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contrary to the generally accepted double paracrine loop.
In addition, invasion/chemotaxis of cancer cells into 3D matrigel was determined 
using LOC devices. Results showed that normal and cancer cells can be 
quantitatively differentiated based on their invasion/chemotaxis phenotypes as 
determined by confocal fluorescence microscopy imaging.
What’s more, a LOC device and method was optimized to evaluate extravasation 
of normal and cancer cells. Results showed that normal and cancer cells can 
be quantitatively differentiated based on their extravasation phenotypes as 
determined by confocal fluorescence microscopy imaging.
Furthermore, using LOC devices, homing choices of breast cancer and liver 
cancer cells were determined. As expected, the former and the latter preferred 
lung and liver, respectively. Current work using patient derived circulating tumor 
cells suggests homing choices can be predicted using LOC devices comprising 
microenvironments mimicking target tissues.
Finally, a novel anti-cancer drug candidate was tested with 3D tri-culture in LOC 
devices comprising breast cancer cells, normal epithelial cells and macrophages. 
Results showed that the novel drug caused 60% less cell death in normal cells 
compared to the widely used drug doxorubicin in 3D tri-culture whereas both 
drugs had a similar effect on cell death in 3D mono-culture.
Taken together these results demonstrate the importance of 3D cell culture in LOC 
devices for physiologically relevant results that can be translated to the clinic.
Keywords: cancer, lab-on-a-chip, invasion, chemotaxis, metastasis.
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In vitro microphysiological platforms can host and maturate stem cell derived 
engineered human tissues. Such platforms provide novel research venues for life 
sciences by mimicking the native tissue architecture, biophysical environment 
and functionality. Advances in stem cell research enable the in vitro recapitulation 
of human organogenesis and let the generation of functional tissue models called 
organoids. Today, combination of on-chip microfluidic systems with stem cell 
technologies create many organ models such as lung, gut, brain, liver, kidney and 
stomach, which can be connected to form human-on-a-chip systems. Translation 
of these platforms to clinical settings promises effective disease models, test beds 
for toxicology and diagnosis. This talk covers fundamental aspects of on-chip 
system design and integration with stem cell research. 
Keywords: induced pluripotent stem cell, organoid, microfluidic system, organ-
on-a-chip, bioengineering

ORAL PRESENTATION FULL TEXTS & 
ABSTRACTS

OP-01
INVESTIGATION OF EPIDERMAL GROWTH FACTOR RECEPTOR 
(EGFR) PATHWAY RELATED, EXOSOMAL MIRNAS IN NON-SMALL 
CELL LUNG CANCER (NSCLC) CASES

Altug Koc1, 2, Levent Pelit3, Asim Leblebici2, Gizem Calibasi Kocal2,                  	
Haydar Soydane Karakus4, Ceyda Aldag4, Tuncay Goksel4, Yasemin Basbinar2

1Department of Medical Genetics, Faculty of Medicine, Dokuz Eylul University 
Izmir, Turkey
2Department of Translational Oncology, Institute of Oncology, Dokuz Eylul 
University Izmir, Turkey
3Department of Chemistry, Faculty of Science, Ege University, Izmir, Turkey
4Department of Pulmonary Medicine, Faculty of Medicine, Ege University, Izmir, 
Turkey

OBJECTIVES: Recently, EGFR gene and its related pathways become an 
important issue for precision medicine practice in NSCLC cases. In the presence 
of activating somatic mutations of EGFR gene, which synthesize a thyrosine 
kinase, targeted use of “thyrosine kinase inhibitors” ameliorates the “progression 
free survival” rates. Exosomes are microvesicles that have content similar to 
tumor itself. DNA content of exosomes is used in the studies of somatic mutations. 
Recent efforts revealed the possible association between EGFR pathways related 
miRNAs and the somatic mutations. In the presented study, exosomes are used 
for liquid biopsy approach. 
MATERIALS AND METHODS: We wish to investigate, exosomal EGFR 
pathway related 4 miRNAs (miR-30b, miR-30c, miR-221-3p, miR-22-3p and 
miR-1288 as control) which are defined in literature previously and if possible 
their correlation with somatic mutations and clinical findings. Thirty-two samples 
from distinct NSCLC cases are analyzed. Exosomes are derived from peripheral 
blood plasma of the patients; miRNA extraction, cDNA synthesis, real-time 
quantitative PCR are done and ∆/∆ Ct method is used for relative quantification.
RESULTS: The control miR1288 is expressed in all of the samples except one. 
Two of the miRNAs (miR-30b, miR-221-3p) produce weak PCR curves but 
because of inadequate amount of isolated miRNA, they are discarded from the 
study. The rest of the miRNAs (miR-30c, miR-22-3p) produced PCR curves. 
CONCLUSIONS: The exosomal miR-30c, miR-22-3p are successfully derived 
from plasma of NSCLC cases and they seems to be potential biomarkers for these 
patients.
Keywords: EGFR, exosome, miRNA, Non-small Cell Lung Cancer (NSCLC)

INTRODUCTION
All over the world, the lung cancer is the leading one among cancer deaths. 
According to the World Health Organization data, about 2 million new lung 
cancer cases are diagnosed each year [1]. In our country, the incidence of lung 
cancer is 29,314. More than 90% of these cases are males and their mean age is 
60 years. About 47% of the cases are in advanced stage of disease at the time of 
diagnosis. Majority of them (80,7%) are Non-Small Cell Lung Cancer (NSCLC) 
[24531 patients (63.0%]. New treatment strategies targeting the tumor genotype 
enables the precision medicine. The major biomarkers for the NSCLC are the 
driver mutations of EGFR, ALK, MET, ROS1 and KRAS genes. Epidermal Growth 
Factor Receptor (EGFR) gene mutations are seen in 15% of the NSCLC cases. 
The deletions of exon 19 and L858R mutation in EGFR gene increase the tyrosine 
kinase activity this gene. The drugs (erlotinib, gefitinib, afatinib) targeting these 
mutations are increases “progression free survival” [3]. The secondary EGFR 
mutations (T790M) are responsible for the acquired drug resistance in the 
50% of the cases [4MET gene amplification is reported to occur in a subset of 
adenocarcinomas. Although somatic mutations of MET in lung adenocarcinomas 
are rare, all but one of those reported so far entail a splice mutation deleting the 
juxtamembrane domain for binding the c-Cbl E3-ligase; normally such binding 
leads to ubiquitination and receptor degradation, and loss of this domain leads 
to MET activation. The purpose of this study was to clarify in the role of MET 
activation in lung carcinogenesis. MATERIALS AND METHODS MET gene 
copy number was determined by real-time quantitative polymerase chain reaction 
in 187 of the patients with lung cancer and the MET gene splice mutation deleting 
the juxtamembrane domain was examined by direct sequencing in 262. The results 
were correlated with various clinical and pathologic features including mutations 
of the epidermal growth factor receptor, KRAS, and HER2 genes. RESULTS All 
the instances of MET activation occurred in patients with adenocarcinomas. The 
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prevalences of MET gene amplification and splice mutations were 1.4% (2 of 
148]. Investigation of EGFR mutations becomes the routine practice in advanced 
stage NSCLC cases.
The liquid biopsy, as a new term, refers to four main approaches: Cell-free DNA 
(cfDNA) [Circulating tumor DNA (ctDNA)], Circulating tumor cells (CTCs), 
Tumor-educated platelets (TEPs), Extracellular vesicles (EVs). Particularly 
exosomes, as a subclass of EVs, are interesting because of their tumor derived 
nature and their stability in plasma [5]. Many cell types secret exosomes as 
membrane vesicles 40-150nm in diameter. They can be found in plasma, serum, 
saliva, urine, amniotic fluid and malignant ascites samples. Recently, there are 
evidences supporting that these vesicles act as messengers and the tumor cells 
communicate with distant tissues by exosomes. The exosomes are able to 
change the function and the physiology of target tissues and they have specific 
proteins, lipids and nucleic acids that could serve their purposes. The secreted 
exosomes have pleiotropic effects related with tumor progression, angiogenesis, 
immunomodulation, horizontal transfer, drug resistance [6]. They behave as 
a genetic cargo; especially their miRNA content participates in genesis of 
premetastatic niche [7]. It is proposed that the miRNA content of exosomes may 
be influenced by EGFR mutations and they could be used as NSCLC cases [8]. 
So, we wish to investigate, exosomal EGFR pathway related 4 miRNAs (miR-
30b, miR-30c, miR-221-3p, miR-22-3p and miR-1288 as control) in advanced 
stage NSCLC cases who are tested for EGFR mutations via liquid biopsy.

MATERIALS AND METHODS
There are 4 EGFR pathway related miRNA targets are selected for the 
investigation: miR-30b, miR-30c, miR-221-3p, mir-22-3p. As internal controls 
miR-1228 and SNORD48 (house keeping gene) are used.
Study Group
The study group is consisted of NCSCL cases who are investigated for EGFR 
mutations by liquid and solid biopsy, and followed in “Department of Pulmonary 
Medicine, Ege University Hospital; Genetic Daignosis Center, Tepecik Training 
and Research Hospital, Health Sciences University”.
Sample Collection and RNA Isolation
The blood samples of the cases are derived by phlebotomy and their plasmas are 
separated in 24 hours. The plasma samples are stored in -80oC until exosome 
isolation. In a stepwise manner exosome isolation, miRNA isolation, cDNA 
synthesis are done by commercial kits according to the protocols of producer 
(Norgen, Canada).
Real-Time PCR (Q-PCR);
The cDNA samples are diluted at 80 folds. The “LightCycler® 480 SYBR Green 
I Master” (Roche Molecular Systems) is used for PCR reaction with specific 
primers for the target miRNAs and the control genes. ∆/∆ Ct method is used for 
normalization of miRNA Ct values and relative quantitation.

RESULTS
The control miR1288 is expressed in all of the samples except one; SNORD48 is 
failed in seven cases. Therefore, miR1288 seems to be a good control for exosomal 
miRNA studies. Two of the targeted miRNAs (miR-30b, miR-221-3p) produce 
weak PCR curves but due to inadequate amount of isolated miRNA, they are 
discarded from the study. However, if the initial miRNA is increased, probably we 
could obtain proper PCR curves for them and they will be potential biomarkers. 
The rest of the miRNAs (miR-30c, miR-22-3p) produced PCR curves and their 
mean Ct values are 38.4 for miR-30c and 30.8 for miR-22-3p. As a conclusion, the 
exosomal miR-30c, miR-22-3p are successfully derived from plasma of NSCLC 
cases, they seems to be potential biomarkers for these patients, and our efforts are 
ongoing to identify their correlation with EGFR mutations and clinical findings.
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OBJECTIVES: Tissue scaffolds are usually rigid structures made of polymeric 
materials.Biocompatibility and biodegradability are important properties for 
scaffold materials to possess, ensuring they support for cell growth and are 
extremely useful in in vitro 3D cell cultures.2D in vitro studies do not provide the 
desired success in in vivo applications.Tissue scaffolds are 3Dcell culture systems 
that eliminate this problem with breast cancer cell culture.The main objective of 
this study was to produce biocompatible and suitable porosity scaffolds from PLA 
and PCL materials, which enables MCF-7breast cancer cells to proliferate in 3D
MATERIAL&METHODS:  A custom 3Dprinter and 1.75 mm PCL and PLA 
filaments were used for the production of tissue scaffolds.Tissue scaffolds 
are produced with two different filling rates (20% and 40%).The design and 
production parameters of the scaffolds are defined and optimized by SolidWorks 
and Slic3r softwares to set the correct printing procedure.Biomechanical tests for 
mechanical characterization of all scaffolds were performed.MCF-7 breast cancer 
cell line was used to evaluate tissue scaffolds for 3Dcell culture.The ability of the 
cells to adhere to the scaffold surface was determined by crystal violet fixation 
and staining method used to detect viable cells
RESULTS:   3Dcell culture with PCL and PLA tissue scaffolds is useful to 
improve cancer cell culture applications and enhance cell proliferation.3D 
tissue scaffolds have shown that MCF-7 cells are more compatible with surface 
adhesion than 2Dcultures
CONCLUSIONS:  The data obtained show that porous PLA and PCL tissue 
scaffolds are supportive for the 3Dculture and proliferation of MCF-7 breast 
cancer cells by providing a micro-environment in vivo mimic

INTRODUCTION
Two-dimensional in vitro cell culture is an low and easy method to observe the 
underlying mechanism of cell behavior [1]design and fabrication parameters need 
to be optimized to set up the correct printing procedure; a procedure in which the 
characteristics of the printing materials selected for use can also influence the 
process. This work focuses on optimizing the printing process of the open-source 
3D extruder machine RepRap, which is used to manufacture poly(ε-caprolactone. 
In this way, we have the opportunity to study cell migration, differentiation, 
growth and mechanics in biochemical and biomechanical micro-environments.  
The results obtained here are important for understanding in vivo procedures. 
Although commonly used 2D cell cultures have often yielded useful results for 
the cell mechanism, studies have proven not to reflect the in vivo response. For 
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example, some quality of cancer cells cannot be appropriately modeled in 2D cell 
culture [2]. 2D cell cultures cannot refl ect the differentiation and characteristics 
of cancer cells in vivo [3]resistance to conventional therapies, and a tendency 
to post-treatment recurrence. Increasing knowledge about CSCs’ phenotype and 
functions is needed to investigate new therapeutic strategies against the CSC 
population. Here, poly(ϵ-caprolactone. Because the cells are located in vivo in 
the three-dimensional extracellular matrix that contains fi brosis proteins and 
molecules. Therefore, it is important to mimic the in vivo environment. Thus, 
scaffolds with 3D cell culture systems began to be used. These structures provide 
more reliable results. There are many 3D cell scaffolds. One of the most widely 
used materials is biopolymer. Its porous structure allows cells to interact with each 
other better in terms such as their natural morphology and in vivo environment 
[4]. 3D polymeric cell scaffolds are an increasingly innovative method for 
reconstructing tumor microenvironment in culture medium [5]but the role of the 
bone mineral hydroxyapatite (HA .
Our aim is to determine the optimal three-dimensional cell scaffold characteristics 
to ensure adhesion and proliferation of the breast cancer cell line MCF-7. For this 
purpose, we produced cell scaffolds in a 3D printer using polylactic acid (PLA) 
and polycaprolactone (PCL) fi laments.
PLA is a thermoplastic aliphatic polyester suitable for biomedical and cell 
culture applications due to its biocompatibility, high strength and biodegradable 
properties [1], [4]but their research is limited by the impossibility to cultivate 
them in a monolayer culture. Scaffolds are three-dimensional (3D. PLA has been 
found to be benefi cial because of the porous scaffold structure that enriches the 
cell microenvironment and also increasing the viability and proliferation of breast 
cancer cells.  [4].
PCL is a biocompatible, biodegradable polymer such as PLA, without toxic 
dye. It differs from PLA with its mechanical and physical properties and slower 
degradation rate. Due to its low melting point, it is frequently preferred in cell 
culture applications and tissue engineering. [1]design and fabrication parameters 
need to be optimized to set up the correct printing procedure; a procedure in which 
the characteristics of the printing materials selected for use can also infl uence the 
process. This work focuses on optimizing the printing process of the open-source 
3D extruder machine RepRap, which is used to manufacture poly(ε-caprolactone  
Here we present an in vitro investigation of adhesion levels of human breast cancer 
MCF-7 cell line cultures on PLA and PCL scaffolds with different densities. 

MATERIALS AND METHODS
Design And Manufacturing of Scaffolds
Scaffolds were prepared with the PLA and PCL fi laments using a custom made 
fused deposition modeling (FDM) printer. Scaffolds were fabricated according 
to the FDM method in a single extruder 3D printer, which uses hot end extruder 
for printing PLA and PCL fi laments. This printer has a mechanical precision of 
100-100-200 μm in the X-Y-Z axis. 0.3 mm nozzle and 1.75 mm fi laments were 
used for the production of tissue scaffolds. Tissue scaffolds are produced with two 
different fi lling rates (20% and 40%). The nozzle temperature for PLA was set to 
230℃ and for PCL to 80℃.
The design and production parameters of the scaffolds are defi ned and optimized 
by SolidWorks and Slic3r software to set the correct printing procedure. Scaffolds 
template (Ø = 4 mm, thickness = 2.5 mm) were designed using SolidWorks 2017 
software and subsequently fi lled and sliced using and Slic3r 1.2.9 software to 
obtain cylindrical STL models. Briefly, clump generator software was used to 
create squared pores into a 3D object in a “stl”file format. The printing head 
was computer-controlled in three axes (X, Y, Z) while extruding the PLA/PCL 
filament using the Slic3r software.
The melted PLA was then extruded through a 0.3 mm diameter stainless-steel 
nozzle on to a printing plate heated at 40℃. Porous scaffolds were printed layer-by-
layer in the form of squares surrounded by a dense PLA perimeter. We determined 
the optimal speed of 15 mm/s for the fi lling speed and 25 mm/s for the gap speed. 
The travel speed of extruder was set to be 100 mm/s. We fabricated scaffolds with 
two different pore sizes (%20-%40). 
After printing, the scaffolds were carefully removed from the printing bed. Prior to 
biological evaluations, printed scaffolds were sterilized by ethylene oxide (EtO).
Mechanical Characterization
To investigate the possible influence of pore dimensions on mechanical properties 
of the printed PLA/PCL structure, a uniaxial compression test was performed 
on scaffolds. Five scaffolds were tested for each pore size (%20-%40) for each 
group. Scaffolds were tested by universal compression test machine (Shimadzu 
Autograph AG-IS 5kN). Scaffolds were compressed at a speed of 10 mm/min until 
1 mm thickness. Maximal strength (F max) was then recorded simultaneously 
using the Trapezium software.
Cell Culture and Staining 
MCF-7 breast adenocarcinoma cells were used in order to assess the optimum 

scaffold type and fi lling rate. MCF-7 cells were cultured in complete RPMI-1640 
(10% FBS, 2 mM L-Gln, 1% 10,000 U/mL Penicillin/Streptomycin)(Gibco/
Thermo Fisher, MA, USA) and incubated in humidifi ed chamber with 5% CO2 at 
37℃. After PLA and PCL scaffolds with 20% and 40% fi lling rates were printed, 
scaffold tablets were placed in 96 well plates under sterile conditions. 150,000 
cells were seeded on each sterilized scaffold tablets in 50 µL complete growth 
medium and cultured overnight. Following the incubation period, media were 
removed from the wells, rinsed with PBS (Gibco/Thermo Fisher, MA, USA) 
and adhered cells on scaffolds were detected by crystal violet staining. Images 
were obtained using Olympus CKX41 microscope mounted with UIS2 camera. 
Cell counts were determined using ImageJ. Graphs were plotted using GraphPad 
Prism 7. 

RESULTS
Mechanical Characterization of Scaffolds
The mean maximum tensile strengths for groups PCL%20, PCL%40, PLA%20, 
and PLA%40 were 66.00, 178.87, 211.46, and 653.01 N, respectively. When PLA 
and PCL scaffolds were compared, it was found that PLA had better strength than 
PCL scaffolds (Figure 1).

              

Figure 1: The mean values of maximum compressive strength of PLA and PCL 
scaffolds in all the groups.

Figure 2:  Curves resulting from the equations for the force-displacement ratio. 
Force-displacement curves for all groups (n=20) with a displacement rate of 10 
mm/min.

Cell Culture and Staining 
Five different regions and two different layers were captured for each scaffold 
tablet. Images of all regions of the lower and upper layers of scaffolds were taken 
with inverted microscope. PLA material showed higher number of stained cells 
than PCL material (Fig.3)
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Figure 3 : Images of crystal violet stained MCF-7 cells on A) PLA 20% lower 
layer B) PLA %20 upper layer C) PCL 20% lower layer D) PCL %20 upper layer.

Cell count analysis by ImageJ showed that higher fi lling rate enabled more cells 
to adhere on (Fig.4A) and also showed that the number of cells adhered on the 
PLA scaffold is higher than the PCL scaffold (Fig.4B).

A B

Figure 4: Cell numbers determined using ImageJ for PCL and PLA. A) A 
signifi cant difference was found between PCL 20% and PCL 40%. B) A signifi cant 
difference was found between PCL 20% and PLA 20%. (n=5, Bars: SD)

CONCLUSION
In conclusion, the data obtained showed that porous PLA and PCL tissue scaffolds 
can be supportive fort he 3D culture and for adhesion of MCF-7 breast cancer 
cells by providing a micro-enviroment in vivo mimic. PLA is a more preferable 
polymer when compared to PCL and more prous ( 40% fi lling rate) surface is 
better in terms of adhesion than porous surface (20% fi lling rate).
Progess on testing of different bio-compatible polymers in vitro would be great 
contribution in this fi eld.
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INTRODUCTION: By the advance of recent anti-cancer approaches, the natural 
phenolic compounds like Quercetin and Resveratrol are offered as adjuvant 
therapies to potentiate and/or to reduce the side effects of the chemotherapeutics. 
Recent studies on various cancer types showed that Quercetin and Resveratrol 
may reduce Eukaryotic elongation factor 2 kinase (eEF2K) expression. In this 
study, the effect of the given polyphenols, Quercetin and Resveratrol, were 
evaluated in Pancreatic Cancer (PaCa) using PANC-1 cell line in vitro.
MATERIAL&METHODS:  The IC50 values of Quercetin and Resveratrol in 
PANC-1 cells were determined by cytotoxicity tests. To evaluate the effect of the 
phenolic compunds on cellular migration, wound-healing assays were performed. 
To further elucidate the anti-cancer effects, colony forming (CFU) assays were 
used. Real-Time PCR was used to determine the changes in gene expression 
levels of eEF2K by the given compounds.
The determined IC50 values of Quercetin and Resveratrol in PaCa cells by 
cytotoxicity tests were 7.75 µM and 48.75 µM, respectively (p˂0,001) at 72 
hours. Quercetin and Resveratrol applied at the given doses decreased the colony 
forming ability and cellular migration of PANC-1 cancer cells. Eukaryotic 
Elongation Factor 2 Kinase (eEF2K) gene expression was decreased with 
Quercetin (p˂0.05) but increased with Resveratrol treatment (p˂0.05).
RESULTS: Based on our results, Quercetin showed an overall stronger effect 
with lower IC50 doses in PaCa treatment in vitro. Therefore, it might be 
recommended alone or in combination with chemotherapeutics in further research 
for development of new anti-cancer approaches.
Keywords: Quercetin; Resveratrol; Pancreatic Cancer; Panc-1; eEF2K; eukaryotic 
elongation factor-2 kinase

INTRODUCTION
Pancreatic cancer (PaCa) is one of the most common causes of cancer-related 
deaths, worldwide [1]. Natural compounds (NC) are attractive chemical agents 
for most investigations on cancer prevention/therapy [2]. Phenolic compounds 
(PHC) are a member of these NC. Various animal experiments have been used 
to investigate and reveal their benefi cial effects on health [3], [4] where these 
health benefi ts of PHC are not only specifi c to cancer but also effective with their 
antioxidant and antitumorigenic effects against chronic degenerative diseases 
[5]. Quercetin and Resveratrol are members of NC where Quercetin has been 
shown to modulate signaling pathways and gene expressions with various anti-
infl ammatory, anti-oxidant and anti-cancer effects in cellular studies and animal 
models [6], [7]. For the past two decades, resveratrol has also received a lot of 
attention with its anti-cancer, anti-oxidant, anti-diabetic and chemopreventive 
effects, further supported by its benefi ts to the cardiovascular system [8]. In 
recent years, eukaryotic elongation factor-2 kinase (eEF2K) is suggested as a 
potential therapeutic target in cancer [9]. eEF2K is a proliferation-dependent 
mitogen-activated enzyme which regulates protein synthesis by controlling the 
rate of peptide chain elongation through phosphorylation [10]. eEF2K was shown 
to be up-regulated in various cancer types and increased activity eEF2K has been 
reported in rapidly proliferating malignant cells by several studies [11]. In this 
study, we investigated the effect of Quercetin and resveratrol on PaCa cell line; 
we determined the half maximal inhibitory concentration (IC50) via Cell Viability 
Assay and cell migration via Wound Healing Assay, while evaluating colony 
forming ability of cells with Colony Forming Assay and eEF2K gene expression 
via using Real Time PCR.

MATERIALS AND METHODS
Cell Culture & Cell Viability Assays
PANC-1 cells (gifted from MD Anderson Cancer Center Bulent Ozpolat’s Lab.) 
were used in this study and cultured according to ATCC protocol. Cellular 
viability was evluated pwith WST-8 according to the manufacturer’s instructions 
(Cayman Chemical WST-8 Cell Proliferation Assay Kit). All doses were tested 
in triplicates and the experiments were repeated at least three times. Statistical 
calculations were performed using the Graphpad Prism 5.
Wound Healing Assay
2×105 cells/well were plated in 6-well plates. Afterwards, a straight line was 
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drawn in the center of the wells. Cells were treated with Quercetin (0 and 15 μM) 
and Resveratrol (0 and 75 μM) for 0, 24, 48 h of incubations.
Colony Forming Assay
2×103 cells/well were plated in 6-well plates and incubated overnight. The cells 
were treated with Quercetin (0, 10 and 60 μM) and Resveratrol (0, 50 and 75 μM) 
for 15 days. After the incubation period, the cells were stained with 0,05% crystal 
violet and evaluated by Image J, 2017. 
RNA Isolation & cDNA Synthesis               
Panc-1 cells were treated either with Quercetin (0 and 7,75 μM) and resveratrol 
(0, 48                                                                 
μM) for 24 h. RNA isolation was performed (QIAGEN RNeasy Mini Kit) 
according to the manufacturer’s instruction. Total mRNA was synthesized by the 
Reverse Transkriptase-PCR method (the Bio-Rad iScriptTM cDNA Synthesis 
Kit) according to the manufacturer›s instructions. 
Real Time PCR
Changes in the expression of eEF2K gene were analyzed by Real Time PCR method. 
Β-Actin and TBP were used as housekeeping genes. Ct values were obtained from 
Real Time PCR (ROCHE; LC480). Data presented are representative of those 
obtained in at least three independent experiments performed in triplicates. All 
data were statistically evaluated using non-parametric Mann-Whitney U test 
(IBM SPSS Statistics Version 20 program; n=3 for all groups) 

RESULTS
Cytotoxicity Effects of Quercetin and Resveratrol on PANC-1
After the treatment of Quercetin and Resveratrol for 24, 48 and 72 hours: IC50 
values of Quercetin were calculated with Calcusyn 2.0 Programme and found as 
30,17 μM, 15,1 μM and 7,75 μM (fi g. 1.) respectively and Resveratrol was found 
as 121,4 μM, 7 μM, 48,75 μM (fi g. 1.) respectively (p<0,001).
Cell Migration Assay
In 15 μM (IC50) Quercetin and 75 μM (IC50) Resveratrol-applied wells, the line 
drawn at the 0th hour was completely open where partial closure occurred at the 
24 th hour. However, at the 48 th hour, the control line was completely closed, while 
the openings in the 15 μM Quercetin and 75 μM Resveratrolapplied wells were 
still present (fi g. 2. and fi g. 3.)

Figure 1. Dose depended Quercetin and Resveratrol % cytotoxicity for 24, 48, 
72 h. 
Colony Formation Assay 
A normal proliferation was observed in the control group while the amount of 
colonies decreased to 49% in 10 μM Quercetin-applied well. There wasn’t any 
colony in 60 μM Quercetin-applied well; therefore the colony count was 0% 

(fi g. 4.). When the results were compared to the control group for Resveratrol, a 
normal proliferation was observed in 
the control while the amount of the colonies decreased to 48% in 50 μM 
Resveratrol-applied well. In this study, 75 μM Resveratrol was the highest applied 
concentration where the colony percentage was 31% (fi g. 5.).

Figure 2 The results of cell migration assay of Quercetin at IC50 doses (15 μM) in 
comparison to the control groups at 0th, 24th and 48th h of incubations

Figure 3 The results of cell migration assay of Resveratrol at IC50 doses (75 μM) 
in comparison to the control groups at 0th, 24th and 48th h of incubations

Figure 4 The amount of colonies after Quercetin application 

Figure 5 The amount of colonies after Resveratrol application 

Gene Expression of eEF2K
There was a signifi cant decrease (p<0,05) in eEF2K gene expression after 24 
h incubation of PANC-1 cells with 7,75 μM Quercetin whereaas there was 
a signifi cant increase (p<0,05) in eEF2K gene in cells treated with 48.75 μM 
Resveratrol (fi g.7). 

