic and mimic
control, then cells were cultured in suspension for 8 days.
Restoration studies were performed in MDA-MB-231 and LoVo
cells. We also used miRNA-145 knockdown mimic for CCD-
18Co and MF-10A cell lines. To test both restoration and
knockdown of miRNA-145 using Q-PCR assays. Our findings
indicate around 2-fold restoration for both LoVo and MDA-MB-
231 cells. Additionally, we scored over 60% knockdown in
miRNA-145 abundance for sensitive cell lines (Fig. 4A, B). We
observed reduction in cell viability both MDA-MB-231and LoVo
cells both adherent and suspension culture. Importantly, our
findings indicate that restoration of miRNA-145 sensitizes MDA-
MB-231 and LoVo cells to anoikis under suspension culture. On
the other hand, for sensitive cell lines, we found that both
knockdowns of miRNA-145 induce cell viability of CCD-18Co
and MF-10A under suspension conditions (Fig. 4C). In addition,
Annexin V assay showed the restoration of miRNA-145
significantly induced early apoptosis in suspension growth cells,
whereas no significant difference was observed within control
groups cells cultured under adherent conditions (Fig 4D).
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Fig 4. miR-145 reverse Anoikis resistance in Cancer and Normal
Cells. CCD-18Co, LoVo, MDA-MB-231 and MCF-10A cells were
transfected with miR-145 mimic (knockdown or restoration) and
control, then total RNA was isolated using Trizol. miR-145 abundance
for both restoration A) and knockdown B) presented as mean from three
different experiments. C) Effects of restoration and knockdown of miR-
145 on cell viability were measured after 8 days using a microplate
reader. All cells were cultured both under suspension and attached
conditions for 8 days and then cell viability were determined with
resazurin. D) Early apoptotic cells were defined as Annexin V*/PI", and
late apoptotic or necrotic cells as Annexin V*/PI*. All experiments were
performed in triplicate, and results were presented as the percentage of
apoptotic cells relative to total cell population. Data represent mean +
SD; significance (Student's t-test): n.s P> 0.05, *P < 0.05, **P < 0.01,
***p < 0.001 as determined by Student’s T-test.
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4. DISCUSSION

Anoikis resistance is a vital step of carcinomas metastasis
that enables cancer cells to survive in the bloodstream and spread
to distant organs (Guadamillas et al., 2011). In numerous studies,
investigators have demonstrated that both the over-expression
and the decreased expression of miRNAs play pivotal roles in
anoikis resistance and cancer metastasis (Malagobadan &
Nagoor, 2015). In this study, we first investigated the expression
levels of seven different miRNAs—including miR-200c, miR-
10a, miR-30a-5p, miR-145, miR-424-5p, miR-204-5p, and miR-
125b-5p in five different cancer cell lines under both suspension
and adherent culture conditions. In the literature, there are several
reports regarding the expression of the miRNAs selected in this
study. For example, investigators observed that miR-10a is down
regulated in breast (Ke & Lou, 2017), colon (Y. Liu et al., 2017)
and ovarian (L. Liu, Sun, Yang, & Zou, 2021) but upregulated in
lung (T. Yu et al., 2015), and prostate (Mu et al., 2019) cancer
cells. Consistently, our findings demonstrated that expression of
miR-10a was suppressed in breast and ovarian cancer cells
compared to normal cells. lung and prostate cancer cells strongly
express miR-10a. We have not observed any alteration on miR-
10a expression in response to anchorage independent growth in
any studied cell line while Liu et al. found that miR-10a
suppresses anoikis in colorectal cancer cells (Y. Liu et al., 2017).

In addition, miR-30a-5p present tumor suppressor effects
for lung (Yang et al., 2021), breast (W. Wang et al., 2024),
prostate (Zhang et al., 2024) and colon (D. Yu et al., 2021) cancer
cells but overexpressed and exist oncogenic effect in ovarian
cancer cells (J. Liu et al., 2016). Our findings demonstrate that all
examined cell lines, except for SKOV-3 (ovarian cancer cell line),
exhibited statistically comparable expression levels of miR-30a-
5p. Notably, the SKOV-3 and A459 cell lines exhibit significantly
decreased miR-30a-5p expression under suspension culture
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conditions, while no such difference was observed in the other
cell lines. These cell lines-specific upregulation suggests a
potential oncogenic role for miR-30a-5p in ovarian cancer and
lung cancer. Consistent with our findings, recent reports have
documented that miR-30a-5p are downregulated in both ovarian
(L. Wang, Zhao, & Yu, 2019) and lung (Qin, Gu, Guo, Wang, &
Pu, 2023) cancer cells.

