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ABSTRACT

DEVELOPMENT OF 3D TUMOR MODELS FOR INVESTIGATING
DRUG EFFICACY OF SAPOGENOL DERIVATIVES

In studies on the treatment of cancer, which is a common disease of the latest
period, 3D cell culture models, which show high similarity to tissue physiology, attract
attention in order to investigate the efficacy of potential drugs. These models are preferred
in drug development studies by overcoming many problems in 2D cell culture studies. In
the completed research, drug activity screenings of sapogenol-derived molecules and
anticancer drug Ptx were performed on 3D tumor spheroid models produced using new
generation magnetic levitation (MagLev) technology. The magnetic levitation is a
scaffold free methodology which allows the cells magnetized by the effect of
paramagnetic agents in the magnetic field created by two magnets to balance at a unique
height (levitation height) depending on density, without requiring an external force. With
this method, intercellular interactions with the same level of levitation heights can be
increased and 3D spheroid structures can be obtained quickly without the need any
scaffold. In the completed thesis; As a control group for MagLev spheroids, hanging drop
methodology was preferred with the same cell lines. The activity of sapogenol-derived
molecules and the Ptx were investigated. The expected toxic effect on spheroids was
observed and comparative results were shared. Maglev based new drug activity
screening model which overcomes the disadvantages of 2D cell culture studies, can
imitate real tumor physiology much more closely, can provide easy, realistic and fast
results in drug screenings and investigating the effects of different molecules before

clinical studies has been devoloped.



OZET

SAPOGENOL TUREVLERININ ILAC ETKINLIKLERININ
ARASTIRILMASI ICIN 3B TUMOR MODELLERININ
GELISTIRILMESI

Son donemin hastalii olan kanser tedavisi ¢alismalarinda potansiyel ilaglarin
etkinliklerinin arastirilmasi i¢in doku fizyolojisine yiiksek benzerlik gosteren 3 boyutlu
(3B) hiicre kiltiirii modelleri dikkat ¢cekmektedir. Bu modeller 2B hiicre kiiltiirii
calismalarindaki bir¢cok problemin asilmasini saglayarak ila¢ gelistirme caligsmalarinda
tercih edilmektedir. Bu ¢alismada yeni nesil manyetik levitasyon (MagLev) kullanilarak
tiretilmis 3B tiimor sferoid modelleri lizerinde sapogenol tiirevi potansiyel kanser ilaglari
ve FDA onayli antikanser ilact Paklitaksel’in (Ptx) ila¢ aktivite taramalar1 yapilmistir.
Manyetik levitasyon yontemi doku iskelesinden bagimsiz olup, iki miknatis tarafindan
yaratilmig manyetik alan icerisinde paramanyetik ajanlarin etkisiyle manyetize edilmis
hiicrelerin yogunlarina bagli olarak kendilerine has bir ylikseklikte (levitasyon
yiiksekligi) harici bir kuvvet gerektirmeden asili kalmalarini saglamaktadir. Bu yontemle,
levitasyon yiikseklikleri ayn1 seviyede olan hiicreler arasi etkilesimler artarak 3B sferoid
yapilar1 doku iskelesine ihtiya¢c duyulmadan hizlica elde edilebilmektedir. Tamamlanan
calismada; timor sferoid modelleri her hiicre hatti i¢in ayr1 sekilde elde edilmistir.
Maglev yontemine ek, kontrol amagli, aym1 hiicre hatlariyla asili damlacik yontemi
kullanilarak 3B sferoid modelleri elde edilmistir. Olusturulan sferoid modelleri iizerinde
2B hiicre kiiltiiriinde ilag etkinligi belirlenmis sapogenol tiirevi ilag molekiillerinin ve
Ptx’in aktivitesi arastirilmistir. Sferoid modelleri iizerinde beklenen toksik etki goriilmiis,
karsilastirmali sonuglar paylasilmistir. Bu sonuglarla birlikte, 2B hiicre kiiltiirii
kullanilarak yapilan tiimor fizyolojisi arastirmalari yerine bu modellerin dezavantajlarin
geride birakan, gercek tiimor fizyolojisini ¢ok daha yakin seviyede taklit edebilen, klinik
arastirmalar  Oncesinde ila¢ taramalarinda ve farkli molekiillerin etkilerinin
arastirllmisinda kolay, gercek¢i ve hizli sonuglar saglayabilecek manyetik levitasyon

temelli yeni bir ilag aktivite tarama modeli gelistirilmistir.
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CHAPTER 1

INTRODUCTION

1.1. Scope of Thesis

It is aimed to investigate potential anticancer effects of molecules which derived
from a cycloartane-type sapogenol on 3D tumor spheroid models. (Jensen et al., 2022).
For this purpose, hanging drop and magnetic levitation methods, which are scaffold free
3D cell culturing methods, were used. Tumor spheroid models were obtained from HeLa,
Sh-Sy5y, HepG2 and Mcf-7 cell lines. Toxic effects caused by the FDA-approved
anticancer drug paclitaxel and four different molecules derived from sapogenol were

investigated on the obtained models.

1.2. Tissue Engineering

The tissue engineering discipline was developed by Prof. Dr. Robert Langer from
the Massachusetts Institute of Technology and Prof. Dr. James Vacanti from Harvard
University in 1993. Tissue engineering is based on the repair or replacement of tissues
that fail to function. While there may be congenitally damaged tissues, they may lose their
function later due to disease or accident, or tissue death, called necrosis due to trauma,
may occur (Langer & Vacanti, 1993).

At this stage, tissue engineering aims to produce 3D models that can mimic real
tissue physiology in the laboratory environment by making use of material science,
medical architecture, and cellular studies. Different tissue models have been targeted in

recent years. Intensive studies are carried out on bone tissue, cartilage tissue, and skin
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tissue (Arslan-Yildiz et al., 2016; Ferreira et al., 2019; Marques et al., 2022; Ozmen et
al., 2023; Seo et al., 2023; Souza et al., 2010; Turker & Arslan-Yildiz, 2018; Yildirim-
Semerci et al., 2024). Tissue engineering is used more effectively in drug screening
studies. Also, personalized medicine helps determine whether certain drugs work better
in some patients based on their genetic characteristics and also reduces animal testing and
its costs.

1.3. 3D Cell Culture Studies

2D cell culture is one of the basic methods that has been used for many years to
study cell behaviour (Fontoura et al., 2020; Lugert et al., 2019)and biology. With this
method, basic biological processes have been extensively investigated, and cellular
functions and mechanisms have been revealed. The aim of 2D cell culture is to multiply
cells in a single layer while adhering to the surface. In this process, the nutrients and
environmental conditions necessary for the cells to survive and grow are provided to
them. 2D studies have an important place in many diseases that are still being researched
and are seen as a basic step (Fontoura et al., 2020; Lugert et al., 2019). However, since
2D cell culture models cannot fully mimic the complex 3D structure and related
microenvironment found in living tissues, in recent years alternative approaches such as
3D cell culture models and organoid structures have become more preferred for more
accurate representation of in vivo conditions and understanding of tissue architecture and
cell functionality, which has begun to be implemented (Fontoura et al., 2020; Marques et
al., 2022;). While 3D cell culture models increase cell-cell and cell-ECM interactions,
they clearly reveal the need for nutrients and oxygen in 3D cell structures and the cellular
effects in cases of deficiency (Asghar et al., 2015). 3D cell culture methods are basically
divided into scaffold-based and scaffold-independent methods as illustrated in Figure 1.
(2020; Jeong et al., 2016; Tiirker et al., 2018)
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Figure 1. Various techniques are used to obtain 3D tumor spheroids; a-d) scaffold-based
methods e-g) scaffold-independent methods(Nath & Devi, 2016).

1.3.1. Scaffold Based 3D Cell Culture Methodologies

Tissue scaffold-based cultures rely on the presence of a supporting material for
cells to form tissue-like structures (Ozmen et al., 2023). 3D scaffolds are important in
supporting cell growth, tissue regeneration, and the transport of nutrients and waste
(Tavafoghi et al., 2020). It is critical that the scaffold have mechanical properties
compatible with the tissues in the region where it is implanted (Arslan-Yildiz et al., 2016;
Yildirim & Arslan-Yildiz, 2022). The 3D scaffold model produced must be durable
enough to resist structural collapse during implantation and should not damage the
surrounding tissues (Yesil-Celiktas et al., 2018). Selecting the most appropriate scaffold



material is crucial to completing targeted drug screening and ensuring the successful
implantation of the tissue model (Yesil-Celiktas et al., 2018). Tissue scaffolds can be
produced with different techniques. Examples of tissue scaffold production methods
include electrospinning, freeze drying, and bioprinting, which are frequently preferred in
the literature (Arslan Yildiz et al., 2013; 2020; Ozmen et al., 2023; Yildirim & Arslan-
Yildiz, 2022; Yildirim-Semerci et al., 2024). Such methods are likely to require the use
of organic solvents that may inhibit cell proliferation and differentiation, and it is not
always possible to control the scaffold geometry. In addition, the scaffolds obtained by

these methods are suitable for a single cell type and are generally homogeneous.

1.3.2. Scaffold Free 3D Cell Culture Methodologies

Scaffold-free methods enable the formation of spherical multicellular structures
called "spheroids" by aggregating cells. (Fennema et al., 2013) While spheroids obtained
by scaffold-free 3D culturing methods show high similarities to real tumor physiology,
the methods are expected to be simple and reproducible (Crnogorac et al., 2021; Fennema
etal., 2013; Nath & Devi, 2016). Examples of scaffold-free 3D culturing methods include

the hanging drop method and the Magnectic Levation method.

1.3.2.1 Magnetic Levitation Methodology

The Magnetic Levitation (MagLev) technique, which works on the principle of
suspending cells in a weightless environment, is one of the scaffold-free 3D cell culture
methods that has become frequently preferred in recent years (Anil-Inevi et al., 2018,
2021; Dabbagh et al., 2022; Jaganathan et al., 2014; Ozefe & Arslan Yildiz, 2020; Sabino
et al., 2014; Sarigil et al., 2021; Souza et al., 2010; Tepe et al., 2023). In magnetic
levitation technology, two magnets positioned in an anti-Helmholtz configuration are
used, and due to the magnetic effect created by the same poles and the effect of the

paramagnetic agent in the environment, magnetized objects are suspended at different
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levels according to their density differences without requiring any external force (Figure
2) (Onbas & Arslan Yildiz, 2023; Ozefe & Arslan Yildiz, 2020; Souza et al., 2010). As
cell-cell interactions increase in suspended cells, spheroid structures begin to form over
time. (Tirker et al., 2018)
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Figure 2. Schematic representation of 3D spheroid production with the MagLev
method (Tiirker et al., 2018).

1.3.2.2 Hanging Drop Methodology

In the hanging drop method, suspended cells are cultured in droplets in an upside-down
position on the culture plate lid by taking advantage of surface tension (Timmins &
Nielsen, 2007). Cells that come together under the influence of gravity hold on to each
other and form 3D spheroid structures (Wang et al., 2017). The size of the spheroids
obtained by the method varies depending on the cell type and number of cells used
(Banerjee & Bhonde, 2006). Although it is possible to obtain a large number of 3D
spheroid models at once with this method, it has disadvantages such as not being able to
culture the obtained spheroids for a long time, causing a lot of workloads in scanning, and
not being able to add medium or other chemicals during the culturing process (Tiirker et
al., 2018). (Huang et al., 2020)



1.4. Drug Screening

Drugs that play an important role in the diagnosis and treatment of existing
diseases in the world have a long discovery period. Drug screening studies represent an
important stage in the drug discovery process. This process aims to identify developable
and reliable potential therapeutic agents. These studies enable systematic investigation of
compounds in terms of their interactions with specific biological targets and modulation
of molecular pathways. The effects of potential drug candidates at the molecular level are
being examined by many research groups in different places of the world (Cortini et al.,
2023; Sevimli-Gur et al., 2013; Yesil-Celiktas et al., 2010). Drug screening studies offer
a diverse range of strategies to identify potential therapeutic candidates. Cellular studies
are essential and frequently preferred in the literature. Cell-based assays are important for
drug discovery and development as they have the ability to produce biomedically reliable
information (Rimann et al., 2014). However, with developing technology, drug screening
studies using 3D cell culture have accelerated recently due to the insufficiency of 2D
cellular studies in terms of physiological mimicking (Bilginer & Arslan Yildiz, 2019;
Bumpers et al., 2015;, 2021; Muguruma et al., 2020).



CHAPTER 2

MATERIALS AND METHODS

2.1. Materials

N-52 level neodymium (NdFeB) magnets, Different paramagnetic contrast agents
containing gadolinium (Gd3+) ion; Gadobutrol (Gx) and Gadoteric acid (Dx) were
preferred to provide magnetic effect in the magnetic levitation system. Cell culture
experiments were performed by using Penicillin/Streptomycin (P/S), Trypsin-EDTA
(sterile-filtered, 0.25%, BioReagent), high glucose Dulbecco’s Modified Eagle’s Medium
(DMEM), Phosphate Buffered Saline (PBS, pH 7.4 10X); fetal bovine serum (FBS) from
Gibco, and Dimethyl sulfoxide (DMSO) from AppliChem. HeLa (ATCC CCL-2), SH-
SY5Y (ATCC CRL-2266), HepG2 (ATCC HB-8065) ve MCF-7 (ATCC HTB-22) were
used for developing 3D tumor spheroid models and drug screening step. Propidium lodide
and CytoCalcein AM from (AAT Bioquest) were used for live/dead assay. MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide), Actin Cytoskeleton/Focal
Adhesion Staining Kit from Sigma-Aldrich, and Anti-collagen Type-1 from Merck

Millipore were used for immunostaining assay.

2.2. Methods

The flow of all studies planned to be carried out within the scope of the thesis step

by step in this part.



2.2.1. Synthesis of Sapogenol Derivatives

Sapogenols planned to be used within the scope of the study have a cytotoxic
effect on different cell types. It is AG-08 and its derivatives, demonstrated by BEDIR and
his team, and was obtained by semi-synthesis in the group's further studies (within the
scope of master's thesis number 554485). CG-03, which was determined to have similar
activity to AG-08 in the group's previous studies, was chosen as another cytotoxic
molecule to be studied in the 3D cell culture model (Uner et al., 2020). In order to fully
evaluate the results, it was decided to use two molecules with similar chemistry but not
cytotoxic as negative controls (AG-04 and CG-04) (Uner et al., 2022). Within the scope
of step 1, 30 mg of each of the four sapogenol derivatives was produced. These molecules
were obtained by following the method specified in the master's thesis numbered 554485,
by reacting AG and CG with p-TsCl (p-tosyl chloride) and MsCI (Methane sulfonyl
chloride) and purifying them by column chromatography. The chemical structures of the

four different sapogenol derivatives used are shared in Figure 3.

Figure 3. Sapogenol derivatives’ chemical structures. a) AG-08 b) AG-04 c) CG-03
d) CG-04.



2.2.2. Paramagnetic Contrast Agent Optimization for Cell Culture
Studies

2.2.2.1 Standard 2D Cell Culture

To obtain 2D standard cell cultures, previously frozen HeLa, SH-SY5Y, HepG2,
MCEF-7, and THP-1 cell lines were thawed in flasks containing 5 ml cell medium with
1x10° cells. Cells were incubated in a 37 °C, 5% CO: environment, and when cell
confluency was 80-90%, they were passaged and brought to standard 2D cell culture
conditions (Arora, 2013; Marin et al., 2001) .

2.2.2.2. Determination of the Effects of Paramagnetic Contrast Agent
Type and Concentration on Cell Viability, Growth and
Morphology

With 2D standard cell cultures, viability tests were carried out to understand the
toxic effects of paramagnetic contrast agents (Gadovist and Dotarem), which enable the
effective operation of the magnetic levitation principle, on cell viability, cell morphology,
and cell growth (Parant et al., 2019). Each experiment with paramagnetic agents tested at
different concentrations (0-10-30-50-100 mM) was set up to have at least three repetitions
(Tirker et al., 2018). In experiments performed in 96-well plates, cells were incubated
for a week at 37 °C with 5% CO2, and cell viability tests were performed on days 1, 3, 5,
and 7 to understand the toxic effect of paramagnetic contrast agents on the cells. MTT
and Alamar Blue methods were preferred to analyse cell viability quantitatively. For MTT
analysis, cell medium containing 10% MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) solution was added to each well in a volume of 200 pl.
Formazan crystals formed after 4 hours of incubation were dissolved with DMSO, and
absorbance was measured at wavelengths of 565-650 nm with a UV-Vis

spectrophotometer (Van Tonder et al., 2015). For Alamar Blue analysis, cell medium
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containing 1% Alamar Blue was added to each well in a volume of 100 pul. After 4 hours
of incubation, absorbance was measured at wavelengths of 570-600 nm with a UV-Vis
spectrophotometer (Longhin et al., 2022). Graphs showing the change in cell viability
over time were drawn using the absorbance values obtained. In addition to quantitative
measurement methods, a live/dead assay was applied to examine cell viability and
morphology. Calcein Green and Propidium lodide (PI) staining were performed, and cell
viability was analysed in the images obtained using a fluorescence microscope. By
comparing the results of the three methods, the types and concentrations of paramagnetic
agents that do not cause toxic effects on cells were determined. The determined agent
type and concentrations that did not cause toxic effects were used to create 3D tumor

spheroid models, which was the next step of the study.

2.2.3. Creation and Characterization of In Vitro 3D Tumor Spheroid
Model with Magnetic Levitation Method

In the 2.4 step, the necessary optimizations for the paramagnetic contrast agent
type and concentration were completed for each cell line in 2D cell culture. Here, 3D
culturing studies were started by determining the paramagnetic agent concentration below
the toxicity threshold value. In this step, studies were continued with the paramagnetic
agent Gadobutrol (Gx) due to its lower toxic effect. Optimization studies were carried out
for four different cell lines for the number of cells, the incubation period required for
spheroid formation, and the concentration of the paramagnetic agent.

2.2.3.1 Optimization of Parameters for 3D Cell Culture Studies with the
Magnetic Levitation Method and In Vitro 3D Cell Culturing

NdFeB magnets, 40x5 mm in size and placed in anti-Helmholtz configuration,
providing a 0.4 T magnetic field, were used for 3D cell culture . Although it varies from
cell to cell, cell numbers in the range of 5-25 x 10° were tried to obtain the appropriate

10



spheroid structure (Onbas & Arslan Yildiz, 2021). Due to its low toxic effect,
optimization was made for the concentration of Gx that would keep the cells suspended
until they formed a spheroid, starting from a concentration of 10 mM and going up to a
maximum of 50 mM. Culturing was continued for 7 days. Light images were taken on
days 1, 2, 3, 4 and 7. At the end of the 7" day, the viability of the obtained
spheroid/spheroid-like structures was checked by performing a live-dead test (Delikoyun
etal., 2021).