DISCUSSION
Based on IC50 doses, Quercetin was more effective with higher capacity at a lower 
concentration than Resveratrol on PANC-1 cells. The results of cell migration 
showed that Quercetin and Resveratrol probably suppressed cell proliferation and 
cell migration of PaCa cells at the given IC50 concentrations. There was still alive 
colonies at a high concentration of Resveratrol implying that IC50 concentration 
of Resveratrol was not as effective as Quercetin even at higher concentrations. 
eEF2K expression was signifi cantly decreased in PANC-1 cells at the given IC50 
dose of Quercetin compared to its control group whereas eEF2K gene expression 
was signifi cantly
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Figure 7 The effect of Quercetin and Resveratrol on eEF2K Gene Expression in 
PANC-1 Cells 
increased in PANC-1 cells where Resveratrol was applied at the determined 
IC50 dose compared to the control group. According to this confl icting results 
on phenolic reagents, 24-hours incubation time is perhaps not suffi cient for 
Resveratrol to show its effects on PANC-1 cells at the given IC50 doses. Therefore, 
the effi cacy of Resveratrol with 48 and 72 h of incubations should be furher 
investigated.
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OBJECTIVES: The aim of this study was to investigate the effect of solvation 
methods and biotransformation process of propolis on the angiogenesis in colon 
cancer cell lines.
MATERIALS AND METHODS: Propolis sample was obtained from “Ceyan 
Arıclık” - Ankara (Ayas) company. Propolis samples were solved in three 
different solvents (water, ethanol and, PEG).  Lactobacillus plantarum strains (L. 
plantarum ISLG-2, L. plantarum ATCC® 8014, L. plantarum Visbyvac) were 
used for biotransformation of propolis. The phenolic content of Propolis extracts 
was determined with LC-MS/MS. The effect of propolis on angiogenesis in HCT-
116, HT-29 colon cancer cell lines and CCD-841-con normal epithelial cells were 
investigated by determining ERK1, ERK2, and VEGF levels.
RESULTS: Both transformed and non-transformed propolis samples did not 
show any signifi cant effect on VEGF, ERK1 and ERK2 levels in CCD-841 
normal colon cells. While Propolis solved in water has no effect on VEGF levels, 
it suppressed ERK1/ERK2 levels in HCT116 cells. Propolis dissolved in ethanol 
+ transformed with L.plantarum ATCC® 8014 strain decreased VEGF, ERK1 and 
ERK2 levels in HT29 cell.  
CONCLUSIONS: The transformed sample of propolis signifi cantly reduced all 
three angiogenesis markers in HT-29 colon cell lines as compared to the control 
sample. We concluded that the solvation method and transformation process is 
highly important to get the signifi cant effect of propolis on angiogenesis.  
Keywords: Propolis, VEGF, ERK1, ERK2

INTRODUCTION
Propolis is a natural product produced by honey bees to protect the colony 
with their anti-bacterial, anti-viral and anti-fungal properties (1). Besides these 
common properties, propolis has pain relief, antihelmintic, liver protective and 
antihypertensive properties (2). It has been shown that propolis is effective both 
in cancer prevention and cancer treatment (3). However, it can cause various 
allergic reactions in approximately 10% of the population. There are more 
than 20 allergenic molecules in propolis, especially 1,1-dimethylallyl caffeic 
acid ester which is the main allergenic compound comprising 85% proportion 
of all allergens, and caffeic acid are the most important compounds (4,5).  The 
biological transformation process of propolis aims to reduce the amount of 
allergen molecules in it by using various bacterial strains. It has been shown that 
cinnamoyl esterase enzymes in selected bacterial strains break the ester bonds of 
the allergen molecules in the propolis (6,7). We showed that some special strains 
of Lactobacillus plantarum (Patent No: TR2015 16914B, dated 2018/07/23) 
decreased the allergenic molecules especially DMEA and CAPE in propolis (7,8).
Colorectal cancer is the third most common type of cancer worldwide (9) and is 
an important cause of mortality in patients. Vascular endothelial growth factor 
(VEGF) which is produced by epithelial cells, is known as a regulatory molecule 
for cell migration and neovascularization in cancer metastasis. It has been shown 
that suppression of VEGF might inhibit migration, Invasion and adhesion ability 
of different cancer cell lines (10,11). Although anti-cancer and cytotoxic effect 
of propolis has been shown in many studies, there is no study about the effect 
of propolis on VEGF in cancer. In this study we aimed to investigate the effect 
of solvation methods & biotransformation process of propolis on the anti-
angiogenesis effect in colon cancer cell lines.

MATERIALS AND METHODS
Preparation of propolis extracts and biotechnological transformation process
Propolis samples were obtained from “Ceyan Arıcılık ”- Ankara (Ayas) and 
stored at -20 ° C. Propolis samples were subjected to a series of preliminary 
physical processes (milling and sizing: 35 mesh) to prepare for the study. Three 
different bacterial strains (Lactobacillus plantarum İŞLG -2, Lactobacillus 
plantarum ATCC® 8014, Lactobacillus plantarum Visbyvac) were selected from 
the culture collection of Ege University Food Engineering for biotechnological 
transformation.
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Propolis samples (w/v:1/1) were treated with different solutions (ethanol 
(10%),  polyethylene glycol (40%) and water) and  ultrasonication was applied 
at  40Hz (5, 10 and 15 min) for samples solvated in water.   After extraction, 
filtration and centrifugation process, propolis samples were incubated with 
L.plantarum strains in different inoculum rates (1.5%, 2.5%, 3.5%) for 24-72 
hours/30°C. At the end of the process, the mixture was filtered and liquid extracts 
were stored at +4°C prior to analysis.
Determination of phenolic content of propolis extracts
Quantitative analysis was performed on a Waters® ACQUITY XEVO ™ TQD 
tandem quadruple UPLC-MS / MS system and multiple reaction monitoring 
(MRM) in electrospray ionization (ESI) (mode Sular, Milford). (MA). This 
UPLC-MS / MS system was controlled by MassLynx™ 4.1 software. 1 mg / ml 
stock solution of each polyphenol in methanol was used for calculation.
Cell culture studies
HCT-116 and HT-29 human colon cancer cell lines were grown on McCoy’s 5A 
medium containing 2mM L-glutamine, 10% fetal bovine serum (FBS), 100 units 
/ ml penicillin and 100 g / ml streptomycin, and 5% CO2 at 37°C. CCD-841 CoN 
healthy colon epithelial cell line was grown in MEM medium containing 2mM 
L-glutamine, 10% fetal bovine serum (FBS), 100 units / ml penicillin and 100 μg/
ml streptomycin, and 5% CO2 at 37°C. Propolis samples were added to HCT 116 
and HT-29 colon cancer and CCD-841 CoN normal colon epithelial cell culture at 
the dose and duration determined in the cytotoxicity study.  At the end of the pre-
study period (24 hours), cells were harvested with PBS and stored at -80°C. On 
working day, samples were freeze-thawed 3 times and then centrifuged at 2500xg 
for 15 minutes. Each sample was run 3 times. ERK-1, ERK-2 and VEGF levels 
were determined with commercially available ELISA kit.

RESULTS
The LC-MS/MS results of the samples showed that amounts of phenolic contents 
changed with different solvents due to the solubility differences of phenolic 
compounds. 60 samples in total (6 different solvents, biotransformation with 3 
different L. plantarum  strains in different concentrations) were evaluated (data 
were presented in another publication) and the 12 samples which have the lowest 
concentration of allergen molecules (DMAE caffeic acid and CAPE) were chosen 
for this study. The amount of phenolic molecules in propolis samples added to cell 
culture were shown in Table.1. 
The VEGF, ERK-1, and ERK-2 levels were presented in Figure-1, Figure-2, and 
Figure-3, respectively.
While all nontransformed propolis samples had no effect on VEGF levels in cancer 
cells, propolis dissolved in water (US 5 min) + transformed with L.plantarum 
ATCC® 8014 strain decreased VEGF levels (1673 vs 1488) in HCT116.   
Generally, all nontransformed propolis samples suppressed ERK1 levels in 
HCT116 cells, transformed propolis samples had no effect on ERK1 and ERK2 
levels in HCT116 cells. While Propolis dissolved in water had no effect on VEGF 
levels, it suppressed ERK1 (16.3 vs 12.2) and ERK2 (18.0 vs 15.7) levels in 
HCT116 cells. 
Propolis dissolved in ethanol + transformed with L.plantarum ATCC® 8014 
strain (2.5%) decreased VEGF (1865 vs 1600), ERK1 (19.5 vs 17.0) and ERK2 
(16.2 vs 14.2) levels in HT29 cell line. On the other hand, the most effective in 
suppression of ERK2 levels in HT29 cell line was propolis sample dissolved in 
water (+US 5 min) and transformed with L.plantarum (16.2 vs 11.6).
Propolis dissolved in water led to depletion in ERK1 levels in CCD841.  
Our data showed negative correlations between the ERK1 levels and quercetin 
(r=-0.387, p=0.042), ellagic acid (r=-0.341, p=0.07), myricetin (r=-0.409, 
p=0.031) levels in HCT116 cell line. Interestingly there was a negative correlation 
between the VEGF and ERK1 levels (R=-0.519, p=0.009) in HCT116 cells. 

DISCUSSION
Our study reported the effect of propolis on VEGF, ERK1 and ERK2 levels 
in colon cancer cell line and the role of solvation methods and transformation 
process on its effect for the first time. Recent studies indicated that propolis has 
an anticancer effect with various mechanisms including induction of apoptosis, 
stopping the cell cycle, anti-proliferative effect, etc (12-17). And in a recent study 
has been observed that Chinese propolis suppressed   VEGF-induced HUVEC 
migration (18), 
In our study, propolis samples dissolved in different solvents showed different 
effects on VEGF, ERK1, and ERK2 due to the variability of its phenolic 
concentration. The effect of propolis may highly variable in the literature (12-17) 
because the content of propolis collected from different geographies is different 
from each other due to climate, flora, etc and the extracted amount phenolic 
molecule of propolis is vary depends on the solvent. So far, most of the studies 
on the biological activity of propolis used only the extract of propolis in ethanol. 
In this study, we tested 3 solvents and ultrasonic treatment and biotransformation 

processes. Most of them had no significant effect on CCD841 cells. Although 
different propolis samples dissolved in both water and ethanol decreased VEGF 
levels in the HT-29 cell line, transformed samples were more effective than control 
sample. The most effective sample on suppression of VEGF, ERK1 and ERK2 
was the propolis sample dissolved in ethanol + transformed with L.plantarum 
ATCC® 8014 strain in HT 29 cell line. Wang et al similarly observed that propolis 
decreased ERK 1/2 level in Caco-2 colon cancer cell line and increased ERK 1/2 
level in healthy colon cell line. They suggested that propolis fight colon cancer 
by preventing colon cancer proliferation and preserved healthy colon cells (19).  
While all nontransformed propolis samples had no effect on VEGF levels 
in cancer cells, propolis dissolved in water (US 5min) + transformed with 
L.plantarum ATCC® 8014 strain decreased VEGF levels in HCT116. While 
Propolis dissolved in water had no effect on VEGF levels, it suppressed ERK1 
and ERK2 levels in HCT116 cells. 
 Although we did not study the effect of propolis on HUVEC formation and 
neovascularization histologically, our data indicated that propolis might prevent 
cancer metastasis by inhibiting VEGF, ERK1, and ERK2. However, there was no 
clear correlation between the phenolic content and VEGF, ERK1, ERK2 levels in 
HT26 cell line, so the effect of any phenolic molecule which determined in this 
study on this inhibition remains unclear.
Since our data showed negative correlations between the ERK1 levels and 
quercetin, ellagic acid, myricetin, kaempferol levels in HCT116 cell line, the 
suppressive effect of propolis on ERK1 might be attributed to its content of 
quercetin, ellagic acid and myricetin. This conclusion was evidenced by the 
other studies showed inhibitory effects of myricetin in A549 cell, ellagic acid in 
endothelial cells, quercetin in HepG2 cells and kaempferol in oral cancer cells on 
ERK1 (20-22)
Ultimately, our results indicated that propolis might prevent tumor metastasis 
by inhibiting VEGF, ERK1/ERK2 signaling pathway. We conclude that the 
solution method and transformation processes are extremely important to obtain 
the significant effect of propolis on angiogenesis. The effect of propolis on other 
possible signal pathways during metastasis and anti-metastatic effect of propolis 
in vivo will be examined further.
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Table.1.Phenolic molecules in propolis added into cell culture

Added propolis micro-
gram/mL

E E-L2 PEG PEG-L2 W W-L2 W-L3 W-US5 W-US 
5-L2

W-US 10 W-US 
10-L1

W-US 
10-L3

W-US 15 W-US 
15-L2

Ferulic acid ng/mL 469.6347 526.1142 112.7344 98.91087 1164.29 1224.923 377.6793 2080.627 877.8986 1659.72 914.9149 276.611 1831.569 861.7972

Caffeic acid ng/mL 75.08427 67.36631 14.23645 20.12847 155.2144 234.6706 59.90863 279.0329 104.0361 231.1382 129.1693 40.54656 278.8523 158.9499

Kampherol ng/mL 169.9414 94.7877 120.3957 135.6671 207.8231 309.3374 82.17358 537.2363 158.0608 394.9609 174.4913 53.09463 402.6304 180.5551

Miricetine ng/mL 61.33566 17.51912 125.1015 14.76679 72.85738 18.7759 14.82291 163.6773 68.56553 109.7614 65.88547 14.12656 130.0079 14.46816

Transsinnamic acid 
ng/mL

4494.501 0 1262.274 0 2163.108 2069.442 145.794 16378.28 522.711 6188.496 934.2 0 6525.036 431.841

Ellagic acid ng/mL 93.73335 13.38447 159.6034 107.8384 61.25499 256.2478 0 338.4439 72.54669 199.4902 11.19703 0 189.0351 89.50561

CAPE ng/mL 12.77845 4.69024 2.68164 0.890302 7.535246 4.913255 3.331631 23.60875 8.859541 10.26595 5.816531 3.562884 20.75713 8.093618

DMEA ng/mL 238.5111 0 0 0 115.5724 234.3245 0 696.1121 0 404.1919 37.61603 0 409.2152 2.053479

Naringenin ng/mL 62.70468 1.466997 1.237964 7.044474 13.72057 12.32105 271.4899 469.3796 263.9779 211.538 0 391.6689 129.3564 12.00818

Quercetine ng/mL 133.6889 109.6782 297.2649 215.6717 163.2451 285.2652 59.96005 396.222 152.2354 257.9135 145.3603 38.03067 309.8513 142.0489

E:Ethanol, PEG: Poly Ethylen Glycol, W:Water, US:Ultrasonic treatment-40Hz. 5- 5 minutes,10-10 minutes and 15-15 minutes. L1: L.plantarum ISL-2 strain, L2: 
L.plantarum ATCC® 8014 strain, L3: L.plantarum Visby vac strain.

Figure. 1. Effect of propolis  on VEGF levels in three cell lines
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ABSTRACT
OBJECTIVES: Colorectal cancer is a complex disease which is caused by many 
factors and has genetic predisposition. In order to understand the molecular level 
of colorectal cancer, it is studied in detail and many factors such as miRNA, which 
cause cancer formation and which play a role in its development are identifi ed. 
However, the molecular mechanisms affecting the regulation of the disease have 
not yet been fully elucidated. This defi ciency necessitates the search for new 
markers that can predict the development and development of colon cancer and 
the mechanism of bioinformatics.
MATERIAL AND METHODS: This study, healthy and tumor tissues of 15 
patients with colon cancer stage IIIA who underwent surgical removal were 
compared with the expression of miR-145-1 and miR-21-2 and miR-92-1 by qRT-
PCR. The ability of these miRNAs to determine their target genes by bioinformatic 
analysis and their ability to be used for early detection was investigated.
RESULT: QRT-PCR tumor tissue compared to control tissue; expression levels 
of miR-145-1; 0.065 fold decreased; the tumor tissue of miR-21-2 relative to 
the control; 3.147-fold, miR-92-1 was found to increase 4.777-fold. As a result 

of FunRich enrichment biological pathway analysis of 21 genes determined by 
DIANA mirPath V3; these miRNAs have been found to have a signifi cant effect 
on signaling pathways such as E-cadherin, mTOR and TGF-Beta receptor.
CONCLUSION: Thus, not only the determination of expression levels required 
for the determination of a suitable biomarker, but also the determination of the 
molecular targets of these microRNAs by bioinformatics analysis suggests that 
these microRNAs can be used for cancer diagnosis and prognosis.
Keywords: Bionformatic analysis, Colorectal cancer, Stage IIIA, miRNA, RT-
PCR

INTRODUCTION
Colorectal cancer (CRC) is the most common gastrointestinal cancer that is 
a multifactorial disease caused by etiologic factors such as genetic factors, 
environmental exposures, diet and infl ammatory conditions of the digestive 
system [1]. CRC constitutes an important health problem as it accounts for 10% 
of the worldwide cancer incidence [2,3]. Based on these results, it is clear that 
new and more effective strategies should be developed to allow early detection of 
this disease and that safer and more effective treatments can be developed to help 
reduce the global mortality rate associated with this disease. Considering all these 
situations, there is an increase in studies on CRC. The discovery of microRNAs, 
which are small RNA molecules, has led to different dimensions in the diagnosis 
and treatment of CRC (4). Currently, all of the studies on miRNA on cancers are 
based on the determination of different expression levels of miRNAs in cancer 
cells compared to normal cells [5,6].
Colon cancer in stage IIIA, the cancer has spread to up to 3 lymph nodes, from 
the innermost tissue of the colon to the middle wall of the colon. Therefore, it can 
be treated with chemotherapy after surgery [7]. Early diagnosis of colon cancer is 
very important for this stage [8].
The aim of this study is to determine the expression of miRNAs which have 
important effects in many biological processes such as regulation of gene 
expression at the transcriptional level. It is also aimed to understand the 

Figure. 2. Effect of propolis   on ERK1 levels  in three cell lines

Figure. 3. Effect of propolis   on ERK2 levels in three cell lines
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mechanism of these miRNAs by identifying their target genes and pathways 
by performing bioinformatics analysis in order to better understand the cellular 
processes of these miRNAs.

MATERIAL AND METHODS
In this study, normal and tumor tissues were used obtained from the operation in 
15 colorectal cancer patients who were classified as pathological from the general 
surgery department of Gaziantep Research and Application Hospital. It is aimed 
to determine the expression differences of miRNA-145-1, miRNA-21-2 and 
miRNA-92-1 between normal and tumor colorectal tissue obtained from patients 
using qRT-PCR.
RNA isolation and qRT-PCR analysis
Approximately 50 mg of tissue samples were homogenized in cold medium using 
700 µL of QIAzol (Qiagen) reagent with Bertin Precell homogenizer (France). 
The miRNAeasy mini kit (Qiagen) was used to isolate total RNA containing 
miRNA from homogenates. The quantity and quality of the isolated RNAs were 
determined spectrophotometrically by NanoDrop 2000 Spectrometer (Implen). 
Measurements were made at 260 and 280 nm wavelengths. Samples with a 
concentration of miRNAs greater than 500 ng / μl and a ratio of 260/280 OD 
(optical density) of ~ 2 for RNA were included in the study. Total RNA was 
transcribed into cDNA using the miScript II RT (Qiagen) kit procedure. RT-
PCR was performed on the Rotor-gene Q 5 PLEX HRM (Qiagen) at 37 °C for 
60 minutes and then at 95 °C for 5 minutes. miRNA expression analysis was 
performed according to the reaction procedure using the miScript SYBR Green 
PCR kit (Qiagen) for RT-PCR reaction.
 First, incubation for 15 minutes at 95 °C was performed to activate the DNA 
polymerase enzyme. Then the PCR protocol; Denaturation; (15 seconds at 94 °C) 
Hybridization; (30 seconds at 55 °C) Polymerization; (30 seconds at 70 °C). The 
reaction was repeated 40 times. RNAU6B was used as reference gen.
ΔCt values were calculated before the Ct values resulting from expression, then 
ΔΔCt and fold change were calculated using these values. ΔCt value calculation; 
ΔCtnormal was found by deducting the Ct value of the reference gene of normal 
tissue from the Ct value of normal tissue. Similarly, ΔCtumor was determined 
by subtracting the Ct value of the tumor gene’s reference gene from the Ct value 
of the tumor tissue. Then, to calculate the ΔΔCt values tCt was performed by 
subtracting the ΔC tnormal value from the ΔCttumor. Fold change was calculated 
as 2-ΔΔCt .
Bioinformatic analysis and Statistical analysis 
KEGG pathway analysis of target genes of miR-145-1 and miR-21-2 and miR-92-
1 was performed with DIANA miRPath V3 Tarbase 7.0 software [9]. As a result 
of analysis, biological pathway analysis was carried out with 21 genes Funrich 
Gene Enrichment research tool. At the same time, Protein-Protein Interaction 
(PPI) analysis was performed with STRING software which shows the many 
connections of target genes to each other [10]. For all statistical analyses, p-values 
were two-tailed and differences were statistically significant at p <0.05.

RESULT
Real-Time PCR (RT-PCR) was used to determine expression levels of 
miRNA-145-1, miRNA-21-2 and miRNA-92-1. Fold change was calculated 
over the Ct values obtained by qRT-PCR and miRNA expression levels in tumor 
tissue were compared with normal tissue expression levels. Clinicopathological 
information of the patients included in the study is shown in Table 1.
miRNA-145-1 was found to be down-regulated by decreased expression in tumor 
tissues (0.065 fold) than normal tissue (p <0.034). When the expression profile of 
miRNA-21-2 was examined, it was found that the tumor tissue was expressed at 
increased compared to normal tissue (3.147) and was up-regulated. In addition, 
statistically significant difference was found between tumor tissue and normal 
tissue (p = 0.045). The expression profile of miRNA-92-1 was found to be up-
regulated in the tumor tissue by expressing it higher than the normal tissue (4.777 
fold). The ΔΔCt values of these miRNAs are shown in Figure 1.
Bioinformatics analysis
miR-145-1 and miR-21-2 and miR-92-1 were identified by colorectal cancer 
(hsa0521) KEGG analysis with DIANA miRPath V3. (p<0.00048). These genes: 
BRAF, GSK3B, TGFBR1, SMAD2, APC, PIK3CB, BIRC5, AXIN1, APPL1, 
KRAS, MAPK9, JUN, CCND1, CTNNB1, MAPK8, MYC, MSH2, PIK3R1, 
TGFB2, MAPK1, TGFBR2. Protein-Protein Interaction showing the interrelated 
interaction of the targeted 21 genes is shown in Figure 2. In PPI, the interaction 
of genes with another gene, gene activation, gene suppression shows many 
properties in relation to colors. FunRich Gene Enrichment with the biological 
pathway analysis of these genes; E-cadherin signaling event (47.62%), TGF Beta 
receptor signaling (57.14), mTOR signaling pathway (95.24%), such as cellular 
signaling affects many biological pathways (Figure 3). 

DISCUSSION
Recent research has shown that the risk of death from CRC can be prevented 
by early screening and intervention [11]. Therefore, the discovery of biological 
markers at the molecular level is crucial for the early diagnosis of CRC [12]. By 
understanding the molecular basis of CRC, it is possible to develop diagnostic 
tests based on sensitive and specific molecular markers [12,13]. 
In a review by Zeinali et al., It was stated that miR-145 can be used as an important 
biomarker before metastasis in cancer studies and its molecular mechanisms will 
be possible by elucidating the target genes [14]. Thus, it supported the idea that 
miR-145 could be used as a biomarker before metastasis in colon cancer.
Pagliuca et al. showed that miRNA-145-1 may be a biomarker that acts as a tumor 
suppressor by inhibiting the activity of CRAS and BRAF genes in CRC [15]. In 
our study, miR-141-1 was found to be compatible with target genes determined by 
the decrease in expression level.
miRNA-21 has been shown to be a miRNA that acts oncogenic in almost all solid 
tumors and is highly expressed in tumor tissues compared to normal tissues [16-
17]. According to studies, the expression of miRNA-21 targets several tumor 
suppressor genes leading to increased cell proliferation, decreased apoptosis, 
increased cell migration, invasion and metastasis [2,18,]. The data obtained in our 
study are in parallel with the results of other studies.
miRNA-92-1 is a miRNA that plays a key role in CRC. Studies have shown that 
miRNA-92 has a high level of expression in CRC [19]. Yamada et al. (2013) 
showed that the expression level of miRNA-92 varies according to the stage of 
cancer and that the expression of this miRNA is increased in tumors less than 40 
mm [20] Since pre-stage IIIA metastasis tissues are used in our study and also 
by determining target genes of miRNA-92-1, it may contribute to the study of 
specific gene expression by contributing to the literature.
In this study, contributing to the scientific literature and revealing the roles of 
miRNAs in CRC treatment are among the expectations of this study.
Our results show that while miRNA-145-1 from expressed miRNAs is down-
regulated in CRC tissues compared to control tissues, miRNA-21-2 and 
miRNA-92-1 are up-regulated relative to control groups. Differences in miRNA 
expression in all cancers, including CRC, do not result only from changes in 
miRNA biogenesis mechanisms. Epigenetic control also depends on reasons such 
as transcription factors or mutated protein controls. In this case, it is possible 
to say that miRNAs that may have tumor-suppressing or oncogenic effects will 
contribute to the onset, progression, and diffusion of CRC. In conclusion, it is 
thought that miRNAs will provide important benefits in the early diagnosis of 
cancer and in the development of treatment methods by determining the expression 
levels of miRNAs in cancerous tissues and evaluating the targeted mRNA.
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Table 1. Clinical information of colon cancer stage IIIA patients included in 
the study

Table 1. Clinical information of colon cancer stage IIIA patients included in the 
study

Characteristics
(n=15, control and tumor tissue) Number

Gender
Male 6

Female 9

Age (age range) 63(58-67)

Locations of Tumors
Colon 11

Rectum 4

T1 5

Pathologic T classification
T2 10

T3 0

Pathologic N classification

N0 0

N1 15

N2 0

Metastatic classification
M0 15

M1 0

AJCC Classification Stage IIIA 15

Figure 1: miRNA expression fold change relative to health tissue.

Figure 2: Protein-Protein Interaction of miRNA targets.

Figure 3: miRNA targets Biological pathway
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OBJECTIVES: Oxidative stress caused by reactive oxygen species (ROS) 
inhibiting the effects of the body’s antioxidant system is the main pathology 
of many diseases. Heme oxygenase (HO) in the cellular antioxidant system is 
oxidative sensor protein induced by ROS formation or carbon monoxide (CO) 
production. CORM-2 (tricarbonyldichlororuthenyum-II), Co releasing molecule 
induces the expression of heme oxygenase-1 (HO-1). The aim of the study is 
to determine the effect of CORM-2 on hydrogen peroxide (H2O2) induced 
neuroblastoma cells (SH-SY5Y) through HO-1 induction.
MATERIAL&METHODS:  To determine the effective concentration of 
CORM-2, MTT analyze was performed. The cells were treated with 1 µM, 5 µM, 
10 µM, 25 µM and 50 µM concentrations of CORM-2. At the end of the MTT 
analysis 20 µM and 50 µM concentrations were determined for Western Blot and 
Real-Time PCR experiments. The cells were pre-treated with the 20UM and 50 
UM concentrations of CORM-2 for 3 hours, then they were induced with 300 µM 
H2O2 for 3 hours. The samples were prepared for Western Blot and Real-Time 
PCR experiments.
RESULTS:  CORM-2 molecule signifi cantly affected cell viability in SHSY-5Y 
cells in the dose range of 10 µM– 50 µM. The expression of HO-1 (0.42 ± 0.02 
and 0.82 ± 0.13 control and 20 µM respectively, n = 3) was increased in SH-SY5Y 
cells which are pretreated with the 20 µM and 50 µM CORM-2 concentrations as 
a result of Western Blot experiments.
CONCLUSIONS: In the presence of oxidative stress, CORM-2 increased HO-1 
expression. This may be signifi cant in carcinogenesis and neurodegenerative 
disorders.
Keywords: CORM-2, HO-1 induction, Oxidative stress

INTRODUCTION
Oxidative stress is characterized by the imbalance between oxidants and 
antioxidants. Reactive oxygen species (ROS) are one of the oxygen metabolism 
products and they are categorized as cellular oxidants. In some pathological 
conditions which can be a result of oxidative stress, infl ammation, xenobiotics, 
radiation, overexpression of ROS is seen. This overexpression can lead to 
oxidative DNA damage, gene mutation, and carcinogenesis, also it can cause lipid 
peroxidation which contributes the cell death [1].  In mammalian cells, cellular 
heme is catalyzed to free iron, biliverdin/bilirubin and carbon monoxide (CO) by 
the rate-limiting enzyme heme oxygenase -1 (HO-1).  Although the main role of 
HO-1 is the heme catabolism, it also shows anti-oxidative and anti-infl ammatory 
effects through biliverdin and CO metabolites [2]. It was characterized as a 
survival molecule for stress-related conditions and exhibits crucial role in 
cancer progression. The main mechanism of the HO-1 is still unclear. Although 
the augmented expression of HO-1 is protective in cellular stress conditions in 
many disease states including kidney injury and neurodegeneration, its role in 
carcinogenesis is controversial [1,3,4,5]. It is reported to play a cytoprotective 
role in tumor cells preventing apoptosis and autophagy and to promote cell 
proliferation and metastasis causing resistance to chemotherapy and radiation 
therapy [6]. On the other hand, depending on the excessive cellular iron production 
during HO-1 breakdown HO-1 can be benefi cial in cancer therapy [1]. CO and 
CO releasing molecules (CORMs) have protective effects in infl ammatory 
and vascular diseases as well as neurodegeneration [7]. More recently, there is 
accumulating evidence demonstrated CO and CORMs as therapeutic agents for 
cancer therapy [8,9]. The aim of the study was to determine the effect of CORM-2 
on hydrogen peroxide (H2O2) induced neuroblastoma cells (SH-SY5Y) through 
HO-1 induction.