Moreover, miR-424-5p has been shown to promote
anoikis resistance in thyroid cancer (X. Liu et al., 2019). In our
study, we found that miR-424-5p is significantly upregulated in
suspension-grown prostate cancer cells compared to adherent
cells suggesting it can stimulate anoikis resistance. In earlier
reports, investigators showed that miR-200c affects anoikis
resistance in both breast (Howe, Cochrane, & Richer, 2011) and
endometrial (Kozak, Wdowiak, Maciejewski, & Torres, 2019)
cancer cells. In contrast, subsequent research has established that
miR-200c  enhances anoikis sensitivity while being
downregulated in breast (Howe, Cochrane, Cittelly, & Richer,
2012) and ovarian (Cittelly et al., 2012) cancer cells. In addition,
Yu et al. has demonstrated that miR-200a, a member of the miR-
200 family, strongly promotes anoikis resistance in breast cancer
cells (S.-J. Yu et al., 2013). Interestingly, our data indicate no
significant correlation in lung, colon and prostate cancer during
anoikis induction. Additionally, we observed important
correlation between anoikis and miR-200c expression for breast
and ovarian cancer cells compared to normal cells under
suspension culture.

A recently published review has suggested that miRNA-
204-5p generally as a tumor suppressor Furthermore, consistent
with the findings of our study, the expression of miRNA-204-5p
has been shown to be reduced in colon, breast, and lung cancers
(F. Yang, Bian, Xu, Sun, & Huang, 2023). In this study, we
observed for the first time that the expression of miRNA-204-5p
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does not change in anchorage-independent cells. Earlier reports
have also confirmed that miR-204-5p inhibits metastatic
characteristics for both colon (Yin et al., 2014) and breast (Hong
et al., 2019) cancer.

Numerous studies have demonstrated that miR-145 is
downregulated in cancer cells, including lung (Cho, Chow, & Au,
2009), breast (Moradi, Mohajerani, & Sadeghizadeh, 2022),
colon (Li et al., 2022), ovarian (Dong et al., 2014), and prostate
cancers (Xu, Chang, Du, & Hou, 2017). These findings suggest
miR-145 as a tumor suppressor gene in these cancer types.
Consistently, we observed significantly decrease in miR-145
expression in all studied cell lines. More importantly, in present
study, our finding revealed that miR-145 is downregulated in
lung, breast, colon, ovarian and prostate cancer cell lines and
upregulated response to anchorage independent growth. Taken
together, this study is the first to demonstrate that miR-145 is
important for anoikis resistance in the most commonly observed
cancer types, including colon, breast, ovarian, lung, and prostate
cancers
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IN VITRO MODELLER: 3 BOYUTLU HUCRE
KULTURU TEKNIKLERINE YAKLASIMLAR

Cesur KIRMANOGLU!

1. GIRIS

Hiicre kiltiiri; doku ve organlart bir araya getiren
hlcrelerin biyomolekiiler sistemlerinin nasil ¢alistigi ve bu
sistemlerin  hastaliklara nasil evrildigini arastirilmasinda
vazgecilmez bir yontemdir(Duval et al., 2017). Hicre kiltird ilk
kez 20. Yiizyilda hayvan hiicrelerine uygulanmis bir tekniktir, bu
teknik in vitro da hiicrelerin davranisin1 gézlemlemek amaciyla
gelistirilmistir(Thorpe, 2007). Hiicre kiltiiri teknigi ilk olarak
hayvan hiicrelerinde tavuk embriyosunu kisa siireli korumak
amactyla olusturulan 1lik salin kullanilmasi ile gelistirilen, doku
kaltura prensibine dayanan bir tekniktir(Hudu, 2016). Hicre
kiiltiiri  ¢aligmalart degisik hiicre hatlarmin  kiiltiire edilip
gelistirilmesi ile hiicrelerdeki biiylime faktorleri, gelisim
stiregleri, farkll hiicre tiplerinin normal ¢alisma mekanizmalari,
hiicresel farklilasma, hiicre- hiicre, hilcre- matriks iliskisi,
olusturulan hastalik modellerinde ila¢ etken maddelerinin
molekiiler etkileri gibi bir¢ok caligmaya katk1
sunmaktadir(Kocganci, Ad, & Ad, 2019). Hucre kultiri spesifik
bir alanda degil endiistri, rejeneratif tip, miithendislik gibi bir¢cok
alanda uygulamalari kullanilmaktadir(Duval et al., 2017). Hicre
ve doku diizenlemeleri ile ilgili ¢aligmalar, in vivo hiicresel mikro
cevrelerini olusturamayan 2 Boyutlu (2B) hiicre kiiltiirii ile