2.2.3.2 Characterization of in vitro 3D Tumor Spheroid Models
Produced by Magnetic Levitation Method

The characterization of 3D tumor spheroid models obtained by the magnetic
levitation method from HeLa, MCF7, SH-SY5Y, and HepG2 cell lines was carried out
with comparisons made between the 1% and 7" days. Cell nuclei, cell scaffold formation,
and extracellular matrix formation were observed using DAPI, Actin and Collagen |
immunofluorescence staining methods (Bilginer et al., 2021; Onbas & Arslan Yildiz,
2023).

2.2.4. Creation and Characterization of 3D Tumor Spheroid Model with
the Hanging Drop Method

The hanging drop method is preferred to the addition of Magnetic Levitation
method to develop 3D tumor spheroid models. Firstly, for developing 3D models, cell
number, incubation process, and drop size optimization were completed. In this method,
cell medium exchange is a very difficult process. Spheroid structure might be lost or
dispersed during this process. Therefore, to obtain the spheroid model, the ideal cell
number and drop size that provide sufficient medium content must be determined
(Raghavan et al., 2015). For this reason, the optimum cell number and drop size were

determined. First, drops of 10 and 15 pl volumes were dropped into the petri dish and
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incubated for 24 hours, with the drops remaining upside down on the surface. Since the
15 ul drops stuck to the surface because they did not have the required surface tension,
the experiments were continued with 10 pl drops. Afterwards, the necessary
optimizations to determine the appropriate number of cells for different cell lines were
completed for values in range of 5-50 x 10° (Yilmaz & Sakarya, 2018). It was concluded
that 24-48 hours were sufficient for the culturing process. This process varies from cell
to cell. The characterization of 3D tumor spheroid models obtained by the hanging drop
method was carried out at the 24" hour. Cell nuclei, cell scaffold formation, and
extracellular matrix components were observed using DAPI, Actin, and Collagen |
immunofluorescence staining methods. The obtained results were compared with the
characterization results in spheroid models obtained with the MagLev method (Bilginer
et al., 2021; Onbas & Arslan Yildiz, 2023).

2.2.5. Drug Activity Screening of Sapogenol Derived Molecules and

Paclitaxel Anticancer Drug

In the last step of the thesis, drug activity screenings of the FDA-approved
anticancer drug Paclitaxel (Ptx) whose chemical structures were shared in Figure 4 and
sapogenol-derived molecules (structures were shared in Figure 3) were carried out in 2D
cell culture and 3D tumor spheroid models, and the results were compared with each
other. 1Cso values were determined from the results obtained in 2D cell culture.
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Figure 4. Chemical structure of Paclitaxel (Riccardi et al., 1995)
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2.2.5.1 Drug Screening of Sapogenol Derived Molecules in Standard 2D
Cell Culture

Here, viability tests were conducted to understand the toxic effects of the FDA-
approved anticancer drug PTX and four different sapogenol-derived molecules on cell
viability, cell morphology, and cell growth in cancer cell lines. In experiments carried out
in 96-well plates, cells were incubated separately in the presence and absence of 10 mM
paramagnetic agent Gx at 37 °C and 5% CO2 environment for 24 hours. Then, the PTX
and sapogenol-derived molecules were added separately at different concentrations (0-5-
25-50-100-200 nM for Ptx; 0-1-5-10-20-30 uM for sapogenols) (Liebmann et al., 1993),
and incubation was performed for 48 hours. Cell viability tests were performed at 24 and
48 hours to investigate the toxic effect of the molecules on the cells. MTT method was
preferred to analyse cell viability quantitatively. For MTT analysis, cell medium
containing 10% MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
solution was added to each well in a volume of 200 pl. Formazan crystals formed after 4
hours of incubation were dissolved with DMSO, and absorbance was measured at
wavelengths of 565-650 nm with a UV-Vis spectrophotometer. Graphs showing the
change in cell viability over time were drawn using the absorbance values obtained. In
addition to quantitative measurement methods, live/dead assay was applied to examine
cell viability and morphology. Calcein Green and Propidium lodide (PI) staining were
performed, and cell viability was analyzed in the images obtained using a fluorescence

microscope.

2.2.5.2 Drug Activity Screening in 3D Tumor Spheroids Produced by the
Hanging Drop Method

After successfully obtaining tumor spheroids from different cell lines using the
hanging drop method, the spheroids in the petri dish were transferred to 96-well plates
via micropipettes in order to perform drug screening. After moving the spheroids,

medium was added to make the total volume 190 pL. Concentration adjustment was made
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with DMSO so that the Ptx to be tested was in the range of 0-400 nM (0-100-200-400
nM) and the s were in the range of 0-60 uM (0-20-40-60 uM). Drug/molecule solution
was mixed with cell medium, and the total volume was added to the wells as 10 puL. After
the 72-hour incubation period, the medium containing the molecules or drug was
collected with the help of a micropipette without damaging the spheroids. For the live-
dead test, the solution prepared as 0.1% was added to each well as 50 pL, and after 30
minutes of incubation, viability analysis was performed on a fluorescence microscope.
For the MTT test, the solution prepared at 10% was added to each well as 200 uL, and
after 3 hours of incubation, the formazan crystals formed on the spheroids were dissolved
using DMSO. At this stage, spheroids were disrupted by pipetting. Absorbance was
measured at wavelengths of 565-650 nm with a UV-Vis spectrophotometer. Graphs
showing the change in cell viability over time were drawn using the absorbance values

obtained.

2.2.5.3 Drug Activity Screening in 3D Tumor Spheroids Produced by
Magnetic Levitation Method

After successfully obtaining tumor spheroids/spheroid-like structures of different
cell lines with the MagLev method, the petri dishes were removed from the MagLev
devices to enable drug screening. The medium in the Petri dishes was collected without
damaging the 3D structures. Concentration adjustment was made with DMSO so that the
Ptx to be tested was in the range of 0-400 nM (0-100-200-400 nM) and the s were in the
range of 0-60 uM (0-20-40-60 uM). The medium - molecule/drug suspension total
volume was 800 puL and added slowly to the petri dishes without damaging the spheroids.
After the 72-hour incubation period, the medium containing the molecules/drug was
collected with the help of a micropipette without damaging the spheroids. For the live-
dead test, the solution prepared as 0.1% was added to the petri dishes as 100 pL, and
viability analysis was performed under a fluorescence microscope after 30 minutes of
incubation. For the MTT test, the solution prepared as 10% was added to the petri dishes
as 200 pL, and after 3 hours of incubation, the spheroids were moved separately to 96-

well plates. Formazan crystals formed on the spheroids were dissolved using DMSO. At
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this stage, the spheroids were broken up by pipetting. Absorbance was measured at
wavelengths of 565-650 nm with a UV-Vis spectrophotometer. Graphs showing the

change in cell viability over time were drawn using the absorbance values obtained.

2.2.6 Statistical Analyses

The data obtained within the scope of the thesis study is presented as "mean value
+ standard deviation." The statistical test used was determined according to the
convenience of the obtained data with normal distribution and variance homogeneity
calculations, and the evaluation was made with the GraphPad Prism program. Bonferroni
was used as a post hoc test, and the significance limit was evaluated based on the p value.
p* <0.05, p** < 0.01, p*** < 0.001 (Rice, 1989)
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CHAPTER 3

RESULTS & DISCUSSIONS

3.1. Standard 2D Cell Culture

The purpose of this step was determined as the optimization of paramagnetic agent
concentrations that can levitate the cells and also do not show any cytotoxic effects on
the cells for the purpose of 3D culturing of the cells (HeLa, MCF-7, SH-SY5Y, and
HepG2). For this goal, standard 2D cell cultures of the cells were obtained, and then
studies were started with HelLa cells to determine the effects of paramagnetic contrast
agent type and concentration on cell viability, growth, and morphology.

Firstly, standard 2D cell culturing of HeLa (human cervical epithelial
adenocarcinoma cell, ATCC® CCL-2™), MCF-7 (human breast adenocarcinoma cell,
ATCC® HTB-22™), SH-SY5Y (human neuroblastoma cell, ATCC® CRL-2266™) and
HepG2 (human liver hepatocellular carcinoma cell, ATCC® HB-8065™) cells was
performed. To obtain 2D standard cell cultures, frozen HeLa, MCF-7, SH-SY5Y, and
HepG2 cell lines were thawed and planted individually in 25-T flasks containing 5 mL of
cell medium. Within the scope of the culturing, DMEM containing 10% Fetal Bovine
Serum and 1% antibiotics was used as cell medium for all cell lines. The cells were
incubated in a 37 °C, 5% CO2 environment, and when they reached a confluency of 80-
90%, they were passaged and standard 2D cell culture conditions were reached. Figure 5
shows light microscope images of standard 2D cell cultures of each cell line. All of the
cell lines shared in Figure 5 are adherent and have epithelial characteristic. After adhering
to the flask surface, the cells acquired their polygonal morphology in accordance with the

character of epithelial cells.
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Figure 5. Light microscope images of standard 2D cell cultures of HeLa, SH-SY5Y,
HepG2 and MCF-7 cell lines (scale size: 200 um).

3.1.2. Determination of the Effects of Paramagnetic Contrast Agent
Type and Concentration on Cell Viability, Growth and
Morphology

After obtaining standard 2D cell cultures, the next step was to determine the
effects of the type and concentration of the paramagnetic contrast agent used on cell
viability, growth, and morphology. The studies started by investigating the effects of Gx
and Dx paramagnetic contrast agents on HeLa cells. Accordingly, when HelLa cells
cultured in 2D reached an 80-90% confluency, they were removed from the 2D cell
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culture medium and planted in 96-well plates with 5000 cells in each well for each
concentration value. Experiments were carried out in three repetitions for each
concentration.

The plates were incubated for a week at 37 °C, 5% CO2, and cell viability tests
were performed on the 1%, 39, 5" and 7" days to understand the toxic effect of
paramagnetic contrast agents on the cells. In this context, the viability of HeLa cells
incubated in media containing Gx and Dx at various concentrations separately at the end
of the 1%, 3, 51 and 7" days was examined quantitatively using MTT analysis methods.
According to the absorbance values obtained as a result of MTT analysis, cell viability
graphs depending on paramagnetic agent concentration were obtained as shown in Figure
6.
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Figure 6. Effect of paramagnetic contrast agents on HelLa cell viability. Cell viability
results obtained as a result of MTT analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).

As shown in Figure 6, the increase in the concentration of paramagnetic agents
caused a decrease in cell viability. However, when Gx and Dx paramagnetic contrast
agents were compared, Dx was found to be more toxic than Gx. Especially when 100 mM
Dx was used, cell viability dropped below 10% on the 3 day. This situation is associated
with the half-life of paramagnetic contrast agents in the literature. The half-life of the Gx
agent is approximately 23 hours and is approximately 3 times slower than the Dx agent

(Idée et al., 2008). This situation, which causes a decrease in the release of free Gd3+
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ions, makes the Gx agent less toxic to cells. According to the MTT results obtained, the
paramagnetic agent concentrations were determined as 10 and 30 mM, with 60% and
above cell viability observed for HeL a cells after one week of incubation.

Figure 7 shows cell viability graphs with the results obtained from Alamar Blue
(AB) analysis. According to the graphs, it was observed that there was a decreasing trend
in cell viability as the paramagnetic agent concentration increased. In the comparison
between the two agents, it can be said that Dx has a more toxic effect, especially by
comparing the viability of the cells under the effect of the 100 mM drug. Viability values
obtained in Alamar blue tests are higher than in MTT analysis. This result was also

encountered in previous studies conducted by our group.
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Figure 7. Effect of paramagnetic contrast agents on HeLa cell viability. Cell viability
results obtained as a result of Alamar blue analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).

In addition to MTT and AB analysis, cell viability and morphology were analysed
by a live/dead assay. Figure 8 shows the effect of Gx and Dx paramagnetic contrast agents
on cell viability and morphology. In the images, red dots show dead cells stained with Pl
(propidium iodide), and green dots show live cells stained with ‘calcein green'.

As shown in Figure 8, live-dead analysis results are generally parallel to the MTT
results. As in the MTT results, the highest viability in the live-dead analysis results was
observed in the control groups that did not contain paramagnetic agents. The increase in

paramagnetic contrast agent concentration caused a general decrease in cell viability. In
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control groups and groups containing low concentrations of paramagnetic contrast agents,
cells adhered to the surface of the well from day 1 and appeared morphologically normal.
However, the cells in the groups containing 100 mM Dx were not able to adhere to the
well surface and spread to the surface at the end of the first day, and the morphology
remained circular, unlike normal. In addition, the vitality in these groups is quite low
compared to other groups. Although some of the cells that could not adhere were alive at
the end of the first day, they could not proliferate and died in the following days because
they could not adhere to the surface. This confirms the low cell viability observed in MTT
results from day 3 for 100 mM Dx and that Dx is much more toxic than Gx. For both
paramagnetic contrast agents, the proliferation of experimental groups containing low
concentrations of agents was faster, while at higher concentrations it was slower, which
is interpreted as paramagnetic agents inhibiting proliferation even if they do not show

immediate toxicity.

Figure 8. Effect of paramagnetic contrast agents on the viability of HeLa cells. Viability

images obtained as a result of live-dead analysis a) Gx effect b) Dx effect (scale size:
200 pm).
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After completion of the 2D cell culture experiments with HelLa, the same sets of
experiments were repeated with the SH-SY5Y cell line. In this regard, when the SH-
SY5Y cells cultured in 2D reached 80-90% confluency, they were removed from the flask
and planted in 96-well plates with 15000 cells in each well for each concentration value.
Experiments were carried out in at least 3 repetitions for each concentration. The plates
were incubated for a week at 37 °C with 5% CO2, and cell viability tests were performed
on days 1, 3, 5, and 7 to understand the toxic effect of paramagnetic contrast agents on
the cells. In this context, the viability of SH-SY5Y cells incubated in media containing
Gx and Dx at various concentrations separately at the end of the 1%, 3%, 5 and 7" days
was examined quantitatively using MTT and Alamar blue analysis methods. According
to the absorbance values obtained as a result of MTT analysis, cell viability graphs

depending on paramagnetic agent concentration were obtained as shown in Figure 9.
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Figure 9. Effect of paramagnetic contrast agents on SH-SY5Y cell viability. Cell
viability results obtained as a result of MTT analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).

When the MTT graphs in Figure 9 are examined, it is seen that similar results
were obtained for the SH-SY5Y cell line as for the HeLa cell. It was observed that the
viability of the samples analysed on the same day decreased as the agent concentration
increased. Additionally, it was observed that cell viability decreased day by day under

constant agent concentrations. For the SH-SY5Y cell line, Dx has a more toxic effect than
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Gx. The concentration of the paramagnetic agent that showed 60% and above viability in
SH-SY5Y cells after one week of incubation was 10 mM.

Figure 10 shows cell viability values decreasing, day by day, as expected in the
Alamar blue analysis graphs of the SH-SY5Y cell line. In addition, it was observed that
as the agent concentration increased on the same day, cell viability decreased. This
analysis also showed that the Dx effect is more toxic than Gx for the SH-SY5Y cell line.
As with the results obtained from the Hela cell line, cell viabilities in the Alamar blue
analysis are at higher levels compared to the viabilities in the MTT analysis. According
to Alamar blue analysis, the concentration of a paramagnetic agent that provides 60% or
more cell viability after 1 week of incubation for SH-SY5Y cell line is 10-50 mM.
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Figure 10. Effect of paramagnetic contrast agents on SH-SY5Y cell viability. Cell
viability results obtained as a result of Alamar blue analysis a) Gx effect b) Dx effect

(Gx-Dx concentration unit: mM).

After MTT and Alamar blue analysis, it was examined in terms of the effect of
paramagnetic agents on the viability of the cells and morphology change with a live-dead
assay. The obtained results are shared in figure 11. Similar results were seen at both
paramagnetic agent concentrations. At 100 mM agent concentration, cells could not
adhere to the surface or adhered to a very small amount and could not gain morphology.
Cells incubated with a paramagnetic agent of 50 mM or less adhered to the surface from

the first day, and it was observed that their amount increased day by day. In the analyses
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performed with both agents, maximum cell viability was obtained in the control group. It

was observed that as the amount of agent increased, the number of living cells decreased.

Figure 11. Effect of paramagnetic contrast agents on the viability of SH-SY5Y cells.
Viability images obtained as a result of live-dead analysis a) Gx effect b) Dx effect (scale

size: 200 pm)

After completion of the 2D cell culture experiments with SH-SY5Y, the same sets
of experiments were repeated with the HepG2 cell line. In this regard, when the HepG2
cells cultured in 2D reached 80-90% confluency, they were removed from the flask and
planted in 96-well plates with 10000 cells in each well for each concentration value.
Experiments were carried out in at least 3 repetitions for each concentration. The plates
were incubated for a week at 37 °C with 5% CO2, and cell viability tests were performed
on days 1, 3, 5, and 7 to understand the toxic effect of paramagnetic contrast agents on
the cells. In this context, the viability of HepG2 cells incubated in media containing Gx
and Dx at various concentrations separately at the end of the 1%, 39, 5" and 7' days was

examined quantitatively using MTT and Alamar blue analysis methods. According to the
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absorbance values obtained as a result of MTT analysis, cell viability graphs depending
on paramagnetic agent concentration were obtained as shown in Figure 12.

The MTT test results are consistent with expectations. As in the MTT results of
Hela and SH-SY5Y cell lines, it was observed that the viability decreased as the amount
of agent contained in the samples analysed on the same day increased (Figure 12).
Additionally, cell viability was observed to decrease day by day under constant agent
concentration. For the HepG2 cell line, Dx has a more toxic effect than Gx. The
concentration of the paramagnetic agent that showed 60% or more viability in HepG2
cells after one week of incubation was 10 mM. In the 7™ day results of the Gx effect, it
is seen that there is an increase in cell viability compared to day 5. However, this situation
is at a tolerable level. Since, there is no incompatibility on the same dayi, it is also known
that the HepG2 cell line clusters during the culturing process. It is thought that clustered
cell groups grow very rapidly after contact with each other. In this percentage, cell
viability values are higher in the results of day 7 compared to day 5.
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Figure 12. Effect of paramagnetic contrast agents on HepG2 cell viability. Cell viability
results obtained as a result of MTT analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).

Alamar blue analysis graphs of the HepG2 cell line showed cell viability values
decreasing, day by day, as expected (Figure 13). In addition, it was observed that as the
agent concentration increased on the same day, cell viability decreased conversely. This

analysis also showed that the Dx effect is more toxic than Gx for the HepG2 cell line. In
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Alamar blue analysis, the viability rates for the HepG2 cell line are quite high, as in other
cell lines. According to Alamar blue analyses, the paramagnetic agent concentration that
provides 60% or more cell viability after 1 week of incubation for the HepG2 cell line is

all concentrations for Gx, while 50 mM and lower concentrations are for Dx.
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Figure 13. Effect of paramagnetic contrast agents on HepG2 cell viability. Cell viability
results obtained as a result of Alamar blue analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).