MATERIALS AND METHODS
Cell Culture 
The human neuroblastoma cell line (SH-SY5Y) was cultured in 50% MEM/ 
HAM’S F-12 medium containing 1% L-Glutamine, 10% FBS (fetal bovine 
serum), 1% penicillin/streptomycin, 1% non-essential amino acids and kept at 37 
⁰C in a humidifi ed 5% CO2 incubator. To demonstrate the effect of CORM-2 in the 
H2O2-induced oxidative stress condition, cells were pre-treated with CORM-2 for 
3 hours then 300μM of H2O2 was added and incubated 3 hours.

Cell viability assay
To investigate the viability of cells, MTT assays were performed.  Cells were 
cultured in 96 well plates (1.5x104 cells/ well) for 24 hours. At the end of 24 hours, 

cells were pre-treated with different concentrations (1μM, 5μM, 10μM, 25μM and 
50 μM) of 100ul of tricarbonyldichlororuthenium(II) dimer (CORM-2, Sigma) for 
24 hours. 1mg/ml MTT solution was added to each well and waited for 4 hours 
then, 100 μl of lysing buffer (20% SDS, dimethylformamide, and distilled water) 
was added. The absorbance was measured at 570 nm by using microplate reader. 
The same protocol was performed for the human monocyte cell line (THP-1) to 
see the effect of CORM-2 on different cell types. 

Western blot analysis
The expression of HO-1 and β-actin in cell homogenates was determined by the 
Western blot analysis. Briefl y, for every three groups (control, 20μM, and 50μM), 
3x106 cells were plated in a petri dish 60mm. Cells were pre-treated with CORM-
2 for 3 hours and 300μM H2O2 added. At the end of the 3 hours, samples were 
collected, washed with PBS twice, centrifuged and lysed with RIPA buffer and 
protease inhibitor mixture. Lysates were centrifuged at 13,000 rpm for 5 min. The 
protein content was measured by using Bradford method. The samples of Western 
blotting were prepared with the mixing the cell lysate with the sample buffer 
(125 mM Tris−HCl pH 6, 8.4% SDS, 20% glycerol, 6% β-mercaptoethanol, 0.1% 
bromophenol) and the mixture was denatured at 95 °C for 5 minutes. Proteins 
(20 μg/ml) were loaded each lane and separated by electrophoresed on SDS-
PAGE gels. The proteins were transferred to PVDF membrane (Amersham, Little 
Chalfont, UK). Membranes were incubated with 5% BSA for 1h. Then membranes 
were incubated with primary antibodies against β-actin (BD Biosciences) and 
HO-1 which were diluted with the 5% BSA (1:1000) during an overnight at 4 
°C. After that, membranes were incubated with secondary antibodies (Sigma-
Aldrich, USA) (anti-mouse for β-actin and anti-rabbit for HO-1) for 2 hours at 
37°C. Lastly, bands were visualized by ECL detection system. 

Real-Time PCR 
The cells were plated in a Petri dish (60 mm) for analyzing mRNA expression of 
HO-1 gene. Total RNA was extracted by using RNeasy Plus Mini Kit (Qiagen, 
Valencia, CA, USA) following manufacturer’s instructions. RNA quantifi cation 
was measured by Quantus™ Fluorometer (Promega, Madison, WI). cDNA 
synthesis was performed with the QuantiTect reversion transcription kit (Qiagen, 
Valencia, CA). 
GoTaq®G2 DNA-polymerase (Promega, Madison, WI) was used for the 
amplifi cation of polymerase chain reaction (PCR). Real-time PCR was performed 
by QuantiTect Syber Green PCR kit and for gene expression analysis of GAPDH 
and HO-1, primers were provided by Qiagen.  Quantifi cation of the transcripts 
was performed by 2−ΔΔCTmethod.

Statistical Analysis
The data were presented as mean ±SEM. For Western Blot analysis, a two-tailed 
Student t-test was used. MTT and Real-Time PCR analyses were determined by 
One-Way ANOVA followed by Dunnett’s Multiple Comparison Test. 

RESULTS
CORM-2 reduces the viability of SH-SY5Y cells
To determine the effective dose of CORM-2 on SH-SY5Y cells, MTT assay 
was performed. SH-SY5Y cells were treated with CORM-2 in concentrations 
ranging from 1μM to 50μM for 24h. The signifi cant reduction of cell viability 
was observed with 10-50μM by MTT assay (Fig. 1.A). As shown in Figure 1.B, 
CORM-2 did not affect the viability of THP-1 cells which means it did not show 
the same effect with the SH-SY5Y cells.

A) B)

Fig .1 A) The effect of CORM-2 on SH-SY5Y cell viability in different 
concentrations. Values represent mean ± SEM, control vs. 5μM CORM-2 
**p<0.0001, control vs. 10μM CORM-2 ***p<0.0001, control vs. 25μM CORM-
2 ***p<0.0001, control vs. 50 ΜM CORM-2 ***p<0.0001, Dunnett’s Multiple 
Comparison Test, n =16.  B) The effect of CORM-2 on THP-1 cell viability 
in different concentrations. p>0.1, One-way ANOVA, Dunnett’s Multiple 
Comparison Test, n =16.

CORM-2 induced HO-1 expression in SH-SY5Y cells 
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Western Blot analysis was performed to observe the expression of HO-1 in SH-
SY5Y cells. The concentrations which were determined by MTT assay were 
used for the Western Blot analysis. As shown in Figure 2, 20μM and 50μM 
concentrations of CORM-2 increased the expression of HO-1 under H2O2 induced 
oxidative stress conditions (0.42 ± 0.02 and 0.82 ± 0.13 control and 20 μM 
respectively, n = 3).

Fig. 2 The effects of CORM-2 on the expression of HO-1 in 300μM H2O2 induced 
SH-SY5Y cells. Control vs. 20 μM CORM-2 and control vs.  50 μM CORM-2, 
p<0.1Student-t test, n=3.

CORM-2 induced the mRNA expression of HO-1 in SH-SY5Y cells
The effect of CORM-2 on HO-1 expression in SH-SY5Y cells treated with the 
300 μM H2O2 was investigated with Real-Time PCR. HO-1 levels were not 
signifi cantly increased in SH-SY5Y cells. 

Fig. 3 The effects of CORM-2 on mRNA expression of HO-1 in 300μM H2O2 
induced SH-SY5Y cells. Control vs. 20 μM CORM-2 and control vs. 50 μM 
CORM-2, n.s. Student t-test, n=3.

CONCLUSION
CORM-2 induced mRNA expression of HO-1 in SH-SY5Y cells, but signifi cance 
was not seen between the groups. As a comparison, it induced the protein 
expression of HO-1 signifi cantly (Fig.2).  The reason may be the post-translational 
mechanism and also RNA turnover because protein synthesis is a long process 
and more resistant. RNA shows sensitivity with time, its structure may change by 
time. To get more accurate results RT-PCR could be repeated time-dependently.
Briefl y, results of this study showed that CORM-2 has a concentration-dependent 
cytotoxic effect on SH-SY5Y cells. On the other hand, it induced HO-1 expression 
which is an important pathway in both carcinogenesis and neurodegenerative 
diseases. Further studies should be performed to enlighten the outcomes of this 
induction. 
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INTRODUCTION: We aimed to perform a comparative toxicity assessment of 
our previously developed CTPNs using C. elegans as in vivo model organism and 
cell culture (in HeLa and L929 cell lines) based MTT assay as an in vitro model. 
A comparative in vitro and in vivo toxicity assessment of our previously 
developed-hyperbranched poly(amino ester) based- cancer-targeted polymeric 
nanoparticles (CTPNs)  was performed. 
MATERIALS AND METHOD – N2 wild type C. elegans strain was grown 
under standard conditions. Synchronized worms were exposed to CTPNs from the 
beginning of L1 larval stage. Phenotypic evaluation was done under microscope. 
In vivo toxicity was assessed at 6th, 24th, 48th hours and during reproductive adult 
stage.  In vitro toxicity was tested by MTT assay to CTPNs for 6, 24 and 48 hours.
RESULTS: No observational and statistically signifi cant difference was found 
between CTPNs treated and control groups in C. elegans toxicity study and MTT 
assay.
CONCLUSION: The fact that CTPNs that we have developed did not show toxic 
effects in in vivo and in vitro models we have tested, is expected to support further 
preclinical research in the future.
Keywords:  Cytotoxicity, MTT, C. elegans, cancer-targeted polymeric 
nanoparticles.

INTRODUCTION
Current developments in the fi eld of targeted therapeutics has allowed selective 
and specifi c treatment of patients by targeted drug systems with decreased side/
adverse effects and increased therapeutic potential. This becomes possible by 
specifi c uptake of the drug by non-healthy cells. There are many different ways 
to target a drug molecule in human body, but nanoparticles are one of the most 
popular options due to their advantages [1-3]. In our previous study, we reported 
the development of folic acid- conjugated hyperbranched nanoparticles (CTPNs) 
for cancer targeted drug delivery and pH-controlled drug release. The developed 
folic acid-conjugated nanoparticles have hyperbranched poly(aminoester) 
based polymeric core and poly(ethylene glycol)-b-poly(ε-caprolactone) diblock 
polymer arms. They show selective binding to the surface receptors of tumor cells 
through targeted ligands and are internalized into the cells by folate receptor-
mediated endocytosis [4-5]. 
Caenorhabditis elegans (C. elegans), being an in vivo model organism, have been 
widely used in a number of biological studies, and gained increasing attention as 
a promising multicellular alternative for in vivo toxicity tests. Among the unique 
features of C. elegans that make it a proper model for toxicity assays are its fully 
sequenced genome that is closer to human genome [6-7], its easy maintenance 
with low cost, relatively short life span, transparent body and suitability for 
high throughput screening studies. Its developmental process and behavior can 
be easily monitored under a microscope. The nematode reaches the adult stage 
by passing through four larval stages (L1, L2, L3 and L4) after hatching. It is 
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easily cultured on petri dishes or in axenic liquid medium using Escherichia coli 
(E. coli) OP50 strain as a food source. Therefore several toxicity tests using C. 
elegans can be performed in different conditions including water [8], and soil [9]. 
Toxicity of nanoparticles were also tested on C. elegans [7, 10-12]. C. elegans 
provides researchers the chance to bridge the gap between in vitro and in vivo 
approaches. However there are no studies using C. elegans for CTPNs’ toxicity 
to our knowledge. In this study, we performed a comparative toxicity assessment 
of our previously developed- hyperbranched poly(amino ester) based- cancer-
targeted polymeric nanoparticles (CTPNs) in both C. elegans and cell culture 
(HeLa and L929 cell lines for MTT assay). 

MATERIALS AND METHODS
Materials: HeLa cells and L929 cells were kindly provided by Istinye 
University Molecular Cancer Research Center and Department of Genetics 
and Bioengineering at Yeditepe University, respectively. C. elegans (Wild type, 
Bristol strain N2) and E.coli OP50 strain were obtained from the Caenorhabditis 
Genetics Center (CGC), Minnesota University (Minnesota, ABD).
MTT assay: MTT is a colorimetric enzyme activity based assay, which is widely 
used for the detection of living cells. This method is based on the conversion 
of MTT (3, (4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) to 
colored formazan derivatives (red-purple) by viable cells. MTT assays were 
performed with same concentration of CTPNs in HeLa and L929 cell lines. 
Exposure times of CTPNs for toxicity assays were 6h, 24h and 48h. Roswell Park 
Memorial Institute (RPMI) 1640 medium, 10% Fetal Bovine Serum (FBS) and 
1% penicillin-streptomycin were used for culturing HeLa cells. L929 cells were 
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM), 10% Fetal Bovine 
Serum (FBS) and 1% penicillin-streptomycin. The cultured cells were seeded in 
96-well plates with 5x103 cells/well. Cells were incubated overnight at 37°C in 
5% CO2. CTPNs were diluted in the culture media and then added to the wells 
(final conc. 0.5 mg/mL). After incubation at 37°C, 5% CO2, and 90% humidity 
for 6, 24 and 48 h, the medium was removed and washed with PBS three times. 
Subsequently, 200 μL of culture media and 20 μL of MTT solution (2μg/mL, 
diluted with PBS) were added to each well and cells were subjected to a further 
incubation of 4 h at 37°C in 5% CO2  to allow formation of formazan crystals. 
Then, the unreduced MTT and medium was removed, and the cells were washed 
three times with PBS. 200 μL of DMSO was added to each well to dissolve the 
purple MTT formazan crystals and the plate was incubated at 37°C for 30 min. 
The absorbance of formazan products was measured at 570 nm using a microplate 
reader (Spektrostar Nano S/N 601-1047 BMG Labtech, Offenberg, Germany).
The cytotoxicity of the nanoparticle formulations was calculated using the 
following equation [3]:
Cell viability (%) = (OD570(sample)/OD570(control))x 100
C. elegans toxicity assays: Wild type C. elegans N2 strain was used and fed 
with E. coli OP50. All worms were maintained on nematode growth medium 
[(NGM: NaCl (Carlo Erba) 3 g/L; bacteriological peptone (Multicell) 2.5 g/L; 
bacteriological grade agar (Multicell) 17 g/L; 1 M potassium phosphate (Sigma) 
25 mL; 1 M CaCl2 2H2O (Merck) 1 mL; 1 M MgSO4.7H2O (Merck) 1 mL; 5 
mg/mL cholesterol (Sigma-Aldrich) 1 mL; (100μg/mL penicillin-streptomycin 
(Multicell, WISENT INC.) 10 mL per dish to avoid contamination)] plates at 
22±2˚C. 
Worms were maintained using standard procedures. After autoclaving at 121°C 
for 15 minutes, NGM was cooled to 55°C down. Penicillin-streptomycin was 
added. The homogeneous mixture was transferred to the petri dishes to fill 2/3 of 
the 60 mm petri dishes. Heat killed OP50 was supplied as a food source. Bacteria 
at OD 0.4 were killed by treating at 65°C for 10 minutes. CTPNs were added in 
E. coli mixture.
The protocol used to obtain synchronized worms is based on the fact that worms 
are sensitive to bleach (hypochlorite) while the eggshell protects embryos from 
it. Firstly, dishes with eggs were washed with distilled water. The liquid was 
transferred into a 15 mL tube and the desired amount of bleach: 5N NaOH (1:2) 
mixture was added on it. It was vortexed once per 2 minutes for 10 minutes. 
After that, it was centrifuged at 1300 xg for 30 seconds and the supernatant was 
decanted without disturbing the worm pellet. The pellet was washed three times 
and transferred to new petri dish. Synchronized worms were allowed to grow to 
L1 stage and followed until they became adults. Exposures were initiated at the 
L1 stage [13].
Worms at L1 larval stage (n=10) were transferred to each well in four replicates 
for survival and reproduction analyses. For general maintenance, worms were 
transferred into the petri dish seeded with 200 μL OP50 using a worm pick. 
The nematode toxicity assay was carried out on the NGM plates. E.coli mixtures 
with CTPNs (at a final concentration of 0.5 mg/mL) were used in experimental 
group. The exposure periods for the survival and reproduction assays were 6h, 
24h and 48h. In the control group, there was no CTPNs in E.coli mixture (Table1). 
After exposure, nematodes were observed under the microscope. The toxicity was 
evaluated by counting the number of surviving worms. All groups were studied 
in petri dishes with four replicates. In order to obtain quantitative results at the 
6th, 24th and 48th hours from the larval stage, the animals were counted on a 
stereomicroscope and their images were captured with high resolution scanner 
(Epson Perfection, V800 Photo). Larvae viability was monitored on a fluorescent 
microscope (Zeiss Axiocam ICc5). Reproduction was evaluated by observing 
new progeny under stereomicroscope (Zeiss Stemi 508).

Statistics: Calculations were performed using Prism software package, ANOVA 
with Tukey post test. A value of p<0.05 was considered statistically significant.

RESULTS
In vivo toxicity analysis of CTPNs in C. elegans
CTPNs were found to be non-toxic at the studied concentrations (final conc. 
0.5 mg/mL) in worms. Worms were %100 viable at 6th, 24th and 48th hours of 
treatment. In the control groups there was 1 dead worm at 24th and 48th hours. 
Their larval development and egg laying were normal compared to controls 
(Table 2).
In vitro toxicity analysis of CTPNs in L929 and HeLa cell lines
In MTT assays, 100.3% cell viability was detected in the L929 cell line at the end 
of the 6th hour. The viability decreased to 88.7% and 89.7% at the end of 24th and 
48th hour, respectively. In the HeLa cell line the cell viability detected 101.8% at 
6th hour, 85% at 24th hour and 82.2% at 48th hour (Figure 1).

DISCUSSION
Targeted theraneustics are very important in reducing side/adverse effects and 
increasing effectiveness of medications. Targeted nanoparticle type therapeutics, 
if optimized, also have the advantage of slow and sustained release of drugs into 
target cells. 
There is a very significant increase in the variety and number of nanomedicines 
developed. Therefore their safety needs to be assured. During the development 
process of nanomedicines, their safety have to be tested at very early stages of 
preclinical phase in order to make a rational decision to continue or not. Preclinical 
phase covers in vitro and in vivo studies. C. elegans, an invertebrate model 
organism that does not require ethical approval to study, is a very convenient in 
vivo model for preclinical phase of drug development. Another preclinical model 
is MTT assay that is used to test the safety of candidate drugs in cells.
In this study, we tested the safety of CTPNs in both C. elegans and cell lines 
including L929 and HeLa cells. We observed no toxic effects of CTPNs in these in 
vivo and in vitro systems. These findings are encouraging to continue our studies 
in vertebrate model organisms before starting clinical studies.
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Table 1. C. elegans toxicity assays

Groups Treatment Number of worms x replicate 
number

Experimental 200μL E.coli in LB with 
CTPNs (0.5mg/mL fi nal 
conc.)

10 x 4

Control 200 μL E.coli in LB 10 x 4

Figure 1. In vitro toxicity of CTPNs in L929 and HeLa cell lines

Table 2. In vivo toxicity of CTPNs in C. elegans

Groups

Control CTPNs treatment

Treat-
ment 
time 
(hour)

24

48

Reproductive 
period
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OBJECTIVES: The aim of this study is to evaluate the biochemical and 
structural response of Iodine-131 (I-131) radioactive iodine (RAI) therapy that 
enters the thyroid cell through sodium iodide symporter in patients with papillary 
thyroid cancer.
MATERIAL&METHODS:  The patient who had undergone total thyroidectomy 
with the diagnosis of papillary thyroid cancer between July2007–December2015 
then received 100 mCi I-131 RAI therapy, have no metastasis and in low-
moderate risk group were included in the study. The pathological fi ndings were 
obtained by medical records. Pre-treatment off serum thyroglobulin (Tg) and anti-
thyroglobulin (ATG) values were measured. The whole body scintigraphy images 
were examined in terms of postoperative residual tissue. Off Tg, ATG values were 
obtained in post-treatment month-9. The treatment response was then evaluated 
in scanning images.
RESULTS:  Overall 456 patients were included in the study. The mean age was 
46±12 (372 F, 84 M) years. While the pre-treatment Tg and ATG mean values 
were 8.8±21, 23.7±158 ng/ml, post-therapy measurements were 1.3±15, 5.0±37 
ng/ml (p<0.001; p<0.001, respectively). Residual disease was observed in 445 
(97.6%) patients in post-ablation images and in 67 (14.7%) patients in 9th month 
scanning images (p<0.001). There was no signifi cant difference among pre-and 
post-treatment Tg, ATG values and lympho-vascular invasion, extra-thyroid 
spread, surgical margin positivity, central lymph node metastasis, risk group and 
post-treatment residual disease.
CONCLUSIONS: Our results have demonstrated that I-131 therapy succeeded 
to achieve better biochemical and structural response in patients with papillary 
thyroid cancer. However, we have determined that pathological features and 
surgery did not affect biochemical parameters in the low-moderate risk group 
patients.
Keywords: RAI, thyroid cancer, thyroglobulin, anti-thyroglobulin

INTRODUCTION
Thyroid cancer is the most common malignancy of the endocrine system and the 
incidence of the disease has signifi cantly increased in recent years [1, 2]. Thyroid 
cancer treatment consists of surgery, followed by radioactive iodine (RAI) 
treatment and thyroid hormone replacement.
RAI ablation treatment targets to demolish the residual tissue, furthermore allows 
the clinicians to use serum thyroglobulin (Tg) values as a tumor marker by 
resetting Tg values. It also eliminates residual tissue and reduces the likelihood 
of local recurrence and metastasis. Metastatic areas that cannot be detected 
before treatment can be shown via post-ablation imaging. In case of residual 
micro or macroscopic disease ‘’adjuvant RAI therapy is administered, for distant 
metastasis treatment ‘’RAI treatment’’ is preferred [3, 4].
The aim of this study to evaluate the biochemical and structural response to iodine 
(I) -131 radioactive iodine (RAI) therapy entering the thyroid cell via sodium 
iodide symporter in patients with papillary thyroid cancer.

MATERIALS AND METHODS
The hospital records regarding the patients who underwent total thyroidectomy 
for papillary thyroid carcinoma between July 2007 and December 2015 were 
retrospectively analyzed. Then, those who were treated with 100 milicurie (mCi) 
I-131 RAI with low to moderate risk and have no metastasis were included in 
the study. The pathology results of the patients (lymphovascular invasion, extra-
thyroid spread, surgical margin positivity, central lymph node metastasis) were 
obtained from patient fi les. The L-thyroxin replacement was discontinued 4 
weeks before the treatment. Thyroid stimulating hormone (TSH), Tg, and anti-
thyroglobulin (ATG) values were obtained on the morning of treatment. Then, 
whole-body scintigraphy was performed on the 8th day after treatment and the 
existence of residual tissue was investigated.
At the 9th post-treatment period, L-thyroxine replacement was terminated and 
off-Tg and ATG values were obtained, followed by low-dose I-131 full-body 
screening to evaluate the success of treatment.
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In statistical analysis, parametric and nonparametric tests were used according to 
the distribution of data in binary comparisons. A p-value of <0.05 was considered 
significant.

RESULTS
Overall 456  (372 F, 84 M) patients were included in the study. The mean age 
was 46±12 years. Vessel invasion was observed in 61 (13%) patients while extra-
thyroidal invasion was in 20 (4.4%) patients. There was surgical margin positivity 
in 7 (1.5%) patients. Two patients (0.4%) had central lymph node metastasis, and 
none had lateral lymph node metastasis.
Multifocal tumors and microcarcinoma were observed in 262 (57.5%), 158 
(34.6%) patients, respectively. According to American Thyroid Association (ATA) 
guidelines, 377 (82.7%) patients were at low risk and 79 (17.3%) patients were 
in moderate-risk groups. The patients’ characteristics and pre and post-ablation 
TNM staging results were presented in Table 1.
While the mean Tg and ATG measurements were 8.8±21, 23.7±158 ng/ml before 
the treatment, respectively; the same values were calculated as 1.3±15, 5.0±37 ng/
ml after the treatment (p<0.001; p<0.001, respectively).
The local residue was observed in 445 (97.6%) patients in post-ablation images 
and 67 (14.7%) patients in the 9th month screening images (p <0.001). Complete 
biochemical response in 369 (81%) patients, indeterminate response in 17 (4%), 
biochemical incomplete response in 3 (1%), and structural incomplete response 
in 67 (14%) were observed.
Suspected focal activity involvement was observed in 33 (7.2%) patients in terms 
of lymph node metastasis.
There was no significant difference between pre- and post-treatment Tg, ATG 
values and lymphovascular invasion, extra-thyroid spread, surgical margin 
positivity, central lymph node metastasis, risk groups and the presence of post-
treatment residual disease (Table 2).

DISCUSSION
Our results indicate that I-131 ion channel treatment is a favorable method in 
papillary thyroid cancer patients. While the complete response was observed 
in the majority of patients, the structural incomplete response was observed in 
approximately 12% of the patients and this proportion is compatible with the 
literature  [5, 6]. It is known that patients with incomplete response have more 
progression [7, 8].
Pre-ablation stimulated Tg value also indicates surgical success in the literature, 
the mean Tg value was reported as 48 ng/ml before RAI treatment in a study 
conducted with the low- and medium-risk group patients, however, our study 
demonstrated a lower value  [9]. We interpret this outcome in favor of the 
surgical success arising from being a high-volume center. On the other hand, the 
aforementioned study reported suspicious lymph node metastasis in the 3% of the 
patients, whereas this rate was 7.2% in our study.
Although several studies apply various doses of treatment in the low and moderate-
risk groups in the literature, we included patients who received the same dose of 
RAI to obtain a homogenous group [10]. In our study, no statistically significant 
difference was found between pathological features and ablation success.

CONCLUSION
Our results have demonstrated that I-131 therapy succeeded to achieve better 
biochemical and structural responses in patients with papillary thyroid cancer. 
However, we have determined that pathological features and surgery did not 
affect biochemical parameters in the low-moderate risk group patients.
Keywords: RAI, thyroid cancer, thyroglobulin, anti-thyroglobulin
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Table 1: Patients characteristics
Parameter Value
Number of Patients 456
Age, median 46±12 (14-79) 
Gender

Female
Male 

372 (81.6%)
84 (18.4%)

Blood vessel invasion
Positive
Negative

61 (13.4%)
395 (86.6)

Extrathyroidal invasion
Positive
Negative

20 (4.4%)
436 (95.6%)

Surgical margin positivity
Positive
Negative

7 (1.5%)
449 (98.5%)

Santral lymph node metastasis
Positive
Negative

2 (0.4%)
454 (99.6%)

Multifocalite
Positive
Negative

262 (57.5%)
194 (42.5%)

Microcarsinoma
Positive
Negative

158 (34.6%)
298 (65.4%)

REFERENCES
1.	 Li N, Du XL, Reitzel LR, Xu L, Sturgis EM. Impact of enhanced detection on 

the increase in thyroid cancer incidence in the United States: review of inci-
dence trends by socioeconomic status within the surveillance, epidemiology, 
and end results registry, 1980-2008. Thyroid 2013;23(1):103-10.

2.	 Harari A, Singh RK. Increased rates of advanced thyroid cancer in California. 
J Surg Res 2016;201(1):244-52.

3.	 Samaan NA, Schultz PN, Hickey RC, Goepfert H, Haynie TP, Johnston DA, 
et al. The results of various modalities of treatment of well differentiated th-
yroid carcinomas: a retrospective review of 1599 patients. J Clin Endocrinol 
Metab 1992;75(3):714-20.

4.	 Sawka AM, Brierley JD, Tsang RW, Thabane L, Rotstein L, Gafni A, et al. 
An updated systematic review and commentary examining the effectiveness 
of radioactive iodine remnant ablation in well-differentiated thyroid cancer. 
Endocrinol Metab Clin North Am 2008;37(2):457-80, x.

5.	 Avram AM, Rosculet N, Esfandiari NH, Gauger PG, Miller BS, Cohen M, et 
al. Differentiated Thyroid Cancer Outcomes After Surgery and Activity-Ad-
justed 131I Theragnostics. Clin Nucl Med 2019;44(1):11-20.

6.	 Jimenez Londono GA, Garcia Vicente AM, Sastre Marcos J, Pena Pardo FJ, 
Amo-Salas M, Moreno Caballero M, et al. Low-Dose Radioiodine Ablati-
on in Patients with Low-Risk Differentiated Thyroid Cancer. Eur Thyroid J 
2018;7(4):218-24.

7.	 Malandrino P, Tumino D, Russo M, Marescalco S, Fulco RA, Frasca F. Sur-
veillance of patients with differentiated thyroid cancer and indeterminate 
response: a longitudinal study on basal thyroglobulin trend. J Endocrinol 
Invest 2019.

8.	 Vaisman F, Tala H, Grewal R, Tuttle RM. In differentiated thyroid cancer, 
an incomplete structural response to therapy is associated with significantly 
worse clinical outcomes than only an incomplete thyroglobulin response. Th-
yroid 2011;21(12):1317-22.

9.	 Dessoki N, Nasr I, Badawy A, Ali I. Value of the Postablative Thyroglobulin 
Measurements for Assessment of Disease-Free Status in Patients with Diffe-
rentiated Thyroid Cancer. Indian J Nucl Med 2019;34(2):118-24.

10.	 Qu Y, Huang R, Li L. Low- and high-dose radioiodine therapy for low-/in-
termediate-risk differentiated thyroid cancer: a preliminary clinical trial. Ann 
Nucl Med 2017;31(1):71-83.