L Ogr. Gér., Ordu Universitesi, Akkus Meslek Yiiksekokulu, Ormancilik Boliimii,
cesurkrmnoglu@gmail.com ORCID: 0000-0002-5378-8570.
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olusturulan hiicre modelleri arastirmalarina dayanmaktadir(Huh,
Hamilton, & Ingber, 2011).

2B hicre kaltdrd in vitro’da hiicreleri gelistirmek,
biiyiitmek, siirdiirebilir olarak uygulanan yaygin bir tekniktir.
Hiicrelerin yasamini siirdiirmesi ve biiyiimesi i¢in besin agisindan
zengin, gerekli metabolitleri iceren bir besi yeri ile kontrol
edilebilen ortamlardir. Calisilmak istenen hiicre hatlarinin
durumuna bagh olarak, uygulanacak parametreler ve biiylime
faktorleri hiicre tipine gore degiskenlik gosterir. 2B hiicre kiiltiiri
yara iyilesmesi (¢izik) trans-well migrasyon tahlilleri hiicre
isleyisi hakkinda o6nemli katkilar saglamaktadir(Feng et al.,
2025). Dokularin islevini, olusumunu ve patofizyolojilerini
tamamen anlamak i¢in, hiicrelerin ve dokularin, 3 Boyutlu (3B)
yapilari, mekanik ve biyokimyasal oOzellikleri mikro
cevrelerindeki davranislarini incelemek 6nemlidir. 2B kiiltiirlerde
hiicrelerde farklilagmalar olabilir ve bu farklilagsmis yapilar
islevsel olarak devamliligi saglayamazlar. 2B hicre kiltlrd
modellerindeki sinirlamalart ve sorunlarin iistesinden gelmek
icin, hiicre dig1 matris (ECM) jelleri kullanilarak 3B hiicre kiiltiirt
modellerinin gelistirilmesine yol a¢mustir(Huh et al., 2011).
Petersen ve Bissell 1992 yilinda ilk defa 3B hiicre kiiltiirii
modelini normal meme hicrelerinde ve kanserli meme
hicrelerini taklit ederek organo tipik 3B hiicre modelleri
uygulanmistir. Bu 3B hiicre kiiltiiri modelleri dokularin ve
sistemlerin fizyolojik bircok 6zelliklerini ve yasam kosullarini
taklit etmesine ek olarak; ilerleyen yillarda klinikte yeni tedavi
teknikleri gelistirilmesine katki sunacaktir(Habanjar, Diab-Assaf,
Caldefie-Chezet, & Delort, 2021). Tumor hicrelerinin 3B
ortamin1 yapisal ve islevsel olarak 2B hiicre kiiltiirleri dogru
temsil etmez. 2B hiicre kiiltiirleri 3B hiicre kiiltiirleri ile yapis1 ve
organizasyonu farklhidir, bu fark hiicrelerin davranis, ilag
tepkilerini degistirebilir. Bu karmasik degisken durumu
laboratuvar ortaminda olusturarak, farkli kanser hiicre hatlarinin