The live-dead test results given in Figure 14 are compatible with MTT and Alamar
blue analysis. Like the results obtained in other cell lines, the highest cell viability was
seen in the control groups that did not contain paramagnetic agents. The increase in
paramagnetic contrast agent concentration caused a general decrease in cell viability. It
is known from the light microscope images that the cell morphologies in Figure 27 are
shared and that the HepG2 cell line forms colony-like structures due to proliferation. It is
known that the cells remaining in the inner parts of these islets die due to a lack of
diffusion. In the images obtained in Figure 14, it was observed that there was an increase
in cell death due to the growth of the islet structures formed by the cells, starting from the
5t day, in the trials performed with both types of agents. Like the results obtained in Hela
and SH-SY5Y cell lines, it can be said in these test results that Dx is more toxic than Gx

by looking at the viability of the cells exposed to 100 mM agent concentration.
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Figure 14. Effect of paramagnetic contrast agents on the viability of HepG2 cells.

Viability images obtained as a result of live-dead analysis a) Gx effect b) Dx effect (scale

size: 200 um).

After the completion of the 2D cell culture experiments with HepG2, the same
sets of experiments were repeated with the MCF-7 cell line. In this regard, when the MCF-
7 cells cultured in 2D reached 80-90% confluency, they were removed from the flask and
planted in 96-well plates with 10000 cells in each well for each concentration value.
Experiments were carried out in at least 3 repetitions for each concentration. The plates
were incubated for a week at 37 °C with 5% CO2, and cell viability tests were performed
on days 1, 3, 5, and 7 to understand the toxic effect of paramagnetic contrast agents on
the cells. In this context, the viability of MCF-7 cells incubated in media containing Gx
and Dx at various concentrations separately at the end of the 1%, 3", 5" and 7" days was
examined quantitatively using MTT and AB analysis methods. According to the
absorbance values obtained as a result of MTT analysis, cell viability graphs depending
on paramagnetic agent concentration were obtained as shown in Figure 15.

The MTT test result for the MCF-7 cell line is proportional to the previous MTT
test results. In the samples analysed on the same day, it was observed that the viability

decreased as the amount of agent contained increased (Figure 15). Additionally, cell
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viability was observed to decrease day by day under constant agent concentration. For the
MCF-7 cell line, Dx has a more toxic effect than Gx. The concentration of the
paramagnetic agent that showed 60% and above viability in Mcf-7 cells after one week

of incubation was 10 mM.
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Figure 15. Effect of paramagnetic contrast agents on MCF-7 cell viability. Cell viability
results obtained as a result of MTT analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).

Alamar blue analysis graphs of the MCF-7 cell line show that cell viability is at
high levels and values close to the control group. (Figure 16). It has also been shown by
this analysis, based on the results of the 100 mM paramagnetic agent effect, that the Dx
effect is more toxic than Gx for the MCF-7 cell line. According to Alamar blue analysis,
the paramagnetic agent concentration that provides 60% or more cell viability after 1
week of incubation for the MCF-7 cell line is all concentrations for Gx, while it is 50 mM

and below for Dx.
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Figure 16. Effect of paramagnetic contrast agents on MCF-7 cell viability. Cell viability
results obtained as a result of Alamar blue analysis a) Gx effect b) Dx effect (Gx-Dx

concentration unit: mM).
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Figure 17. Effect of paramagnetic contrast agents on the viability of MCF-7 cells.
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Viability images obtained as a result of live-dead analysis a) Gx effect b) Dx effect
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The live-dead test results given in Figure 17 are compatible with MTT and Alamar
blue analysis. Like the results obtained in other cell lines, the highest cell viability was
seen in the control groups without paramagnetic agents and in the groups containing 10
mM paramagnetic agents. The increase in paramagnetic contrast agent concentration
caused a general decrease in cell viability. According to these results, it is possible to say
that 100 mM paramagnetic agent concentrations have a toxic effect on the MCF-7 cell

line.

3.2. Creation and Characterization of In Vitro 3D Tumor Spheroid
Model with Magnetic Levitation Method

In this step, the 3D cell culturing process was started based on the previous studies
done by the biomimetics research group (Bilginer Kartal & Arslan Yildiz, 2024; Onbas
& Arslan Yildiz, 2021). Optimizations have been completed for 3D culturing of cancer
cells using hanging drop and MagLev methods. NdFeB magnets, 40x5 mm in size and
placed in an anti-helmholtz configuration, providing a 0.4 T magnetic field, were used

for 3D cell culture with the MagLev method.

b)

Figure 18. a) Components of the high volume magnetic levitation set-up produced

and developed for 3D cell culture b) assembled set-up.
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For 3D cell culture, special petri dishes (ibidi petri dishes) with a volume of 800
nL, which are not coated on the cell surface, prevent cell adhesion, and do not form
spheroids spontaneously, were preferred. The MaglLev set-up components and the
completed set-up are shared in Figure 18. The most important advantage of the system is
that the medium can be changed to provide optimum living conditions for cells for long-

term culturing.

3.2.1. Optimization of Parameters for 3D Cell Culture Studies with the
Magnetic Levitation Method and In Vitro 3D Cell Culturing

After the first studies using the MagLev system, it was observed that aggregations
occurred for some cell lines within a 24-hour period, but compact spheroid structures
were not obtained. To obtain clearer and more compact cellular structures before moving
on to drug screening studies, spheroid formation was examined over a 7-day period and
optimized for each cell line. Although it varies from cell to cell, cell numbers in the range
of 5-25 x 10% were tried to obtain the appropriate spheroid structure. Optimization was
made to determine the amount of Gx that would enable the cells to levitate (suspend) until
they formed a spheroid. Due to its low toxic effect, the concentration ranged from 10 mM
up to a maximum of 50 mM. Culturing was continued for 7 days, and light microscope
images were taken at 0, 24, 48, 72, 96, and 168 hours. At the end of day 7, the viability
of the spheroid and spheroid-like structures obtained was checked by performing a live-
dead test. The results obtained for each cell line are shared in figures 19-22. Fluorescence
images of light microscopy and live/dead analysis were obtained with a Zeiss Axio
Observer microscope.

In 3D cell culture studies with HelLa cells using the magnetic levitation method,
successful spheroid structures could be obtained after the 96th hour (Figure 19).
Optimized values are 15 x 10° cell number and 30 mM Gx concentration. The obtained
spheroids were observed for a period of 7 days, and with the live-dead analysis, it was

determined that the viability level was 90% and above, regardless of the drug.
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Figure 19. Light and viability analysis images of HeLa spheroids during the 7-day culture
period. (Scale size:200 um).

In 3D cell culture studies with SH-SY5Y cells using the magnetic levitation method,
successful spheroid structures were obtained after the 48" hour (Figure 20), and the
spheroid structure became more clear day by day. Optimized values are 50 x 10° cell
number and 30 mM Gx concentration. The obtained spheroids were observed for a period
of 7 days, and with the live/dead analysis, it was determined that the viability level was

80% and above, regardless of the drug.

Figure 20. Light and viability analysis images of SH-SY5Y spheroids during the 7-day

culture period. (Scale size:200 um).

Spheroid-like 3D cellular structures could be obtained in 3D cell culture studies
with HepG2 cells using the magnetic levitation method. Since there is no study on this
method and this cell line in the literature, there are no examples and optimization
conditions to take as a basis. As shared in Figure 21, the optimized values as of the 168"
hour are 10 x 10° cell number and 30 mM Gx concentration. The resulting spheroid-like
structures were observed over a 7-day period, and with the live/dead analysis, it was
determined that the viability level was 75% and above, regardless of the drug.
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Figure 21. Light and viability analysis images of HepG2 spheroids during the 7-day

culture period. (Scale size:200 um).

In 3D cell culture studies with MCF-7 cells using the magnetic levitation method,
successful spheroid structures could be obtained after the 96 hour (Figure 22), and the
spheroid structure became more evident day by day. Optimized values are 30 x 103 cell
number and 30 mM Gx concentration. The resulting spheroid-like structures were
observed over a 7-day period, and through live/dead analysis, it was determined that the
viability level dropped to 50% on the 7" day, regardless of the drug. To prevent this
situation in the later stages of the research and to conduct drug screening in a reliable
way, spheroid-like structures that were smaller in size and obtained at an early stage (72-

96 hours) were preferred.

Figure 22. Light and viability analysis images of MCF-7 spheroids during the 7-day

culture period. (Scale size:200 um)

3.2.2. Characterization of in vitro 3D Tumor Spheroid Models Produced
by Magnetic Levitation Method

The characterization results of HeLa spheroids obtained with the MagLev method
after 1 and 7 days of culturing are shared in Figure 23. In the results obtained, actin and

dapi signals are seen from the first day. It can be seen from actin and nucleus staining that
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the cells stand together in a compact manner. Additionally, it is seen that this structure
did not deteriorate at the end of the 7-day culturing process. While a very low amount of
signal is seen in the collagen signal on the first day, it is seen that there is an increase on
the 71 day. This situation is compatible with the literature (Onbas & Arslan Yildiz, 2021).

It can be interpreted that extracellular matrix secretion from cells increases day by day,

and a structure closer to real tissue physiology is obtained.

Figure 23. Collagen, Actin and Dapi Staining Results of 3D HeLa Tumor Spheroid
Models obtained by MagLev method a) 1st day b) 7th day (5x, 10x and 20x Magnification

from top to bottom).

Figure 24 shows the characterization results of SH-SY5Y spheroids obtained with
the MagLev method after 1 and 7 days of culturing. In the results obtained, actin and dapi
signals are seen from the first day. It can be seen from actin and nucleus staining that the
cells stand together in a compact manner. Additionally, it is seen that this structure did
not deteriorate at the end of the 7-day culturing process. While there is a very low amount
of signal in the collagen signal on the first day, it is seen that there is an increase on the
7" day. This situation is compatible with the literature. It can be interpreted that
extracellular matrix secretion from cells increases day by day, and a structure closer to

real tissue physiology is obtained.
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Figure 24. Collagen, Actin and Dapi Staining Results of 3D SH-SY5Y Tumor Spheroid
Models obtained by MaglLev method a) 1st day b) 7th day (5%, 10x and 20x
Magnification from top to bottom).

Figure 25. Collagen, Actin and Dapi Staining Results of 3D HepG2 Tumor Spheroid
Models obtained by MagLev method a) 1st day b) 7th day (5x, 10x and 20x Magnification
from top to bottom).

Figure 25 shows the characterization results of HepG2 spheroids obtained by the
MagLev method after 1 and 7 days of culturing. In the results obtained, actin and dapi
signals are seen from the first day. It can be seen from actin and nucleus staining that the
cells stand together in a compact manner. Additionally, it is seen that this structure did

not deteriorate at the end of the 7-day culturing process. While there is a very low amount
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of signal in the collagen signal on the first day, it is seen that there is an increase on the
7" day. This situation is compatible with the literature. It can be interpreted that
extracellular matrix secretion from cells increases day by day, and a structure closer to
real tissue physiology is obtained.

Figure 26 shows the characterization results of MCF-7 spheroids obtained by the
MagLev method after 1 and 7 days of culturing. In the results obtained, actin and dapi
signals are seen from the first day. It can be seen from actin and nucleus staining that the
cells stand together in a compact manner. Additionally, it is seen that this structure did
not deteriorate at the end of the 7-day culturing process. While there is a very low amount
of signal in the collagen signal on the first day, it is seen that there is an increase on the
7" day. This situation is compatible with the literature. It can be interpreted that the
secretion of extracellular matrix from cells increases day by day, and a structure closer to

real tissue physiology is obtained.

Figure 26. Collagen, Actin and Dapi Staining Results of 3D MCF-7 Tumor Spheroid
Models obtained by MagLev method a) 1% day b) 7" day (5x, 10x and 20x Magnification

from top to bottom).
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3.3. Creation and Characterization of 3D Tumor Spheroid Model with
the Hanging Drop Method

At this stage, in order to make better comparisons with spheroids obtained by the
MagLev method, the parameters required to produce spheroids from different cell lines
using the hanging drop method were optimized, and characterization studies were carried

out.

3.3.1. Optimization of Parameters for 3D Cell Culture Studies with the
Hanging Drop Method and In Vitro 3D Cell Culturing

Different cell numbers were tried in studies to obtain spheroids with HeLa cells
using the hanging drop method. In Figure 27, the results of 5-10 x 10° cell count
experiments in a 24-hour period are shared. Apart from these experiments, different cell
numbers (1000, 2500, 15000, and 20000) and incubation times (48 hours and 72 hours)
were tried, and similar results were obtained. In addition, the drop volume, which is one
of the most basic parameters in the hanging drop method, was changed, but the targeted
spheroid structure could not be achieved with HeLa cells. To perform drug trials and
viability analyses, the obtained cellular structures must be transferred to 96-well plates.
However, since the resulting cellular structures were not compact and were very weak
aggregates, the transportation process could not be carried out and the structures

dispersed.
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Figure 27. Light and viability analysis images of HelLa spheroids during the 24-hour

culture period. (Scale size:200 um)

Different cell numbers were tried in studies to obtain spheroids with SH-SY5Y
cells using the hanging drop method. In Figure 28, the results of 25-50 x 10° cell number
trials in a 24-hour period are shared. When 50 x 102 cell number is used, the spheroid
structures obtained required density and shape. The resulting structures could be
successfully transferred to 96-well plates for drug trials and viability analyses. Live-dead
analysis performed after 24 hours shows that the viability of the spheroid structures is
90% and above. This allows drug screening studies to be carried out successfully
(Namkaew et al., 2018).

Figure 28. Light and viability analysis images of SH-SY5Y spheroids during the 24-hour

culture period. (Scale size:200 um).

Different cell numbers were tried in studies to obtain spheroids with HepG2 cells
using the hanging drop method. In Figure 29, the results of 5-10 x 10° cell number trials

in a 24-hour period are shared. Successful results were obtained in experiments with both
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cell numbers. It has been observed that the success rate is higher in spheroids produced
with a cell number of 10 x 10° for multiple productions. The obtained spheroids were
successfully transferred to 96-well plates for drug trials and viability analyses. Live-dead
analysis performed after 24 hours shows that the viability of the spheroid structures is
90% and above.

5,000

Figure 29. Light and viability analysis images of HepG2 spheroids during the 24-hour

culture period. (Scale size:200 um).

Different cell numbers were tried in studies to obtain spheroids with MCF-7 cells
using the hanging drop method. In Figure 30, the results of 5-10 x 10° cell number trials
in a 24-hour period are shared. Successful results were obtained in experiments with both
cell numbers. It has been observed that the success rate is higher in spheroids produced
with a cell count of 10 x 10° for multiple productions. The obtained spheroids were
successfully transferred to 96-well plates for drug trials and viability analyses. Live-dead
analysis performed after 24 hours shows that the viability of the spheroid structures is
90% and above.

For viability analyses to be performed in 3D cell culture, the stability of the
spheroid structure free from chemical factors and its viability in long-term culturing are
important. Spheroid size, compactness, and circularity have a direct impact on spheroid
viability (Leung et al., 2015; Raghavan et al., 2016). In addition, the diffusion limit is
another important factor affecting the viability of the spheroid in 3D cell culture
(Boucherit et al., 2020; Gerlee et al., 2010; Grimes et al., 2014; Zhu et al., 2022). As time
passes, the access of the cells in the inner part of the spheroids to nutrients and oxygen is

restricted, thus, the number of dead cells in the inner part of the spheroid increases. This
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situation is explained in the literature as necrotic core formation. (Huang et al., 2020;
Zanoni et al., 2016) To examine this effect on the produced spheroids, roundness and area

analyses were performed, and the results are shared in Figures 31 and 32.

Figure 30. Light and viability analysis images of MCF-7 spheroids during the 24-hour

culture period. (Scale size:200 pm).

It is known that the number of cells used in spheroids produced by the hanging
drop method is directly proportional to the spheroid size, in addition to growth kinetic
factors. (Nath & Devi, 2016) The sizes of spheroids belonging to different cells that could
be produced in the targeted structure are shared as area analysis results in Figure 31. The
results were compared with each other and with the literature, and the ideal number of
cells for the spheroid size to be used in drug screening studies was determined. As shared
in the results of the optimization studies, successful production at the desired level could
not be achieved with HeLa cells. For SH-SY5Y cells, 25000 and 50000 cell numbers
were tested, and in the experiments with 25000 cells, it was observed that the spheroid
structure was weak and dispersed during the incubation and transferring processes. For
this reason, data could not be shared in the area analysis graph. The results of the areas of
HepG2 and MCF-7 spheroids according to the number of cells used are compatible with
the literature results (Hurrell et al., 2018). Due to the need for many spheroid structures
in drug screening studies, it was decided to continue production with 10000 cells for both

cell lines, based on the success rate of the spheroids obtained.
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Figure 31. Cell line-specific area analysis graph in spheroids obtained by the hanging

drop method.

Circularity is used to express the distance from any point of the spheroid structure
to the surface. Spheroid circularity is directly related to the diffusion limit (Ermis et al.,
2023). Studies in the literature have compared oxygen diffusion in circle and elliptical
spheroid structures, and it has been observed that nutrient and oxygen constraints remain
at lower levels in spheroid structures with higher circularity values. In the results shared
in Figure 32, the circularity values of cell type-specific spheroids obtained by magnetic
levitation and the hanging drop method are compared. Analyses were made with the help
of the ImageJ program. The ideal circularity value was accepted as 1, and the results were
compared with this value (Onbas & Arslan Yildiz, 2021). There is some difference
between the circularity values of the spheroids obtained by magnetic levitation and the
hanging drop method. In the literature, the circularity of the spheroid structures produced
by the hanging drop method is explained as an advantage of the method. The circularity
values of the spheroid structures obtained in the studies carried out within the scope of
the study are within the acceptable range according to the literature (Leung et al., 2015;
Raghavan et al., 2016).
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Figure 32. Cell line-specific circularity analysis graph in spheroids obtained by
hanging drop and MagLev method.

3.3.2. Characterization of in vitro 3D Tumor Spheroid Models Produced

by Hanging Drop Method

Characterization studies of tumor spheroid models obtained by the hanging drop
method were carried out. At this stage, the tumor spheroid models obtained by the
hanging drop method were fixed using 4% PFA (paraformaldehyde) on Day 1, then
Collagen I (stains the collagens released in the extracellular matrix green), Phalloidin (F-
actin) (stains the actin filaments red), and DAPI (stains cell nuclei blue)
immunofluorescence staining was performed. In this way, cell nucleus, cell scaffold
formation and extracellular matrix formation were observed (Yildirim-Semerci et al.,
2024).