Turkish Journal of Biochemistry, 2019
2nd International Cancer And Ion Channels Congress 2019

22-24 September 2019

Turk J Biochem, 2019; 44 (S2) http://www.TurkJBiochem.com

Table 2: Comparison of pathological features and biochemical parameters

Pre-ablation Post-ablation

Tg (ng/ml) P value ATG (ng/ml) P value Tg (ng/ml) P value ATG (ng/ml) P value

Blood vessel invasion
  Positive
  Negative

11.1±19.7
8.4±21.1

0.345 5.1±18.4
26.4±169

0.326 2.6±15.7
1.0±14.6

0.432 1.3±4.7
5.5±39.3

0.407

Extrathyroidal invasion
  Positive
  Negative

6.2±6.9
8.9±21.3

0.574 204±694
15.3±58.3

0.237 0.5±1.1
1.3±15

0.812 46.4±158
3.1±15

0.236

Surgical margin positivity
  Positive
  Negative

8.9±5.9
8.8±21.1

0.983 1.2±1.8
23.9±159

0.706 0.9±1.2
1.3±14.8

0.946 2.3±5.9
5.0±14.8

0.848

Santral lymph node metastasis
  Positive
  Negative

2.1±1.1
8.8±20.9

0.650 0±0
23.7±158.1

0.832 6.1±0
1.2±14.7

0.639 0±0
5±36.7

0.847

Multifocality
  Positive
  Negative

9.9±23.7
7.3±16.2

0.190 21.5±88.8
26.4±219.1

0.742 1.4±17.9
1.0±8.9

0.748 6.6±46.2
2.8±16.7

0.279

Microcarsinoma
  Positive
  Negative

11.2±29.2
7.6±14.6

0.146 29.2±113
20.6±177

0.580 2.1±23.0
0.8±7.2

0.366 9.3±58.7
2.6±14.8

0.159
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OBJECTIVES: Hepatocellular carcinoma (HCC) has remarkably high rate of 
mortality due to its heterogeneity. It has been increasingly recognized that liver 
cancer stem cells (LCSCs) are responsible for the carcinogenesis, recurrence, 
metastasis and chemoresistance of HCC while non-LCSCs behave as proliferating 
tumor cells. Hepatocyte growth factor (HGF) plays a critical role in cancer growth, 
invasion, and metastasis and activation of HGF/c-Met signaling pathway leads to 
a significantly worse prognosis in HCC. The aim of this study is to analyze the 
differences of biological features of LCSCs and non-LCSCs in HCC. 
MATERIALS AND METHODS: HCC cell line, HuH-7 was used in the study 
to isolate LCSCs (EpCAM+/CD133+) and non-LCSCs (EpCAM-/CD133-) by 
magnetic separation. Their EpCAM and CD133 expression levels were further 
analysed by flow cytometer. Then spheroid formation capacities of LCSCs and 
non-LCSCs are compared to define in vitro tumorogenesis. Finally, motility and 
invasion abilities of both subgroups are analysed under HGF induction.
Results: The EpCAM+/CD133+ and EpCAM-/CD133- cells formed different 
number and size of spheroids representing different tumorogenesis capacities 
in vitro. HGF induction caused significant increase in the number of migrating 
cells in both LCSC and non-LCSC groups. Moreover, increase in the number 
of invading cells in non-LCSC group with HGF treatment was extremely high 
compared to the ones in LCSCs.
CONCLUSIONS: Non-LCSCs were found to be more susceptible to HGF 
induction than LCSCs in terms of invasion capacity. Thus, inhibition of HGF 
signalling provides a promising treatment strategy via targeting non- LCSCs in 
HCC.
Keywords: HCC, HGF/c-Met, liver cancer stem cells, non-liver cancer stem cells 

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer type in the world 
[1]. HCC is thought to be hierarchically organized with growth driven by small 
sub-population of undifferentiated cancer stem cells (CSCs) or termed tumor-
initiating cells (TICs) [2]. In HCC, accumulating evidence has demonstrated 
the existence of particular subsets of cancer cells with stem cell properties 

(self-renewal and differentiation) expressing several cell surface markers such 
as CD133, EpCAM, CD90, CD44, CD24 and CD13 [3]. These subsets of liver 
cancer stem cells (LCSCs) are likely to cause high heterogeneity in tumor as well 
as resistance to chemotherapy and radiotherapy [4]. EpCAM, an epithelial cell 
adhesion molecule previously identified as a marker for stem/progenitor cells of 
adult liver and it was shown that proliferating EpCAM-positive progenitor cells 
in the inflamed liver give rise to HCC [5, 6]. CD133 (also known as PROM1) 
is a pentaspan transmembrane glycoprotein primarily has widely been believed 
to be a potential marker of cancer stem cells, including HCC [7]. Importantly, 
CD133 can interact with p85 to activate PI3K/AKT/mTOR-signaling pathways 
in cancer stem cells, and this activation consequently provokes cancer stem cells 
to promote tumorigenic capacity  [8]. Expressions of EpCAM and CD133 are 
positively related to poor prognosis in HCC patients [9,10].  
Hepatocyte growth factor/scatter factor (HGF/SF), which is secreted in tumor 
microenvironment generally by mesenchymal cells and cancer associated 
fibroblasts (CAF)  acts on the growth, migration and morphogenesis of cell 
types and plays a key role in the invasion and metastasis of HCC. Recently, it 
was shown that CAF-derived HGF and IL6 enhanced the  stemness  properties 
of  CD24+  cells  via  activating STAT3 phosphorylation [11]. Notably, the effect 
of HGF on the motility and invasion of LCSCs and non-CSCs remain largely 
unknown. The aim of this study is to analyze the differences of biological features 
of LCSCs and non-LCSCs in HCC. 

MATERIALS AND METHODS
The human HCC cell line HuH-7 was supported with Dulbecco’s Modified Eagle 
Medium (DMEM) containing 10% FBS (Fetal Bovine Serum) and antibiotics 
(100mg/L penicillin and 100mg/L streptomycin). Cells were incubated in a 
humidified incubator under 5% CO2 at 37oC. In order to isolate EpCAM+/CD133+ 

and EpCAM-/CD133- subgroups, HuH-7 cells were stained with EpCAM-FITC 
(Miltenyi Biotech) and CD133-APC (Miltenyi Biotech) antibodies, and sorted 
by using magnetic separation [12]. Then percentage of EpCAM and CD133 

in cells was further analyzed by flow cytometer. After HGF induction c-Met 
phosphorylation levels of EpCAM+/CD133+ and EpCAM-/CD133- cells were 
analyzed via western blot in basal conditions. In-vitro motility and invasion 
assays were performed as described previously [13]. For invasion assay, collagen 
type I coated inserts were used. Briefly, EpCAM+/CD133+ and EpCAM-/CD133- 

cells were placed upper chambers. Lower wells of the inserts contained 2% FBS 
with/without HGF (40 ng/ml). After 24 hours incubation at 37oC, the medium 
was removed, cells were fixed and stained with Diff Quick (Siemens Healthcare 
Diagnostics). For spheroid assay, 1000 cells mixed in matrigel (2.5 mg/ml) were 
inoculated to 48 well plate which were previously coated with poly-HEMA to 
prevent cell adhesion and incubated for 12 days. Fresh media was added every 
4 days. Cells/spheroids were photographed 4th, 8th and 12th  days  . Statistical 
analysis was performed using the GraphPad Prism.
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RESULTS
EpCAM+/CD133+ LCSCs and EpCAM-/CD133- non-LCSCs in HuH-7
EpCAM+/CD133+ and EpCAM-/CD133- subgroups were enriched from parental 
HuH-7 without any induced conditions. Upon after all enrichment experiments, 
EpCAM+/CD133+ and EpCAM-/CD133- were detected as in purity range between 
of 83-71% (Figure 1).

Figure 1: A representative flow cytometry analysis showing the purity of 
EpCAM+/CD133+ and EpCAM-/CD133- subgroups after enrichment from HuH-

7.
In order to understand in vitro tumorogenesis capacity of each subgroup of 
cells, spheroid formation assays were done for 12 days. Spheroid sizes were 
different between EpCAM-/CD133- and EpCAM+/CD133+ subgroups (Figure 
2a). Moreover, the number of spheroid formed by EpCAM+/CD133+ cells was 
higher than that of EpCAM-/CD133- subgroup (Figure 2b). (*p<0.05, **p<0.001, 
***p<0.0001).    
    

 
           a. 

b. 

Figure 2: In vitro tumorogenesis for LCSCs and non-LCSCs. a. Spheroids 
formed by EpCAM-/CD133- and EpCAM+/CD133+ subgroups, b.  The number 
of spheroids for EpCAM-/CD133- and EpCAM+/CD133+ subgroups. All 
experiments were performed in at least triplicates.
Effect of HGF induction on the motility and invasion capacities of LCSCs and 
non-LCSCs
We first showed the activation of c-MET signaling after HGF induction in both 
EpCAM-/CD133- and EpCAM+/CD133+ subgroups in basal conditions (Figure 
3). After HGF induction for 1 hr, phosphorylated form of c-Met was increased 
compared to non-induced condition.

  
Figure 3: c-Met phosphorylation levels of EpCAM-/CD133- and EpCAM+/

CD133+ in basal condition.

In order to understand the effect of HGF on the motility and invasion capacities of 
LCSCs and non-LCSCs, we used this induction condition and showed that under 
HGF induction, motility of EpCAM-/CD133- and EpCAM+/CD133+ have both 
increased approximately 4 and 2.5 fold, respectively (Figure 4a). Additionally, 
HGF induction caused remarkable increase in the invasion of EpCAM-/CD133- 
subgroups nearly 20 fold with respect to basal conditions. However, invasion of 
EpCAM+/CD133+ were increased nearly 2 fold with respect to basal conditions 
(Figure 4b). (*p<0.05, **p<0.001, ***p<0.0001). 

a.

b.

  Figure 4: a. Motility of EpCAM-/CD133- and EpCAM+/CD133+ after HGF 
induction, b. Invasion of EpCAM-/CD133- and EpCAM+/CD133+ after HGF 
induction. All experiments were performed in at least triplicates.

DISCUSSION
HCC is believed to originate from LCSCs [14]. In particular, LCSCs are 
responsible for the initiation, relapse, metastasis and chemoresistance in HCC [15]. 
The fate of CSCs is largely determined by the cells and secreted factors, which 
are present in the tumor microenvironment. In the CSCs niche, non-CSCs play a 
considerable role in facilitating a microenvironment. Recent studies demonstrated 
that, mixing LCSCs with non-LCSCs could significantly increase proliferation 
and tumorogenesis capability of LCSCs in HCC. Cytokines and growth factors 
perform a significant role in mediating the crosstalk between LCSCs and non-
LCSCs [16]. HGF is expressed ubiquitously in HCC microenvironment and 
particularly promotes tumorigenesis [17, 18]. In accordance with the literature, our 
results showed that EpCAM+/CD133+ cells had a higher number spheroid than 
EpCAM-/CD133- cells and subgroups had different spheroid size. In this study, we 
demonstrated that, HGF was more effective on EpCAM-/CD133- subgroups than 
EpCAM+/CD133+ and EpCAM-/CD133- cells were found to be more invasive 
than EpCAM+/CD133+ cells under HGF induction. Consequently cell surface 
markers detected in LCSCs may be good targets for immunotherapy and inhibition 
of HGF signalling provides a promising treatment strategy via targeting EpCAM-/
CD133- in HCC. 
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MICROSCALE CANCER MODELS FOR TUMOR BIOLOGY
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The importance of microfluidics has already been revealed regarding the study 
of tumor biology. Mostly, its ability to study fundamental mechanisms associated 
with invasion, proliferation, metastasis, angiogenesis and microenvironment have 
been shown. These microfluidics-based models of cancer are designed to include 
both cancer cells and neighbour cells such as endothelial cells, immune cells. 
Microfluidic platforms have different progress in mimicking organs based on the 
spread of cancer cells to distant organs or predict the toxicity and pharmacokinetics 
of oncologic agents. Accurate recapitulation of the full metastatic processes or 
metabolism of an oncologic agent, different organ-on-a-chip’ platforms can be 
combined to create more advance ‘human-on-a-chip’ platforms. These platforms 
have accepted as useful models for the prediction of the efficacy and toxicity of 
chemotherapeutic agents and improving animal models for the aim of preclinical 
use. Above all, primary tumor cells isolated from patients can be cultured on 
microfluidic culture based systems and tested for different agents with high 
specificity. In future, more complex and physiologically relevant ‘human-on-a-
chip’ platforms will be developed to focus on the mechanistic features of tumor 
biology, and these systems will be candidate to test individualized cancer therapies 
before traditional in vivo models.

INTRODUCTION
Microfluidic platforms have different improvements to mimick the tumor 
microenvironment for understanding the spread of cancer cells or predict the 
toxicity of chemotherapeutic agents. Alterations in the physical conditions of 
the tumor microenvironment, which are driven by increased proliferation and 
angiogenesis, may cause phenotypic switches [1]. Especially increased fluid 
flow in the tumor microenvironment, affect the key factors of cancer, such as 
progression, immune-escaping and metastasis [2]. Traditional common in vitro 
models lack to mimic physical cues of tumor microenvironment. At this point, 
using of microfluidic culture techniques help researchers to control physical cues 
such as fluid flow exposure [3]. 
Ovarian cancer is the 5th common cancer in women and the deadliest gynecological 
cancer. On the diagnosis process, nearly 75% women were detected with locally 
or metastatic advanced cancer. Limited information about the origin and biology 
of ovarian cancer is the result of the lack of specific ovary cancer markers, and 
drug resistance in advanced cases [4]. Like the other cancers, ovarian cancer 
tend to spread by lymphatic/hematogenic dissemination via vasculature, but 
also transcoelomic dissemination, in which cancer cells spread from primary 
tumor bulk to peritoneal cavity (a spread mode which is also used by colon and 
gastric cancers), is very common way to metastasize [5]. In literature, the effects 
of flow-based dynamic forces due to the increased interstitial flows were shown 
as molecular and biological features of tumor metastases. The effects of physical 
dynamic flows on the ovarian cancer cell phenotype are still unknown [6]. Here, 
a dynamic microfluidic 3-dimensional cancer culture platform was used for the 
understanding of the alterations on ovarian cancer cells with the effect of flow 
mediated mechanical stimuli.

MATERIAL AND METHODS
3-dimensional microfluidic dynamic cell culture
Ovarian adenocarcinoma ONCO-DG-1 (ACC 507) and omental metastasis of 
ovarian adenocarcinoma EFO-27 (ACC 191) cells were provided from DSMZ- 
German Collection of Microorganisms and Cell Culture. Cell lines were maintained 
in RPMI 1640 medium (Biochrom AG, Berlin, Germany) supplemented with 10% 
(v/v) fetal bovine serum (Biological Industries, Germany), 100 U/ml penicillin/
streptomycin (Biochrom AG, Berlin, Germany), 2 mM L-glutamine (Biochrom 
AG, Berlin, Germany) and 1% (v/v) non-essential amino acid (Biochrom 
AG, Berlin Germany) in a humidified incubator at 37°C with 5% CO2. After 
tyripsinization, cells were counted and resuspended in 1 ml resuspension medium 
(without serum). Then resuspended cells and Matrigel (BD Biosciences) were 
mixed in 1:1 ratio (final concentration of Matrigel 10-12 mg/ml). Cells in Matrigel/
resuspension medium mixture were seeded on the channels (1x105 cells/channel). 
For dynamic culture polymethyl methacrylate based microfluidic chips with 2 
channels were used (Figure 1). Continuous flow based dynamic microenvironment 
was maintained by using specific air permeable tubing and syringe pumps. For 
continuous medium flow, 4 ul/minute flow rate was used. Cells morohology was 
monitored by microscopy (Carl Zeiss, Axio Vert, Germany).
Immunofluorescence for metastatic phenotype
To evaluate the epithelial and mesenchymal phenotype of ovarian cancer cells, cells 
were stained with E-cadherin, N-cadherin and vimentin. After the fixation, cells 
were incubated with appropriate primary and secondary antibodies for E-cadherin 
(Primary: Abcam, Cambridge, MA, USA; Secondary: Alexa Fluor- 488, Life 
Technologies, Carlsbad, CA, USA), N-cadherin (Primary: Abcam, Cambridge, 
MA, USA; Seconday:  Alexa Fluor- 568, Life Technologies, Carlsbad, CA, USA) 
and vimentin (Primary: Novus Biological, Littleton, CO, USA; Secondary: Alexa 
Fluor- 647, Jackson ImmunoResearch Lab, West Grove, PA, USA). After the 
staining, cells were visualized under fluorescence microscope (Carl Zeiss, Axio 
Vert, Germany) and fluorescence intensity of images was analyzed with ImageJ 
software (NIH, Bethesda, MD, USA).
Chemotherapeutic application
Ovarian cancer cells were plated on channels of microfluidic chips on the day 
before treatment with cisplatin (Sigma, USA). Cells were continuously exposed 
to different doses (0, 10, 20 μM) of cisplatin and incubated for 24 hours in a 
humidified incubator at 37 °C with 5% CO2. After the incubation, WST-1 reagent 
was used to measure the effects of cisplatin.
Cell viability analysis
Relative cell viability and proliferation were measured by using colorimetric 
assay WST-1 (Roche Applied Sciences, Mannheim, Germany). WST-1 reagent 
was prepared as per the manufacturers instructions. Briefly, culture medium 
supplemented with 10 μl of the reconstituted reagent was added to each channel. 
After 2 hours incubation at 37°C in a CO2 incubator, the absorbance of each 
channel was measured by using a microplate reader at 450 nm.
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RESULTS
Here, a dynamic microfl uidic 3-dimensional cancer cell culture platform was used 
to mimic dynamic microenvironment of ovarian cancer (Figure 1A). For dynamic 
culture, ovary adenocarcinoma cells (EFO-27 and ONCO-DG-1) in Matrigel/
resuspended media mixture were seeded on two channels of microfl uidic chips. 
Dynamic and static culture conditions were compared for the differences of 
cancer cell phenotype, such as morphology, proliferation, epithelial-mesenchymal 
transition, drug response and viability.
The proliferation of ovarian cancer cells was increasing under continuous fl uid 
fl ow. It was confi rmed that by both monitoring the cells under microscope and 
counting cells (Figure 1B-F). The increased proliferation of cells was correlated 
with the increase of fl uid fl ow rate.
Immunocytochemical analysis to evaluate the phenotype of ovarian cancer 
cells, showed that fl uid fl ow caused a reduction in E-cadherin and an increase in 
N-cadherin and vimentin expressions (Figure 2). This results show that fl uid fl ow 
induces mesenchymal phenotype on ovarian cancer cells.
Cisplatin, a common used chemotherapeutic for the ovarian cancer, was applied to 
test the drug response under dynamic conditions. It was seen that viability results 
were also changed under dynamic conditions (Figure 3). Flow also affects the 
distribution and response of drugs, so this kind of changes on drug response can 
be seen.

Figure 1. A) Dynamic microfl uidic 3-dimensional cancer cell culture platform. B) 
Brightfi eld microscopic image of ONCO-DG-1 cells under static culture condition.  
C) Brightfi eld microscopic image of ONCO-DG-1 cells under dynamic culture 
condition. D) Brightfi eld microscopic image of EFO-27 cells under static culture 
condition. E) Brightfi eld microscopic image of EFO-27 cells under dynamic 
culture condition. F) Alterations on cell number of ONCO-DG-1 and EFO-27 
ovarian cancer cells under dynamic and static culture conditions. Star (*) indicates 
statistically signifi cance p < 0.05.

Figure 2. A) Immunofl uorescence staining on ONCO-DG-1 cells for E-cadherin 
(green), N-cadherin (red) and vimentin (cyan) under static conditions. B) 
Immunofl uorescence staining on ONCO-DG-1 cells for E-cadherin, N-cadherin 
and vimentin under dynamic conditions. C) Immunofl uorescence staining on 
EFO-27 cells for E-cadherin, N-cadherin and vimentin under static conditions. 
D) Immunofl uorescence staining on EFO-27 cells for E-cadherin, N-cadherin and 
vimentin under dynamic conditions. E) Quantifi cation of fl uorescence intensities 
from the images of ONCO-DG-1 cells.  F) Quantifi cation of fl uorescence intensities 
from the images of EFO-27 cells. Star (*) indicates statistically signifi cance p < 
0.05.

Figure 3. Viability results after 24 hours cisplatin application. A) Viability results 
of ONCO-DG-1 cells. B) Viability results of EFO-27 cells.

CONCLUSION
These results showed that ovarian cancer cells present different phenotype under 
fl uid fl ow based dynamic tumor microenvironment. To understand and evaluate the 
effects of fl uid fl ow dynamics by using microfl uidic dynamic culture models is a key 
to study the mechanisms underlying metastasis and chemotherapeutic screenings. 
It may even lead to new diagnostics and therapeutic approaches. Different organ-
on-a-chip’ platforms can be also create for accurate recapitulation of the full 
metastatic processes or response related metabolism of a chemotherapeutic agent. 
These platforms have accepted as useful models for the prediction of the effi cacy 
and toxicity of chemotherapeutic agents and improving animal models for the aim 
of preclinical use.
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OBJECTIVES: The aim of study was to evaluate effects of SA on TRP channel 
expression in LNCaP human prostate cancer cells.
TRP family of ion channel expression changes were observed in different cancers 
including breast, brain, prostate, ovary and colon. Prostate cancer is one of the 
leading threats to men’s health in the world. There are still limited therapeutic 
options for metastatic prostate cancer. Sinapic acid (SA) is a naturally occurring 
phenolic compound that can be found in free form. SA is also found in various 
fruits, vegetables, cereals, oilseeds and some spices. 
MATERIALS AND METHODS: The effect of SA on cell viability was 
determined using XTT assay. After SA treatment, total RNAs were isolated and 
cDNAs were synthesized. Expressions of ion channels genes including TRPM2, 
TRPM7, TRPM8 and TRPV2 were evaluated by qPCR. 
RESULTS: The IC50 dose of SA in LNCaP cell line was found to be 1000 μM for 
72 hour. SA treatment increased the expression of TRPV2. However, expressions 
of TRPM2 and TRPM8 were signifi cant decreased the in LNCaP cells. An 
insignifi cant increase was observed for TRPM7 mRNA expression. 
CONCLUSIONS: Changes in the expression of TRP ion family may have an 
effect on cell viability, cell invasion, migration and apoptosis. The decreased 
expression of TRPM2 and TRPM8 may induce apoptotic cell death by reducing 
Ca+2 input. Elevated TRPM7 and TRPV2 expressions were found to be statistically 
insignifi cant. 
Keyword: Sinapic acid, Prostate cancer, Calcium channels

INTRODUCTION
Sinapic acid (SA) (3,5-dimethoxy-4-hydroxy cinnamic acid) is a member of the 
phenylpropanoid family. Sinapic acid has been shown to have various effects 
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against metabolic disorders, hypertension, cardiovascular disorders and ischemia 
damage [1]. Anti-cancer effect of sinapic acid against prostate and colon cancer 
has been reported in studies [2-3]. Although prostate cancer (PC) is the second 
most frequent cancer in men worldwide [4], PC treatment options are limited. The 
oncogenic process is closely associated with many molecular changes in expression 
of Ca+2 ion channel genes are seen in various cancers [5]. In mammalian, transient 
receptor potential (TRP) have important physiological role in response to sensory 
stimuli. TRP family of ion channels divide into six subfamilies [6]. Most of TRP 
permeable to Ca+2 except TRPM4 and TRPM5 which are subfamily of transient 
receptor potential melastatin (TRPM), thus the activation of TRP lead to increase 
of Ca+2 and activate the Ca+2 related pathways. It is known that Ca+2 is the second 
messenger contributed in numerous biological signal pathways as secretion, gene 
transcription, and cell death [7]. In this study, aim was to assess the use of SA as a 
potential treatment for prostate cancer by investigating its role in calcium channels 
in LNCaP cells.

MATERIALS AND METHODS
Cell Culture
LNCaP (Androgen Dependent Phenotype, ATCC® CRL1740™) prostate cancer 
cell line was obtained from ATCC. These cells were cultured in completed RPMI-
1640 medium.
Cytotoxicity assay
IC50 dose of SA were determined by using XTT assay in LNCaP cells. SA was 
dissolved in ethanol. The cells were treated with different SA doses of 0-2500 μM 
for 24, 48 and 72 hours. This assay was conducted according to the manufacturer’s 
instructions.
RNA isolation, cDNA synthesis and qPCR analysis
Total RNA isolation, cDNA synthesis and qPCR analyzes were performed with 
using TRIzol Reagent (Invitrogen, USA), Transcriptor first strand cDNA synthesis 
kit (BIO-RAD) and iScriptTM reverse transcription Supermix (BIO-RAD) according 
to the manufacturer’s instructions, respectively. The primer sequences of target and 
reference genes were designed using IDT PrimerQuest program (Table 1.). 

Table 1. Primers sequences used for qPCR analysis.

Gene Primer sequence PCR product 
size (bp)

TRPM2 F:5-TCGGACCCAACCACACGCTGTA-3
R:5-CGTCATTCTGGTCCTGGAAGTG-3 339

TRPM7 5-CTTATGAAGAGGCAGGTCATGG-3
5-CATCTTGTCTGAAGGACTG-3 214

TRPM8 F:5-TGAACTCTTCTCCAACCACTTC-3
R:5-CGTGAGGAGGGCATCATTATAG-3 85

TRPV2 F:5-GACCCTTGACATCTCCATCTG-3
R:5-CATCTTCTTGGCCTCCATCTAA-3 127

ACTB F:5-TGGCTGGGGTGTTGAAGGTCT-3
R:5-AGCACGGCATCGTCACCAACT-3 179

Statistical analysis
The qPCR analysis was conducted with the ΔΔCT method. The comparisons of 
the control and dose groups have been performed with ‘‘RT2 ProfilesTM PCR Array 
Data Analysis’’ (p<0.05 is statistically significant).

RESULTS
Cytotoxic effect of SA in LNCaP cells
The IC50 dose of SA in LNCaP cells was determined as 1000 μM for 72 h, which 
was also reported by Eroğlu et al. 2018 [2] (Fig. 1).

 
Fig.1. Effect of SA on the viability in the LNCaP cells. The cells were treated with 
SA and at different concentrations and time intervals and anti-proliferative effect 

was assessed by XTT assay. IC50 dose of SA in LNCaP cell line was found to be 
1000 μM for 72 h. Data are the average results of three independent experiments.
Gene expression analysis with qPCR
According to qPCR analyzes results, it was observed that SA in LNCaP cells 
caused a significant decrease in the expression of TRPM2 and TRPM8 genes, 
and no significant increase in the expression of TRPM7 and TRPV2 genes (Fig.2, 
p<0.05). 

 
Fig.2. The changes in expression of genes relative to the control group after SA 
treatment in LNCaP cells. *indicates statistically important (p<0.05) difference. 