44



Akademik Perspektiften Molekiiler Bivoloji ve Genetik

3B hiicre kiiltiirii modelleri (in vitro) kanser arastirmalarinda ve
ilag uygulamalarinda 6nemli bilgiler sunmaktadir.(Abuwatfa,
Pitt, & Husseini, 2024) Timoér olusumu mikro ¢evredeki
degisikliklerle dogrudan iligkilidir. Bu degisiklikler tiimor
hiicresinde etkileri incelemek ic¢in 3B hiicre kiiltiirii teknigi ile
incelemek gercege yakin bir sonug verecektir(Debnath & Brugge,
2005). 2B modeller, hicre-hicre ve hiicre-matris etkilesimlerini
incelemek icin yetersiz kalirken, 3B kiiltiirler bu etkilesimleri
daha iyi taklit eder ve kanser ilaci kesfinde 6nemli bir rol oynar.
Kdltarlerdesi testlerde, kanser ilaglarinin etkinligi genellikle 2B
kiiltiirlerde test edilir, ancak bu ilaglar in vivo da uygulandiginda
tutarsiz sonuclar ortaya ¢ikabilir. Bu tutarsiz durum, tiimorlerin
3B dogasimi taklit eden in vitro modellerin eksikliginden
kaynaklanabilir. Bu nedenle, kanser hiicrelerinin 3B buyimesini
destekleyen polimerik mikro yapilar gelistirilmistir(Horning et
al., 2008). Klinik Oncesi aragtirmalar, translasyonel kanser
arastirmalarinda yaygin olarak 2B hiicre kiiltiirleri ve hayvan
modellemelerine dayanir. Bu teknikler, erisilebilirlikleri,
uygun maliyetleri ve yuksek verimli toksisite ve ilag tarama
testleri icin uygun olmalar1 nedeniyle tercih edilir. Ancak, 2B
hiicre kiiltiirleri, in vivo hiicresel mimari ve etkilesimleri tam
yansitmaz. Hasta kaynakli timér ksenogreftleri (PDX),
timorlerin - hiicresel karmasikligini  ve heterojenligini
koruyabilir, fakat zay1f implantasyon oranlari, uzun bagisiklik
yeniden yapilandirma siiregleri, yiiksek maliyet ve uzun
uretim sureleri gibi dezavantajlara sahiptir(Nayak, Bentivoglio,
Varani, & Signore, 2023). Tuimoér mikro gevresi (TME), deki
degisimler tiimor olusumunda ana kriterlerden biridir. Bu
degisimler kanser hiicresinde sinyallerin modiiliinii belirlemek
i¢in, tasarlanan 3B kiiltiirler kullanilabilmektedir(Fischbach et al.,
2009). TME, tiimor biiyiimesi ve ilerlemesi i¢in kritik degerdedir.
TME' nin biyokimyasal ve fiziksel 6zellikleri, kanser hiicrelerinin
cogalmasi, metastazi ve istilasi i¢in gereklidir. Bu nedenle, koti
huylu hiicrelerin endotel hiicreleri, bagisiklik hiicreleri,
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makrofajlar ve fibroblastlar gibi tiimoérle iliskili destekleyici
hiicrelerle nasil etkilesime girdigini anlamak 6nemlidir(Nayak et
al., 2023). Ilaglarin hastaliklar iizerine etkisi ve toksik
durumlarinin belirlenmesi hastaligi tedavi etmede ve yeni
ilaclarin kesfinde ve gelisiminde 6nemlidir. insanlarda en
dogrusu test yapmaktir fakat teknik ve etik kisitlamalar
vardir(Park, Huh, & Kang, 2021). Hicre Kkalturd
calismalarinda potansiyel yeni ilaglarin maliyeti uygun olmasi
ve kanser gibi siirenin 6nemli oldugu bircok hastaligin
tedavisinin verimli O6nemlidir. Klinik ¢aligmalara giren
ilaglarin yalnizca %12’ sinin insan kullanomina onay
verilmektedir. Hiicre kiiltiirii ¢calismalarimin ne kadar énemli
oldugunu gostermektedir (Paul et al., 2010)(Prestwich, 2008).

2. 3BOYUTLU (3B) HUCRE KULTURU
TEKNIKLERI

3B hiicre kiiltiirleri iki ana sinmifta kategorize edilir. Iskele
tabanli 3B hiicre kiiltiirleri (hidrojeller), iskele bazli olmayan 3B
kilturleridir(Costa et al., 2016). Tiimor 6zelinde tek katmanli
hiicre kiiltiirler, timdr mikro ¢evresinde bulunan yapilar1 ve 3B
organizasyon yapisini saglayamaz ve ila¢ direncini taklit edemez.
Bu yoniiyle terapdtiklerin biyolojik performansinin yanlis
degerlendirmesi nedeniyle arastirmacilar in vivo da tumor
ozelliklerine yakin preklinik asamada yeni tedavilerin gelisimine
olanak sunan in vitro 3B hicre kdltir sistemleri
gelistirmektedirler(Breslin - & O’Driscoll, 2013) (Tredan,
Galmarini, Patel, & Tannock, 2007) (Costa et al., 2016).