The immunofluorescent staining results of spheroid models formed by SH-SY5Y
cells are shared in Figure 33. There is a collagen, f-actin, and dapi signal at the 24" hour
after obtaining the spheroids. It is understood that collagen | was synthesized in the
resulting spheroid structures by the 24" hour. This can be interpreted as the formation of
an extracellular matrix-cell complex, similar to real tissue physiology, as expected in the
spheroid structure.
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Figure 33. Collagen, Actin and Dapi Staining Results of 3D SH-SY5Y Tumor Spheroid
Models obtained by hanging drop method (5x, 10x and 20x Magnification from top to
bottom).

Figure 34. Collagen, Actin and Dapi Staining Results of 3D HepG2 Tumor Spheroid
Models obtained by hanging drop method. (5%, 10x and 20x Magnification from top to
bottom).
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Immunofluorescent staining results of spheroid models formed by HepG2 cells
are shared in Figure 34. There is a collagen, f-actin, and dapi signal at the 24" hour after
obtaining the spheroids. It is understood that collagen was synthesized in the resulting
spheroid structures by the 24™ hour. This can be interpreted as the formation of an
extracellular matrix-cell complex, similar to real tissue physiology, as expected in the
spheroid structure.

Immunofluorescent staining results of spheroid models formed by MCF-7 cells
are shared in Figure 35. There is a collagen, f-actin, and dapi signal at the 24" hour after
obtaining the spheroids. It is understood that collagen was synthesized in the resulting
spheroid structures by the 24™ hour. This can be interpreted as the formation of an

extracellular matrix-cell complex, similar to real tissue physiology, as expected in the

spheroid structure.

I I

Figure 35. Collagen, Actin and Dapi Staining Results of 3D MCF-7 Tumor Spheroid
Models obtained by hanging drop method (5%, 10x and 20x Magpnification from top to
bottom).
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3.4. Drug Activity Screening of Sapogenol Derived Molecules and

Paclitaxel Anticancer Drug

Before obtaining 3D tumor spheroid models, the toxic effects of the PTX and
sapogenol-derived molecules (AG-04, AG-08, CG-03, and CG-04), which will be used
in drug screening, were investigated in 2D cell culture. AG-08, the target molecule whose
effects on 3D tumor spheroid models were investigated, improves proteolysis in cancer
cell lines, changes lysosomal functions and physiology, and causes controlled necrosis
(Uner et al., 2020). Another molecule known to have anticancer effects with its chemical
structure, like this one is CG-03. In order to fully evaluate the results, AG-04 and CG-04
molecules, which have similar chemistry but are not cytotoxic, were used as negative
controls. To evaluate the results comparatively, Ptx, which is frequently used in the
literature and whose effect is known, was preferred as a positive control. The PTX
accumulates in cells and causes inhibition of microtubules, which triggers the apoptotic
pathway in cells and causes a decrease in the viability level (Kumar et al., 2010).

In this step, the toxic effects of paramagnetic agents were compared, and it was
decided to continue with the 10 mM Gx paramagnetic agent, which has low cytotoxicity,
for 3D cell studies. Also, whether this paramagnetic agent caused a possible negative

effect when used with Ptx and others was examined.

3.4.1 Drug Activity Screening of Sapogenol Derived Molecules in
Standard 2D Cell Culture

In Figure 36, the MTT graph for viability analysis after Ptx application for HeLa
cells is shared. Ptx cytotoxicity in the presence and absence of Gx was investigated over
a 48-hour period. The applied Ptx concentration range was used as 0-200 nM, similar to
previous studies based on the literature. According to MTT results, it showed a serious
toxic effect at 5 nM and above, and its cytotoxicity on cells increases day by day, and

accordingly, there is a decreasing trend in viability values. It is seen that the presence of
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10 mM Gx does not create an extra toxic effect, and the viability results in the presence

and absence of Gx are at similar values in both graphs.
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Figure 36. 48-hour MTT analysis results showing cytotoxicity of PTX on HeLa cells a)
in the absence of 10 mM Gx paramagnetic contrast agent b) in the presence of 10 mM

Gx paramagnetic contrast agent (unit of Ptx concentration: nM)

In Figure 37, the results of live-dead analysis after Ptx application for HeLa cells
are shared. Ptx cytotoxicity in the presence and absence of Gx was investigated over a
48-hour period. The applied Ptx concentration range was determined as 0-200 nM, similar
to previous studies using the literature. According to the live-dead test results, it showed
a toxic effect at concentrations of 25 nM and above, and the decrease in cell viability is
clearly seen after 48 hours. In addition to the decrease in the amount of viability, it is
observed that due to the increasing drug concentration, the cells cannot adhere to the
surface, and they lose their original morphology and remain in a circular morphology.
Additionally, no extra toxic effect was observed in the presence of 10 mM Gx, and similar
results were obtained. Finally, when the results of MTT and live-dead analysis are
compared, it is seen that the results of both analyses are generally consistent with each

other.
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Figure 37. 48h live-dead analysis results showing cytotoxicity of PTX on HeLa cells a)

absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 38, the MTT graph for viability analysis after AG-08 application to
HelLa cells is shared. In the presence and absence of Gx, the toxic effect of the AG-08
molecule synthesized by Prof. Bedir and his group was investigated over a 48-hour
period. The concentration range of sapogenol-derived molecules applied in 2D cell
culture was detected by using literature close to previous studies as a range of 0-30 uM
to allow comparisons to be made in all cell lines. (Uner et al., 2020, 2022). According to

MTT results, a serious toxic effect was observed at concentrations between 5-10 uM and
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above, and the cytotoxic effect on cells increases over time. Accordingly, there is a
decreasing trend in viability values. It is seen that the presence of 10 mM Gx does not

create an extra toxic effect, and the viability results are at similar values in both graphs.
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Figure 38. 48h MTT analysis results showing the cytotoxicity of AG-08 on HeLa cells
in a) absence b) presence of 10 mM Gx paramagnetic contrast agent (unit of AG-08

concentration: pM).

In Figure 39, the results of live-dead analysis after AG-08 application for HeLa
cells are shared. In the presence and absence of Gx, the cytotoxicity of the AG-08
molecule synthesized by Prof. Bedir and his group was investigated over a 48-hour
period. According to the live-dead test results, a serious toxic effect occurred at 10 uM
and above, and the decrease in cell viability was clearly seen. In addition to the decrease
in the amount of viability, it is observed that due to the increasing drug concentration, the
rare surviving cells lose their original morphology and remain in a circular morphology.
Also, it is seen that the presence of 10 mM Gx does not cause any extra toxic effects, and
the results regarding viability are similar. Finally, when the results of MTT and live-dead
analysis are compared, it is seen that the results of both analyses are generally consistent

with each other.
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Figure 39. 48h live-dead analysis results showing the cytotoxicity of AG-08 on HelLa

5 pM

cells in @) absence b) presence of 10 mM Gx paramagnetic contrast agent. (unit of AG-

08 concentration: pM).

MTT graphs for viability analysis after AG-04 application to HelLa cells are
shared in Figure 40. In the presence and absence of Gx, the toxic effect of the AG-04,
which is one of the analogues of the AG-08 molecule synthesized by Prof. Bedir and his
group, was investigated over a 48-hour period. The applied concentration range of AG-
04 is in the range of 0-30 uM, as in the AG-08 molecule. Depending on the chemical
structure of the AG-04 molecule, it is not expected to have any toxic effects on cells,
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unlike AG-08 (Uner et al., 2022). It was determined to be the negative control group
within the research. For this reason, viability values are expected to be 60% and above.
When the results were examined, there was a decrease in the viability level in the presence
and absence of Gx after 30 uM application. It can be interpreted that the toxic effect
caused by the AG-08 molecule on cells occurs at lower concentrations compared to AG-
04. The presence of 10 mM Gx did not create an extra toxic effect, and the viability results

were generally similar in both graphs.
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Figure 40. 48h MTT analysis results showing the cytotoxicity of AG-04 on HeLa cells
in a) absence b) presence of 10 mM Gx paramagnetic contrast agent (unit of AG-08

concentration: uM).

In Figure 41, the results of live-dead analysis after AG-04 application for HeLa
cells are shared. The toxic effect of the AG-04 in the presence and absence of Gx was
investigated over a 48-hour period. According to the results obtained, the viability is at a
high level, and there is a decrease in cell viability starting with a 30 uM application.
However, unlike the AG-08 molecule, there was no change in the adhesion and
morphology of the cells to the surface as the applied molecule concentration increased. It
also appears that the presence of 10 mM Gx does not create an extra toxic effect, and the
results regarding viability are similar. Finally, when the results of MTT and live-dead

analysis are compared, it is seen that the results of both analyses support each other.
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Figure 41. 48h live-dead analysis results showing the cytotoxicity of AG-04 on HelLa
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale unit
100 pum).

Figure 42 shows the MTT graph for viability analysis after CG-03 molecule
application to HeLa cells. In the presence and absence of Gx, the toxic effect of the CG-
03, one of the analogues of the AG-08 molecule synthesized by Prof. Bedir and his group,
was investigated over a 48-hour period. The chemical structure of the CG-03 molecule is

like AG-08; therefore, it causes controlled necrosis in a similar way to the AG-08
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molecule (Uner et al., 2022). It is expected to cause toxic effects on cancer cell lines in
future trials. The applied concentration range of CG-03 is in the range of 0-30 uM, as in
AG-08 and AG-04 molecules. According to the results of MTT analysis, a toxic effect
was observed at concentrations of 10 uM and higher, resulting in a decreasing trend in
viability values. Additionally, the presence of 10 mM Gx did not cause any extra toxic

effects, and the viability results were consistent with each other in both graphs.
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Figure 42. 48h MTT analysis results showing the cytotoxicity of CG-03 on HeLa cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 43, the results of the live-dead analysis after the application of the CG-
03 molecule to HeLa cells are shared. The toxic effect of the CG-03 in the presence and
absence of Gx was investigated over a 48-hour period. According to the results obtained,
serious toxic effects occurred in applications at concentrations of 10 uM and above.
Moreover, a decreasing trend in cell viability was observed. In addition to the decrease in
the amount of viability due to the increasing molecule concentration, it is observed that
the rare surviving cells lose their original morphology and remain in a circular
morphology. On the other hand, it is seen that the presence of 10 mM Gx does not cause
any extra cytotoxicity, and the viability results are similar. Finally, when the results of
MTT and live-dead analysis are compared, it can be said that the results of both analyses

generally support each other.
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Figure 43. 48h live-dead analysis results showing the cytotoxicity of CG-03 on
HeLa cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent

(scale unit 100 um).

MTT graphs for viability analysis after CG-04 molecule application to HeLa cells
are shared in Figure 44. In the presence and absence of Gx, the toxic effect of the CG-04
, one of the analogues of the AG-08 molecule synthesized by Prof. Bedir and his group,
was investigated over a 48-hour period. The applied CG-04 concentration range is 0-30
uM, as with the other three molecules. The chemical structure of the CG-04 molecule is
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like AG-04. Unlike AG-08 and CG-03 molecules, it is expected to not cause any toxic
effects on cells or to have very low levels of cytotoxicity. (Viability values are expected
to be 60% and above.) When the results obtained are examined, it is evident that they are
compatible with the expectations. Despite the increased CG-04 molecule concentration,
the cell viability level is 60% and above. The presence of 10 mM Gx did not cause any

extra cytotoxicity, and the viability values were close in both graphs.
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Figure 44. 48h MTT analysis results showing the cytotoxicity of CG-04 on HelLa cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 45, the results of live-dead analysis after CG-04 molecule application
for HeLa cells are shared. The cytotoxicity of the CG-04 in the presence and absence of
Gx was investigated over a 48-hour period. The results obtained show that cell viability
remains at a high level despite the increasing CG-04 molecule concentration. Unlike AG-
08 and CG-03 molecules, which have high cytotoxicity, there was no change in the
morphology of the cells as the concentration of the applied CG-04 molecule increased. It
also appears that the presence of 10 mM Gx does not cause any extra cytotoxicity, and
the viability results are similar. Finally, when the results of MTT and live-dead analysis

are compared, it can be said that the results of both analyses support each other.
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Figure 45. 48h live-dead analysis results showing the cytotoxicity of CG-04 on HelLa
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale unit
100 pum).

In Figure 46, MTT graphs for viability analysis are shared for SH-SY5Y cells
after PTX application. Ptx cytotoxicity in the presence and absence of Gx was
investigated over a 48-hour period. The applied Ptx concentration range is 0-200 nM, like
previous studies, using the literature. According to the MTT analysis results, the viability

value decreased to the expected level (50% and below) at the 200 nM concentration
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application. In addition, there is a decreasing trend in cell viability day by day due to the
toxic effects caused by the drug. It is also seen that the presence of 10 mM Gx does not

create an extra toxic effect, and the viability results are at similar values in both graphs.
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Figure 46. 48h MTT analysis results showing the cytotoxicity of PTX on SH-SY5Y cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 47, the results of live-dead analysis after Ptx application for SH-SY5Y
cells are shared. Ptx cytotoxicity in the presence and absence of Gx was investigated over
a 48-hour period. The applied Ptx concentration range is 0-200 nM, similar to previous
studies using the literature. According to the live-dead analysis results, a high toxic effect
was observed in applications at 25 nM and increasing concentrations, and the decrease in
cell viability is clearly seen after 48 hours. In addition to the decrease in cell viability, it
is observed that due to increasing drug concentration, the cells lose their original
morphology and remain in a circular morphology. It also appears that the presence of 10
mM Gx does not create an extra toxic effect, and the viability results are similar. Finally,
when the results of MTT and live-dead analysis are compared, it can be said that the

results of both analyses are generally consistent with each other.
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Figure 47. 48h live-dead analysis results showing the cytotoxicity of PTX on SH-SY5Y
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale unit
100 pum).

Figure 48 shows MTT graphs for viability analysis after AG-08 molecule
application for SH-SY5Y cells. The toxic effect of the AG-08 in the presence and absence
of Gx was investigated over a 48-hour period. According to the MTT results obtained, it
Is seen that there is a decreasing trend in the viability values in applications starting from

10 uM and increasing concentrations due to the cytotoxicity occurring on the cells. It was
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also concluded that the presence of 10 mM Gx did not cause any extra cytotoxicity, and

the viability levels were at similar values in both graphs.
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Figure 48. 48h MTT analysis results showing the cytotoxicity of AG-08 on SH-SY5Y

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 49, the results of live-dead analysis after the application of the AG-08
molecule to SH-SY5Y cells are shared. The cytotoxicity of the AG-08 in the presence
and absence of Gx was investigated over a 48-hour period. According to the live-dead
analysis results, a toxic effect on the cells was observed at 10 uM, and with increasing
molecule concentrations, a decrease in cell viability occurred after 48 hours. In addition
to the decrease in cell viability, it is observed that due to the increasing molecule
concentration, rare surviving cells lose their original morphology and remain in a circular
morphology. It also appears that the presence of 10 mM Gx does not cause any extra
cytotoxicity, and the viability results are similar. When the results of MTT and live-dead
analysis are compared, it can be said that the results of both analyses are generally

consistent with each other.
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Figure 49. 48h live-dead analysis results showing the cytotoxicity of AG-08 on SH-
SY5Y cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale

unit 100 pm).

In Figure 50, MTT graphs for viability analysis are shared for SH-SY5Y cells
after AG-04 application. The toxic effect of the AG-04 in the presence and absence of
Gx was investigated over a 48-hour period. When the MTT results obtained are examined,
it is seen that the cell viability is at a high level as expected and drops below 50% in the
presence and absence of Gx only at 30 uM application. This result can be interpreted as

the cytotoxicity of the AG-04 molecule, as in the results of the HeLa cell line, occurring
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when applied at much higher concentrations compared to the AG-08 molecule.
Additionally, the presence of 10 mM Gx did not cause any extra cytotoxicity, and the

viability results were similar in both graphs.
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Figure 50. 48h MTT analysis results showing the cytotoxicity of AG-04 on SH-SY5Y

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 51, the results of live-dead analysis after the application of the AG-04
molecule to SH-SY5Y cells are shared. The cytotoxicity of the AG-04 in the presence
and absence of Gx was investigated over a 48-hour period. According to the analysis
results obtained, cell viability is at a high level despite the increasing molecule
concentration. It is observed that there is a decrease in viability only after 30 uM
application. However, unlike the AG-08 molecule, as the concentration increased, there
was no change in the morphology of the cells. In addition, it is seen that the presence of
10 mM Gx does not cause an extra toxic effect, and the viability results are similar.
Finally, when the results of MTT and live-dead analysis are compared, it is seen that the

results of both analyses support each other.
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Figure 51. 48h live-dead analysis results showing the cytotoxicity of AG-04 on SH-
SY5Y cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale

unit 100 pm).

In Figure 52, MTT graphs for viability analysis after CG-03 application to SH-
SY5Y cells are shared. The toxic effect of the CG-03 in the presence and absence of Gx
was investigated over a 48-hour period. According to the MTT results obtained, a high
toxic effect occurred at 10 uM and increasing concentrations. Also, a decreasing trend in

viability values was observed. The results obtained are like the AG-08 molecule
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application, in line with expectations. The presence of 10 mM Gx did not cause any extra

cytotoxicity, and the viability results were similar in both graphs.
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Figure 52. 48h MTT analysis results showing the cytotoxicity of CG-03 on SH-SY5Y

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 53, the results of live-dead analysis after CG-03 application for SH-
SY5Y cells are shared. The cytotoxicity of the CG-03 in the presence and absence of Gx
was investigated over a 48-hour period. According to the live-dead analysis results, a
toxic effect was observed on the cells at 20 uM, and increasing concentrations, a serious
decrease in cell viability also occurred. In addition to the decrease in cell viability due to
the increasing molecule concentration, it is observed that rare surviving cells lose their
original morphology and remain in a circular morphology. Moreover, it is seen that the
presence of 10 mM Gx does not cause any extra cytotoxicity, and the viability results are
similar. Finally, when the results of MTT and live-dead analysis are compared, it can be

said that the results of both analyses generally support each other.
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Figure 53. 48h live-dead analysis results showing the cytotoxicity of CG-03 on SH-
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SY5Y cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale

unit 100 pm).

Figure 54 shows MTT graphs for viability analysis after CG-04 application to SH-
SY5Y cells. The toxic effect of the CG-04 in the presence and absence of Gx was
investigated over a 48-hour period. Despite the increasing molecule concentration,
viability values are at 60% and above, as expected. The presence of 10 mM Gx did not

cause any additional cytotoxicity. Viability values are at similar levels in both graphs.
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Figure 54. 48h MTT analysis results showing the cytotoxicity of CG-04 on SH-SY5Y

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 55, the results of live-dead analysis after the application of the CG-04
molecule to SH-SY5Y cells are shared. The cytotoxicity of the CG-04 in the presence
and absence of Gx was investigated over a 48-hour period. According to the live-dead
analysis results, the cell viability level is stable despite the increasing molecule
concentration. Unlike the toxic molecules AG-08 and CG-03, no change occurred in cell
morphology as the molecule concentration increased. Additionally, the presence of 10
mM Gx did not cause extra cytotoxicity, and the viability level is close to each other in
both experiments. Finally, when the results of MTT and live-dead analysis are compared,
it can be said that the results of both analyses support each other.