DISCUSSION
It has been reported in previous studies that SA, which is a natural derivative of 
cinnamic acid and antioxidant properties, is anti-cancer effect for colon and prostate 
cancer [2-3]. The previous studies suggested that TRPM2 and TRPM8 genes have 
an effect on cell viability and proliferation while the TRPM7 and TRPV2 genes are 
effective in cell migration rather than cell viability.
In a study, it was observed that the proliferation of prostate cancer cells was 
inhibited but normal prostate cells were not affected, when TRPM2 was targeted 
with siRNA [8]. Also, TRPM8 is a Ca+2 channel, which is characteristic in prostate 
cell epithelium. Asuthkar et al., (2015) showed that TRPM8 expression was 
significantly decreased with anti-androgen treatments in PC [9]. In this study, 
TRPM2 and TRPM8 mRNA expression significantly decreased in LNCaP cells 
treated with SA.
Chen et al., reported that TRPM7 was expression increased PC cells compared to 
benign prostate hyperplasia cells [10]. In the other a study, TRPV2 level was found 
to be higher in patients with metastatic cancer compared to primary solid tumors 
[11]. In this study, SA caused an insignificant increase in TRPM7 and TRPV2 in 
LNCaP cells.
In this study, changes in expression of TRPM2, TRPM7, TRPM8 and TRPV2 
genes were investigated in SA treated LNCaP cells. Decreased expression of 
TRPM2 and TRPM8 genes, which are associated with cell viability, has been 
thought to induce apoptosis by reducing Ca2+ entry into cells. According to Fuessel 
et al. [12], TRPM8 may be considered as a marker for prostate cancer, and in this 
study, SA significantly reduced expression of TRPM8. On the other hands, there 
is a statistically insignificant increase in expression of TRPM7 and TRPV2 genes. 
However, further research is needed to investigate effects of SA on TRP channels 
in LNCaP cells prostate cancer cells.
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OBJECTIVES: Ovarian cancer is a common form of cancer types among 
women. Effectiveness of chemotherapeutics for treatment cancer decreases 
with the multidrug resistance that is occured by cancer cells. Different research 
groups develop various strategies to overcome multidrug resistance. We aimed to 
achieve a Paclitaxel-PAMAM G5 conjugate to overcome multidrug resistance and 
evaluate its effectiveness in Paclitaxel resistant ovarian cancer cell line MDAH 
2774. 
MATERIALS AND METHODS: We exposed the IC50 of Paclitaxel to MDAH 
2774 cell line to obtain Paclitaxel resistant cell line during 8 passage and measured 
MDR1 gene expression level to demonstrate the progression of resistance to 
Paclitaxel. We conjugated the Paclitaxel and PAMAM G5 for effective drug 
release and characterized it with FTIR analysis and studied in vitro release 
kinetics, performed cytotoxicity analysis to cell lines with and without resistance 
and compared the effects of Paclitaxel and Paclitaxel-PAMAM G5 conjugate.
RESULTS: According to MDR1 gene expression profile we achieved the 
Paclitaxel resistant MDAH 2774 cell line. In vitro release kinetics of Paclitaxel-
PAMAM G5 conjugate showed that the release of Paclitaxel is slow and it is 
necessary to optimize the release characteristic of the conjugate. The data from 
cytotoxicity analysis showed that the Paclitaxel alone has high efficacy compare 
with conjugate
CONCLUSIONS: Paclitaxel-PAMAM G5 conjugate promises preferred drug 
release characteristic since biocompatible properties of PAMAM G5. The data 
from our study shows that the in vitro release characteristic of this conjugate 
needs to be improved with further studies.
Keywords: Ovarian cancer, MDR1, Paclitaxel, PAMAM G5

INTRODUCTION
Ovarian cancer is the most lethal type of gynecologic cancers and is the second 
most common cancer related female patient (1).  Only 25% of patients in the late 
stage have a 5-year survival (2)the predictive value of symptoms remains very 
low. The aim of this paper is to obtain the views of general practitioners (GPs, 
(3). Genetic factors, age, the use of postmenopausal hormone therapy, infertility 
and nulliparity are involved in the development of ovarian cancer as risk factors 
(4)cells of origin, molecular compositions, clinical features and treatments. 
Ovarian cancer is a global problem, is typically diagnosed at a late stage and has 
no effective screening strategy. Standard treatments for newly diagnosed cancer 
consist of cytoreductive surgery and platinum-based chemotherapy. In recurrent 
cancer, chemotherapy, anti-angiogenic agents and poly(ADP-ribose. Obesity, 
depression, smoking etc. are other risk factors for ovarian cancer.
Taxanes are widely used in ovarian cancer chemotherapy. Oral bioavailability 

of taxanes is less than 10%, its solubility in water is less than 0.01 mg/ml, it is a 
group of drugs in which MDR develops, it can be applied by only invasively, its 
biological half-life is short, the permeability of tissues to taxanes is low (5), (6). 
In order to reduce these negative properties of taxanes, it is being conjugated with 
drug delivery systems and its use in treatment is being investigated.
PAMAM dendrimers, which are formed by covalent modification and binding of 
drug particles to their terminal ends, are effective systems for drug release (7). 
The use of PAMAM dendrimers as pharmaceutical adjuvants has not yet been 
realized, but these dendrimers have the potential to prove that they may have 
an important potential as a nanotransmitter (8). For these reasons, we aimed to 
evaluate the cytotoxic effects of ovarian cancer cells by developing Paclitaxel-
PAMAM G5 conjugate.

MATERIAL AND METHODS
Materials MDAH 2774 cell line was from laboratory of Prof. Dr. Cumhur 
Gündüz, Ege University Department of Medical Biology. All chemicals were 
purchased from Sigma-Aldrich.
We exposed the MDAH 2774 cell line with IC50 value of Paclitaxel during 8 
passage for development of Paclitaxel resistant MDAH 2774 cells. Cell culture 
conditions were contained  %5CO2, %9air, temperature was 37oC, culture 
media contained %1 penicillin-streptomiscin, %1 L-glutamine, %10fetal bovine 
serum in DMEM-high glucose.  We measured MDR1 gene expression to see 
whether resistance was occured. MDR1 gene expression levels were measured 
with quantitative polymerase chain reaction (qPCR). We conjugated Paclitaxel 
and PAMAM G5 as described previously (9)and then the remaining dendrimer 
terminal amines were sequentially modified with fluorescein isothiocyanate as an 
imaging agent and folic acid as a targeting ligand. The multifunctional dendrimers 
formed (G5.NHAc-FI-FA. We used NicoletTM iS50 Spectrometer (FTIR) to 
characterizing Paclitaxel-PAMAM G5 conjugate. In vitro release kinetics 
analyses were carried out with HPLC measurements, pH: 7,4, 37oC temperature 
were conditions of in vitro release media that consisted of 20 μL Paclitaxel-
PAMAM G5/1 mL phosphate buffer saline in a molecular weight cut off 10000 
dialysis bag. At the end of every 1 hour we took 3 ml of in vitro release media and 
added 3 ml of fresh media. Unreleased Paclitaxel amount was measured by HPLC 
as described previously (9)and then the remaining dendrimer terminal amines 
were sequentially modified with fluorescein isothiocyanate as an imaging agent 
and folic acid as a targeting ligand. The multifunctional dendrimers formed (G5.
NHAc-FI-FA. Cell viability assay MTT was performed after cells were treated 
with Paclitaxel-PAMAM G5 conjugate for 3 hours following 48 hours incubation 
of cells with and without resistance in the 96 well (1X104 cells per well) plate. The 
plates were read at 570 nm. The means and standart deviation fort he triplicate 
well were recorded.
Statistical Analysis One way analysis of variance was used to evaluate the 
statistical significance of efficiency of Paclitaxel-PAMAM G5 conjugate on cell 
cultures. 

RESULTS
The data of transmittance values from FTIR showed that Paclitaxel-PAMAM G5 
conjugate had non-spesific binding (Figure 1).
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Released cumulative Paclitaxel amount from Paclitaxel-PAMAM G5 conjugate 
was under the %50 of total Paclitaxel content of the conjugate for the first 10 
days (Figure 2).

 

MDR1 gene expression level of MDAH 2774 cells was increased after exposing 
the cells during 8 weeks of IC50 amount of Paclitaxel. The results showed that 
MDR1 resistance was 6/106 fold increased at Paclitaxel-exposed cells compared 
with MDAH 2774 cells (Figure 3).

IC50 doses were determined for PAMAM G5, Paclitaxel and conjugate (Table 1).

MDAH 2774 Cell Line MDAH 2774 Paclitaxel_Resistant Cell Line

Paclitaxel Paclitaxel- 
PAMAM G5 PAMAM Paclitaxel

Paclitaxel- 
PAMAM 

G5
PAMAM

24. h IC50 5.632 μM 1.99 μM 16.93 μM 5.276 μM 5.038 μM 3.33 μM

48. h IC50 1.15 nM 29.82 nM 34.68 μM 0.78 nM 41.91 nM 23.53 μM

72. h IC50 0.39 nM 21.45 nM 24.70 μM 0.01 nM 36.62 nM 10.82 μM

Table 1: IC50 concentrations  of Paclitaxel, PAMAM G5, conjugate at MDAH 
2774 and MDAH 2774 Paclitaxel resistant cell lines

DISCUSSION
Ovarian cancer is the most lethal type among gynecological cancers and is the 
second most common cancer-related female patient death (1). Treatment of 
ovarian cancer is usually chemotherapy with platinum and taxane following 
surgery (10). Conjugation studies of taxanes with drug delivery systems have 
major importance not only in terms of overcoming physicochemical barriers, but 
also in improving drug efficiency performance (11)docetaxel and cabazitaxel. In 
this study, we aimed to increase the effectiveness of Paclitaxel conjugated with 
PAMAM G5.
Signal increases on the FTIR graph indicate that Paclitaxel binds non-specifically 
to the PAMAM G5. Treatment of the conjugate with cell culture yielded low drug 
activity. Reduction in drug yield might be due to slow drug release. Therefore, 
drug release kinetics should be optimized.
In our study, no significant toxicity occurred due to PAMAM. Majoros et al. found 
no significant cytotoxic effect due to dendrimer in their cytotoxicity analysis by 
flow cytometry also (12). In this research, viability test results showed that IC50 
concentration of Paclitaxel-PAMAM G5 was higher than the IC50 dose of free 
Paclitaxel for the 24th, 48th and 72th hours. A study showed that the lethal effect 
of the Paclitaxel-PAMAM G5 at 200 nM concentration was equivalent to the 
lethal effect of free Paclitaxel at 800 nM concentration (13). According to our 
hypothesis Paclitaxel-PAMAM G5 should be more effective than free Paclitaxel, 
in further studies this phenomena needs to be clarified. It has been reported that 
the formation of hydroxyl linkage rather than folic acid binding has a better effect 
on active targeting in terms of cytotoxicity (14).
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Binding affinity, biological efficacy, solubility, stability and aggregation are 
among the important factors that affect antibody developability. Biophysical and 
biochemical challenges can occur during early development phase due to the 
protein’s large complex profile and these can cause faster antibody clearance, 
reduced antigen binding affinity/specificity, higher immunogenicity and toxicity. 
It is important to improve some of these characteristics for original and biobetter 
antibody development. Rational design is one of the commonly used antibody 
engineering techniques which aims to engineer problematic regions of protein 
structures to minimize these challenges. In our project, we aim to implement 
rational design approaches on Vernier zone residues of a single chain variable 
fragment (scFv) to derive biobetter anti-Vascular Endothelial Growth Factor 
(VEGF) antibodies for cancer treatment.  Vernier zone residues locate in framework 
regions and underlie the complementary determining regions (CDRs) of antibodies 
and potentially affect conformations of CDRs. Vernier zone residues are mostly 
considered for humanization approaches but our preliminary results show that 
Vernier zone residues can also be used to improve key biochemical/biophysical 
properties of antibodies. We mutated Y49 on variable light chain to several amino 
acids to see the effect of this Vernier zone position on antibody characteristics. 
And, we found that one of our mutants, Y49N, showed higher affinity and similar 
biological efficacy (anti-angiogenic activity in vivo) compared to WT. This study 
shows the importance of Vernier zone residues for antibody engineering.
Keywords: Antibody; Antibody fragments; Single chain variable fragment (scFv); 
Antibody engineering; Vascular Endothelial Growth Factor (VEGF); Biobetter; 
Vernier zone residues; Zebrafish angiogenesis model

INTRODUCTION 
There are more than 80 approved antibodies for therapeutic use [1]. Although 
most of these antibodies are in full-length format, antibody fragments have been 
emerging as next-generation biopharmaceuticals [2]. Antibody fragments are 
smaller but they keep essential antigen binding functionality and can have better 
biophysical properties [3]. Compared to full-length antibodies, there are many 
advantages of antibody fragments for therapeutic use: (i) lower immunogenicity 
due to lack of constant regions (ii) higher tumor penetration, (iii) cheaper and 
larger scale production with microbial systems (iv) availability of various in vitro 
screening technologies to improve several characteristics [4]. The most common 
antibody fragment formats are Fab, single chain variable fragment (scFv) and 
nanobody which are currently gaining more attention for therapeutic use [2].
Most approved antibodies are used for treatment of cancer and autoimmune 
diseases. There are three main therapeutic mechanisms of antibodies in cancer 
treatment: (i) direct killing of tumor cell by binding to overexpressed cell surface 
markers, (ii) immune-mediated tumor cell killing by activation of immune system 
against cancer cells, (iii) ablation of tumor cell growth by factor inhibition [5]. For 
the last mechanism, Vascular Endothelial Growth Factor A (VEGF) inhibition is 
one of the most successful cancer treatment strategies [6]. VEGF is an essential 
cytokine/factor for angiogenesis and vasculogenesis. Although VEGF was first 
described as an important growth factor for vascular endothelial cells, it was shown 
that VEGF and its receptors are also expressed on various non-endothelial cells 
including tumor cells [7]. It is known that VEGF has essential roles for tumor 
development and enlargement [8]. New and improved anti-VEGF therapeutics are 

needed for more effective cancer treatment [9], thus we aim to develop a biobetter, 
next-generation anti-VEGF scFv.
Vernier zone residues of antibodies underlie antigen binding complementary 
determining regions (CDRs) and potentially affect conformations of CDRs [10]. 
Although Vernier zone residues are mostly engineered for humanization approaches 
[11], we hypothesize that Vernier zone residues affect both antigen binding and 
biophysical properties. This study aims to implement rational design approaches 
on Vernier zone residues of an anti-VEGF scFv to derive biobetter antibodies 
for cancer treatments. Here, we engineered one of Vernier zone residues, Y49 on 
variable light chain, and found out that Y49 is very important for both affinity and 
biophysical characteristics. Although Y49 does not directly interact with VEGF, 
Y49N mutation surprisingly increased binding affinity almost 3-fold. Biological 
efficacy of WT and Y49N mutant are similar based on anti-angiogenic activity 
in zebrafish experiments while some biophysical characteristics such as stability 
and aggregation deteriorated depending on mutation. This is a good example of 
a trade-off between antibody characteristics. This study shows the importance of 
Y49 in antibody engineering and potential of Vernier zone residues to develop 
biobetter drugs. 

MATERIAL AND METHODS 
Expression and purification: A pET17-b expression plasmid encoding anti-VEGF 
scFv (design based on bevacizumab) was used (GenScript). Mutant variants were 
generated by QuikChange Lightning Site-Directed Mutagenesis Kit (Agilent). 
Plasmids were transformed into competent E.coli strain BL21 (DE3) pLysS using 
heat-shock. The transformed cells were plated and ten colonies were picked and 
inoculated into Luria-Bertani (LB) broth. The cultures were grown overnight at 
37°C, 200 rpm. Inoculum was transferred into auto-induction media and allowed 
to grow at 18°C, 200 rpm for 48 h[12]. Cultures were centrifuged to remove cell 
pellets. Protein containing supernatant was incubated with HisPur Ni-NTA resin 
for 2 h at 4°C shaking vigorously. Mixture was loaded into 10 ml vacuum column 
and purified by affinity chromatography. Purified protein was buffer-exchanged 
into PBS (pH 7.4) through membrane filtration. Purity was analyzed on 12% SDS-
PAGE and concentration was determined by NanoDrop (at 280 nm).
Enzyme-linked immunosorbent assay (ELISA): 96-well plates were coated 
with VEGF (1.5 ng/ml) at 4°C for overnight. Wells were blocked with 10% (w/v) 
skimmed milk in PBS at room temperature for 6-8 h. Varying concentrations 
of protein samples (0-1000 nM) were added into wells in triplicates. The plate 
was incubated at 4°C for overnight. Primary (mouse anti-FLAG-M2 IgG) and 
secondary antibody (anti-mouse IgG HRP conjugated) with dilution of 1:5000 or 
1:10000 was each incubated at room temperature for 1 hour. 1-Step Ultra TMB 
substrate was added and reactions were quenched with 2 M H2SO4. Readings were 
taken by Thermo Varioskan flash plate reader at 450 nm. Apparent binding affinity 
(dissociation constant, Kd) was calculated based on Hill equation fit. 
Thermal denaturation: Protein Thermal Shift kit (ThermoFisher) was used. 
8x-16x dye was mixed with 0.1-1 mg/ml protein. ABI 7500 Fast RT-PCR was used 
to obtain thermal shift data (25-99°C with 0.05% ramp rate). Thermal melting point 
(Tm) was calculated based on Hill equation fit.
Equilibrium denaturation: Protein-Guanidinium Chloride (GdmCl) mixtures 
containing final protein concentration of 75 μg/mL and GdmCl concentrations 
ranging from 0 to 5 M were incubated at 10°C for overnight. Intrinsic fluorescence 
(Ex. 280 nm) was measured by Thermo Varioskan flash plate reader from 300 to 
400 nm. Fluorescence ratio (345 nm/ 325 nm) was used to plot unfolding curve and 
chemical melting point (Cm) was calculated based on Hill equation fit.
Aggregation kinetics: Protein aliquots (20 µM) were incubated at 60°C in a thermal 
cycler with heated lid. At various time points, a single aliquot was centrifuged at 
17,000x g for 10 minutes at 4°C and protein concentration of soluble fraction was 
measured using NanoDrop. Assuming the loss of protein to be aggregate fraction, 
the data was fitted to a single exponential function: y = a . (1-exp (-b . x)) where a is 
final amplitude, b is apparent aggregation rate constant (kapp) and x is time.
Zebrafish experiments: All procedures were approved by IBG-HADYEK ethical 
committee. fli1a:EGFP transgenic line was used for visualization of zebrafish 
vasculature[13].  40 ng (22.5 nL of 1.8 mg/ml) protein or equal volume of PBS 
control was microinjected into yolk sac of 2 dpf embryos under anesthesia,  n≥ 10 
embryos per condition. At 3 dpf, embryos were mounted in agarose and imaged 
live with confocal microscope (LSM 880), 20X objective. SIV area and branch 
lengths were measured using ImageJ and student’s t-test was applied to calculate 
significance.

RESULTS 
Vernier zone residue Y49 was rationally mutated to three different amino acids 
(Y49N, Y49K, Y49D) in order to improve characteristics of designed WT scFv. 
After expression and purification of those variants, only Y49D mutant could not 
be obtained (Figure 1A). Protein yield of Y49N increased 2-fold and that of Y49K 
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stayed same compared to WT (Table 1). It was surprisingly found that Y49N 
mutant showed about 3-fold higher affi nity for VEGF compared to WT (Figure 
1B, Table 1). While Y49N has a Kd value of 87.7 nM which is in therapeutic 
range, Y49K mutant has similar Kd values with that of WT (Table 1). range, Y49K mutant has similar Kd values with that of WT (d values with that of WT (d ). 

Figure 1. scFv variants used. (A) Bevacizumab (PDB ID: 1BJ1)-VEGF 
interaction with position of Y49 circled, (A) SDS-PAGE analysis, and (B) ELISA 
results of scFv variants.
Table 1. Biochemical and biophysical characterization of WT, Y49N, Y49K, 
Y49D.

Yield (mg/L 
culture)

Tm (°C) Cm (M) kapp (s
-1) Kd (nM)

WT 0.830 55.8 2.86 0.0011 222.6 

Y49N 1.620 44.0 4.54 0.0049 87.7 

Y49K 0.916 51.6 N/A 0.0028 264.7 

Y49D 0.001 N/A N/A N/A N/A

Although binding affi nity of Y49N increased signifi cantly, some of its biophysical 
characteristics were not as good as WT (Figure 2). Thermal melting point 
(Tm) of WT was the highest (55.8 °C) compared to Y49N and Y49K mutants 
(Table 1, Figure 2A). On the other hand, Y49N was more stable upon chemical 
denaturation with a Cm value of 4.54 M (Table 1, Figure 2B). We also analyzed 
aggregation kinetics of all three variants and WT was found to be more resistant 
to aggregation with a kapp value of 0.0011 s-1 (Table 1, Figure 2C).

Figure 2. Biophysical characterization of WT, Y49N and Y49K. (A) Thermal 
denaturation, (B) Chemical denaturation, (C) Aggregation kinetics.
Biological effi cacies of the most promising mutant, Y49N, and WT were tested 
on a zebrafi sh angiogenesis model. Transgenic fl i1a:EGFP zebrafi sh allows 
fl uorescent visualization of blood vessels[13]. Angiogenesis of Subintestinal 
Veins (SIVs) in zebrafi sh embryos have been used to evaluate anti-angiogenic 
treatments[14]. WT and Y49N antibodies and control (PBS) were injected into 
yolk sac of 2 dpf embryos and SIV angiogenesis was evaluated by total area and 
vessel branch length measurements (Figure 3E-G). While SIVs of PBS injected 
embryos were formed normally with good length of dorsal branches that lined 
orderly, SIVs of WT and Y49N were underdeveloped with disordered dorsal 
branches. The SIV area decreased very signifi cantly upon WT and Y49N antibody 
injection compared to control (Figure 3C). The dorsal branches that form between 
2dpf-3dpf were shorter in both WT and Y49N injected embryos (Figure 3D). No 
signifi cant difference was observed between WT and Y49N injections.

Figure 3. Anti-angiogenic activity of WT and Y49N variant in zebrafi sh embryos: 
(A) Representative image of 3 days post fertilization (dpf) Tg(fl ia:EGFP) embryo 
showing the embryonic vasculature. The SIV region is selected (boxed area) for 
measurements (B) Representative image of  SIV region. SIV was selected by 
segmented line tool in ImageJ (white lines) and measured. Quantifi cation of the 
(C)  SIV areas and (D) average dorsal branch lengths of PBS, WT and Y49N 
injected embryos. Representative fl uorescent images of (E) PBS control and 
embryos treated with (F) WT and (G) Y49N. *P<0.05, ***P<0.001. Scale bar 
is 100 μm.

DISCUSSION
Ef fect of Vernier zone residues on antibody characteristics are often neglected[10]. 
Here, we showed that Y49 on variable light chain have signifi cant effect on both 
binding affi nity and biophysical characteristics. In the literature, there is only one 
study by Dudgeon, et al. which analyzes Y49D mutation and they did not fi nd any 
conclusive result similar to our results[15]. However, Y49N and Y49K mutants are 
not studied before according to our knowledge. Although Y49 has no direct contact 
with VEGF, we speculate that a π stacking interaction is key for success of Y49 
mutants which can affect antigen contacting residues via secondary interactions. 
In WT, there is a π(Y49 on VL)-π(Y109 on VH)-anion(D111 on VH) triple stacking 
towards HCDR3 which heavily contacts with VEGF (Figure 1A). For Y49D, this 
interaction becomes anion-π-anion stacking which is undesired due to repulsion 
of two aspartates. This might explain why our results and Dudgeon, et al. could 
not obtain any protein of Y49D, probably due to structural destabilization and 
misfolding during expression. However, we were able to obtain and characterize 
Y49N and Y49K mutants. Y49N showed almost 3-fold increase in affi nity while 
some of its biophysical characteristics were deteriorated. Dalkas, et al. found that 
there is statistically higher presence of cation/amino-π interactions for favorable 
conformational epitope-paratope interactions[16] and our fi nding supports this 
statement for Y49 position. Since zebrafi sh shows high pharmacologic similarity 
with humans[17], and  have been used successfully for for anti-angiogenesis 
screening[18] of chemicals and antibody therapeutics[14] and its we tested the 
biological effi cacy of our most promising mutant, Y49N, in zebrafi sh models. 
We found that both WT and Y49N treatments led to signifi cant defects in SIV 
formation similar to fi ndings of Zhang, et al. for bevacizumab[14]. We have not 
seen any change in the main branch length (data not shown) as this branch already 
forms before 2dpf before the antibody treatment . The branch pattern of the dorsal 
branches were severely affected. The number of branches could not be calculated 
due to complex and disordered structure, however the length of dorsal branches 
were found to be signifi cantly shorter upon treatment. We have observed and 
induction in the ventral sprouts upon WT and Y49N treatment, which could be 
due to a compensation attempt although the difference was insignifi cant (data not 
shown). While calculating the SIV area we have included the dorsal branches and 
ventral sprouts (when present), we have found a highly signifi cant suppression of 
angiogenesis by WT and Y49N variants.
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CONCLUSION 
In this study, we aimed to develop a next-generation anti-VEGF scFv antibody 
fragment for cancer treatment. We found that one of Vernier zone residues, Y49 
on variable light chain, is a promising target for antibody engineering. Recent 
literature usually neglects importance of Vernier zone, but this study highlights 
key roles of Vernier zone residues for biobetter antibody development. Promising 
mutations resulted from this study can be generalized to other antibodies used in 
various cancer treatments. 
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Most antibody therapeutics are based on full-length IgG form, but new formats, 
especially antibody fragments, have gained attention over the last decade. 
Nanobody is an antibody fragment existing as a single domain antibody, which 
consists of only variable heavy chain (VH). Although VH does not exist without 
variable light chain (VL) in humans, camelids naturally have such single domain 
antibodies. Camelid nanobodies are superior than conventional IgGs in terms 
of physicochemical properties. Removal of VL causes exposure of hydrophobic 
residues on VH-VL interface, resulting in undesired biophysical properties in 
human/humanized antibodies. Nanobodies have high potential to be used as new-
generation cancer therapeutics due to having many advantages, such as smaller 
size (15 kDa), improved solubility, and flexibility. Since nanobodies can diffuse 
into tumor or tissue better than conventional antibodies, they increase efficacy 
of cancer treatment. Aim of this study is to engineer a biobetter anti-Vascular 
Endothelial Growth Factor (VEGF) nanobody based on camelid VH (camelization) 
for cancer therapy. Our camelization based mutations on framework-2 region have 
showed better biophysical properties in terms of yield, stability and aggregation/
solubility. Interestingly, affinity of engineered nanobodies have also substantially 
increased.
Keywords: Antibody, antibody fragment, nanobody, cancer, anti-VEGF, antibody 
engineering, framework-2, camelization, biobetter

INTRODUCTION
To date, US Food and Drug Administration (FDA) and European Medicines 
Agency (EMA) have approved over 80 therapeutic antibodies, most of 
which are full-length antibodies [1]. Since antibody engineering is pursuing a 
better understanding, there is a current trend inclining to working on antibody 
fragments; especially nanobodies, which are becoming very popular due to their 
many superior physicochemical features [2]. Nanobodies are single domain 
heavy chain antibodies (VHH) lacking constant regions and light chain. VHHs are 
derived from Camelidae family members such as camel, lama and vicugna [3]. 
Superior features of nanobodies make them ideal candidates for both therapeutic 
and diagnostic applications [4-6]. Some of their advantages can be summarized 
as; (i) smaller size (15 kDa), (ii) robustness, (iii) improved thermal stability 
and solubility, (iv) recognition of hidden epitopes, (v) better tissue or tumor 
penetration that are cryptic for full-format antibodies (they even pass blood-brain 
barrier [7]), (vi) enhanced target specificity, (vii) low immunogenicity [8].
VH domain (human counterpart of VHH) can only be found as in complex with 
VL domain in human immune repertoire. Lack of VL would result in exposure of 
hydrophobic VH-VL interface surface. Hydrophobic and exposed VH residues tend 
to interact with each other leading aggregation [9]. In order to generate a human 
nanobody, one needs to engineer hydrophobic VH domain through “camelization” 
[5, 10]. The most remarkable property of VHH is containing entirely hydrophilic 
VH-VL interface which accounts for the superior stability and solubility over a 
VH [11]. Hydrophilic framework-2 (FW2) region of VHH consists of hallmark 
residues located at 42, 49, 50 and 52 positions according to Kabat numbering 
(Figure 1A). Especially, amino acids at position 49 and 50 are always charged 
residues that reduce exposed hydrophobic area in VHH [12]/.
Vascular Endothelial Growth Factor (VEGF) is an angiogenesis-promoting factor 
and it is overexpressed by many solid cancer cell types. VEGF is also known 
to have key role in tumor development/enlargement [13]. VEGF overexpression 
is highly associated with metastatic potential, such as cellular migration ability 
and neo-vascularization [14]. Anti-VEGF treatment is currently one of the most 
successful cancer treatment strategy [15]. However, novel and improved anti-
VEGF therapeutics are needed for more effective cancer treatment. In this study, 
we aim to develop a next-generation anti-VEGF nanobodies through protein 
engineering based on camelization approaches.
Here, we showed that there is a drastic change in both antigen binding and 
biophysical characteristics, when FW2 residues of anti-VEGF nanobody 
are camelized. Two mutations (L45R and W47G) improved binding affinity, 
stability and aggregation features of designed nanobody. This study shows that 
camelization on any human/humanized antibody can be performed to obtain next-
generation, biobetter nanobodies for improved cancer treatment.
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MATERIALS AND METHODS:
Expression and purifi cation: A pET17-b expression plasmid encoding anti-
VEGF VHH (design based on bevacizumab) was used (GenScript). Mutant 
variants were generated by QuikChange Lightning Site-Directed Mutagenesis Kit 
(Agilent). Plasmids were transformed into competent E.coli strain BL21 (DE3) 
pLysS using heat-shock (42°C, 45 sec). The transformed cells were plated and 
ten colonies were picked from a single plate and inoculated into Luria-Bertani 
(LB) broth containing appropriate antibiotics. The cultures were grown overnight 
at 37°C shaking thoroughly. Inoculum was transferred into auto-induction media 
and allowed to grow at 18°C, 200 rpm for 48 h [16]. Cultures were centrifuged to 
remove the cell pellets. Protein containing supernatant was incubated with HisPur 
Ni-NTA resin for 2 h at 4°C shaking vigorously. Mixture was loaded into 10 ml 
vacuum column and purifi ed by affi nity chromatography. Purifi ed protein was 
buffer-exchanged into PBS (pH 7.4) through membrane fi ltration. Purity was 
analyzed on 12% SDS-Page and concentration was determined by NanoDrop 
2000 (280 nm).
Enzyme-linked immunosorbent assay (ELISA): 96-well plates were coated 
with VEGF (1.5 ng/ml) at 4°C for overnight. Wells were blocked with 10% (w/v) 
skimmed milk in PBS at room temperature for 6-8 h. Varying concentrations 
of protein samples (0-1000 nM) were added into wells in triplicates. The plate 
was incubated at 4°C for overnight. Primary (mouse anti-FLAG-M2 IgG) and 
secondary antibody (anti-mouse IgG HRP conjugated) with dilution of 1:5000 
or 1:10000 was incubated at room temperature for 1 hour each. 1-Step Ultra 
TMB (3,3’,5,5’-tetramethylbenzidine) substrate was added and reactions were 
quenched with 2 M H2SO4. Readings were taken by Thermo Varioskan fl ash 
plate reader at 450 nm. Apparent binding affi nity (dissociation constant, Kd) was 
calculated based on Hill equation fi t. 
Equilibrium denaturation: Protein-Guanidinium Chloride (GdmCl) mixtures 
containing fi nal protein concentration of 75 μg/mL and GdmCl concentrations 
ranging from 0 to 6 M were incubated at 10°C for overnight. Intrinsic fl uorescence 
(Ex. 280 nm) was measured by Thermo Varioskan fl ash plate reader from 300 to 
400 nm. Fluorescence ratio (F345 nm/ F325 nm) was used to plot unfolding curve and 
chemical melting point (Cm) was calculated based on Hill equation fi t.
Aggregation kinetics: Protein aliquots (20 µM) were incubated at 60°C and 65°C 
in a thermal cycler with heated lid. Separately, protein aliquots (0.5 mg/ml) were 
incubated at 65°C shaking at 200 rpm on a thermomixer. At various time points, 
a single aliquot was centrifuged at 17,000x g for 10 minutes at 4°C and protein 
concentration of soluble fraction was measured using NanoDrop. Assuming the 
loss of protein to be aggregate fraction, the data was fi tted to a single exponential 
function: y = a (1-exp (-b x)) where a is fi nal amplitude, b is apparent aggregation 
rate constant (kapp) and x is time. 