2.1. Organoidler

Organoidler; hayvansal organlarin yapilarini taklit eder ve
3B Kkiiltiirlerin organlara benzer yapilar1 ve islevlerini gosteren
kendi kendine farklilagabilen hiicrelerdir. Organoidler karmasik
yapidadirlar, in vitro’ da organlarin gelisimini temsil ettigi i¢in
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kalitim ve patolojik ¢alismalarda faydali sonuglar vermektedir.
Organoidler, mide, karaciger ve mesane gibi organa 0zgl
hiicrelerin karmasik kiimeleridir(McCauley & Wells, 2017)
(Spence et al., 2011) (Lee, Koo, Hwang, & Lee, 2023).
Organoidler, pluripotent, doku htcrelerinden (embriyonik,
yetigkin) saglikli, tiimor gibi hastalikli dokulardan elde edilen
progenitdr ve farklilagmis hiicrelerden tiiretilir(Zhao et al., 2022).
Doku benzeri yapilarin ilk kez in vitro’ da keratinositler ve 3T3
fibroblastlarinda  olusturulan  bir  ko-kiltlr  sisteminden
gozlenmistir(Yi, Zhang, Rathnam, Pongkulapa, & Lee, 2021).
Organoid vaskilarizasyon teknigi, fizyolojik olarak gergek
muadillerine yakin olan mikro ortamlar1 somutlagtirmak igin
tasarlanmistir. Bu mikro ortamlar Mikroakiskan
sistemleri, endotel hiicre kapli modiiller ve vaskiiler endotelyal
biiytime faktorii tasiyicit sistemler organoidlerin i¢ ktlesine
oksijen veya Dbesin tasinmasini kolaylastirabilen in vitro
vaskulatir sistemlerdir(Golden & Tien, 2007) (McGuigan &
Sefton, 2006).

2.2. Sferoid Kultur

Uc Boyutlu (3B) sferoid kiltir modeller, in vivo
tiimorlerin stromal ortamin1 ve ¢ok hiicreli yapisini simiile
ederek, kanser ilerlemesinin arkasindaki karmasik mekanizmalari
kesfetmek i¢in yaygin olarak kullanilir. 2B sistemler ve hayvan
modellerine kiyasla, 3B sferoid modeller, timor 6zellikleri, ilag
kesfi, hiicre-hiicre etkilesimleri ve kanser hiicrelerinin metabolik
profili hakkinda daha dogru bilgiler saglar(Nayak et al., 2023).
Sferoid kiiltiirler hiicrelerin kendiliginden toplanmasi ve hiicre
yuzeyi integrinlerin ECM’ ye baglanmasiyla olusur. Hiicrenin ilk
temasindan sonra, hiicre yiizeyi E-Kaderini yukari regiile eder ve
E-Kaderin etkilesim yoluyla kompakt bir yapin halini alir. Bu
stireci oksijen, besin ve biiylime faktorleri gibi g¢esitli faktorler
etkiler(Gunti, Hoke, Vu, & London, 2021). Sferoid kultdrler
kullanim alanlarina gére ECM destegi ile ya da ECM olmadan
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kiiltiire edilebilirler, iskele tabanli yontemler uzun siireli ve
maliyetli olmasi nedeniyle iskele destegi olmayan sferoid
kiiltiirler daha yaygindir(Bosnakovski et al., 2004). Ankraj
bagimli ve bagimsiz timor sferoid iiretim teknikleri vardir.
Sferoid kiiltiirlerin olusturma yontemine Ornek liquid overlay
teknigi olan hiicre {iretim kaplarina (6-12-24 well) hicrelerin 3B
yapilarinin kazanmalarini saglamak adina welllerin yiizeyine tek
katli yapismalarini engellemek i¢in agar kullanarak kuyucuklarin
ylizeyi agarla kaplanir ve hiicreler birbirine yapigsmasi saglanir.
Birbirine yapisan hiicreler Multiselliiler Tiimoér Sferoid(MTS)
olusturur. 1-4 giin arasinda sferoid 3B hiicre kiiltlirlerin olusumu
baslar(Sant & Johnston, 2017) (Ahishali & Bilir, 2002) (Zips,
Howard D, & Michael, 2005).