In Figure 56, MTT graphs for viability analysis after Ptx application for HepG2
cells are shared. Ptx cytotoxicity in the presence and absence of Gx was investigated over
a 48-hour period. The applied Ptx concentration range is 0-200 nM, similar to previous
studies using the literature. According to the MTT results obtained, cytotoxicity was
observed in the cells at 25 nM and increasing drug concentrations, and the viability
decreased to 60%. In order to reach lower levels for viability, the drug concentration
should be increased, or the application process should be extended. Additionally, the
presence of 10 mM Gx did not cause any extra cytotoxicity, so it was concluded that the

viability level was at similar values in both graphs.
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Figure 55. 48h live-dead analysis results showing the cytotoxicity of CG-04 on SH-
SY5Y cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale

unit 100 um).
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Figure 56. 48h MTT analysis results showing the cytotoxicity of PTX on HepG2 cells in

the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 57, the results of live-dead analysis after Ptx application for HepG2 cells
are shared. Ptx cytotoxicity in the presence and absence of Gx was investigated over a
48-hour period. The applied Ptx concentration range is 0-200 nM, similar to previous
studies using the literature. According to the live-dead analysis results, it was understood
that although 50 nM and increasing drug concentration applications had a toxic effect on
the cells, it was at a lower level compared to the results obtained with other cell lines. It
is known in the literature and in studies conducted in previous work packages that healthy
HepG2 cells exist in clusters (Hurrell et al., 2018). It is observed that as the drug
concentration applied is increased, this aggregation is disrupted, and the cells remain
separated. Additionally, the presence of 10 mM Gx did not cause any extra toxic effects,
and the viability results were similar. Finally, when the results of MTT and live-dead
analysis are compared, it can be said that the results of both analyses are consistent with

each other.
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Figure 57. 48h live-dead analysis results showing the cytotoxicity of PTX on HepG2
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent (scale unit
100 pm).

In Figure 58, MTT graphs for viability analysis are shared for HepG2 cells after
AG-08 application. The toxic effect of the AG-08 in the presence and absence of Gx was
investigated over a 48-hour period. According to the MTT results obtained, a toxic effect
on the cells was observed at 20 uM and increasing molecular concentrations, and the

cytotoxic effect on the cells increases day by day. Accordingly, there is a decreasing trend
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in vitality values. In addition, the presence of 10 mM Gx did not cause any extra

cytotoxicity, and it was concluded that the viability levels were at similar values in both

graphs.
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Figure 58. 48h MTT analysis results showing the cytotoxicity of AG-08 on HepG2 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 59, the results of live-dead analysis after AG-08 application to HepG2
cells are shared. The cytotoxicity of the AG-08 in the presence and absence of Gx was
investigated over a 48-hour period. According to the live-dead analysis results, a high
level of toxic effects was observed in 10 uM and increasing molecule concentration
applications, and a decrease in cell viability was observed. In addition to the decrease in
cell viability, it is observed that the cells with impaired aggregation, which is a
characteristic feature of the HepG2 cell line, are dispersed in an unhealthy manner. There
IS no negative effect on the proliferation of cells in experiments carried out in the 0-5 uM
concentration range. As seen in the MTT graphs, the amount of viability increases in
direct proportion to the incubation period. In addition, the presence of 10 mM Gx did not
cause any extra toxic effects, and the viability results appeared to be similar. Finally,
when the results of MTT and live-dead analysis are compared, it can be said that the

results of both analyses are generally consistent with each other.
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Figure 59. 48h live-dead analysis results showing the cytotoxicity of AG-08 on HepG2
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pm)

In Figure 60, MTT graphs for viability analysis after the application of the AG-
04 molecule to HepG2 cells are shared. The toxic effect of the AG-04 in the presence
and absence of Gx was investigated over a 48-hour period. When the MTT results
obtained are examined, it is seen that the viability level is at a high level (60% and above)

at all concentrations, as expected. It is possible that viability values will decrease if higher
68



AG-04 concentrations are tried. Additionally, the presence of 10 mM Gx did not cause

any additional toxic effects, and the viability levels were in a similar range in both graphs.
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Figure 60. 48h MTT analysis results showing the cytotoxicity of AG-04 on HepG2 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In figure 61, the results of live-dead analysis after AG-04 application for HepG2
cells are shared. The cytotoxicity of the AG-04 in the presence and absence of Gx was
investigated over a 48-hour period. According to the analysis results, viability is at a high
level despite the increasing molecule concentration, and there is a slight decrease in
viability in the presence of Gx with the application of 30 uM AG-04. However, unlike
AG-08, there was no disruption in the aggregation characteristic of HepG2 cells. If the
results obtained in live-dead analysis after the application of both molecules (AG-08 and
AG-04) are compared, it can be said that AG-04 affects the viability value much less than
AG-08. Finally, when the results of MTT and live-dead analysis are compared, it can be

said that the results of both analyses support each other.
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Figure 61. 48h live-dead analysis results showing the cytotoxicity of AG-04 on HepG2
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pum)

MTT graphs for viability analysis after CG-03 application to HepG2 cells are
shared in Figure 62. The toxic effect of the CG-03 in the presence and absence of Gx
was investigated over a 48-hour period. According to the MTT results obtained, there is
a decreasing trend in cell viability due to increasing molecule concentrations. It is
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observed that the viability decreases to 50% and below at 20 pM and 30 pM concentration
applications. As expected, the results are like those of the AG-08 molecule application.
Additionally, the presence of 10 mM Gx did not cause any extra cytotoxicity, and the

viability values were at similar levels in both graphs.
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Figure 62. 48h MTT analysis results showing the cytotoxicity of CG-03 on HepG2 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 63, the results of live-dead analysis after the application of the CG-03
molecule to HepG2 cells are shared. The cytotoxicity of the CG-03 in the presence and
absence of Gx was investigated over a 48-hour period. According to the live-dead analysis
results, a high level of toxic effects was observed in 10 uM and increasing concentration
molecule applications, and the decrease in cell viability is clearly seen. In addition to the
decrease in cell viability, it is observed that the cells with impaired aggregation, which is
a characteristic feature of the HepG2 cell line, are dispersed in an unhealthy manner.
There is no negative effect on the proliferation of cells in experiments performed in the
0-5 uM range. As seen in the MTT graphs, the amount of viability increases in direct
proportion to the incubation period. Additionally, the presence of 10 mM Gx did not cause
any extra toxic effects, and the viability results were similar. Finally, when the results of
MTT and live-dead analysis are compared, it is seen that the results of both analyses

generally support each other.
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Figure 63. 48h live-dead analysis results showing the cytotoxicity of CG-03 on HepG2

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pm).

In Figure 64, MTT graphs for viability analysis after the application of the CG-04
molecule to HepG2 cells are shared. The toxic effect of the CG-04 in the presence and
absence of Gx was investigated over a 48-hour period. Viability values at all applied

molecule concentrations are high (70% and above), as expected. The results obtained can
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be interpreted as indicating that the toxic effects will probably occur at much higher
concentrations compared to the experiments conducted with AG-08 and CG-03
molecules, which have high toxic effects. Additionally, the presence of 10 mM Gx did
not cause any extra toxic effects, and the viability values were at similar levels in both

graphs.
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Figure 64. 48h MTT analysis results showing the cytotoxicity of CG-04 on HepG2 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 65, the results of live-dead analysis of HepG2 cells after CG-04
molecule application are shared. The cytotoxicity of the CG-04 in the presence and
absence of Gx was investigated over a 48-hour period. According to the analysis results,
viability is at a high level despite the increased molecule concentration. Contrary to the
experiments with AG-08 and CG-03 molecules, which are known to have a high toxic
effect, no dispersion occurred in the aggregation characteristic of HepG2 cells after CG-
04 application. In addition, the presence of 10 mM Gx did not cause any extra toxic
effects, and the viability results were similar. Finally, when the results of MTT and live-
dead analysis are compared, it can be said that the results of both analyses are compatible

with each other.
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Figure 65. 48h live-dead analysis results showing the cytotoxicity of CG-04 on HepG2
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pum).

MTT graphs for viability analysis after Ptx application for MCF-7 cells are shared
in Figure 66. Ptx cytotoxicity in the presence and absence of Gx was investigated over a
48-hour period. The applied Ptx concentration range is 0-200 nM, similar to previous

studies using the literature. According to the MTT results obtained, a toxic effect was
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observed in 25 nM and increasing concentration applications; also, the cytotoxicity on
the cells increases day by day, and accordingly, there is a decreasing trend in the viability
values. In addition, the presence of 10 mM Gx did not cause an extra toxic effect, and it

was concluded that the viability results were at similar levels in both graphs.
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Figure 66. 48h MTT analysis results showing the cytotoxicity of PTX on MCF-7 cells in

the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 67, the results of live-dead analysis after Ptx application for MCF-7 cells
are shared. Ptx cytotoxicity in the presence and absence of Gx was investigated over a
48-hour period. The applied Ptx concentration range is 0-200 nM, like previous studies
using the literature. According to the results obtained, a high level of toxic effects was
observed in applications at 25 nM and increasing molecule concentrations, and cell
viability decreased after 48 hours. In addition to the decrease in cell viability, it is
observed that due to increasing drug concentration, the surviving cells lose their original
morphology and remain in a circular morphology. Additionally, the presence of 10 mM
Gx did not cause any extra toxic effects, and the viability results were similar in both
cases. When the results of MTT and live-dead analysis are compared, it can be interpreted

that the results of both analyses support each other.

75



25 nM

Figure 67. 48h live-dead analysis results showing the cytotoxicity of PTX on MCF-7
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pum).

In Figure 68, MTT graphs for viability analysis after the application of the AG-
08 molecule to MCF-7 cells are shared. The toxic effect of the AG-08 in the presence
and absence of Gx was investigated over a 48-hour period. According to the MTT results

obtained, a toxic effect was observed in applications at 10 uM and increasing molecule
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concentrations, and the cytotoxicity on the cells increased day by day. So, there is a
decreasing trend in the viability values. In addition, the presence of 10 mM Gx did not
cause an extra toxic effect, and it was concluded that the viability values were at similar

levels in both graphs.
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Figure 68. 48h MTT analysis results showing the cytotoxicity of AG-08 on MCF-7 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 69, the results of live-dead analysis after the application of the AG-08
molecule to MCF-7 cells are shared. The cytotoxicity of the AG-08 in the presence and
absence of Gx was investigated over a 48-hour period. According to the live-dead analysis
results, a high level of toxic effects was observed at 10 uM, and increasing molecule
concentration applications and cell viability decreased. In addition to the decrease in cell
viability, it is observed that due to the increasing molecule concentrations, rare surviving
cells lose their original morphology and remain in a circular morphology. On the other
hand, the presence of 10 mM Gx did not cause any extra cytotoxicity, and the viability
results in both samples were similar. Finally, when the results of MTT and live-dead
analysis are compared, it is seen that the results of both analyses are generally consistent

with each other.
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Figure 69. 48h live-dead analysis results showing the cytotoxicity of AG-08 on MCF-7

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pum).

In Figure 70, MTT graphs for viability analysis after the application of the AG-
04 molecule to MCF-7 cells are shared. The toxic effect of the AG-04 in the presence
and absence of Gx was investigated over a 48-hour period. Viability values at all applied
molecule concentrations are high (80% and above), as expected. The results obtained can
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be interpreted as indicating that the toxic effects will probably occur at much higher
concentrations compared to the experiments conducted with AG-08 and CG-03
molecules, which have high toxic effects. Additionally, the presence of 10 mM Gx did
not cause any extra toxic effects, and the viability values were at similar levels in both

graphs.
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Figure 70. 48h MTT analysis results showing the cytotoxicity of AG-04 on MCF-7 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 71, the results of the live-dead analysis after the application of the AG-
04 molecule to MCF-7 cells are shared. The cytotoxicity of the AG-04 in the presence
and absence of Gx was investigated over a 48-hour period. According to the live-dead
analysis results, the viability is at a high level in line with expectations, but there is a
decrease in cell viability only after the application of 30 uM. However, unlike the toxic
molecule AG-08, there was no change in the morphology of the cells as the applied
molecule concentration increased. In addition, while the presence of 10 mM Gx does not
cause an extra toxic effect, the viability results in both experiments are similar. In the
live-dead analysis results, it is seen that cell viability decreases starting from 30 uM

molecule application, in accordance with the literature.
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Figure 71. 48h live-dead analysis results showing the cytotoxicity of AG-04 on MCF-7

1uM

b)

cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit

100 pum).

In Figure 72, MTT graphs for viability analysis are shared after the application of
the CG-03 molecule to MCF-7 cells. The toxic effect of the CG-03 in the presence and
absence of Gx was investigated over a 48-hour period. According to the MTT results

obtained, there is a decreasing trend in the amount of viability depending on the increasing
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molecule concentration. Viability values decreased to 50% and below at 20 uM and 30
uM concentration applications. As expected, the results are similar to the application of
AG-08, another toxic molecule. Additionally, the presence of 10 mM Gx did not cause

any extra toxic effects, and the viability results were similar in both graphs.
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Figure 72. 48h MTT analysis results showing the cytotoxicity of CG-03 on MCF-7 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 73, the results of the live-dead analysis after the application of the CG-
03 molecule to MCF-7 cells are shared. The cytotoxicity of the CG-03 in the presence
and absence of Gx was investigated over a 48-hour period. According to the live-dead
analysis results, a high level of toxic effect was observed at 10 uM and above, and the
decrease in cell viability was distinct. In addition to the decrease in cell viability due to
the increasing molecule concentration, it is observed that the rare surviving cells lose their
original morphology and remain in a circular morphology. Moreover, it is seen that the
presence of 10 mM Gx does not cause an extra toxic effect, and the results regarding
viability are similar in both cases. Finally, when the results of MTT and live-dead analysis
are compared, it is concluded that the results of both analyses generally support each

other.
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Figure 73. 48h live-dead analysis results showing the cytotoxicity of CG-03 on MCF-7
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pm).

In Figure 74, MTT graphs for viability analysis after CG-04 molecule application
for MCF-7 cells are shared. The toxic effect of the CG-04 in the presence and absence
of Gx was investigated over a 48-hour period. Despite the increasing molecule
concentration, viability values are at 60% and above at all concentration applications, as
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expected. The presence of 10 mM Gx did not cause any additional toxic effects, and the

viability results were at similar levels in both graphs.
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Figure 74. 48h MTT analysis results showing the cytotoxicity of CG-04 on MCF-7 cells

in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent.

In Figure 75, the results of the live-dead analysis after the application of the CG-
04 molecule to MCF-7 cells are shared. The cytotoxicity of the CG-04 in the presence

and absence of Gx was investigated over a 48-hour period. According to the analysis

results, viability is at a high level despite the increased molecule concentration. Contrary

to the effect of toxic molecules, no change in the original morphology of the cells was

observed as the molecule concentration increased after CG-04 application. Moreover,

while the presence of 10 mM Gx does not cause any extra cytotoxicity, the results on

viability are similar. Finally, when the results of MTT and live-dead analysis are

compared, it is seen that the results of both analyses support each other.
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Figure 75. 48h live-dead analysis results showing the cytotoxicity of CG-04 on MCF-7
cells in the a) absence b) presence of 10 mM Gx paramagnetic contrast agent. (scale unit
100 pm)

With these results, toxic concentrations of the FDA-approved anticancer drug Ptx
and sapogenol-derived molecules were determined for four cell lines. In general, the
results of MTT and live-dead analysis are compatible with each other. The results are

parallel to the literature. The values obtained in this completed step were used to
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determine the concentration range for drug screening, which was performed on

subsequent 3D tumor spheroid models.

3.4.2 Drug Activity Screening in 3D Tumor Spheroids Produced by the
Hanging Drop Method

Drug screening on 3D tumor spheroid models, which is the main target of the
thesis topic, has started. To perform drug screening on spheroid models produced with
the hanging drop model, the results of the optimization studies carried out in the previous
stage were used to produce at least three spheroids for each trial with different drug
concentrations, as well as each cell line to be used in drug experiments. In addition, the
results of drug activity screenings in 2D cell culture were used to determine the molecule
and anticancer drug Ptx concentrations to be tested. Since 3D structures are much more
compact and can better mimic tissue physiology, and the interactions of cells with each
other and the extracellular complex are more intense, the concentrations applied in 2D
studies need to be increased in this step (Fontoura et al., 2020; Imamura et al., 2015). The
Ptx concentration range to be applied was determined as 0-400 nM (0, 20, 100, 200, and
400 nM), and the concentration range of sapogenol-derived molecules was determined as
0-60 uM (0, 20, 40, and 60 uM). Viability values were determined using MTT and live-
dead analysis. Spheroids produced in a volume of 10 pL in the Petri dish lid were
transferred to a 96-well plate. A 48-hour incubation period is planned after the drug
application. However, since the viability level remained very high in the 48-hour period
in the first trials, the incubation period was increased to 72 hours. After 72 hours of
incubation, the medium in the wells was collected with the help of a micropipette without
damaging the spheroid structures, and imaging was performed under a fluorescence
microscope for a live-dead assay. The resulting figures were analysed in the ImageJ
program, and viability graphs were prepared. Similarly, cell viability analysis was
performed using the MTT method using spheroid structures, and graphs were prepared.

The results obtained are shared below, separately for each cell line and drug.
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Figure 76. Analysis results of Ptx toxicity in SH-SY5Y spheroids obtained by hanging
drop method a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size

200um).

In Figure 76, the effects of the FDA-approved Ptx drug on viability in 3D tumor
spheroid models obtained with SH-SY5Y cells are shown by MTT and live-dead
analyses. Ptx has been used in the concentration range of 60-250 mg/mmz2 in different
clinical studies (Kumar et al., 2010). As seen in the results, the expected effect appeared
to be a decreasing trend in viability in tumor models produced with SH-SY5Y cells, so
the maximum concentration for this study was 400 nM. The concentrations used are
within the reference range. The results of the MTT and living dead analysis overlap with
each other. In Figure 76-c, 72-hour images showing the change and vitality in the

morphology of spheroids due to the molecule effect are shared together for different Ptx
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concentrations. It is seen that the increase in the applied Ptx concentration increases the
number of dead cells in the spheroids. In addition, in the control group and in low
concentrations, it was observed that some of the cells in the spheroid adhered to the
surface. This can be interpreted as meaning that the toxic effect is low, the cells are not

suppressed by the drug, and cell proliferation continues.
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Figure 77. Analysis results of AG-08 toxicity in SH-SY5Y spheroids obtained by
hanging drop method a) MTT b-c) Live-dead analysis (AG-08 concentration unit: uM)
(scale size 200pm).