RESULTS AND DISCUSSION
Nanobody formats of humanized antibodies display poor biophysical properties 
due to its exposed hydrophobic interface mainly consisting of framework-2 region 
(Figure 1A). In this study, we remedied two hallmark residues in framework-2 
region (L45R and W47G) through camelization in order to improve both 
biochemical and biophysical characteristics and embrace nanobody format of our 
previously humanized anti-VEGF antibody. Those camelization based mutations 
have showed overall better biochemical and biophysical properties (Figure 1, 
Table 1). Protein yield of L45R and W47G increased about 18-fold and 13-fold 
compared to WT (Table 1). WT has very low expression levels, probably due to 
its exposed hydrophobic VH-VL interface, even single mutations on this region 
improved expression levels drastically.
Interestingly, binding affi nity of engineered nanobodies for VEGF has 
substantially increased (Figure 1C, Table 1). While affi nity of W47G increased 
more than 5-fold, that of L45R increased about 2-fold. Although mutation sites 
are far away from Complementarity Determining Regions (CDR) which are 
responsible for antigen binding, there is a drastic effect on binding affi nity. This 
shows that camelization approaches based on VH-VL interface might not only 
improve biophysical characteristics but also binding affi nity. 

Figure 1. Nanobody variants used. (A) 3-D structure of variable heavy chain 
of bevacizumab (PDB ID: 1BJ1). Hypervariable CDR loops and hallmark 

residues were highlighted; HCDR1: green, HCDR2: orange, HCDR3: red and 
FW-2 residues, yellow sticks) (B) SDS-PAGE analysis, and (C) ELISA results of 
nanobody variants (n=3).
Table 1. Biochemical and biophysical characterization of VHH WT, L45R, W47G 
nanobodies.

 Protein Yield (mg/L 
culture) Cm (M) kapp (s

-1) Kd (nM)

WT 0.06 N/A N/A 349.1

L45R 1.11 2.26 0.00433 172.7

W47G 0.80 2.17 0.00838 62.9

Figure 2. Aggregation kinetics of WT, L45R, W47G nanobodies. (A) Aggregation 
profi les at 60°C, (B) 65°C, (C) 65°C and mechanical stress at 200rpm.
Another important biophysical characteristic that is important for developability 
of antibody therapeutics is solubility/aggregation profi le [17]. If antibody is 
aggregation-prone, it should be detected in early stage development because 
it would be a huge problem during process/formulation and after injection 
(aggregated proteins might become toxic) [18]. Nanobodies are known to be 
more stable compared to many other antibody formats [2]. In this study, our 
nanobody variants could not be aggregated and remained stable with only thermal 
stress at 60°C and 65°C (Figure 2A, B) for over a day. In order to make them 
aggregated to obtain aggregation kinetics data, we also applied mechanical stress 
by shaking them at 200 rpm in addition to thermal stress at 65°C (Figure 2C). 
Although we could not get any conclusive result for WT due to its low protein 
level, which was not enough for this particular assay, we found that both L45R 
and W47G have low kapp values which emphasizes their aggregation-resistant 
profi le (Table 1). Stability of our nanobody variants were tested by chemical 
denaturation experiments with GdmCl (Figure 3). Chemical denaturation profi le 
and Cm values of L45R and W47G mutants were similar to each other (Table 1) 
[12]. It is known that chemical and thermal unfolding processes correlate in terms 
of thermodynamics [19], so our fi nding supports this statement by having similar 
aggregation kinetics and chemical equilibrium data for L45R and W47G.

Figure 3. Chemical denaturation of L45R and W47G nanobodies.
Both L45R and W47G mutations convert a highly hydrophobic amino acid into a 
highly charged (L45R) and less hydrophobic amino acid (W47G), this might help 
reduce hydrophobic index of VH-VL interface. This explains increase in solubility 
and decrease in aggregation kinetics by blocking hydrophobic effect [20]. The 
results of this study is very encouraging in terms of development of stable and 
high affi nity nanobodies based on camelization approach. Our work shows that 
nanobody format of any humanized antibody can be generated successfully to be 
used as next-generation cancer therapeutics.
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INTRODUCTION: In this study we aim to demonstrate the use of holographic 
imaging as a method for observing biological processes as a means to gain a better 
understanding through the depth information of the sample. 
METHOD: To this end we conducted an experiment where the proliferation of 
ONCO-DG1 cells were observed over a 48-hour period using a Mach-Zehnder 
interferometer. A total of eight samples with initial cell counts between 2000-
10000 were observed and the total cell counts were reported for 6, 12, 24 and 
48-hour periods. We used a modified watershed segmentation technique for 
segmenting and counting individual cells. 
MATERIAL: We compared the cell counts obtained from the holographic 
images with cell counts obtained via capacitive cell cytometry methods from 
similar samples. We observed that the holographic cytometry method achieves 
high sensitivity and specificity against manually annotated samples. Moreover, 
holographic method gives a depth information which could be used to assess the 
growth pattern of each individual cell in addition to the proliferation of the whole 
sample. 
RESULT: The results indicate that the holographic imaging method presents 
clear advantages over standard light microscopy techniques for assessing the 
proliferation and growth of 2D cell cultures. Through holographic imaging 
methods we can measure the localized proliferation patterns and single cell 
growth pattern for better understanding the dynamics of the proliferation process.
Keywords: holographic imaging cell proliferation

INTRODUCTION
Imaging of biological specimens by means of classical optical techniques presents 
challenges due to their highly transparent nature [1]. Interferometric techniques 
extract the phase information from the observed sample to obtain quantitative 
depth measurements [2]. In particular digital holographic microscopy techniques 
have been gaining popularity due to its high accuracy and non-destructive nature. 
Use of DHM for imaging of live cells has been demonstrated through numerous 
application such as analysis of human hepatocytes [3] or observation of mouse 
cortical neurons [2].
In this study, we investigate the use of DHM for observing the cell proliferation 
patterns of in-vitro tumor cells. In particular we culture 8 samples with 1000 
through 8000 ONCO-DG1 cells inside 480μL micro-wells and holographically 
reconstruct the well in 6-hour intervals. Using the acquired depth maps, we report 
the results for our noise reduction, cell segmentation and cell counting algorithms.

MATERIALS AND METHODS
Sample Preparation
We used 480μL micro-wells for culturing each of the samples. The wells were 
fabricated by replica molding from an SU-8 (MicroChem)/silicon master based 
on a ratio of 10:1 to curing agent. The master mold was produced by ultraviolet 
(UV) lithography. After pouring PDMS on a mold, the mixture was degassed in 
a vacuum chamber for air bubble removal and cured at 80°C for 1 hour in the 
oven. The devices were then cut out by a razor blade; the fluidic connection ports 
were punched, and bonding to a glass slide was done after oxygen plasma of both 
surfaces and conformal contact (Harrick Plasma cleaner/sterilizer, 4 mbar, 120 s).
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F igure 1: Schematic diagram of the setup and (b) its experimental counterpart. 
Holographic Imaging Technique
For almost all cell manipulation tasks, the morphological structure of the 
manipulated cells is a critical parameter. Cell morphology is an important 
determinant of the cell genotype and determines many of its characteristics 
including its surface adhesion behavior its intra cellular signaling pathway 
regulation and its membrane permeability. It is also a stronger indicator of the 
class a cell belongs to, compared to classical light microscopy techniques [4]. We 
investigate the use of morphological information in cell transportation operations. 
Assessment of the cell shape and cell-surface adhesion helps better understand 
how to direct the actions of the manipulator and how to lift and carry the without 
compromising its integrity.
To obtain depth maps from the sample we use a phase shifting in-line Mach-
Zehnder interferometer, as shown in Figure 1, in which the phase shifting is 
achieved by a high-frequency piezo actuator. Mach-Zehnder interferometry 
is based on the interference of a object wave which contains the wavefi eld 
transmitted from the observed sample and a reference wave which contains the 
wavefi eld of the original coherent light source. The coherent light source used in 
this study is a 527 nm He-Ne laser. The interferogram obtained as such is recorded 
by a CCD sensor. Using the complete set of interferograms obtained in equal 
intervals throughout a whole period of the wavefi eld is used to solve for the phase 
of the observed sample. This information in turn allows us to compute the depth 
information. The intensity distribution of a given interferogram can be written as

                       Lj (x,y)=Ao
2 (x,y)+Ar

2+2Ao (x,y) Ar cos[θo (x,y)-δ]

Where Ao and Ar are the object and reference wavefi elds respectively. The phase 
information of the sample can be reconstructed by translating the reference wave 
and solving the set of linear equations that form taking the Fresnel transformation 
of the complex wavefi eld that is recorded via an image sensor. In this study we 
follow this approach using a PZT actuator for shifting the phase of the reference 
wave.
Holographic Data Processing
Image Stitching: Since the fi eld of view of an imaging system (including ours) 
is rarely large enough to view the whole sample, we developed a depth based 
stitching algorithm that composes a depth map of the whole sample by combining 
together smaller patches. To this end we coupled the sample holder to a 6-axis 
Hexapod and moved the sample in the XY axis in a stepwise fashion while 
recording the interferogram at each step. The depth maps, reconstructed from 
these interferograms are then stitched together using the method described in [5].
Cell Segmentation: After acquiring a depth map for the whole sample, we used 
a marker-controlled Watershed transform based segmentation algorithm [6] to 
segment the parts of the map that contain a single cell or a cell group.
Cell Counting: For each segmented section, we use a volumetric prediction 
method to get an approximate count of the cells within each region. The cell 
counting algorithm is based on calculating the mean volume of singular cells by 
clustering the lower end of the segmented volume values and dividing the volume 
of each segment with this base value. This gives us an approximation to the cell 
count inside that region.

RESULTS
We prepared four different samples with a known morphology for the assessment 
of our noise reduction algorithm, using micro spheres with 100μm diameter. We 
use the known morphology as ground truth and calculate the SNR values for raw 
and processed maps as follows,

             
where r(x,y)  is the reference depth map and t(x,y)  is the noisy depth map. SNR 
values are compared for, four different images are compared for different σ values 
are compared in Table 1. The reconstruction obtained from Sample 1 and Sample 
2 at 0 and 48-hour marks are given in Figure 2.

F igure 2: Holographic reconstructions of some example samples. (a) Sample 1 at 
its initial condition and (b) after 48 hours. (c) Sample 2 at its initial condition and 
(d) after 48 hours.

For the cell segmentation algorithm, we used manually annotated segmentations 
as ground truth and compared them with automatically segmented regions using 
the intersection over union, sensitivity and specifi city metrics which are given in 
Table 2. The method used for calculating these metrics is as 

         
where TP, TN, FP and FN refer to true positive, true negative, false positive and 
false negative respectively.

Reference 1 Reference 2 Reference 3 Reference 4

Raw SNR 29.95 28.25 29.21 22.49

Filtered 
SNR

37.07 36.82 37.82 35.25

Table 1: SNR values of raw and fi ltered depth maps for reference samples.

Sample 
1 @ 0h

Sample 
1 @ 48h

Sample 
2 @ 0h

Sample 
2 @ 48h

Sensitivity 90.27% 87.45% 90.89% 89.12%

Specifi city 91.08% 88.67% 92.03% 91.02%

 Table 2: Sensitivity and specifi city values for two samples at 0 and 48-hour marks.

CONCLUSIONS
In this study we investigated the use of digital holographic microscopy method 
for cell cytometry. In particular we developed some depth processing algorithms 
which could be used for cell segmentation and cell counting. We also reported the 
performance of these algorithms against manually annotated samples. The results 
indicate that the DHM method achieves high sensitivity and specifi city for the cell 
segmentation task. Also, we show that the volumetric information obtained from 
the depth map of the cell culture can be used to acquire a more accurate cell count 
prediction for regions in which individual cells can’t be segmented It is clear that 
the DHM method will play a critical role in the future for cell culture studies 
where the morphological structure of the sample is important.
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INTRODUCTION: Tumors should escape from immune system to survive. 
Studies showed that DNA methylation has role in negative regulation of immune 
system (a.k.a immune-escape) which can be controlled with demethylation 
agents. Patients with rare cancers suffered from low number of drugs since for 
most of them drug development is non-trivial and non-profitable. Enlightment of 
methylation based immune-escape mechanisms are important since regulation of 
DNA methylation is possible with approved drugs. Aim of this study is creating 
a bioinformatics pipeline and apply it to ten rare cancer type to reveal common 
and type specific immune-escape mechanisims rooted from abnormal methylation 
patterns.
MATERIAL&METHODS:  The developed pipeline starts with gathering data 
from TCGA and normalization. After that, differentialy methylated and expressed 
genes inferred. Candidate genes clustered according to their semantic similarity 
for enrichment and network perturbation analysis. Finally, statistically significant 
pathways and functions analysed and filtered manually based on literature.
RESULTS:  In this study, type specific and common genes and pathways revealed 
for rare and reported with statistical and literature based evidence which might be 
used for new targets to therapies.
CONCLUSIONS: We discussed that new bioinformatics pipelines are important 
for rare cancers since known efforts are mostly focused to prevalent cancers. In 
this study we propose a new end-to-end bioinformatics pipeline and validate its 
efficiency by using literature results.
Keywords: Cancer, Methylation, Immune-escape

INTRODUCTION
Negative regulation of immune-system (immune-escape) is one of the key 
characteristics of the tumors [1]. This trait of the tumors also decrease success 
rate of the immunotherapy which is one of the most promising solutions to treat 
cancer. Hence, in the last decade, immune-escape has been one of the most 
studied phenomena for the cancer treatment. Negative regulation of the immune-
system can be triggered through genetic or epigenetic alterations [2,3]. From 
an evolutionary point of view, epigenetic alterations are more common than 
the genetic alterations in the tumors since there are many mutation control and 
repair mechanisms are available in the cell [4]. Rare cancers are important since 
many people suffer from them. However, research and funding aims rare cancers 
are significantly lower than the common tumor types [5]. Since, funding bodies 
calculates return on investment numbers, it might be understandable but this does 
not change the fact that 4,400,000 people diagnosed with rare cancers only in 
EU [6]. 
If epigenetic roots of the immune-escape could be discovered these epigenetic 
changes might be reversed using known epigenetic regulatory drugs [7].  In this 
study we created a methylation analysis pipeline and investigate the abnormal 
epigenetic patterns which are supported by the differential expression patterns in 
ten rare cancer types. 
The  pipeline we created is an end-to-end workflow starts from the data download 
continues with the data preprocessing, differential methylation and expression 
analysis, calculating gene similarity according to the known immune-escape 

proteins and cluster them to increase specificity of the enrichment and pathway 
perturbation analysis. We then investigate on each gene and pathway in the 
literature to discover their relation with possible immune-escape activity.

MATERIALS AND METHODS
We use data from TCGA project and download it from the Genomic Data 
Commons (GDC) Data Portal. Methylation analysis data is produced by the 
“Infinium HumanMethylation450 BeadChip” covers gene regions with sites in 
the transcription start sites (TSS) , 5’UTR, first exon, gene body, and 3’UTR. 
In transcriptome profiling the downloaded data was preporcessed by the GDC 
according to “HTSeq - FPKM-UQ” workflow that can be summarized as “Quality 
Filtering”, “Fragment Count”, “Count Normalization” and “Upper Quartile 
Normalization” steps.
After this step the differentially methylated probes discovered. We only aim the 
distal probes (probes at maximum 2kb distance of the TSS) because we would like 
to discover down/up regulation of the proteins through binding of transcription 
factors at TSS which depends DNA methylation patterns. Since the number of 
the normal samples are not equal to the tumor samples in TCGA and there is no 
grouping is done based on tumor subtype, we choose unsupervised method for 
differential methylation analysis. In this method, DNA methylation beta values of 
the tumor and the normal samples ranked and the lowest %20 bound is selected for 
both types on each probe for the hypomethylated probes (highest %20 is selected). 
Afterwards, these values are tested using the one tailed t-test to see if there is a 
significant difference. This method could discover differences between tumors 
and normal samples even if the tumor can be composed by different subtypes. 
To create a relationship between genes and the differentially methylated probes 
nearest 10 upstream and 10 downstream genes selected for the testing. Inverse 
relation between genes and probes are tested with Mann Whitney U test and the 
multiple test correction is applied using a permutation test. For the permutation 
based test a number of random probes selected and their p-values counted to find 
what percentage of these random probes could generate equal or lower p-value. 
This analysis serves for finding differentially methylated genes which methylation 
levels are significantly correlated with their gene expression levels. The empirical 
p-values are calculated in this step and introduced in the results. These genes are 
saved and used in further steps but we also use them to enlighten methylation 
based immune-escape mechanisms through literature search. ELMER [8] package 
is used for these analysis. The next step is clustering these genes based on the 
biological role that we investigate which is immune escape for this study. We first 
investigate literature to gather genes involved in immune-escape. We used these 
genes to define a basis and then measured semantic similarity relative to this basis. 
The semantic similarity is defined using GO term similarity (all “MF”,”BP” and 
“CC” aspects included). Similarity calculation is based on feature vectors. These 
vectors are calculated based on semantic distance to each prototype gene. Use 
of prototype genes creates a non-orthogonal basis for protein vectors. Detailed 
information on this process can be found in GoSim package which is used in this 
step [9]. 
After semantic similarities calculated between all candidate genes we apply 
the hierarchical clustering. With this clustering we aim to create the clusters 
that includes genes similar to specific immune-escape functions. The quality of 
clusters controlled  using the silhouettes. 
The final step in the computational analysis is enrichment and pathway analysis. 
There are three different approach exits in the literature. The first one is the over-
representation analysis which can be defined as a hyper-geometric test which 
reveals enriched pathways or ontological entities. As other methods established 
on statistical tests, a p-value threshold is needed to use for this method which 
means a pathway that is slightly over the threshold will annotated as insignificant 
even if it has a high biological significance. Moreover, the method evaluates 
each gene and pathway without their interactions which might be exists in the 
biological context. The second approach is the functional class scoring that 
evaluates functionally related genes to reveal related abnormalities even though 
they each have little changes in their expression values. This method also does 
not consider interactions between genes and pathways. The third approach is 
pathway analysis methods which does not have these shortcomings [10].  We 
choose pathfindeR which is a pathway analysis method [11].  The method 
searches for active subnetworks which are well-defined phenotype-associated sets 
of interacting genes.  The steps of the method can be summarized as; (1) Relating 
the differential genes to subnetworks. (2) Filtering the subnetworks. (3) Doing the 
enrichment on filtered subnetworks. This process is visualized in Figure 1 (taken 
from [11] with permission).
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Figure 1. Overview of the pathfi ndeR method.

RESULTS
We investigate abnormal methylation patterns for the ten rare cancer types which 
are, acute myeloid leukemia, cholangiocarcinoma, lymphoid neoplasms, diffuse 
large b-cell lymphoma, mesothelioma, thymoma, uveal melanoma, testicular 
germ cell tumors, pheochromocytoma and paraganglioma, esophageal carcinoma, 
thyroid carcinoma. One of the results of our analysis is on downregulation of  
the SLC38A3 in cholangiocarcinoma cells which is caused by hypermethylation 
(p-value: 0.00099).
SLC38A3 (Sodium-coupled neutral amino acid transporter 3) acts role in the 
sodium coupled amino acid transport in or out of the cell and also has a role in 
synaptic connections and the nitrogen metabolism. In the nitrogen metabolism, 
if SLC38A3 inhibited n itrogen-oxide (NO) synthesis will be decreased [12]. 
Moreover, it is claimed that the NO molecule helps transformation of the M2 
macrophages to the M1 macrophages. Since M2 macrophages are immune 
suppressant and M1s are tumor killer we hypothesized that the SLC38A3 might 
be a part of the immune-escape system of cholangiocarcinoma which is needed 
to be investigated in detail.  On the other hand, this does not mean high NO 
doses can be associated with the good prognosis. On the contrary it is showed 
that in the colorectal cancer high levels of the NO has been associated with the 
bad prognosis and low survival rates [13]. One other interesting result is observed 
in the cholangiocarcinoma is on LGALS3 (Galectin 3). Our fi ndings showed 
that expression levels of the LGALS3 is decreased because of hypermethylation 
(p-value: 0.00099). This protein contributes metastasis in the tumor invasion but 
more importantly it has a role in the immune-escape in melanoma. Galectin 3 
synthesized from melanoma cells causes anergy at tumor specifi c cytotoxic T 
lymphocytes. Moreover, it perturbates function of T lymphocytes even causes 
apoptosis of these immune cells [14]. All these fi ndings indicates the role of 
LGALS3 in immune-escape.

CONCLUSION
Revealing the molecular mechanisms underneaths tumor immune-escape 
will have potential to trigger new therapies. DNA methylation is one of these 
mechanisms and can be reversed in a non-trivial manner using known agents/
drugs. Use of the computational analysis methods might speed up the process of 
enlightenment of the DNA methylation based immune-escape. This is important 
for all cancers but especially for rare cancers which gets low research funding. 
Our pipeline might be a starting point for this process. We tried to develop a 
neat approach which can be implemented easily and understandable by not only 
computational biologists but also medical experts.
Results of the pipeline, after a careful literature inspection, validates that some of 
the immune-escape mechanisms might be caused by abnormal DNA methylation 
patterns. Our results might be used as new targets for cancer therapies. However, 
we also discuss contrary fi ndings which shows the task we aim is non-trivial 
and needs more effort. All computational and statistical analysis results in the 
scientifi c studies should be validated with experimental results and our study is 
not an exception. We hope that our study and studies similar to this study will be a 
starting point for more complex computational methods and studies which reveals 
more information on rare cancers.
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In this paper, we report the holographic imaging method, algorithms used and the 
results obtained during an experiment in which dynamic cell cultures were treated 
with TGF_beta and subsequently underwent epithelial-mesenchymal transition 
(EMT).  The primary motive of this study is to show the advantages of using 
quantitative phase imaging methods where the observation of the morphological 
transformation of the sample is important.  During the EMT phase, tumor cells 
lose their adhesive nature and morph into a mesenchymal state in which they start 
migrating through the bloodstream into different parts of the body as circulating 
tumor cells. Observation of the transformation of surface structure in 3D during 
the EMT phase is critical for better understanding of the factors that trigger it 
since many of its precursors manifest itself in cell morphology.  Accurate depth 
information obtained through quantitative phase imaging methods could play a 
key role in understanding the dynamics of this complex process. The goal of this 
work is to immobilize of CTCs (Circulating Tumor Cells) on glass substrates for 
holographic imaging. We formed a thin, stable layer of silane on a glass substrate 
using APTES ((3-Aminopropyl)triethoxysilane) solution. The APTES solution 
coated on glass surfaces is suitable for optical imaging and enables single-cell 
analyses. We conducted experiments on HCT-116 cell lines for APTES silaned 
surface structures. Using our segmentation method we show that modifi ed surface 
structures increase the ability of CTCs to cling to a fl at surface and hinders its 
mesenchymal characteristic. The demonstrated application clearly shows that 
holographic imaging techniques present valuable information that gives insights 
into the physiological underlyings of behavioral patterns cancer cells typically 
undergo.
Keywords: CTC immobilization, Holographic imaging, Surface functionalization.
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INTRODUCTION
The methods developed for the analysis and imaging of circulating tumor cells 
(CTCs) have gained more attention by many researchers. The fact that CTC 
cells cannot be immobilized on surfaces has led researchers to investigate the 
interaction of cells between surfaces.In many studies, immobilization of cells on 
surfaces is by means of antibodies. Dixit et al. formed the APTES self-assembly 
monolayer on polymeric surfaces, allowed the immobilization of antibodies by 
covalently and optimized the system for enzyme-linked immunoassay [1]. Gunda 
et al. used glutaraldehyde as a cross-linker for biomolecule immobilization 
to the silane layer formed by APTES on a silicone surface [2]. Specifically, 
APTES monolayers are used for modification of glass surfaces to enhance the 
immobilization of cells and are a highly effective method for analysis in cell 
culture studies. The surface concentration of the APTES layer is very important 
for all applications. APTES films should be optimized for the type of biomolecule 
to be used and the ambient conditions [3]. As CTC studies continue to evolve, 
label-based CTC detection studies have become limiting. Digital holographic 
microscope provides a more appropriate characterization label-free technique and 
highly efficient for the analyses [4]. 
The aim of this work is to immobilize of CTCs on glass substrates using APTES 
solution and imaging by the digital holographic microscope. The characterization 
of the surfaces was made by contact angle measurement. In future studies, we plan 
to perform various analyzes on immobilized cells that can be visualized by digital 
holographic microscopy.

MATERIALS AND METHODS
Surface Modification
Glass substrates (2 x 2 cm2) were immersed in isopropyl alcohol-acetone- 
isopropyl alcohol respectively and ultrasonicated for 15 min. The glass substrates 
were rinsed with deionized water and each substrate dried under a nitrogen stream. 
Oxygen plasma treatment were applied on pre-cleaned glass substrates to provide 
the activation of the -OH group on the surface with plasma cleaner equipment 
(PDC-002-HPCE Harrick Plasma, Ithaca, NY, USA) for 2 min at 450 mTorr and 
high power level. The glass substrates were then immersed into a freshly prepared 
2% (v/v) APTES solution in water for 24 h. After removing from the solution, the 
samples were rinsed with diyonized water and dried in an oven at 100 °C for 1h.
Cell culture
The human colon cancer cell lines HCT-116 were cultured in McCoy’s medium, 
MDA-MB-231 breast cancer cell lines were grown and maintained in DMEM. 
TGF-ß (Transforming growth factor beta) was applied to HCT-116 and MDA-
MB-231. The both cell lines were kept at 37 °C in a humidified incubator 
containing 5% CO2.
Contact angle measurement
Water contact angles were measured on the pure glass surface, O2 plasma-treated 
glass surface, 2% APTES-coated glass surface using the sessile-drop method to 
analyze the change in the surface energy of the glass substrate. The static water 
contact angle was measured at room temperature using KSV cam 200 contact 
angle meter . A 5 uml droplet was deposited on the surface and the image was 
recorded 3 s after the drop. Contact angles for each surface were repeated three 
times and the average values were reported.
Digital holographic microscopy 
Holographic images were acquired using a custom inline phase shifting Mach-
Zehnder interferometer equipped with a 437 nm, 5mW, HeNe laser source. 
Exposure time was 250um and magnification rate was 10x. Phase_shifting is 
achieved through the use of a high frequency piezo actuator, driven in 500 steps 
per second. We developed an algorithm for real_time holographic reconstruction 
using a continuously shifting piezo actuator and a high speed CCD camera. 3D 
reconstruction is achieved by taking multiple images while shifting the reference 
phase and solving the set of linear equations that arise by combining the complex 
wavefield equations of each image.