2.3. Hidrojeller, Iskele

Hidrojeller esnek yapisi ve mekanik 6zellikleri istenilen
biyofonksiyona gore tasarlanmast miimkiin kildig1 i¢in 3B
kiiltiirlerin kullanimda popiiler bir hale gelmistir. 3B hidrojeller
doku miihendisligi, ilag iletim sistemleri, sitotoksisite testi, ilag
taramast  gibi  birgok  uygulama alaninda  kullanimi
vardir(Ruedinger, Lavrentieva, Blume, Pepelanova, & Scheper,
2015). Hidrojeller hiicre dis1 matrisleri dogal hiicrelere yakin
benzerlik gosterdigi i¢in 3B hiicre kiiltlir uygulamalarinda kabul
goren bir tekniktir. Hidrojeller sentetik olarak olusturun bir¢ok
tipi vardir, ancak dogal hidrojel polimerleri kullanimi
calismalarda in vivo’ ya daha yakin sonuglar verecegi
diistiniilmektedir. Dogal hidrojellerden en yaygin kullanilanlari
aljinat, kitosan, kolajendir(Andersen, Auk-Emblem, & Dornish,
2015). 3B hidrojellerin en 6nemli 6zelligi besin maddeleri, atik
triinler ve gazlar1 iskele boyunca difiizyon yoluyla tasima
kapasitesidir(Li, Altreuter, & Gentile, 1996). Hidrojellerin
olusturulmasi, genel olarak malzeme icinde (sentetik, dogal) canli
hiicrelerin kapsiillenmesini veya hiicrelerin ekildigi kaliplar
kullanilarak substratlarin {iretilmesi prensibine dayanir. Hidrojel
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bilesenlerini birlestirmek i¢in fiziksel ve kimyasal ¢apraz baglar
kullanilarak sivi ¢0Ozeltinin i¢ine kati malzemelerin gegisi
saglanir(Aggeli et al., 1997). ila¢ taramasi i¢in model olarak
hidrojeller kullanilarak yapilan c¢alismalarda, sert kolajence
zengin substratlar {lizerinde yetistirilen hiicreler daha yumusak
substratlar Uzerindeki hiicrelere gére kemoterapilere daha direncli
olduklar1 tespit edilmistir. Bu durumda hidrojeller hiicrenin dogal
ortamina benzer substratlarin olusturulmasinin, ilag taramasi gibi
calismalara dogru sonuglar verecegi aciktir(Caliari & Burdick,
2016).

2.4. Biyoyazicilar

3B biyoyazici sistemler dokularin kendi arasinda ve diger
doku hiicreleri arasindaki iligkilerinin daha hassas bir yaklasim
sergiler. Biyoyazict modeli 3B sferoid modeller ECM ile, ana
ECM’ler arasinda iletisim zayiftir. Bu iletisimi, hiicrenin biiylime
faktorleri, sinyal molekdilleri gibi molekiil katki saglar(Kim et al.,
2019). Kok hucre ve kanser hicrelerinin  fonksiyonunun
kontroliinde etkin rol oynayan ECM’ler arasi etkilesimlerin
incelenmesi icin gerekli substratlarin  kullanimi  sinirlidir.
Biyoyazic1 biyomiirekkepleri hiicreli/hiicresiz olarak kullanilarak
hidrojellerde, organoidlerin biyumesi go6zlemlenebilir(Bruno,
Reid, & Sachs, 2019). 3B biyoyazicilar karaciger, bobrek, kalp
gibi bir¢ok organin yaziminda, 3B yazim teknolojisi giiniimiizde
Tipta, protez alaninda kullanilmaktadir. Organlarin bir¢cogunun
yapay olarak iiretimi ve in vivo’ da uygulamasi yakin gelecekte
yaygin olarak yapilan bir teknik haline gelecegi diistiniilmekte
olup, teknoloji yeterli oldugu taktirde bu alanda yapilan
arastirmalarin insan hayal gilicii sinirlarini asacagi tahmin
edilmektedir(Mielczarek et al., 2015).