The effects of the AG-08 molecule synthesized by Prof. Bedir and his group on

viability on 3D tumor spheroid models obtained with SH-SY5Y cells are shown in Figure
87



77 with MTT and live-dead analyses. As a result of cytotoxicity studies conducted in 2D
cell culture for the AG-08 molecule in the literature, the ICsg value for SH-SY5Y cells is
3.5 -4 uM (Uner et al., 2019), and within the scope of this study, the 1Cso value was in
the range of 5-10 uM. Since these molecules are being tested for the first time in 3D cell
culture studies, there is no concentration range for 3D models in the literature. The
experiments will add significant data to the literature. The concentration range for 3D
experiments was chosen in the higher concentration range, as previously described. As
can be seen from the results, viability decreases if the concentration applied to 3D tumor
models produced with SH-SY5Y cells is increased. It is seen that the increase in the
applied AG-08 concentration increases the number of dead cells in the spheroids. The
results of MTT and live-dead analysis overlap with each other. In Figure 77-c, 72-hour
microscope images showing the morphological change and viability of spheroids due to
the molecule effect are shared for different concentrations. In addition, in the control
group and at low concentrations of application, it is observed that some of the cells in the
spheroid continue to proliferate and adhere to the surface, preserving their viability. This
can be interpreted as the toxic effect being low and cell viability continuing at a high
level.

The effects of the AG-04 molecule, one of the analogues of the AG-08 molecule
synthesized by Prof. Bedir and his group, in viability on 3D tumor spheroid models
obtained with SH-SY5Y cells are shown in figure 78 with MTT and live-dead analyses.
In the literature, studies conducted in 2D cell culture have proven that the ICso value of
the molecule is >50 uM (Uner et al., 2019). For this reason, the molecule was preferred
for controlling AG-08, which has a high cytotoxic effect. This result was also supported
in the 2D studies carried out within the scope of this study. The concentration range for
3D experiments was chosen to be the same as for the toxic AG-08 molecule to enable
accurate comparisons. As seen in the results, the expected effect is that the viability level
in tumor models produced with SH-SY5Y cells is quite high. The results of MTT and
live-dead analysis overlap with each other. In Figure 78-c, 72-hour images showing the
morphological change and viability of spheroids due to the molecule effect are shared for
different concentrations. There is no evidence that the increase in the applied AG-04
concentration causes a clear change in the number of dead cells in the spheroids.
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Figure 78. Analysis results of AG-04 toxicity in SH-SY5Y spheroids obtained by

hanging drop method a) MTT b-c) Live-dead analysis (AG-04 concentration unit: uM)
(scale size 200um).

The effects of CG-03, one of the analogues of the AG-08 molecule synthesized
by Prof. Bedir and his group, on viability on 3D tumor spheroid models obtained with
SH-SY5Y cells are shown in Figure 79 with MTT and live-dead analyses. Similar to the
AG-08 molecule, the CG-03 molecule causes controlled necrosis in cancer cell lines by
improving proteolysis and changing lysosomal functions and physiology (Uner et al.,
2022). As a result of the viability tests performed in 2D cell culture in the literature on
the CG-03 molecule, the 1Cs value in SH-SY5Y cells was calculated to be in the range

of 3.5 -12 uM (Uner et al., 2019). In the 2D experiments carried out within the scope of
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this study, it was found to be in the range of 5-10 uM. The concentration range for 3D
experiments was chosen at higher values, as previously described. As seen in the results,
the expected effect appeared as a decreasing trend in viability in tumor models produced
with SH-SY5Y cells. The results of the MTT and live-dead analyses overlap with each
other. In Figure 79-c, 72-hour images showing the morphological change and viability of
spheroids due to the molecule effect are shared for different concentrations. It is seen that
the increase in the applied CG-03 concentration increases the dead cells within the
spheroid. The red color begins to dominate on the spheroids. In the control group and at
low concentrations, it is expected that some of the cells in the spheroid will adhere to the
surface. Here it can be seen that there is cell attachment at all applied concentrations. This
can be interpreted as the toxic effect being lower than AG-08. Studies in the literature
have also proven that AG-08 has a higher toxic effect.

The effects of the CG-04 molecule, one of the analogues of the AG-08 molecule
synthesized by Prof. Bedir and his group, in viability on 3D tumor spheroid models
obtained with SH-SY5Y cells are shown in figure 80 with MTT and live-dead analyses.
In the literature, studies conducted in 2D cell culture have proven that the ICso value of
the molecule is >50 uM (Uner et al., 2019). For this reason, the molecule CG-04 was
preferred for control purposes over CG-03, which has a high cytotoxic effect. This result
was also supported in the 2D studies carried out within the scope of this study. The
concentration range for 3D experiments was chosen to be the same as the toxic CG-03
molecule to enable accurate comparisons. As can be seen in the results, the expected
effect is at high levels of viability in tumor models produced with SH-SY5Y cells. The
results of MTT and live-dead analysis overlap with each other. In Figure 80-c, 72-hour
images showing the morphological change and viability of spheroids due to the molecule
effect are shared for different concentrations. There is no evidence that the increase in the
applied CG-04 concentration causes a clear change in the number of dead cells in the
spheroids. In addition, it is seen that some of the cells in the spheroid adhere to the surface
in the control group and in applications at different concentrations. This can be interpreted

as the toxic effect being low and the proliferation continuing at a high level.
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Figure 79. Analysis results of CG-03 toxicity in SH-SY5Y spheroids obtained by

hanging drop method a) MTT b-c) Live-dead analysis (CG-03 concentration unit: uM)

(scale size 200pm).
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Figure 80. Analysis results of CG-04 toxicity in SH-SY5Y spheroids obtained by
hanging drop method a) MTT b-c) Live-dead analysis (CG-04 concentration unit: uM)
(scale size 200pm).

The effects of the FDA-approved Ptx drug on viability on 3D tumor spheroid
models obtained with HepG2 cells are shown in Figure 81 with MTT and live-dead
analyses. The concentration range for 3D experiments was chosen at higher values, as
previously described. In the study investigating the toxic effect of Ptx on HepG2 cells at
the 2D level, it was observed that there was a certain decrease in cell viability in the 5-25
nM concentration range, while viability remained at similar levels at higher
concentrations. The expected result at this stage is a significant decrease in cell viability

in the 20-100 nM drug concentration range. MTT and live-dead analysis results support
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this situation. As seen in the results, the expected effect appeared to be a decreasing trend
in viability in tumor models produced with HepG2 cells. It is seen that the increase in the
applied Ptx concentration increases the dead cells within the spheroid. The red color
begins to dominate on the spheroids. 72-hour images showing the morphological change
and viability of 3D spheroids due to the Ptx effect are shared together in Figure 81-c for
different concentrations. In addition, in the drug screening studies conducted with SH-
SY5Y, it was observed that the cells separated from the spheroid adhered to the surface,
whereas such a result was not obtained in the experiments conducted with HepG2, and it
can be said that the spheroid structures were obtained more tightly and the cells on the

surface of the spheroid were not affected much by the drug application.
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Figure 81. Analysis results of Ptx toxicity in HepG2 spheroids obtained by hanging
drop method a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size

200um).
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The effects of the AG-08 molecule on viability in 3D tumor spheroid models
obtained with HepG2 cells are shown in figure 82 with MTT and live-dead analyses. As
a result of the viability tests performed in 2D cell culture in the literature on the AG-08
molecule, the ICsp value in HepG2 cells was calculated as 5.5 -7 uM (Uner et al., 2019).
In the 2D experiments carried out within the scope of this study, it was found to be in the
range of 5-10 uM. The concentration range for 3D experiments is 0-60 uM, as in other
studies. As seen in the results, the expected effect appeared to be a decreasing trend in
viability in tumor models produced with HepG2 cells. The results of MTT and live-dead
analysis overlap with each other. The decrease in viability value is seen more clearly in
the results of MTT. 72-hour images showing the morphological change and viability of
spheroids due to the molecule effect are shared together for different concentrations in
Figure 82-c. It is seen that the increase in the applied AG-08 concentration increases the
number of dead cells in the spheroids, and the green colour is replaced by red.

The effects of the AG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with HepG2 cells are shown in figure
83 with MTT and live-dead analyses. In the literature, studies conducted in 2D cell culture
have proven that the ICsp value of the molecule is >50 uM for the HepG2 cell line (Uner
etal., 2019). This result was also supported by the 2D studies carried out within the scope
of this project. For this reason, the molecule was preferred for control purposes to AG-
08, which has a high cytotoxic effect. The concentration range for 3D experiments was
chosen to be the same as for the toxic AG-08 molecule to enable accurate comparisons.
As seen in the results, the expected effect is at high levels of viability in tumor models
produced with HepG2 cells. The results of MTT and live- dead analysis overlap with each
other. 72-hour images showing the morphological change and viability of spheroids due
to the molecular effect are shared together for different concentrations in Figure 83-c. As
expected, there is no clear change in the number of dead cells in the spheroids despite the
increase in the applied AG-04 concentration.
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Figure 82. Analysis results of AG-08 toxicity in HepG2 spheroids obtained by hanging
drop method a) MTT b-c) Live-dead analysis (AG-08 concentration unit: uM) (scale size
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Figure 83. Analysis results of AG-04 toxicity in HepG2 spheroids obtained by hanging
drop method a) MTT b-c) Live-dead analysis (AG-04 concentration unit: uM) (scale size
200um).

The effects of CG-03, one of the analogues of the AG-08 molecule, on viability
on 3D tumor spheroid models obtained with HepG2 cells are shown in figure 84 with
MTT and live-dead analyses. As a result of viability tests performed in 2D cell culture in
the literature on the CG-03 molecule, the 1Cso value in HepG2 cells was calculated to be
approximately 10 uM (Uner et al., 2019). In the 2D experiments carried out within the
scope of this study, it was found to be in the range of 5-10 uM. The concentration range
for 3D experiments was chosen at higher values compared to 2D experiments, as
described previously. When the results are examined, it is seen that there are partial
differences in the results of MTT and live-dead analysis. The expected result is fully
compatible with the MTT chart. As seen in Figure 84-c, as the molecule concentration
increased, the change in the number of dead cells remained limited, and no major change
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in spheroid morphologies due to the increasing molecule concentration could be

observed. A similar situation was seen in the AG-08 application, although there were

decreases in viability levels after the AG-08 application, the expected effect was limited.
It is thought that this may be due to the fact that the 3D structures of this cell line adhere

to each other very firmly, preventing the diffusion of the molecules or the remaining dead

cells in the interior of the spheroids.
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Figure 84. Analysis results of CG-03 toxicity in HepG2 spheroids obtained by hanging
drop method @) MTT b-c) Live-dead analysis (CG-03 concentration unit: uM) (scale size

200um).
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Figure 85. Analysis results of CG-04 toxicity in HepG2 spheroids obtained by hanging
drop method a) MTT b-c) Live-dead analysis (CG-04 concentration unit: uM) (scale size
200um).

The effects of the CG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with HepG2 cells are shown in figure
85 with MTT and live-dead analyses. In the literature, studies conducted with HepG2
cells in 2D cell culture have proven that the ICso value of this molecule is >50 uM (Uner
etal., 2019). This result was also supported in the 2D studies carried out within the scope
of this study. For this reason, the molecule was preferred for control purposes to CG-03,
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which has a high cytotoxic effect. The concentration range for 3D experiments was

chosen to be the same as the toxic CG-03 molecule to enable accurate comparisons. The

results are as expected, and the viability values are high in tumor models produced with

HepG2 cells. The results of MTT and live-dead analysis overlap with each other. 72-hour

images showing the change and viability in the morphology of spheroids due to the

molecule effect are shared together for different concentrations in Figure 85-c. Despite

the increase in the applied CG-04 concentration, there is no clear change in the number

of dead cells in the spheroids. In addition, spheroids preserved their morphological

structure under the influence of molecules.

100

o
(=3
1

o
o

Cell Viability (%)

[
=3
1

72h

72h-----

=
o
1

Control 20nr 10CnRy 200nm 40Nt
Paclitaxel Concentration

Cell Viability (%)

80

@
(=3
L

-
o
L

[
[=3
f

Control 20nM 100nM 2000 4000
Paclitaxel Concentration

400nM

Figure 86. Analysis results of Ptx toxicity in MCF-7 spheroids obtained by hanging drop

method a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size 200um).
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The effects of the FDA-approved Ptx drug on viability on 3D tumor spheroid
models obtained with MCF-7 cells are shown in Figure 86 with MTT and live-dead
analyses. As a result of the viability experiments in the 2D culture of MCF-7 cells in the
studies carried out within the scope of the study, the toxic effect of Ptx, which will reduce
the viability value to 50% or below, is in the range of 25-50 nM. Although there is a
decreasing trend in the MTT and live-dead test results of the drug screening performed
after 3D culturing, there is some difference. The decreasing rate of cell viability was
limited in the live-dead graph. In Figure 86-c, 72-hour images showing the morphological
change and viability of spheroids due to the molecule effect are shared for different
concentrations. Looking at Figure 101-b of the live-dead analysis, there is a partial
increase in the number of dead cells, with the red color indicating dead cells. Additionally,
it can be seen in Figure 86-c that the cells separated from the spheroid surface in drug
screening studies carried out with MCF-7 3D tumor spheroid models. Similar to the SH-
SYS5Y characteristic, it adhered to the surface and continued to proliferate. This indicates
that the viability of the cells on the outer surface of the spheroid remains at a high level.

When the spheroids obtained by the hanging drop method are evaluated together,
it is seen that the viability level does not decrease as much as expected in the results of
the three cell lines (SH-SY5Y, HepG2, and MCF-7), especially in the live-dead test
results with the Ptx effect. It is envisaged that this situation can be solved by increasing
the drug concentration or increasing the incubation period.

The effects of the AG-08 molecule on viability on 3D tumor spheroid models
obtained with MCF-7 cells are shown in figure 87 with MTT and live-dead analyses. As
a result of the viability tests performed in 2D cell culture in the literature on the AG-08
molecule, the ICso value in MCF-7 cells was calculated as 3.5 -4 uM (Uner et al., 2022).
In the 2D experiments carried out within the scope of this study, it was found to be in the
range of 10-20 uM. Since these molecules are being tested for the first time in 3D cell
culture studies, there is no effective concentration range specific to the cell line in the
literature. The concentration range is the same as for experiments in other cell lines (0-60
uM). As seen in the results, the expected effect appeared to be a decreasing trend in
viability in tumor models produced with MCF-7 cells. The results of MTT and live- dead
analysis overlap with each other. 72-hour images showing the morphological change and
viability of spheroids due to the molecular effect are shared together for different
concentrations in Figure 87-c. It is seen that the increase in the applied concentration of

AG-08 increases the number of dead cells in the spheroids, and the color red dominates
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in the figures. Additionally, it is observed that there is deterioration in the spheroid
structure with the incubation process starting from the 20 pM application and that there
is no obvious structure left after the 60 uM concentration application. Moreover, in the
control group and in low concentrations, it was observed that some of the cells in the
spheroid separated from the spheroid, adhered to the surface, and continued the

proliferation process.
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Figure 87. Analysis results of AG-08 toxicity in MCF-7 spheroids obtained by hanging

drop method a) MTT b-c) Live-dead analysis (AG-08 concentration unit: M) (scale size
200um).
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The effects of the AG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with MCF-7 cells are shown in figure
88 with MTT and live-dead analyses. As a result of the viability tests performed in 2D
cell culture in the literature on the AG-04 molecule, the ICso value in MCF-7 cells was
calculated as 22.05 uM (Uner et al., 2022). In the 2D experiments carried out within the
scope of this study, it is seen that the viability level decreases in the 20-30 uM
concentration range. Since these molecules are being tested for the first time in 3D cell
culture studies, there is no effective concentration range specific to the cell line in the
literature. The concentration range is the same as for experiments in other cell lines (0-60
uM). As seen in the results, the viability level remained at 70% and above in the AG-04
concentration range applied in MCF-7 3D tumor spheroid models. The results of MTT
and live-dead analysis overlap with each other. 72-hour images showing the
morphological change and viability of spheroids due to the molecular effect are shared
together for different concentrations in Figure 88-c. It seems that the increase in the
applied AG-04 concentration does not affect the number of dead cells in the spheroids.
During the incubation process, in the control group and in the molecule applications, it is
observed that some of the cells separate from the spheroid, adhere to the surface, and
continue the proliferation process. Although the spheroid structure deteriorates over time,
vitality is high.

The effects of the CG-03 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with MCF-7 cells are shown in figure
89 with MTT and live-dead analyses. As a result of viability tests performed in 2D cell
culture in the literature on the CG-03 molecule, the 1Cso value in MCF-7 cells was
calculated as 5.5 uM (Uner et al., 2022). In the 2D experiments carried out within the
scope of this research, it was found to be close to 10 uM. Since these molecules are being
tested for the first time in 3D cell culture studies, there is no effective concentration range
specific to the cell line in the literature. The concentration range is the same as for
experiments in other cell lines (0-60 uM). As seen in the results, the expected effect
appeared to be a decreasing trend in viability in tumor models produced with MCF-7
cells. In the live-dead results, the viability level was expected to be slightly lower at a 60
uM molecule concentration. The results of MTT and live-dead analysis coincide with
each other in a decreasing trend. 72-hour images showing the morphological change and
viability of spheroids due to the molecular effect are shared together for different

concentrations in Figure 89-c. It is seen that the increase in the applied concentration of
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CG-03 increases the number of dead cells in the spheroids, and the green color indicating
living cells turns red. It is observed that there are changes in the spheroid shape with the
incubation process starting from 20 uM application. In addition, it is seen that some of
the cells in the spheroid in the control group detach from the spheroid, attach to the

surface, and continue the proliferation process.
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Figure 88. Analysis results of AG-04 toxicity in MCF-7 spheroids obtained by hanging
drop method a) MTT b-c) Live-dead analysis (AG-04 concentration unit: M) (scale size
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Figure 89. Analysis results of CG-03 toxicity in MCF-7 spheroids obtained by hanging

drop method @) MTT b-c) Live-dead analysis (CG-03 concentration unit: uM) (scale size
200um).

The effects of the CG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with MCF-7 cells are shown in figure
90 with MTT and live-dead analyses. As a result of viability tests performed in 2D cell
culture in the literature on the CG-04 molecule, the ICso value in MCF-7 cells was
calculated as > 50 uM (Uner et al., 2022). In the 2D experiments carried out within the
scope of this study, a maximum concentration of 30 uM was applied, and it was observed
that the viability values remained at 80% and above. Since these molecules are being

tested for the first time in 3D cell culture studies, there is no effective concentration range
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specific to the cell line in the literature. The concentration range is the same as for

experiments in other cell lines (0-60 uM).
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Figure 90. Analysis results of CG-04 toxicity in MCF-7 spheroids obtained by hanging
drop method @) MTT b-c) Live-dead analysis (CG-04 concentration unit: uM) (scale size
200pm)

As seen in the results, the cell viability level remained at 70% and above in the
CG-04 concentration range applied in MCF-7 3D tumor spheroid models. The results of
MTT and live-dead analysis overlap with each other. 72-hour images showing the change

and vitality in the morphology of spheroids due to the molecular effect are shared together
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for different concentrations in Figure 90-c. There appear to be some dead cells in each
spheroid, which is thought to be independent of the increase in the applied CG-04
concentration. Although there have been changes in spheroid structures over time, they

are highly preserved.