RESULTS
Normally, CTCs are not morphologically suitable for immobilization on glass 
surfaces. APTES solution was used to immobilize the CTCs to the glass surface. 
The amine functional group of APTES possible the covalently bond of CTCs on 
surfaces. In the current work, self-assembly monolayer of APTES was obtained 
with a concentration of 2% (v/v) APTES-ethanol and silanization time of 24 
h. The amine group of the APTES enables the unification of the CTCs to glass 
substrates and the Si-O functional group of the other end of the APTES reacts 
with the glass surface. When APTES silane molecules are completely adsorbed on 
the –OH activated on the glass substrate by oxygen plasma treatment, silanization 
can be achieved a full coating on the glass substrate.
Contact angle measurement was used for the physical characterization of the 
APTES modified surfaces. The contact angle of water was measured on three 

different areas of the glass substrate for each step of the modification. The 
measured water contact angles are shown in Figure 1. Oxygen plasma treatment 
activates by forming -OH functional groups on glass surfaces and the activated 
surfaces become highly hydrophilic. After the silanization process, self-assemble 
monolayer with charged amine groups made the surface more hydrophobic than 
the references substrate and contact angle of modified glass surfaces was found 
66.4°. Contact angle values obtained as a result of operations on glass surfaces 
can be accepted as an indicator of changes in surface properties on glass surfaces.

Figure 1 : Water contact angles showing wetting behavior of each step. Contact 
angles values for pre-cleaned glass, plasma-treated glass and 2 wt% APTES 
solution treated glass are 24.4°, 7.3°, and 66.4°, respectively.
Before and after immobilization, the CTCs on the surface were visualized by the 
digital hologram system. DHM images of the cells on the APTES modified glass 

surfaces at 0 and 24 hours are given in Figure 2.  Looking at the initial images 
of the CTCs sent to the surface, it was observed that the height of the cell was 
higher and its surface area on the substrate was less. However, when the hologram 
images of the cells on the surface after the modification of the glass surfaces are 
observed after 24 hours, it was found that the cells covered the larger surface and 
has a lower height.

Figure 2: Holographic images of CTCs on the modified glass surfaces, (A) non-
immobilized CTC at an initial time and (b) immobilization of CTC after 24 hours

CONCLUSIONS
In this study, we successfully immobilized CTCs that non-adhesive on the 
substrate on APTES surface-modified glass surfaces. We observed that 
the immobilized cells were spread over a larger area and lower than non-
adhesive cells by the DHM system. The present silane formation method using 
(3-aminopropyl) triethoxysilane (APTES) on glass substrates is modified to 
produce a stable and thin silane layer for the immobilization of CTC. The glass 
samples were characterized of surface modification after every step by contact 
angle measurement system. The values of contact angles for pre-cleaned glass, 
plasma-treated glass and 2 wt% APTES solution treated glass are 24.4°, 7.3°, 
and 66.4°, respectively. İmmobilized CTCs can be used to study of cancer and 
metastasis analyses wtih the DHM.
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INTRODUCTION 
Gliomas are the deadliest of all cancers and there is great unmet need in their 
clinical management [1]. Voltage-gated ion channels (VGICs) are well known to 
be important for membrane potential generation, ionic homeostasis and electrical 
signalling. Recently, VGICs have been shown to control cellular proliferation, 
migration, apoptosis, differentiation, invasion, secretion, gene expression and 
adhesion in cancer cells [e.g. 2-4]. In particular, strongly metastatic cells have 
been shown to express functional voltage-gated sodium channels (VGSCs) 
which promote invasive behaviour in vitro and metastasis in vivo [3,5-7]. These 
effects of the VGSCs occur, at least partially, via Na+/H+ exchanger activation 
[8]. VGSCs generate two kinetically distinct inward Na+ currents: transient (INaT) 
and persistent (INaP). The latter increases under hypoxic conditions which occur 
commonly in growing tumours [9]. Hence, INaP blockers, such as ranolazine, have 
been suggested to be potential anti-metastatic drugs [9]. Indeed, ranolazine has 
been shown to suppress in vitro invasiveness of human breast cancer cells [10], 
colon cancer cells [11] and breast cancer metastasis in vivo [5]. 
Previous work showed that VGSC mRNA expression overall in gliomas correlated 
positively with malignancy grade except in high-grade gliomas where it was 
reduced [12]. The main aim of the current study was to determine the potential 
effects of ranolazine and the more recently developed analogue, eleclazine, on 
glioma cell proliferation under normoxic and hypoxic conditions. 

MATERIALS AND METHODS
The human glioma cell lines U87, LN229 and LN18 were cultured by standard 
methods in RPMI medium. Hypoxia was induced by exposing the cells to 1% 
O2 for 48 hours. Eleclazine (15 µM) was prepared in the culture medium with a 
maximum of 0.15% DMSO as a supplementary solvent. Ranolazine (10 µM) and 
TTX (1 µM) were dissolved directly in medium. Cell viability was determined by 
trypan blue dye exclusion assay. Cell proliferation was quantified colorimetrically 
by MTT assay. This confirmed (i) the linearity of the relationship between cell 
number and absorbance (Figure 1a); (ii) that hypoxia did not affect the calibration 
(Figure 1b); and (iii) that the relationship did not change during the course of the 
treatments (Figure 1c). Quantitative data were analysed with GraphPad Prism. 
Shapiro Wilk W test was used for normality test. Parametric data were presented 
via charts and any differences were tested by Student’s t test for significance. 
Non-parametric data was tested with Mann-Whitney Rank Sum test. Statistical 
significance was defined as p-value <0.05 (*) and p<0.01 (**). 

RESULTS AND DISCUSSION
Experiments were initiated on human glioblastoma U87, LN229 and LN18 cell 
lines. Most data were obtained from U87 cells adopted as a model.
VGSC protein expression in glioma cell lines
All three cell lines expressed VGSC protein (Figure 2a-c). Negative controls 
(omission of the primary antibody) confirmed the authenticity of the staining. 
There was some heterogeneity in the expression and only some 80 % of U87 
cells stained and expression in plasma membrane was apparent. Treatments with 
eleclazine and ranolazine for 48-hour had no effect on the VGSC expression 
(Figure 2d). Trypan blue exclusion assays showed that the various treatments 
(ranolazine, eleclazine and TTX) were not toxic to the cells (data not shown). 
Gliomas are known to express VGSCs in vitro and in vivo and this has been 
confirmed here for three different cell lines [13]. The VGSC expression seemed 
very stable since it did not change after treatment of the cells with the various 
blockers. As regards the subtype(s) of VGSC expressed, evidence points to 
Nav1.1-Nav1.3, Nav.1.5-Nav1.7 [14]. 
Effect of hypoxia
Exposing the U87 cells to 1% O2 for 48 hours decreased the cells’ proliferative 
activity by about 10% (Figure 3a). There was no effect on cell viability (data not 
shown). It is well known that growing tumours develop internal hypoxia [15]. 
The effect of hypoxia on tumour cell proliferation has been studied. In gliomas, 
hypoxia inducible factor-1, which is the main mediator of the hypoxia response, 
regulates many genes including some that induce proliferation [16]. As regards 
carcinomas, hypoxia (1% O2) was shown to inhibit colon cancer cell proliferation 

time dependently, reaching 48% over 72 hours [11]. 
Effects of VGSC blockers on proliferation 
Ranolazine had no effect on proliferation under normoxia and hypoxia (data not 
shown). In contrast, treatment with eleclazine caused significant reduction in 
proliferation by 19 % under normoxia and 9 % under hypoxia (Figure 3b&c). The 
highly specific VGSC blocker, TTX had no effect on proliferative activity under 
both normoxia and hypoxia (data not shown). It was concluded, therefore, that the 
inhibitory effect of eleclazine was not mediated by VGSC activity (at least in full). 
Under normoxic conditions, VGSC activity has been found consistently to 
promote the in vitro invasiveness of a variety of carcinoma cell lines without 
changing their proliferative activity, i.e. proliferation and invasion can be 
controlled independently. In vivo, however, silencing VGSC expression in a 
breast cancer xenograft has been shown also to produce an anti-proliferative 
effect [6]. In the current study, also, since TTX did not affect proliferation, we can 
conclude that VGSC activity is not involved in the primary growth of gliomas. On 
the other hand, silencing VGSC (Nav1.5) expression in the astrocytoma U251 cell 
line decreased proliferation [17]. 
Of the two pharmacological agents used, ranolazine (even at 10 mM) did not affect 
proliferation, consistent with its main mode of action being inhibition of INaP [18]. 
In colorectal cells, also, ranolazine did not affect proliferation [11]. In contrast, 
eleclazine significantly decreased cellular proliferation. The mechanism(s) of this 
effect is not clear at present but it is likely to be more than INaP inhibition since the 
effect was smaller in hypoxia. One possibility is that eleclazine, like ranolazine, 
depending on concentration (also) inhibited a K+ channel [18]. K+ channels are 
well known to promote cellular proliferation [19]. 

CONCLUSION
At the concentrations used, ranolazine (10 μM) and eleclazine (15 μM) differ in 
their effects on glioma cell proliferation and may also differ from carcinomas. 
Further work is required to determine (i) the precise modes of action of eleclazine, 
at a range of concentrations, on tumour, including glioma, cells; and (ii) the effects 
of eleclazine on metastatic cell behaviours.
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Fig.1

Figure 1. Calibrations of the colorimetric MTT assay under different 
experimental conditions.  Standard curves for the U87 cell line showing that 
absorbance at 570 nm (arbitrary units: AU) increased linearly with cell number. 
(a) normoxic cells; (b) and hypoxic cells. (c) Data showing that the calibration did 
not change during given experiments under normoxia and hypoxia. For (c), 2x104 
cells were seeded. There was no significant change (n=3).

Fig.2

Figure 2. VGSC expression in human glioma cell lines. Expression was 
determined by immunocytochemistry using a polyclonal pan-VGSC antibody as 
the primary. The secondary Ab was goat anti-rabit IgG Alexa Fluor® 568. The 
following cell lines were studied: U87 (a), LN229 (b) and LN18 (c). (d) Data 
showing pharmacological treatment (10 mM ranolazine and 15 mM eleclazine) 
did not affect the VGSC immunofluorescence of U87 cells under normoxia (n=3).

Fig.3

Figure 3. Effects of treatments on U87 cell proliferation. (a) Effect of hypoxia 
(1% O2, 48 hours); CN, control normoxia, CH, control hypoxia. (b) and (c), 
effects of treatments with eleclazine (15 mM) for 48 hours under normoxia (b) and 
hypoxia (c). Data (non-parametric) are shown as median values and interquartile 
ranges (n=3). (*) p<0.05. (**) p< 0.01.
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OBJECTIVES: Recently, the development of technologies to culture intestinal 
epithelial cells in vitro as different forms of intestinal organoids causes drawing 
attention in this area. The isolation and culture of colorectal crypts were first 
demonstrated in the very recent decade with the identification of stem cell marker 
Lgr5. The growth of crypts into organoids provides an in vitro model for studying 
the mucosal physiology, colorectal cancer tumorigenesis, and regeneration. In 
the current study, cancer stem cell isolation, tissue decontamination, organoid 
freezing and thawing processes, and organoid culture media ingredients have 
been evaluated. The aim of this investigation is optimization and production of 
human colorectal cancer organoids.
MATERIAL&METHODS:  The colorectal cancerous tissues are collected from 
Dokuz Eylul University Hospital. Isolation method of cancer cell is performed 
by EDTA solution and agitation is provided by shaker. Matrigel is used to create 
optimal 3D structure to grow cancer stem cells up to colorectal tissue. L-WRN 
cell line has been used to produce secreted factors which are WNT-3A, Rspondin 
and Noggin in purpose of supporting the development of organoids.
RESULTS:  Different parameters have been evaluated to obtain more efficient 
organoids. The experiment is performed in our laboratory presented that, 
human colorectal cancer organoids have been generated and manipulated in our 
laboratory.
CONCLUSIONS:  The currency protocol explains how the generation of 3D 
organoid cultures from cancerous human colorectal tissue is manipulated. The 
in vitro 3D organoid model is a promising and novel approach which present us 
more real-like working material.
Keywords: organoid,colorectal cancer



Turkish Journal of Biochemistry, 2019
2nd International Cancer And Ion Channels Congress 2019

22-24 September 2019

Turk J Biochem, 2019; 44 (S2) http://www.TurkJBiochem.com

INTRODUCTION
Scientists have been looking for developmental and functional processes of tissues 
and organs. However, these processes are very complex those cause diffi culties 
to develop a reliable in vitro model system for investigations. [1] Developing 
3D cell culture technologies contribute to generating more real-like cell culture 
models of human diseased and normal tissue tools. Tissue derived adult stem cells 
could generate self-organizing organ-like structures which are called organoid 
within a 3D matrix. 3D organoids could be generated by a single leucine-rich 
repeat-containing G protein-coupled receptor 5 (LGR5)+ stem cell. [2] Stem cells 
are cultured in appropriate conditions which present the in vivo stem cell niche. 
[3] Organoids could be maintained long term, could be genetically modifi ed and 
cryopreserved, and remain genetically and phenotypically stable. This feature let 
for a high scale of applications in research of cancer. 
Organoid cells have connections between cell-matrix and cell-cell interactions, 
those are the missing issue in traditional 2D models. These linkages are necessary 
to create in vivo situations. While cell-matrix and cell-cell interactions are 
lacked, cells possibly lose their distinctive phenotype. Thus, they could show a 
different response to external stimuli [4–5]. So that organoid technology presents 
heterogeneous tissue-specifi c cell organization which is very similar to the real-life 
structure and functional work material. Up to date, there are vigorous studies have 
been performed in this area and generation of intestinal, cerebral, inner ear, liver, 
pituitary gland, gastric, retina, kidney, lung, breast, heart organoids have been 
generated by the usage of stem cells.[1] Although it is small in size, organoids are 
a novel and promising technology for regenerative and developmental researches 
due to their advantages in stability, manipulation and long-term cultivation.[ 
6-7-8] Organoids are more attractive than animal models since they are more 
recapitulate native human tissue.[9, 10] Moreover, the ethical issue for animal 
models is making diffi culties for researches. So, the organoid technology is more 
suitable and reliable models for individualized medicine studies as well. 
In this study, we have performed the development of colorectal cancer organoid 
generation and maintenance protocols for further studies such as personalized 
medicine.

MATERIALS AND METHODS
Production of WRN Factors
L-WRN (CRL-3276) cell lines were obtained from American Type Culture 
Collection (ATCC). Cells were split 1:10 in culture media (10% FBS in high 
glucose DMEM) and seeded 13 mL cell suspension into T-75 fl asks. Flasks were 
incubated for 3 or 4 days or until the cells become over-confl uent and a number 
of cell aggregates come off. Media was removed and fl asks were rinsed with 10 
mL media and rinse were discarded. 13 ml of fresh media was added to fl asks 
and cells were incubated for 24 hours. After 24 hours of incubation, L-WRN 
conditioned media was containing signaling factors Wnt3a, R-spondin-3, and 
Noggin (WRN). Media was removed to a centrifuge tube. Fresh media was added 
to fl asks. Conditioned medium was centrifuged at 2000 x g for 5 minutes and 
the supernatant was removed from the pellet. Conditioned medium was stored 
at 4°C. This was the fi rst batch of media. 2nd, 3rd and 4th batches of WRN media 
were collected in every 24 hours. All batches were added to the same bottle after 
centrifugation. After the 4th batch, an equal volume of Advanced DMEM was 
added to the bottle (different fi nal concentrations), well mixed and media was 
aliquoted into 50 mL centrifuge tubes and stored at -20°C.
Human Tissue Materials
Surgically resected colon tissues or colonoscopic biopsy samples were obtained 
from 8 patients from the Dokuz Eylül University Hospital, Gastroenterology 
Department. 5 of 8 of colorectal cancer material were obtained via surgery and 
the rest of them were obtained via colonoscopic biopsy. Tissue samples were 
collected from three different parts of cancer tissue which are outer, middle and 
inner parts. Tissue materials were transported in transfer media at +4 °C degree.
Stem Cell Isolation
Tissues were washed three times with DPBS. They were gently washed with 
an antibiotic solution for one hour. Then, the tissues were washed three times 
with DPBS. Tissues were centrifuged at 40g for 10 minutes and the supernatant 
was removed. 5mM EDTA in DPBS was added to the pellet and washed for 60 
minutes in +4°C. EDTA was removed via washing with DPBS. Then, 10 ml of 
DPBS added on tissues and vigorously washed. Isolated cancer stem cells were 
centrifuged at 300g for 2 minutes. The supernatant is removed from the pellet 
which has isolated cancer stem cells.
Organoid Culturing
Isolated stem cell pellets were resuspended with human organoid growth media 
and counted on hematocytometer. The suitable ratio of Matrigel was added and 
the suspension was seeded to 48-well plate. The suspension was incubated for 
5 minutes at room temperature and 15 min at 37 °C. Finally, 300µL of Human 
Organoid Growth Media was added to each well and placed in an incubator.  

RESULTS
Development of Human Colorectal Cancer Culture System
In the current experiment, cancer stem cells are isolated from colorectal cancerous 
tissue and embedded within Matrigel and per well includes approximately 500 
cancer stem cells. After organoid culture medium has been added into each well, 
the plate is incubated in suitable conditions.  Imaging of organoid is performed 
under Fluorescent microscopy day by day. As it is illustrated in fi gure 1, the 
development of human colorectal cancer organoids is observed.development of human colorectal cancer organoids is observed.

Figure 1. The image is prepared for illustration of human colorectal cancer 
organoid cultures development in the time course. They are taken by the 
fl uorescent microscope.

DISCUSSION
In this study, some parameters were changed for the effective production of 
human colorectal cancer organoid, and consequently, the changes were evaluated.
First, tissue size is an important parameter. As the size of the tissue increases, the 
number of isolated stem cells increases. Stem cell density should be high for the 
formation of human colorectal cancer organoid. Thus, as the tissue grows, the 
yield of the organoid formation increases. [3]
Second, the depth of the layer from which the tissue is removed is an important 
parameter. Very few stem cells were isolated from the outermost tissue and no 
organoid growth was observed. Organoid development was observed in the 
middle and innermost layers. The organoid formed from the tissue from the 
innermost layer is more effective than the organoid formed from the tissue from 
the middle layer.
The time in the EDTA isolation step is another important parameter. It was 
observed that when stem cell isolation was made from long-term EDTA tissue, 
the cells died, and when short-term, stem cells were not isolated. The isolation 
step time is optimized to 60 min.
WRN media percentage is a crucial parameter for optimizing organoid growth 
media. 50% is the best percentage for the generation of organoids.
The parameters have been evaluated and the most effi cient protocol is determined 
for forming human colorectal cancer organoid for personalized medicine studies 
for further.  
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Glioblastom Multiforme (GBM) is the most invasive and malignant member of the 
IV grade of the subclass Astrocytoma according to the last assessment of the 2016 
WHO report. Due to the resistance to treatment and weak response, as well as the 
topographical structure of the blood brain barrier, which is a major part of malignant 
brain tumors, treatment is also difficult due to the severe clinical manifestation, 
and new treatment methods and new therapeutic agents are needed. Conventional 
treatment methods are surgical resection, radiotherapy and chemotherapy. Median 
survival time is 12.5 months in patients. Glucose metabolism is a complex energy 
producing machine that generates energy and stores it as ATP and provides energy 
for all cellular processes. A glucose molecule produces 38 molecules of ATP 
after full glycolytic catabolism. According to Otto Warburg’s numerous studies 
and basic hypothesis, cancer metabolism is completely different from normal 
cells. Cancer cells tend to the anaerobic phenotype only by performing the first 
glycolytic step without entering the mitochondrial step. As a result, these cells 
produce lactic acid and make the secretions and micro-media even more acidic 
in aerobic conditions. This phenomenon is attributed to the Warburg hypothesis 
and either as anaerobic glucolysis. Although glycolysis enzymes are the primary 
actors of this phenotypic expression, some genetic and epigenetic factors are no 
exception. For this reason, we experimentally used KC7F2 active ingredient to 
target cancer metabolism. As a result of our experience, we observed that the 
effect of the KC7F2 suppresses aerobic glycolysis and has significant effects on 
several metabolism genes.

INTRODUCTION
Glioblastoma multiforme [GBM; WHO astrocytoma grade IV] is the most 
common malignant primary brain tumor in adults. It grows rapidly and a high 
degree of invasiveness and angiogenesis is observed. Glioblastoma multiforme 
cells are polygonal with acidophilic cytoplasm and indeterminate cellular 
boundaries.  [Schultz et al. 2005]. Glioblastoma multiforme is characterized 
by high proliferative activity  [Schröder et al. 1991]. When GBM leaks into the 
surrounding tissue, complete resection is impossible and in this case radiotherapy 
is not always efficient [Karcher et al. 2006]sGBM. The blood-brain barrier 
makes treatment more difficult and tumor cells in hypoxic regions are resistant 
to radiotherapy [J. E. Chang et al. 2007]. Cancer metabolism refers to changes in 
pathways of cellular metabolism that are specific to cancer cells compared to most 
normal tissue cells. Metabolic changes in cancer cells are multifaceted [Warburg, 
Wind, and Negelein 1927] and aerobic glycolysis, as a result of reduced oxidative 
phosphorylation, increases the formation of biosynthetic intermediates, providing 
the basis for cell growth and proliferation [Warburg 1925]. [KORNBERG, 
LIEBERMAN, and SIMMS 1955] Hypoxia-inducible Factor [HIF] is particularly 
important in the realization of this process. Tumor HIF-1α is an indicator of 
aggressive disease and poor patient prognosis in cancer patients. Seahorse XFp 
technology is capable of measuring two main energy production pathways, 
mitochondrial respiration and glycolysis simultaneously. This method is used 

in studies on cellular functions, cell activation, proliferation, differentiation and 
etiology of disease. In this study, we aimed to investigate the metabolic effects of 
KC7F2, a HIF-1α inhibitor, on the U87MG glioblastoma cell line and especially 
on the glycolytic pathway.

MATERIALS AND METHODS

Gene Expression Analysis
Changes in gene expression levels of IC50 dose of KC7F2 active agent were 
evaluated by comparing with control cells. For this purpose, IC50 dose of KC7F2, 
19 μM, active agent was applied to the cells. Cells without active agent as control 
group were also treated under the same conditions. After 48 hours, RNA was 
isolated from cells using RNeasy Plus Mini Kit. Complementary DNA synthesis 
was performed using the RT2 First Strand Kit [Qiagen]. In order to correlate these 
metabolic effects with changes in molecular level on glycolysis metabolism, 
changes in gene expression levels were determined with Light-Cycler 480 
Instrument II [Roche]. 
Seahorse Xf Metabolic Analysis
Metabolic analysis was performed through Seahorse XFp analyzer to evaluate 
the effect of KC7F2 on glycolytic metabolism. In this study, Seahorse XFp Cell 
Energy Phenotype Test Kit [Seahorse XFp Energy Phenotype Test Kit] was used 
to determine the effects of IC50 dose of KC7F2 active agent on the U87MG cell 
line at 72 hours. The test measures the three basic parameters of cell energy 
metabolism [Basic Phenotype, Stressed Phenotype and Metabolic Potential] and 
determines the metabolic behavior of the cell by determining the mitochondrial 
respiration and glycolysis rate under basal and stressful conditions.  Seahorse XFp 
technology is capable of simultaneously measuring mitochondrial respiration 
and glycolysis, the two main ways of generating energy in cells. Glycolytic 
metabolism rate is determined by the accumulation of lactic acid, the end product 
of glycolytic respiration in the cell, and the formation of acidic microenvironment 
in the cell, and the reduction of PH value in the cell around the lactic acid by 
decreasing the pH value and calculating the correlation of this pH value with 
glycolysis rate. The rate of mitochondrial metabolism is based on the real-time 
reflectance of the amount of O2 present in the microenvironment by measuring 
the rate of uptake. To determine its effects on both metabolism and expression, 
the IC50 of KC7F2, which we found in our previous study, was applied to U87MG 
cells. Non-treated cells were used as control group.

RESULTS
Investigation of The Effect of KC7F2 Agent on Gene Expression 
Phosphoribosylpyrophosphate synthetase 1 [PRPS1] is an enzyme that catalyzes 
the first step in nucleotide biosynthesis to synthesize phosphoribosylpyrophosphate 
[PRPP] from adenosine triphosphate [ATP] and ribose-5-phophate [R5P] 
[KORNBERG, LIEBERMAN, and SIMMS 1955]. There are three isoforms 
encoded by the PRS1, PRPS2 and PRPS1L1 genes including PRS-I, PRS-II 
and PRS-1L1. A study conducted by Li C. et al. demonstrated that suppression 
of PRPS1 in glioma stem cells reduced the tumor formation capacity [Li et al. 
2016]. In our study, we found that KC7F2 suppressed the expression of PRS1L1 
by two fold compared to control group, suggesting the agent plays a role in tumor 
suppression. 
PYGL is one of three isoforms of glycogen phosphorylase [GP]. The activity of 
these enzymes can be modulated by post-translational modification and allosteric 
effectors [ATP, AMP and G6P] [Lawrence and Roach 1997]. A study in more 
than 2000 cases has shown that PYGL is upregulated in various types of cancer, 
including clear cell renal carcinoma, papillary renal cell carcinoma, seminoma, 
and brain cancer, compared to normal tissues. Studies indicated that PYGL has 
important functions for glioma cells survival since the enzyme is pivotal for 
pentose phosphate pathway, in addition, the depletion of PYGL reduced tumor 
formation in vivo [Winter et al. 2007]. In our study, we showed that PYGL gene 
expression level reduced two folds in KC7F2 treated cells compared to control 
group. 
Aldolases are a class of essential enzymes that play an important role in glucose 
processing. There are 3 members of the aldolase family: ALDOA is found in 
muscle cells, ALDOB, predominantly in the liver and aldolase C [ALDOC] in 
the brain which is responsible for repair of damaged tissue. In our study, it was 
observed that ALDOC gene expression level decreased significantly in KC7F2 
treated cells compared to controls. A recent study revealed that high expression 
of ALDOC correlates with favorable prognosis in GBM patients [Y.-C. Chang et 
al. 2019]. 

Table 1. Gene expression analysis of U87MG cell lines after KC7F2 treatment
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Genes Fold Change [log 2] P value

ALDOC -23.6538 1E-06

PYGL -2.1199 8.4E-05

PRPS1L1 -2.0335 0.00414

Seahorse XFp Metabolic Analysis
KC7F2 application has been observed to change the metabolism profi le from 
glycolytic respiration to mitochondrial respiration in U87MG cells. Considering 
the central role of HIF-1α in cancer glycolysis, the fact that the HIF-1α inhibitor 
we use causes such a change in metabolism profi le supports our prediction. 
Extracellular acidifi cation rate of the cells treated with KC7F2 decreased around 
4 fold comparing control group. In stress conditions, that difference increased to 
5 fold. Oxygen consumption rates of the cells treated with KC7F2 increased 350 
fold comparing control group. 

Figure 1. Seahorse XFp metabolic analysis results of U87MG cells after KC7F2 
treatment 

DISCUSSION
Recent studies have revealed that aldolase family members have abnormal 
expression or translocation that helps signal transduction in tumor progression.    
The suppression of PRPS1L1 expression on different cancer cell types has 
been determined in different studies which is in agreement with our data. 
Studies have shown that decreased expression of PYGL, the catabolic enzyme, 
results in accumulation of glycogen associated with low proliferation and low 
survival induction  [Favaro et al. 2012]hypoxia induced an early accumulation 
of glycogen, followed by a gradual decline. Concordantly, glycogen synthase 
(GYS1. These data increase the likelihood that PYGL has an essential activity 
for glycogen degradation in HIF-1α over expressed cells. The data we obtained 
supports this idea.
Warburg has revealed that metabolic mechanism, among all other known 
mechanisms for cancer cells, is of great importance in the process of cancer, 
and numerous studies on this subject prove the importance of this theory. In our 
study, the effect of HIF-1α inhibition on cancer metabolism was investigated by 
applying KC7F2 to U87MG cells to reveal the expression changes of metabolism 
pathway genes. 