2.5. Cip Organlar, Mikroakiskan Sistemler

Cip organlar 6zel dizayn edilmis polistiren ve cam
malzemeden iiretilmis kanallara organlarin yapisal 6zelliklerine
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benzeyen 3B hiicrelerin kanallara yerlestirilerek gézlemlenmesini
saglayan sistemlerdir(Koganci et al., 2019). Mikroakigskan
sistemler genel olarak laboratuvar ortaminda yapay olarak
olusturulan kontrollii akis saglayan minyatiir kanal sistemleridir.
Mikroakiskan kanallar kii¢lik miktarda siviy1 isleyen yapilar olup,
Kanal aglar1 sistemi 6zel olarak kaliplama ve oyma seklinde
olusturulmakta ve kanal aglar1 sayesinde makro gevreyle baglanti
saglamaktadir(BOSGELMEZ, ICOZ, & YIGIT, 2020). Hiicre
kiiltiir ¢aligmalarinda mikroakiskan sistemler in vivo benzer
kilmak amaciyla tasarlanan bir sistem olup, in vivo ¢aligmalara
gore doku metabolizmasini daha iyi anlamamizi saglar(Turgut et
al., 2022). Giiniimiizde kullanilan organ ¢ip sistemleri gelecekte
insan ¢ip sistemine gececegi ongoriilmektedir. Insan ¢ip sistemi
kan akis1 ve damarlar vasitasiyla kanin dagilimint ve doku,
organlardaki yogunlugunu fizyolojisi yorumlayabilecegi 6n
goriilmektedir. Bu sistem uygulanacak ilacin insan metabolizmasi
tizerine etkisini, toksisitesi ve terapdtik yapisini belirlerken, ayni
zamanda  kisiye 0Ozel ilag¢ tarama modeli  olarak
kullamlabilecektir(Perestrelo, Aguas, Rainer, &  Forte,
2015)(Mabhler, Esch, Stokol, Hickman, & Shuler, 2016)(Zheng et
al., 2016).

3. SONUC

3B kalturler, 2B kulttrlere gore daha dogal bir fenotipe
sahiptir. 3B hiicre kiiltiirii sistemlerinin, doku yapisina benzerlik
yetenegi, 2B kiltUrlerden daha gelismis bir 6zelliktir. Hicre-
hiicre iletisimi ve hiicre farklilasmas1 3B kilturlerde ¢cok daha
onemlidir. 3B kiiltiirlerin ilag tedavi etkinligini tahmin etmedeki
etkisi in vivo’ ya yakindir ve in vitro ilag etkisi ile in vivo ilag
etkisi arasinda ¢ok farkli sonuglar elde edilmistir. 3B kultiir
sistemleri tiimor biyolojisine ilginin artmasi ile tiimdr modelleme
calismalart 6n plana ¢ikmustir. In vivo arastirmalarda timor
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mikrogevresinin 6nemli oldugu, 3B kiiltiir sistemlerinde cevre
etkilesimlerinin  O6nemi vurgulanmistir. 3B hicre kultlrd
teknolojisinin gelistirilmesi ile, doku morfolojisi, hipoksinin
Oonemi, ilag kesfi, hiicre bazli tahliller ve azaltilmis hayvan
kullanimi fizyolojik olarak daha Ongoriicii yaklasimlar gibi
pozitif yaklagimlar sunmaktadir. 3B hiicre kiiltiirii ¢aligmalari
kisisellestirilmis tip alaninda 6zellesmis ilag uygulamalarinda
bizlere onemli bilgiler sunmaktadir, Tiimorlii dokularin her bir
hastada farkli molekiil yapida bulunmasi ve kisisel bagisiklik
sistemi gibi mekanizmalar sonucunda ilag etkisi kisiden, kisiye
farklilik gdsterebilir, bu nedenlerden 3B kiiltiir c¢aligmalar
kisisellestirilmis tip alaninda 6nemidir. 3B Kdltir sistemlerini
rejeneratif tip alaninda, enfarktiis sonras1 kardiyak fonksiyonun
desteklenmesi  ve iyilestirilmesi, osteoartritik  kikirdak
bozulmasinin diizeltilmesi ve in vitro ¢alismalari i¢in yapay cilt
saglanmasi 3B Kkiiltlirlin yeni trilinler ve fikirler getirebilecegi
alanlar arasindadur. ilerleyen yillarda 3B hiicre kiiltiir tekniklerine
teknolojik gelisimlerle beraber yeni teknikler eklenerek ve
mevcut tekniklerle o6zellikle 3B biyoyazicilar kullanilarak
0zellesmis kok hiicreler modelleri kullanilarak doku ve organlarin
tasarlanarak organ nakli ve kanserlesmis dokularin tedavisinde
daha etkin kullanilacagini 6n gérmekteyim.
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