3.4.3. Drug Activity Screening in 3D Tumor Spheroids Produced by the
Magnetic Levitation Method

After the completion of drug screening studies on 3D tumor spheroid models
obtained by the hanging drop method, drug screenings were carried out on 3D tumor
spheroid models produced by the magnetic levitation method, an innovative method that
has recently entered the literature (Bilginer Kartal & Arslan Yildiz, 2024; Durmus et al.,
2015; Onbas & Arslan Yildiz, 2021; Parfenov et al., 2020; S6zmen & Arslan-Yildiz,
2024; Sozmen & Arslan-Yildiz, 2022; Tseng et al., 2013; Tiirker et al., 2018; Turker &
Arslan-Yildiz, 2018). The results were compared with the viability values obtained after
drug screening in 3D tumor spheroid models obtained by the hanging drop method, which
was selected as the control group. In order to perform drug screening on spheroid models
produced by the magnetic levitation method, the optimization results made within the
scope of the previous step were used to produce at least three spheroids for each trial at
different drug concentrations to be used in drug trials for each cell line. Before viability
tests were performed, similar sized spheroids were preferred, and drugs were applied. The
drug concentrations to be tested are in the same concentration range as the values
optimized by the hanging drop method. Viability values were measured using MTT and
live-dead analysis as in the previous step.

For the viability test, the spheroid/spheroid-like structures produced in special
‘ibidi’ petri dishes in the presence of 10-30 mM Gx in the 3-4 day incubation period are
first collected without damaging the spheroid structures. The drug concentration was
adjusted using DMSO and added to each petri dish by mixing it with the medium to a
maximum volume of 800 pL. After 72 hours of incubation, the medium in the wells was
collected with the help of a micropipette without damaging the spheroid structures, and

live-dead analysis was performed. Similarly, MTT analysis was performed for 3D tumor
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spheroids obtained with the MagLev method, and the results were compared both within
themselves and with the hanging drop method. The results obtained are shared below,

separately for each cell line and drug molecule.
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Figure 91. Analysis results of Ptx toxicity in HelLa spheroids obtained by MagLev
method a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size 200pum).

While starting drug screening on HelLa spheroid models produced with the
MagLev method, it is known that HeLa spheroids begin to form after the 96™ hour, thanks
to optimization studies. It was thought that drug screening could not be performed
properly after 168 hours due to diffusion problems and low viability, and drug trials were
carried out on 3D HeL a spheroid models obtained by the MagLev method at the 96™ hour.
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Drug screening studies could not be carried out due to the weak structure of HelLa
spheroids produced by the hanging drop method, which was determined as the control
method, but the concentration range used in drug screenings with other cell spheroids was
the same at this stage, and a higher concentration range was determined from 2D cell
culture trials. In this regard, the toxic effect of the FDA-approved anticancer drug Ptx is
shared with MTT and live-dead analysis in figure 91. Since spheroids were not obtained
in the hanging drop method with HelLa cells, a comparison could not be made on these
results, but it was observed that results were obtained that support drug screening studies
carried out in 2D cell culture. In the 400 nM Ptx experiment, it was observed that the
viability value reached 50% as expected, and the number of dead cells in the spheroids
increased due to the increasing drug concentration. MTT and live-dead analysis results
support each other. Analyses were completed on three spheroid models for measurements
of each concentration. In addition, the fact that a 3D tumor model could not be obtained
with the hanging drop method but could be created with the MagLev method
demonstrates the advantages of the method used.

The effects of the AG-08 molecule synthesized by Prof. Bedir and his group on
3D tumor spheroid models obtained with HeLa cells on viability are shown in Figure 92
by MTT and live-dead analyses. As a result of the viability tests performed in 2D cell
culture in the literature on the AG-08 molecule, the ICso value in HelLa cells was
calculated as 5.2 -6 uM (Uner et al., 2022), and in the 2D experiments carried out within
the scope of this study, it was in the range of 5-10 uM. Since these molecules are being
tested for the first time in 3D cell culture studies, there is no concentration range in the
literature, and important data will be accumulated in the literature with the trials. Drug
screening studies could not be carried out due to the weak structure of HeLa spheroids
produced by the hanging drop method, which was determined as the control method, but
the concentration range used in drug screenings with other cell line spheroids was the
same at this point and was chosen at higher values than 2D experiments. 72-hour drug
screening images showing the morphological change and vitality of spheroids under the
influence of the drug molecule are shared together for different concentrations in Figure
92-c. Despite the increase in the applied AG-08 concentration, there was no change in the
cytotoxic effect or the number of dead cells. The difference between MTT and live-dead
analysis graphs has also been seen in some experiments obtained with the hanging drop
method. It is thought that this may be due to the diffusion problem caused by the compact

structure of the spheroid, or it may be related to the inability to visualize dead cells
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because they remain in the inner part of the spheroid structure. When the results are
evaluated, the expected toxic effect and decrease in viability values are not fully seen in
the 3D HelLa tumor models produced with the Maglev method, and it is considered that

the drug resistance of 3D tumor models is much higher compared to 2D models.
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Figure 92. Analysis results of AG-08 toxicity in HeLa spheroids obtained by MagLev a)
MTT b-c) Live-dead analysis (AG-08 concentration unit: uM) (scale size 200um).

The effects of the AG-04 molecule, one of the analogues of the AG-08 molecule
synthesized by Prof. Bedir and his group, on viability in 3D tumor spheroid models
obtained with HeLa cells are shown in Figure 93 with MTT and live-dead analyses. In
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the literature, studies conducted in 2D cell culture have proven that the 1Cso value of the
molecule is >50 uM (Uner et al., 2022). For this reason, the molecule was preferred for
control purposes to AG-08, which has a high cytotoxic effect. The concentration range
for 3D experiments was chosen to be the same as for the toxic AG-08 molecule to enable
accurate comparisons. When the results are examined, it is seen that the viability values
in tumor models produced with HeLa cells are at high levels. MTT and live-dead analyses
support each other. 72-hour images showing the morphological change and viability of
spheroids due to the molecule effect are shared together for different concentrations in
Figure 93-c. Despite the increase in the applied AG-04 concentration, there was no change
in the number of dead cells. In line with the data obtained, it is known that the AG-04
does not have a toxic effect on cancer cells in 2D studies, as explained in the literature.
The same results were seen in HelLa spheroid models produced by the magnetic levitation
method, but a comparison was not made between the two molecules because the toxic
effect of the toxic AG-08 molecule remained at a lower level than expected, especially in
the live-dead assay.

The effects of the CG-03 molecule, one of the derivatives of the AG-08 molecule
synthesized by Prof. Bedir and his group, on viability in 3D tumor spheroid models
obtained with HeLa cells are shown in Figure 94 with MTT and live-dead analyses. As a
result of viability tests performed in 2D cell culture in the literature on the CG-03
molecule, the 1Cso value in HeLa cells was calculated as 12.87 uM (Uner et al., 2022). In
the 2D experiments carried out within the scope of this study, it was found to be in the
range of 5-10 uM. Since these molecules are being tested for the first time in 3D cell
culture studies, there is no concentration range available in the literature. With the
experiments carried out, important data will be added to the literature. When the results
in Figure 94 are examined, it is seen in the MTT and live-dead graphs that as the CG-03
molecule concentration increases, the viability of the cells in the spheroids decreases.
Both graphs support each other. 72-hour images showing the morphological change and
viability of spheroids due to the molecular effect are shared together for different
concentrations in Figure 94-c. It is seen that there is an increase in the red color, which
represents dead cells, in the images in proportion to the increase in the applied CG-03
concentration. Due to the weak structure of HelLa spheroids with the hanging drop
method, which was determined to be the control method, it was not possible to make a

comparison of the spheroids obtained by both methods for this cell line and this molecule.
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Figure 93. Analysis results of AG-04 toxicity in HeLa spheroids obtained by MagLev
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The effects of the CG-04 molecule, one of the analogues of the AG-08 molecule
synthesized by Prof. Bedir and his group, on viability in 3D tumor spheroid models
obtained with HeLa cells are shown in Figure 95 with MTT and live-dead analyses. In
the literature, studies conducted in 2D cell culture have proven that the 1Cso value of the
molecule is >50 uM (Uner et al., 2022). For this reason, the molecule CG-03, which has
a high cytotoxic effect, was preferred for control purposes. The concentration range for
3D experiments was chosen to be the same as the toxic CG-03 molecule to enable accurate
comparisons. As expected from the results, the viability level of tumor models produced
with HeLa cells is quite high. 72-hour images showing the change and vitality in the
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morphology of spheroids due to the molecular effect are shared together for different
concentrations in Figure 95-c. Despite the increase in the applied CG-04 concentration,
there was no change in the number of dead cells. In line with the data obtained, it is known
that the CG-04 does not have a toxic effect on cancer cells in 2D studies, as explained in

the literature. The same results were seen in HelLa spheroid models produced by the

magnetic levitation method.
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Figure 95. Analysis results of CG-04 toxicity in HeLa spheroids obtained by MagLev a)
MTT b-c) Live-dead analysis (CG-04 concentration unit: uM) (scale size 200pum).
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With these results, AG-04 and CG-04 molecules have a low toxic effect on HeLa
spheroids obtained by magnetic levitation, and cell viability is at a high level, while the
toxic effects of previously proven (with this research experiment) Ptx and CG-03
molecules are relatively higher. It was observed that the viability level decreased

depending on the concentration.
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Figure 96. Analysis results of Ptx toxicity in SH-SY5Y spheroids obtained by MagLev
method a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size 200um).
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The effects of the FDA-approved Ptx molecule on viability on SH-SY5Y 3D
tumor spheroid models obtained by the MagLev method are shown in Figure 96 with
MTT and live-dead analyses. As seen in the results, the expected effect appeared as a
decreasing trend in viability in SH-SY5Y 3D tumor models. The decreasing trend seen in
the results of MTT, and live-dead analysis coincides with each other. 72-hour images
showing the change and vitality in the morphology of spheroids due to the molecular
effect are shared together for different concentrations in Figure 96-c. It is seen that the
increase in the applied Ptx concentration increases the number of dead cells in the
spheroids, and there is an increase in the red color indicating dead cells. In addition, when
the results obtained with the hanging drop method are compared with the Ptx effect in 3D
tumor spheroid models, it is seen that similar results are obtained in both models, and the
results obtained with the hanging drop and MagLev method support each other.

The effects of the AG-08 molecule synthesized by Prof. Bedir and his group on
the viability of SH-SY5Y 3D tumor spheroid models by the MagLev method are shown
in figure 97 with MTT and live-dead analyses. As a result of the viability tests performed
in 2D cell culture in the literature on the AG-08 molecule, the ICso value in SH-SY5Y
cells was calculated as 3.5 -4 pM (Uner et al., 2019). In the 2D experiments carried out
within the scope of this thesis, it was found to be in the range of 5-10 uM. In addition,
scans performed on 3D tumor spheroid models obtained by the hanging drop method
showed that cell viability decreased as the molecule concentration increased. The
preferred concentration range in this step is the same as that investigated by the hanging
drop method (0-60 uM). As seen in the results, the expected effect of the AG-08 molecule
appeared to be a decreasing trend in viability in tumor models produced with SH-SY5Y
cells. The results of MTT and live-dead analysis overlap with each other. AG-08 scanning
performed on spheroids produced by the hanging drop method and the MagLev method
gives similar results. 72-hour images showing the change and vitality in the morphology
of spheroids due to the molecular effect are shared together for different concentrations
in Figure 97-c. It is seen that the increase in the applied AG-08 concentration increases

the number of dead cells in the spheroids.
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Figure 97. Analysis results of AG-08 toxicity in SH-SY5Y spheroids obtained by
MagLev a) MTT b-c) Live-dead analysis (AG-08 concentration unit: uM) (scale size
200pum).

The effects of the AG-04 molecule, one of the derivatives of the AG-08 molecule
synthesized by Prof. Bedir and his group, on viability for SH-SY5Y 3D tumor spheroid
models with the MagLev method are shown in figure 98 with MTT and live-dead
analyses. As a result of the viability tests performed in 2D cell culture in the literature on
the AG-04 molecule, the ICs value in SH-SY5Y cells was calculated as >50 pM (Uner
et al., 2019). The results of the 2D experiments conducted within the scope of this thesis
also support the literature. In addition, in the scans performed on 3D tumor spheroid
models obtained by the hanging drop method, the viability level remained at 90% and

above despite the increase in molecule concentration. The preferred concentration range
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in this step is the same as that investigated by the hanging drop method. As seen in the
results, the AG-04 molecule did not cause a toxic effect on tumor models produced with
SH-SY5Y cells, as expected.
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Figure 98. Analysis results of AG-04 toxicity in SH-SY5Y spheroids obtained by
MagLev a) MTT b-c) Live-dead analysis (AG-04 concentration unit: uM) (scale size
200um).

The results of MTT and live-dead analysis overlap with each other. AG-04
scanning performed on spheroids produced by the hanging drop method and the MagLev
method gives similar results. 72-hour images showing the change and vitality in the
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morphology of spheroids due to the molecular effect are shared together for different
concentrations in Figure 98-c. It is seen that the increase in the applied AG-04
concentration does not change the live appearance of the spheroids. Based on the results
obtained, the difference in the toxic effects of AG-08 and AG-04 molecules on 3D tumor
spheroid models can be seen.

The effects of the CG-03 molecule, one of the derivatives of the AG-08 molecule
synthesized by Prof. Bedir and his group, on viability for SH-SY5Y 3D tumor spheroid
models by the MagLev method are shown in figure 99 with MTT and live-dead analyses.
As a result of the viability tests performed in 2D cell culture in the literature on the CG-
03 molecule, the 1Cso value in SH-SY5Y cells was calculated as 3.5-12 uM (Uner et al.,
2019). In the 2D experiments carried out within the scope of this project, it was found to
be in the range of 5-10 uM. In addition, scans performed on 3D tumor spheroid models
obtained by the hanging drop method showed that cell viability decreased as the molecule
concentration increased. The preferred concentration range in this step is the same as that
investigated by the hanging drop method. As seen in the results, the expected effect of
the CG-03 molecule appeared to be a decreasing trend in viability in tumor models
produced with SH-SY5Y cells. The results of MTT and live- dead analysis overlap with
each other. CG-03 scanning performed on spheroids produced by the hanging drop
method and the MagLev method gives similar results. 72-hour images showing the
change and vitality in the morphology of spheroids due to the molecular effect are shared
together for different concentrations in Figure 99-c. It is seen that the increase in the
applied CG-03 concentration increases the number of dead cells in the spheroids. The
results proved that Ptx, AG-08, and CG-03 drug molecules showed similar toxic effects
on 3D SH-SY5Y spheroid models produced by hanging drop and MagLev methods.
Compared to studies conducted with 2D cell lines, viability values were observed to be
at higher levels. This is due to the fact that 3D spheroid structures mimic real tissue
physiology much better. The diffusion problem, which is frequently encountered in 3D
structures, prevents molecules and drugs from diffusing into the interior; therefore, the

cytotoxicity level is much lower. The results obtained support the literature.
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Figure 99. Analysis results of CG-03 toxicity in SH-SY5Y spheroids obtained by
MagLev a) MTT b-c) Live-dead analysis (CG-03 concentration unit: uM) (scale size
200pum).

The effects of the CG-04 molecule, one of the derivatives of the AG-08 molecule
synthesized by Prof. Bedir and his group, on viability for SH-SY5Y 3D tumor spheroid
models with the MagLev method are shown in figure 100 with MTT and live-dead
analyses. As a result of the viability tests performed in 2D cell culture in the literature on
the CG-04 molecule, the ICso value in SH-SY5Y cells was calculated as >50 pM (Uner
etal., 2019). The results of the 2D experiments conducted within the scope of this project
also support the literature. In addition, in the scans performed on 3D tumor spheroid
models obtained by the hanging drop method, the viability level remained at 80% and
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above despite the increase in molecule concentration. The preferred concentration range
in this step is the same as that investigated by the hanging drop method. As seen in the
results, the CG-04 molecule did not cause a toxic effect on tumor models produced with
SH-SY5Y cells, as expected. In the MTT chart, it is seen that there is a decrease in the
vitality level of the control and experimental groups. It is thought that this situation is
partly due to the difference in spheroid sizes. CG-04 scanning performed on spheroids
produced by the hanging drop method and the MagLev method gives similar results. 72-
hour images show the change and vitality in the morphology of spheroids due to the
molecule effect, which are shared for different concentrations in Figure 100-c. It is seen
that the increase in the applied CG-04 concentration does not change the viability of the
spheroids. The levels of green are close to each other. Based on the results obtained, the
difference in the toxic effects of CG-03 and CG-04 molecules on cancer cells can be
clearly seen. It has been proven that AG-04 and CG-04 molecules have similar effects on
SH-SY5Y spheroid models produced by hanging drop and MagLev methods. These
results support the literature. (Uner et al., 2022)

The effects of the FDA-approved Ptx molecule on viability on 3D tumor spheroid
models obtained with HepG2 cells are shown in Figure 101 with MTT and live-dead
analyses. In the 2D cell culture studies conducted within the scope of the thesis, Ptx
reduced the viability of HepG2 cells below 50% at concentrations of 25 nM and above.
Ptx caused a toxic effect on the cells in the concentration range investigated in HepG2
3D tumor spheroid models obtained by the hanging drop method. According to the results
obtained in Figure 101, there is a decreasing trend in cell viability. 72-hour images
showing the change and vitality in the morphology of spheroids due to the molecular
effect are shared together for different concentrations in Figure 116-c. In 3D tumor
spheroids obtained by the hanging drop method with the same cell line, Ptx affected cell
viability to a lesser extent than expected for hanging drop trials, and the results obtained
in this regard support each other for both methods. It is thought that 3D tumor spheroid

models obtained with the HepG2 cell line resist drug diffusion, and viability remains high.
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Figure 100. Analysis results of CG-04 toxicity in SH-SY5Y spheroids obtained by
MagLev a) MTT b-c) Live-dead analysis (CG-04 concentration unit: uM) (scale size
200pm).
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Figure 101. Analysis results of PTX toxicity in HepG2 spheroids obtained by MagLev
a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size 200um).

The effects of the AG-08 molecule on viability in 3D tumor spheroid models
obtained with HepG2 cells are shown in Figure 102 with MTT and live-dead analyses.
As a result of the viability tests performed in 2D cell culture in the literature on the AG-
08 molecule, the 1Cso value in HepG2 cells was calculated as 5.5 -7 uM (Uner et al.,
2019). In the 2D experiments carried out within the scope of this project, it was found to
be in the range of 5-10 uM. In addition, scans performed on 3D tumor spheroid models
obtained by the hanging drop method showed that cell viability decreased as the molecule
concentration increased. The preferred concentration range in this step is the same as that
investigated by the hanging drop method. As seen in both graphs, the expected effect

appeared as a decreasing trend in viability in tumor models produced with HepG2 cells.
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72-hour images showing the change and vitality in the morphology of spheroids due to
the molecular effect are shared together for different concentrations in Figure 102-c. It is
seen that the increase in the applied AG-08 concentration increases the number of dead
cells in the spheroids, and the green color is replaced by red. Similar results were obtained

in 40 and 60 uM applications, and the viability value remained stable.
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Figure 102. Analysis results of AG-08 toxicity in HepG2 spheroids obtained by MagLev
a) MTT b-c) Live-dead analysis (AG-08 concentration unit: uM) (scale size 200um).
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Figure 103. Analysis results of AG-04 toxicity in HepG2 spheroids obtained by
MagLev a) MTT b-c) Live-dead analysis (AG-04 concentration unit: uM) (scale size
200pum)

The effects of the AG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with HepG2 cells are shown in Figure
103 with MTT and live-dead analyses. In the literature, studies conducted in 2D cell
culture have proven that the 1Cso value of the molecule is >50 pM for the HepG2 cell line
(Uner et al., 2019). For this reason, AG-04 was preferred for control purposes to AG-08,
which has a high cytotoxic effect. This result was also supported in the 2D studies carried
out within the scope of this research. In addition, in the studies performed on 3D tumor

spheroid models obtained by the hanging drop method, the viability level remained at
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90% and above despite the increase in molecule concentration. The preferred
concentration range in this step is the same as that investigated by the hanging drop
method. As seen in the results, the AG-04 molecule did not cause a toxic effect on tumor
models produced with HepG2 cells, as expected. The viability level in tumor models
produced with HepG2 cells is quite high. 72-hour images showing the change and vitality
in the morphology of spheroids due to the molecular effect are shared together for
different concentrations in Figure 103-c. There is no evidence that the increase in the
applied AG-04 concentration causes a change in the number of dead cells in the spheroids.
Based on the results obtained, the difference in the toxic effects of AG-08 and AG-04
molecules on cancer cells can be clearly seen.

The effects of CG-03, one of the analogues of the AG-08 molecule, on viability
in 3D tumor spheroid models obtained with HepG2 cells are shown in figure 104 with
MTT and live-dead analyses. As a result of viability tests performed in 2D cell culture in
the literature on the CG-03 molecule, the 1Cso value in HepG2 cells was calculated to be
approximately 10 pM (Uner et al., 2019). In the 2D experiments carried out within the
scope of this research, it was found to be in the range of 5-10 uM. The preferred
concentration range in this step is the same as that investigated by the hanging drop
method. In the results here, the expected effect appeared as a decreasing trend in viability
in 3D tumor models produced with HepG2 cells. Figure 104-c shows the change in the
morphology and viability of the spheroids under the influence of the drug at different
concentrations during the 72-hour drug application. It is seen that the increase in the
applied CG-03 concentration increases the number of dead cells in the spheroids, and the
green color is replaced by red.

The effects of the CG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with HepG2 cells are shown in figure
105 with MTT and live-dead analyses. In the literature, studies conducted with HepG2
cells in 2D cell culture have proven that the ICso value of this molecule is >50 uM (Uner
et al., 2019). For this reason, CG-04 was preferred for control purposes to CG-03, which
has a high cytotoxic effect. This result was also supported in the 2D studies carried out
within the scope of this research. In addition, in the studies performed on 3D tumor
spheroid models obtained by the hanging drop method, the viability level remained at
80% and above despite the increase in molecule concentration. As expected from the
results, the viability level of 3D tumor models produced with HepG2 cells is quite high.

72-hour images showing the change and vitality in the morphology of spheroids due to
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the molecular effect are shared together for different concentrations in Figure 105-c. It

was observed that the spheroids maintained their structure and viability despite the

increase in the applied CG-04 concentration. Based on the results obtained, the difference

in the toxic effects of CG-03 and CG-04 molecules on cancer cells can be seen. It has

been proven that AG-04 and CG-04 molecules have similar effects on HepG2 spheroid

models produced by the hanging drop and MagLev methods. These results support the

literature. (Uner et al., 2022)
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Figure 104. Analysis results of CG-03 toxicity in HepG2 spheroids obtained by MagLev

a) MTT b-c) Live-dead analysis (CG-03 concentration unit: pM) (scale size 200um).
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Figure 105. Analysis results of CG-04 toxicity in HepG2 spheroids obtained by MagLev

a) MTT b-c) Live-dead analysis (CG-04 concentration unit: uM) (scale size 200pm).

The effects of the FDA-approved Ptx molecule on viability on MCF-7 3D tumor
spheroid models with the MagLev method are shown in Figure 106 with MTT and live-
dead analyses. As a result of the viability assays in the 2D culture of MCF-7 cells in the
studies carried out within the scope of the research, the toxic effect of Ptx, which will
reduce the viability value to 50% or below, is in the range of 25-50 nM. As seen in the
results of this step, the expected effect appeared to be a decreasing trend in viability in
tumor models produced with MCF-7 cells. The decreasing trend seen in the results of
MTT and live- dead analysis overlaps with each other. The results are consistent with Ptx
scans performed in 3D cell culture in the literature (Imamura et al., 2015; Lugert et al.,

2019). 72-hour images showing the change and vitality in the morphology of spheroids
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due to the molecule effect are shared together for different concentrations in Figure 106-

c. It is seen that the increase in the applied Ptx concentration increases the number of dead

cells in the spheroids, and there is an increase in the red color indicating dead cells. In

addition, when the results obtained were compared with the Ptx effect in the spheroid

models obtained by the hanging drop method, it was observed that while the MTT

analysis results were very close to each other, there were partial differences in the live-

dead test results.
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Figure 106. Analysis results of Ptx toxicity in MCF-7 spheroids obtained by MagLev

method a) MTT b-c) Live-dead analysis (Ptx concentration unit: nM) (scale size 200pm).
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The effects of the AG-08 molecule on viability in 3D tumor spheroid models
obtained with MCF-7 cells are shown in figure 107 with MTT and live-dead analyses. As
a result of the viability tests performed in 2D cell culture in the literature on the AG-08
molecule, the ICso value in MCF-7 cells was calculated as 3.5 -4 uM (Uner et al., 2022).
In the 2D experiments carried out within the scope of this research, it was found to be in
the range of 10-20 uM. In addition, tests performed on 3D tumor spheroid models
obtained by the hanging drop method showed that cell viability decreased as the molecule
concentration increased. As seen in the results, the expected effect appeared to be a
decreasing trend in viability in tumor models produced with MCF-7 cells. The results of
MTT and live-dead analysis overlap with each other. 72-hour images showing the change
and vitality in the morphology of spheroids due to the molecular effect are shared together
for different concentrations in Figure 107-c. It is seen that the increase in the applied
concentration of AG-08 increases the number of dead cells in the spheroids, and the green
color representing living cells is replaced by red representing dead cells.

The effects of the AG-04 molecule, one of the analogues of the AG-08 molecule,
on viability on 3D tumor spheroid models obtained with MCF-7 cells are shown in figure
108 with MTT and live-dead analyses. As a result of the viability tests performed in 2D
cell culture in the literature on the AG-04 molecule, the ICso value in MCF-7 cells was
calculated as 22.05 uM (Uner et al., 2022). In the 2D experiments conducted within the
scope of this research, the viability level dropped below 50% in the 20-30 uM
concentration range. In addition, in the tests performed on 3D tumor spheroid models
obtained by the hanging drop method, the viability level remained at 70% and above
despite the increase in molecule concentration. In the results shared here, the AG-04
molecule did not cause a toxic effect on tumor models produced with MCF-7 cells, as
expected. The vitality level is 80% and above. The results of MTT and live-dead analysis
overlap with each other. 72-hour images show the change and vitality in the morphology
of spheroids due to the molecular effect shared together for different concentrations in
Figure 108-c. It is seen that the increase in the applied AG-04 concentration does not
significantly change the number of dead cells in the spheroids. Based on the results
obtained, the difference in the toxic effects of AG-08 and AG-04 molecules on the MCF-
7 3D tumor spheroid models obtained by the hanging drop and MagLev methods can be

clearly seen.
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Figure 107. Analysis results of AG-08 toxicity in MCF-7 spheroids obtained by MagLev
a) MTT b-c) Live-dead analysis (AG-08 concentration unit: uM) (scale size 200um).
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Figure 108. Analysis results of AG-04 toxicity in MCF-7 spheroids obtained by

MagLev a) MTT b-c) Live-dead analysis (AG-04 concentration unit: uM) (scale size
200pm)

The effects of CG-03, one of the analogues of the AG-08 molecule, on viability
in 3D tumor spheroid models obtained with MCF-7 cells are shown in figure 109 by MTT
and live-dead analysis. As a result of the viability tests performed in 2D cell culture in
the literature on the CG-03 molecule, the ICso value in MCF-7 cells was calculated as 5.5
uM (Uner et al., 2022). In the 2D experiments carried out within the scope of this
research, it was found to be close to 10 uM. Scans performed on 3D tumor spheroid
models obtained by the hanging drop method also show that there is a decreasing trend

in the viability level as the molecule concentration increases. In the results here, a similar
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expected effect appeared as a decreasing trend in viability in both graphs in tumor models
produced with MCF-7 cells. 72-hour images showing the change and vitality in the
morphology of spheroids due to the molecular effect are shared together for different
concentrations in Figure 109-c. It is seen that the increase in the applied CG-03
concentration increases the number of dead cells in the spheroids, and the green color is
replaced by red.
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Figure 109. Analysis results of CG-03 toxicity in MCF-7 spheroids obtained by MagLev
a) MTT b-c) Live-dead analysis (CG-03 concentration unit: pM) (scale size 200um).

132



804

o
=3
1

Cell Viability (%)
-
=3

Cell Viability (%)

[
=3
!

20 4

o
!

Control 20pM 40urd &0 Control 20pM 40uM BOpN
CG-04 Concentration CG-04 Concentration

72h----

Figure 110. Analysis results of CG-04 toxicity in MCF-7 spheroids obtained by MagLev
a) MTT b-c) Live-dead analysis (CG-04 concentration unit: pM) (scale size 200um).

The effects of the CG-04 molecule, one of the analogues of the AG-08 molecule,
on viability in 3D tumor spheroid models obtained with MCF-7 cells are shown in figure
110 by MTT and live-dead analysis. As a result of viability tests performed in 2D cell
culture in the literature on the CG-04 molecule, the ICso value in MCF-7 cells was
calculated as > 50 uM (Uner et al., 2022). In the 2D experiments carried out within the
scope of this research, it was observed that the viability values remained at 80% and
above. In addition, in the scans performed on 3D tumor spheroid models obtained by the
hanging drop method, the viability level remained at 80% and above despite the increase
in molecule concentration. Similarly, in the results shared in the live-dead graph, the

viability level remained at 90% and above in the CG-04 concentration range applied in
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MCF-7 3D tumor spheroid models. The MTT graph shows a decrease in viability at the
60 uM concentration application, but this value remained above an acceptable level. 72-
hour images showing the change and vitality in the morphology of spheroids due to the
molecule effect are shared together for different concentrations in Figure 110-c. It was
observed that the spheroids maintained their structure and viability despite the increase
in the applied CG-04 concentration. Based on the results obtained, the difference in the
toxic effects of CG-03 and CG-04 molecules on cancer cells can be clearly seen. It has
been proven that AG-04 and CG-04 molecules have similar effects on MCF-7 spheroid
models produced by hanging drop and MagLev methods. These results support the

literature.
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CHAPTER 4

CONCLUSION

Within the scope of the completed thesis, different tumor spheroid models were
obtained by magnetic levitation, one of the new generations of 3D cell culturing methods.
FDA-approved anticancer drug Ptx and sapogenol-derived drug molecules synthesized
by Prof. Bedir and his group were screened. Subsequently, the toxicity of paramagnetic
contrast agents on four different cancer cell lines (HeLa, SH-SY5Y, HepG2, and MCF-
7) was investigated by 2D cell culture analyses. As a result of the toxicity tests, it was
determined that concentrations of 50 mM and above caused high toxicity in cells. Due to
increased cytotoxicity, paramagnetic agent concentrations of 50 mM and above were not
preferred in cell culturing, and low concentrations were used. In the next stage, the
necessary parameters (cell number, Gx concentration, and incubation time) were
optimized to obtain successful spheroid structures with 3D culturing methods. In addition
to the MagLev method, spheroids obtained by the hanging drop method will be used for
control purposes as a 3D model. It is known from different studies in the literature that
the number of cells used, and the incubation process vary from cell to cell in the formation
of spheroids obtained by the hanging drop method (Huang et al., 2020; Hurrell et al.,
2018; Shri et al., 2017). Due to this situation, cell number and incubation time were
optimized for the four cell lines to be used, based on studies in the literature, and ideal
spheroids were obtained to ensure the most accurate results in drug screening studies. In
addition to these optimizations, the required paramagnetic agent concentration to obtain
spheroids with the MagLev method varies from cell to cell. Whether the number of cells
is high or low affects the tendency of cells to cluster together (Jaganathan et al., 2014).
Additionally, each cell line can aggregate as a result of a different incubation process.
Based on the data from previous studies conducted by our group, optimization studies
were carried out for cell number, incubation process, and paramagnetic agent
concentration for all four cell lines (Onbas & Arslan Yildiz, 2021; Turker & Arslan-
Yildiz, 2018). Due to the characteristic features of the cell lines, much more compact
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spheroids could be obtained with HeLa and SH-SY5Y cells. In short and long-term
culturing, the viability values of spheroids were examined by live-dead analysis, with the
aim of obtaining healthy results independent of time-related deaths in drug trials.
Additionally, area, circularity, and viability analyses of the obtained spheroids were
performed. Dapi, actin, and collagen immunofluorescence staining of the 3D tumor
spheroid models obtained by both methods was performed to observe cell nuclei, cell
scaffold formation, and extracellular matrix formation. In the staining results of the
models obtained by the hanging drop method, all three signals can be displayed in 24-
hour incubated samples, in line with the literature. This confirms that one of the
advantages of the hanging drop method is that compact 3D spheroids can be obtained
with short-term culturing. In the staining results of the models obtained with the MagLev
method, Dapi and Actin signals are marked in 24 hour incubated samples. The collagen
signal appears to be very low. After 7 days of incubation, it is seen that the collagen signal
increases significantly, while the actin and dapi signals remain approximately at the same
level. This situation supports the literature (Onbas & Arslan Yildiz, 2021). It shows that
the spheroid structure becomes increasingly compact and a cell-extracellular matrix
complex forms over time. It is an important proof that 3D spheroid models obtained with
the MagLev method can be used in long-term experiments. One of the important goals of
the thesis is to investigate the effects of sapogenol-derived molecules on 3D tumor
spheroid models. In order to proceed to this stage, the toxic effects of sapogenol-derived
molecules in the 0-30 uM range were investigated in 2D cell culture, and effective
concentrations were determined. The ICso values of the sapogenol-derived molecules
AG-08, AG-04, CG-03, and CG-04 in 2D cell studies have been shared in the literature
(Uner et al., 2019, 2020, 2022). AG-04 and CG-04 molecules were preferred as a negative
control to AG-08 and CG-03 molecules, which have been proven to have a toxic effect
on cancer cell lines. There are no 3D cell line studies in the literature for the mentioned
s. It is known that 3D spheroid models mimic real tissue and tumor physiology much
more realistically than 2D cell lines. Upon completion of this study, it is aimed that
sapogenol-derived molecules, which have been proven to have toxic effects in 3D tumor
spheroid models, will be seen as an important potential drug in cancer treatment.
Additionally, the FDA-approved drug Paclitaxel, which has clinically proven anticancer
effects, was selected as a positive control for sapogenol-derived molecules. Ptx binds to
microtubules and causes inhibition over time, which stops the cell cycle in the G2/M

phase and leads to cell death through an apoptotic pathway (Kumar et al., 2010; Riccardi
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et al., 1995). In parallel with the literature, the toxic effect of Ptx in the range of 0-200
nM was investigated in 2D cell culture. As a result of sapogenol-derived drug molecules
and Ptx screening, different amounts of resistance were encountered in each cell line, and
the toxic effects caused by the drugs are at different levels. Based on research in the
literature, it is thought that one of the reasons for this situation is cell-molecule
interaction. There are differences in the extracellular matrix of each cell, which is likely
to affect the toxic effect level of the drug. In addition, receptors that vary from cell to cell
may cause differences in the interaction of drug molecules with the cell. This situation
also causes the cells to show different levels of resistance to the drug. In the final stage
of the project, drug screenings were performed on 3D tumor spheroid models. At this
stage, 2D cell culture studies were used in the concentration range, covering the 1Cso
values in the literature, to determine the concentration range investigated. However, 3D
cellular models can mimic real tissue physiology much better than 2D models. Therefore,
diffusion restriction and high drug resistance are two of the most common situations in
3D cellular models (Dabbagh et al., 2022; Lugert et al., 2019). For this reason, the
concentration range of the drug molecules to be investigated was determined at higher
concentrations than in 2D studies. In 2D studies conducted in the literature, it has been
observed that the expected results were obtained with Ptx in the 0-200 nm concentration
range, the viability values decreased to very low levels. The maximum clinical
concentration of Ptx is 175 (mg/m?) (Imamura et al., 2015; Riccardi et al., 1995). Based
on this, in the calculations made with the area of the petri dishes to be used, screening
studies were performed in the 0-400 nM concentration range for Paclitaxel, and the 0-60
uM concentration range was investigated for sapogenol-derived molecules. After
obtaining the spheroid structures, molecules/drug were applied, and incubation was
performed for 72 hours. Afterwards, toxic effects were measured by the MTT assay and
the live-dead test. The results obtained are generally compatible with 2D studies and
expectations in the literature. Paclitaxel, AG-08, and CG-03 molecules cause toxic effects
in 3D tumor spheroid models and reduce the viability level. As the molecular
concentration increases, the strength of this toxic effect also increases. In the statistical
analysis results shared in the MTT graphs, it was observed that there was a significant
decrease in the cell viability level as the concentration of toxic molecules increased. High
viability values were obtained in the analyses performed after the application of AG-04
and CG-04. This situation is compatible with the 2D drug screening data for molecules

in the literature. It has been proven that the results of drug screening studies conducted in
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2D and 3D cell cultures support each other. With this completed study, a drug screening
platform based on Magnetic Levitation, a new generation 3D cell culturing method, was
introduced to the literature. Thanks to this method, different cancer models can be

investigated in vitro in a 3D model for a longer period of time.
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