CONCLUSION
In this study, the effect of HIF-1α inhibitor on metabolism was evaluated, 
suggesting that the data obtained from both metabolic and gene expression 
profi les would contribute to the studies to be done in this regard. 
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PEPTIDE LINKER CHARACTERISTICS OF AN ANTI-VEGF SCFV 
ANTIBODY AFFECTS BOTH ITS BIOPHYSICAL PROPERTIES AND 
EFFICACY IN CANCER
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OBJECTIVES: Single-chain variable fragment (scFv) is one of the most useful 
antibody fragments for therapeutic and diagnostic applications due to its small 
size and availability of protein engineering approaches. scFv is a fusion protein 
of variable domains of the heavy (VH) and light chain (VL) of immunoglobulins, 
where they are linked by a fl exible peptide linker. Solubility, stability, and 
affi nity are important characteristics in antibody engineering, we hypothesize 
that the linker between VH and VL can be engineered to improve biophysical 
characteristics of the entire antibody. Anti-Vascular Endothelial Growth Factor 
(VEGF) antibodies are important antiangiogenic drugs used in cancer treatment. 
In this study, we varied both the length and amino acid composition of the linker of 
an anti-VEGF scFv to see whether it would affect key biophysical characteristics 
and drug effi cacy.
MATERIAL&METHODS:  Recombinant DNA constructs were prepared for 
anti-VEGF scFvs with differences in linker sequences. Bacterial expression was 
performed by an autoinduction condition. Expressed scFvs were purifi ed through 
affi nity chromatography and biophysically characterized based on affi nity, 
solubility, and stability. Produced scFvs were administrated to zebrafi sh models 
in order to observe angiogenic effi cacy.
RESULTS:  Preliminary results show that more fl exible linker caused increased 
production yield, stability and affi nity of antibodies. We realized that fl exibility 
is more important than the content of the linker. Interestingly, scFvs also showed 
different effi cacies based on our preliminary zebrafi sh study.
CONCLUSIONS: This study emphasizes the importance of linker engineering in 
antibody fragment design and demonstrates that linkers might play an active role 
from early to late stage development stages.
Keywords:  Antibody; Antibody fragments; Single chain variable fragment 
(scFv); Linkers; Cancer; Angiogenesis; Vascular Endothelial Growth Factor 
(VEGF)
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OP-22
FDG PET/CT METABOLIC PARAMETERS CAN PREDICT THE 
RECURRENCE IN PATIENTS WITH N0 LUNG ADENOCARCINOMA

Ahmet Yanarateş
University Of Health Sciences, Izmir Dr. Suat Seren Chest Diseases And 
Surgery Training And Research Hospital, Department Of Nuclear Medicine, 
Izmir, Turkey

OBJECTIVES: The purpose of this study was to investigate the value of 
metabolic parameters detected on PET/CT in the diagnosis of recurrent disease 
in patients with histopathologically lung adenocarcinoma without lymph node 
metastasis.
MATERIAL&METHODS:   Forty-nine patients with adenocarcinoma of the 
lung without lymph node metastasis and who underwent curative surgery were 
included in the study. Maximum standardized uptake value (SUVmax), metabolic 
tumor volume (MTV) and total lesion glycolysis (TLG) values of primary tumor 
detected on pretreatment PET / CT were calculated. Metabolic PET parameters 
of patients with recurrence and disease-free cases were compared with t test. A 
receiver operating characteristic curve was plotted to determine the optimal cutoff 
value.
RESULTS:  The study included 49 patients (mean age 64 ± 5.1 years) with a 
diagnosis of lung adenocarcinoma (28 male, 21 female). Recurrent disease was 
detected in 18 of 49 patients during 36 ± 7.4 months follow-up. SUVmax (p: 
0.012), MTV (p: 0.004) and TLG (p: 0.002) values of patients with recurrent 
disease were significantly higher than those without disease. The optimal cut off 
values were determined 8.70, 17.63 and 42.52 for SUV max, MTV and TLG, 
respectively.
CONCLUSIONS:  High metabolic pretreatment PET parameters may predict 
recurrence in patients with early-stage lung adenocarcinoma undergoing curative 
surgery. Therefore, in patients with high metabolic parameters, risk of recurrence 
should be kept in mind and patients should be evaluated for adjuvant treatment 
after curative surgery to reduce the recurrence rate.
Keywords:  PET/CT, lung adenocarcinoma, SUVmax, MTV, TLG
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VOLUMETRIC PET/CT PARAMETERS PREDICT OVERALL 
SURVIVAL IN STAGE 3A NON-SMALL CELL LUNG CANCER
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OBJECTIVES: The present study evaluates the prognostic value of metabolic 
F18-FDG-PET/CT parameters in patients with stage IIIA non-small cell lung 
cancer(NSCLC).
MATERIAL&METHODS:   Eighty patients who underwent curative surgery 
with or without neoadjuvant therapy and were histopathologically diagnosed as 
stage 3A NSCLC with N1 or N2 lymph node metastasis were included in this 
study. All patients had pretreatment PET/CT imaging. Maximum standardized 
uptake value(SUVmax), metabolic tumor volume(MTV) and total lesion 
glycolysis(TLG) of primary tumor and whole body (primary tumor+regional 
lymph nodes) were measured for each patient. Overall survival(OS) curves were 
drawn using the Kaplan-Meier method. The relationship of PET parameters with 
OS was evaluated using the Cox proportional hazard model. A receiver operating 
characteristic curve was plotted to determine the optimal cutoff values.
RESULTS:  The study included 80 patients (35 female, 45 male, 62±2.3 mean 
age) with stage 3A NSCLC. The mean follow up time was 32±1.7 months. Of the 
total sample, 60 died at the time of the analysis. Higher MTV and TLG values of 
both primary tumor (HR= 1.3, P=0.023 for MTV and HR= 1.2, P=0.032 for TLG) 
and whole body (HR= 1.7, P=0.012 for MTV and HR= 1.5, P=0.020 for TLG) 
were significantly associated with poorer OS. SUVmax of neither primary tumor 
nor whole body was not predictor of prognosis.
CONCLUSIONS: The volume-based PET parameters (MTV and TLG) better 
reflecting the tumor burden were found to be more predictive for OS than 
SUVmax in patients with stage 3A NSCLC. Patients with high MTV and TLG 
values should be evaluated for adjuvant therapy.
Keywords:  MTV, non small cell lung cancer, overall survival, PET/CT, SUVmax, 
TLG

OP-24
MEASUREMENT OF HER2/NEU ONKOGEN AMPLIFICATION AND 
P53 TUMOR SUPRESSOR GENE DELETION QUANTITATITEVELY 
WITH REAL TIME PCR IN THE PATIENTS OF BREAST CANCER AND 
ITS COMPARISON WITH PROGNOSTIC FACTORS

Gözde Ülfer
İstanbul Medipol University, faculty Of Medicine, department Of Biochemistry, 
İstanbul, Turkey

OBJECTIVES:   In this study HER2/neu oncogene and p53 tumor suppressor 
gene which have been important for the prognosis in breast cancer were 
investigated. The study was made retrospectively on 50 patients. In all of the 
patients histological type of the tumor, tumor grade, size of the tumor, lymph node 
invasion, estrogen receptor (ER) and progesterone receptor (PR) results evaluated 
by immunohytochemistry (IHC) were previously known. Presence of HER2/neu 
oncogene amplification and p53 tumor suppressor gene deletion which are today 
routinely detected by immunohystochemistry (IHC) methods, were measured by 
the method RT-PCR, assaying gene copy number quantitatively. The relationship 
between HER2/neu oncogen amplification and p53 tumor suppressor gene 
deletion were assayed and compared with histopathological prognostic factors.
MATERIAL&METHODS:   The Sections obtained from tumor paraffinized 
blocks were prepared on microscopeslides and then DNA of the tumor tissues were 
isolated.DNA samples obtained from 50 patients were studied in “LightCycler” 
device by RT-PCR technique by an appropriate PCR programme to detect HER2/
neuonkogene amplification and p53 tumor suppressor gene deletion.
RESULTS:   In patients the correlation of HER2/neu oncogene amplification 
and p53 tumor suppressor gene deletion which were both measured by RT-
PCR methods was found insignificant (p>0, 05).There was also no significant 
correlation between HER2/neu oncogene amplification and p53 tumor 
suppressorgene deletion with tumor’s grade, tumor’s size, lymphnode invasion, 
ER and PR status (p>0.05). IHC and RT-PCR method were compared and it was 
found significant( p<0.05).
CONCLUSIONS:  But presence of high grade tumor was detected in patients 
who have HER2/neu oncogene amplification and p53 tumor suppressor gene 
deletion together.
Keywords:  HER2/neu Onkogen, p53 Tumor Supressor Gene, Real Time PCR
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CANCER ASSOCIATED FIBROBLASTS INFLUENCE THE 
MACROPHAGE POLARIZATION IN BREAST CANCER

Gurcan Gunaydin
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OBJECTIVES: Monocytes differentiate into M1/M2-macrophages. Tumor-
associated-macrophages resemble M2-macrophages. Identification of 
mechanisms affectting macrophage-plasticity in cancer-microenvironment may 
provide crucial information concerning diagnostic and therapeutic strategies 
against cancer. Thus, this study aims to determine the effects of cancer-associated-
fibroblasts(CAFs) on macrophage-polarization in breast-cancer.
MATERIAL&METHODS: Collagenase/Hyaluronidase were used to isolate 
normal-fibroblasts(NFs)/CAFs;from patients undergoing reduction-mammoplasty 
or total-mastectomy. Immunocytological-examinations were performed to 
investigate differential-expressions of surface-markers such as ykrk7-SMA, 
vimentin;to distinguish CAFs/NFs. Conditioned-mediums(CMs) were obtained 
from CAFs/NFs. Magnetic-bead-based-selection-protocols were utilized to 
isolate CD14+ monocytes and CD4+ T-cells from PBMCs (from healthy-
volunteers). Flow-cytometry was performed for CD206, CD163. CFSE-labelled 
CD4+ T-cells (CD3/CD28-magnetic-bead-activated) were utilized to investigate 
the functional effects of CAF/NF-educated-monocytes on CD4+ T-lymphocytes. 
Migration-assays with Transwell-chambers were used to determine the effects 
of CAFs/NFs on monocyte-recruitment. Western-blot was utilized to examine 
E-cadherin, vimentin protein-expressions. Transwell-inserts were used to analyze 
MDA-MB-231 breast cancer-cell-invasion.
RESULTS: CAFs expressed ykrk7-SMA unlike NFs. CAFs effectively 
recruited monocytes. MCP-1 or SDF-1 cytokines might be responsible from this 
recruitment, because MCP-1 or SDF-1 inhibition thorugh MCP-1 or CXCR4 
(a-chemokine-receptor-specific for SDF-1) blocking-antibodies, significantly 
reduced monocyte-migration. CAF-educated-cells’ expressions of CD163, 
CD206 (associated-with M2-macrophages) were higher than NF-educated-cells. 
CAF-educated-monocytes suppressed T-cell-mediated immune-responses. CAF-
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educated-monocytes increased breast-cancer cell-invasion, unlike NF-educated-
monocytes. CAF-educated-monocytes increased vimentin-expression; decreased 
E-cadherin-expression in breast-cancer-cells. Finally, CAFs differentiated M1-
macrophages to M2-like-macrophages, since CD163-expression significantly 
increased in M1-macrophages due to CAFs.
CONCLUSIONS: CAFs differentiated monocytes to M2-like pro-tumoral 
macrophages phenotypically and functionally; unlike NFs. CAFs were very 
effective in recruiting monocytes. Monocyte-chemotactic-protein-1 (MCP-1) 
and stromal-cell-derived-factor-1 (SDF-1) may prove to be crucial monocyte 
chemotactic cytokines, which are secreted from stromal-cells.
Keywords:  breast cancer, cancer-associated-fibroblasts, monocytes, macrophages, 
tumor microenvironment
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A TMB EXPERIENCE IN A PATIENT DIAGNOSED WITH EWING 
SARCOMA
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OBJECTIVES: We performed ‘tumor mutation burden (TMB)’ analysis to 
determine if immunotherapy could be given to our patient (30 years old, white 
male) who was diagnosed as Ewing sarcoma.
MATERIAL&METHODS:   DNA extracted from both peripheral blood and 
tumor biopsy tissues. WES analysis performed with both DNA samples. All 
variants (Benign/Likely benign/VOUS/Likely Pathogenic/Pathogenic) counted in 
excel file from both DNA samples. TMB was calculated according to definitions 
in the literature.
RESULTS:   TMB was calculated as 27. Our patient has been receiving 
immunotherapy for 2 months. We are waiting for oncologists’ evaluation results 
to assess drug response.
CONCLUSIONS:  Checkpoint blockade therapies induce immune responses 
against cancer cells. Recently, several immune checkpoint inhibitors approved by 
the FDA and their targets are cytotoxic T lymphocyte-associated antigen 4 (CTLA-
4) and programmed cell death 1 (PD-1) or its ligand PD-L1. Immunotherapy has 
potential to treat all cancers and offers the possibility for long-term control of 
cancer. Due to its treatment potential, so many studies has been done and there are 
still many on-going clinical trials. For example, 2250 clinical trials are evaluating 
PD-1/L1 immune checkpoint inhibitors, an increase of 748 trials over the past 
year. 240 drug targets are being evaluated in the current landscape, 75 more than 
a year ago. The TMB score must be calculated before making an immunotherapy 
decision. According to clinical trials, there is a correlation between TMB score 
and drug response. In spite of all these developments, since it is a very new 
method, standardization and harmonization between centers is required for 
calculation of TMB.
Keywords:   Immune Check Point Inhibitors, Immunotherapy, Tumor Mutation 
Burden
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OBJECTIVES: The most frequently diagnosed malignant ocular tumor of 
infancy and childhood is Retinoblastoma. Due to the mutation on the q14 on 
chromosome 13 causes the retinoblastoma. There are two types of basic gene 
mutations: genetic and sporadic. This cancer is initiated by RB1 mutation, 
responsible for the cell cycle regulation and genome stability in the cells of the 
retina in children under 5 years old. The retinoblastoma comprises about 40% 
inherited mutations, 10% of germline mutations of RB1 inherited from an affected 

parent, and 30% from de-novo germline mutations.
MATERIAL&METHODS:  Methylation of the RB1 gene on promoter region 
is unknown. The results obtained by MLPA analysis and sequence analysis 
were investigated for RB1 gene methylation in patients without RB1 mutation. 
The methylation determination is done with OneStep qMethyl-PCR Kit using 
a Real-Time PCR system. Methylation changes were investigated in peripheral 
blood samples of 60 patients with retinoblastoma, 18% of the patients (11/60) 
had bilateral and 82% of patients (49/60) had unilateral disease and 52 healthy 
controls.
RESULTS:  The mean methylation levels of 60 retinoblastoma patients and 52 
healthy controls were 35% and 34%, respectively. Mann Whitney U test was 
compared between the patient and healthy controls and no statistically significant 
difference was detected between the two groups (p = 0.882).
CONCLUSIONS: The promoter methylation levels in RB1 gene patients having 
familial history was believed to be large deletion and duplication and small indel 
absence mutations in the RB1 gene are not effective especially in the etiology of 
heritable retinoblastoma.
Keywords:  Retinoblastoma, RB1 gene mutation, Promoter Methylation
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TRPV1 CHANNELS: POTENTIAL TARGET IN THE 
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OBJECTIVES: The transient receptor potential subfamily Vanilloid member 1 
(TRPV1), also known as the capsaicin receptor, responds to chemical and thermal 
stimuli as the molecular transducer of nociceptive signals (Julius and Basbaum, 
2001). This channel was first discovered in mouse DRGs by activation of high 
temperature and hot chili pepper component (capsaicin) (Caterina et al, 1997). 
In addition to capsaicin and high temperature (> 43?C), extracellular cations can 
be activated by different stimuli such as lipids, low pH (<5.9), oxidative stress 
causing pain perception (Tominaga et al., 1998).
MATERIAL&METHODS:   Numerous studies on inflammation and nerve 
damage have shown that it increases TRPV1 mRNA and protein levels in DRG 
neurons. In this context, TRPV1 may contribute to the development of mechanical 
and thermal hyperalgesia in neuropathic pain due to the use of chemotherapeutic 
drugs (Chukyo et al., 2018).
RESULTS:  Chemotherapy induced peripheral neuropathy (CHIN), which is a 
highly debilitating symptoms without effective treatment, impairs quality of life 
by affecting 50% of patients treated with many commonly used chemotherapy 
drugs.
CONCLUSIONS:  The etiology of painful neuropathy due to chemotherapy 
remains unclear. Existing analgesic drugs may provide partial analgesic effects 
in some patients, but have not completely relieved pain. Therefore, instead of 
symptomatic treatment, mechanism-based approaches are needed by exploring 
the molecular mechanisms of this type of pain. Thus, the discovery of new 
therapeutic agents against painful neuropathy caused by chemotherapy is an 
urgent issue. In this presentation, we will discuss the roles of TRPV1 cation 
channels in chemotherapy-induced neuropathic pain.
Keywords:  TRPV1; Capsaicin; Chemotherapy; Pain; Neuropathy
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THE EFFECTS OF HYPERFORIN ON PROLIFERATION RATE AND 
SOCE IN HUH-7 HUMAN HEPATOCELLULAR CARCINOMA CELLS

Damla Getboğa, Mine Kocabıyık, Yasemin Eraç
Ege University, Department of Pharmacology, İzmir, Turkey

OBJECTIVES: The purpose of our study was to investigate the effects of 
hyperforin which is the specific activator of the transient receptor potential 
canonical 6 (TRPC6) channel on proliferation rate and store-operated calcium 
entry (SOCE) in Huh-7 human hepatocellular carcinoma cell line.
MATERIAL&METHODS:   The effects of hyperforin on the proliferation of 
Huh-7 cells were examined with real-time cellular analysis (xCELLigence). In 
addition, following hyperforin incubation, sarcoplasmic/endoplasmic reticulum 
Ca²ykrk15 ATPase blocker cyclopiazonic acid (CPA)-induced changes in 
intracellular Ca²ykrk15 levels were monitored in fura-2 loaded Huh-7 cells. 
Real-time quantitative RT-PCR was performed to determine TRPC1 and TRPC6 
mRNA levels.
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RESULTS:  1 µM hyperforin did not inhibit the proliferation rates of Huh-7 cells 
at 10000 cells/well. However, higher concentrations of hyperforin (5 µM and 10 
µM) caused a significant decrease in proliferation rate. CPA-induced SOC was 
significantly increased in hyperforin incubated Huh-7 cells compared to control 
cells. According to the PCR results, hyperforin significantly increased TRPC1 
mRNA levels. Although not statistically significant, TRPC6 mRNA levels were 
apparently increased with hyperforin incubation.
CONCLUSIONS:  These results showed that the antiproliferative effects 
of hyperforin are dependent on concentration. Furthermore, hyperforin may 
have a role in activation and regulation of store-operated Ca²ykrk15 entry in 
hepatocellular carcinoma cells.
Keywords:  Calcium, Cancer, Hepatocellular carcinoma, Proliferation, TRPC6
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OBJECTIVES: Present study aims to determine the effect of T cell infiltration 
pattern on survival outcomes in metastatic pancreatic cancer patients.
MATERIAL&METHODS:   Metastatic pancreatic cancer patients who had 
adequate tumor tissue samples for immune-histochemical analysis were included 
in the study. Immunohistochemistry was performed for markers of (CD8, CD4, 
CD25, FOXP3) T cell subsets on deparaffinized tissue sections. Intratumoral and 
peritumoral distribution of T cells were counted.
RESULTS:   Peritumoral CD4+ and CD8+ T cell density were higher than 
intratumoral densities whereas CD25+ and FOXP3+ Treg cell densities were 
comparable in number in both areas. Intratumoral CD4+ T helper cell density 
>16.8 is associated with improved overall survival (p <0.001). Intratumoral 
CD8+ cytotocic T cell density >19.6 is also associated with better overall survival 
(p=0.018). Intratumoral or peritumoral FOXP3+ Treg densities did not differ 
on overall survivals (p=0.179, p=0.330 respectively). Peritumoral CD8+ T cell 
density did not effect on overall survival and progression free survival (p=0.99, 
p=0.16 respectively) whereas CD4+ T helper cell density >41.8 had improved 
overall survival and progression free survival (p=0.003, p=0.011 respectively). 
Multivariate analysis showed that intratumoral CD4+ T cell density <16.8 had 
increased death risk (HR 3.27; 95%CI, 1.17 to 9.15; p=0.024) and CD8+ T 
cytotoxic cell gradient <0.47 had increased progression risk ( HR 2.43; 95%CI, 
1.3 to 4.55; p=0.005).
CONCLUSIONS: FOXP3+ Treg distribution did not differ in intra or peritümoral 
area. Lower intratumoral CD4+ T cell density and lower CD8+ T cytotoxic cell 
gradient showed bad prognostic significance.
Keywords:  pancreatic cancer, T cell response, survival, treatment response

Figure 1

FOXP3 gradient and OS

Table 1 Patient Demographics

Age, median(min-max) 66(47-86)

Gender (Male/Female) 37(59.7)/ 25(40.3)

ECOG PS, median(min-max) 
<2 ?2 1(0-3) 43(69.4) 19(30.6)

Tumor size, median(min-max) 3(1-9.5)

LVI, n(%) 49(80.3)

PNI, n(%) 57(93.4)

Grade, n(%) 1 2 3 1(1.6) 54(88.6) 6(9.8)

PT, median(min-max) CD4PT 
CD8PT CD25PT FOXP3PT

41.8(0-181) 47.4(0-122) 6.1(0-52.8) 
2.9(0-62.8)

IT, median(min-max) CD4IT 
CD8IT CD25IT FOXP3IT

16.8(0-216) 19.6(0-100) 4.3(0-33) 
2.2(0-27)

Gradient CD4 IT/PT CD8 IT/PT 
CD25 IT/PT FOXP3 IT/PT

0.39(0.04-2.3) 0.47(0.04-1.76) 
0.79(0.1-5.75) 0.57(0-14)

LVI: lymphovascular invasion, PNI: perineural invasion, PT: Peritumoral 
infiltration, IT: Intratumoral infiltration

OP-31
CHEK2 MUTATION IN BREAST/OVARIAN CANCER

Şeref Buğra Tunçer,  Demet Akdeniz Ödemiş,  Seda Kılıç,  Özge Şükrüoğlu 
Erdoğan,  Betül Çelik,  Gözde Kuru Türkcan,  Yasemin Gider,  
Mukaddes Avşar,  Hülya Yazıcı
Istanbul University, Oncology Institute, Department Of Basic Oncology, 
Division Of Cancer Genetics, Istanbul, Turkey

OBJECTIVES: The germline mutations in some genes are associated with the 
development of certain types of cancer and the most common type of these is 
hereditary breast/ovarian cancer caused by germline mutations in the breast cancer 
susceptibility genes BRCA1 and BRCA2. CHEK2 often considered to be a third 
specific gene in breast and ovarian cancer, is being investigated in many societies 
such as Europe, America and Russia, whether it is related to the pathogenesis of 
breast and especially ovarian cancer.
MATERIAL&METHODS:  A total of 1196 patients, including 1080 patients 
with breast cancer and 116 patients with ovarian cancer, were included in 
this study. Demographic, environmental, family history and reproductive 
characteristics of all patients were taken into account. Patients were screened for 
BRCA1, BRCA2 and CHEK2 1100delc mutation by multiple ligation-dependent 
probe amplification test.
RESULTS:   In this study, the mean age of diagnosis of breast cancer patients 
was 41, while the average age of ovarian cancer patients was 50, 1. In the study 
population, BRCA1, BRCA2 and CHEK2 1100delc mutations were screened and 
all patients were found negative for BRCA2 gene and CHEK2 1100delC mutation.
CONCLUSIONS: According to many studies conducted on screening of breast 
and ovarian cancer patients with familial history, CHEK2 1100delC mutation rates 
for many populations in ovarian cancer are given as well as helps the awareness 
of in breast cancer and emphasized the importance of cancer development. As a 
result of our study to determine the CHEK2 1100delC mutation rate in Turkish 
society, it was decided that this mutation was very rare for our society.
Keywords:  CHEK2 mutation, breast cancer, ovarian cancer
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OBJECTIVES: Various molecular changes in Fibroblast Growth Factor Receptor 
4 gene that is known with its oncogenic transformation activity are known to 
result with different gene variants. To investigate the potential candidate variant 
of c.1162G>A that is known to have a role in cancer progression and retinal 
development in the tumor development and progression in patients diagnosed 
with retinoblastoma who had no RB1 gene mutation.
MATERIAL&METHODS:  c.1162G>A variant was bi-directionally sequenced 
using the Sanger sequencing in 49 retinoblastoma patients with no mutation in 
RB1 gene, in their first degree 13 healthy relatives, and in 146 individuals who 
were matched for sex and age in the control group.
RESULTS:  c.1162G>A variant was found positive in about 55% of patients, and 
mutation was detected in 54% of healthy relatives of the patients in our study. 
Mutation was detected in 48% individuals in the evaluation of the c.1162G>A 
mutation in healthy controls. Although c.1162G>A allele frequency was detected 
as 30% in general population in different databases, we demonsrated the frequency 
as 50% in Turkish population in our study.
CONCLUSIONS:  c.1162G>A allele was significantly higher in patients who 
were diagnosed with retinoblastoma before the month 24, and in advanced stage 
patients. In conclusion, these results suggested that c.1162G>A polymorphism 
might have a role in aggressive tumor progression, and in tumor development.
Keywords:  retinoblastoma, Fibroblast Growth Factor Receptor 4 gene , mutation
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THE RELATIONSHIP BETWEEN S100A4 C-TERMINAL REGION AND 
BREAST CANCER

Seda Kılıç Erciyas,  Özge Şükrüoğlu Erdoğan,  Demet Akdeniz, Şeref Buğra 
Tuncer,  Betül Çelik,  Mukaddes Avşar Saral, Gözde Kuru Türkcan
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OBJECTIVES: The S100A4 gene, a calcium binding molecule, has been reported 
in the literature to be associated with metastasis. S100A4 gene C-terminal region 
sequence and total serum calcium levels were investigated in this study.
MATERIAL&METHODS:   141 samples from 117 patients and 16 control 
samples were examined by C-terminal region sequence analysis method. and total 
serum calcium levels were measured by quantitative colorimetric method.
RESULTS:   Total calcium levels of DCIS group and metastatic group have 
been found significantly (p<0, 001) lower than the control group. The statistical 
significance (p<0, 001) have also been found to exist both among the patients with 
DCIS and patients with metastatic breast cancer. Moreover, serum calcium levels 
of patients with bone metastasis were found significantly (p<0, 001) higher than 
the rest of metastasis group.
CONCLUSIONS:  The absence of a change in the C-terminal region of the 
S100A4 gene suggests that the S100A4 gene does not function alone to increase 
metastatic activity. Therefore, it is necessary to investigate which proteins 
interact with the S100A4 after calcium binding and the pathway of the interacted 
molecules. Higher calcium concentration on metastatic breast cancer cases 
suggest that it cause metastasis by triggering some other impaired pathways in 
cancer.
Keywords:  S100A4, cancer, breast, calcium, mutation
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OBJECTIVES: In the present project, the level of some TCA cycle and 
Glycolysis intermediate products (glucose, ykrk7-ketoglutarate, citrate, succinate, 
fumarate, malate, and pyruvate) will be investigated in primary (Caco-2) and 
metastatic character (SW620) colorectal cancer cell lines and the obtained 
data will be compared with colon epithelial cell line (CCD18Co). Besides, the 
transformation of 2-Hydroxyglutarate (2HG) from ykrk7-ketoglutarate with the 
mutant IDH enzyme was also investigated and the results were compared between 
colon cancer cell lines at different stages and epithelial cell line, as well.
MATERIAL&METHODS:   Metabolites were extracted from cells by the 
freezing-thawing method and their levels were determined by an HPLC system 

with Alltech OA-1000 column on the UV detector.
RESULTS:   Significant differences were observed especially in the levels of 
citrate and 2HG metabolites between cancer and epithelial cell lines. The citrate 
metabolite level in the SW620 is 340.6 ppm, while the CCD18Co is 24.4 ppm. 
Besides, the 2HG metabolite was synthesized and immediately transferred to the 
nutrient medium in CCD18Co while it was deposited in the cancer cells.
CONCLUSIONS: Metabolites emerge as essential components of communication 
between the mitochondria and the nucleus. They can be increased or decreased 
by the effect of genetic changes. Thus, it activates tumorigenesis and directs the 
cell to cancer. With this project, for the first time, the determination of metabolite 
levels in colon cancer cell lines were studied. When the results of the project 
are evaluated, 2HG metabolites may be a biomarker for early detection of colon 
cancer.
Keywords:  Colon Cancer, Glycolysis, Metabolite, TCA cycle
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OBJECTIVES: In our study we aimed to generate an in vitro intratumoral 
heterogeneity model by florescent tagging isogenic subclones derived from the 
same cancer cell line and co-culturing these clone by which we could investigate 
the phenotypic behaviours of these clones subsequent to exposure to various 
therapeutic treatments. We aimed to identify genetic variations that lead to drug 
resistance in tumors.
MATERIAL&METHODS:   Isogenic diploid and tetraploid cell lines were 
established from the colon cancer DLD1 cell line via FACS-sorting and confirmed 
by genetic analyses. These subclones were tagged with different florescent 
plasmid vectors and mixed in equal proportions to co-culture. Genetic properties 
of clones were determined by chromosome number count, aCGH, miFISH, and 
SKY. Then various chemotherapeutics (5-fluorouracil, oxaliplatin, irinotecan, 
paclitaxel ve gemcitabine), radiotherapy, and hypoxia treatments were performed 
on this co-culture model in order to determine the effects of the therapeutics on cell 
behaviours (viability, proliferation, migration, invasion, and dedifferentiation). 
Thus we could designate specific genetic variations could be related to therapy 
resistance.
RESULTS:   Experiments on genetic properties showed that 4N clones have 
higher number and variety of genomic alterations than 2N clones. Population 
studies indicated that 4N and 2N clones respond differently both under normal 
conditions and with therapeutics. Results led us speculate that these responses 
could be related to specific genetic properties of the clones.
CONCLUSIONS:  Addressing the genetic characteristics-especially the ones 
with relevance to therapy resistance-of different cell clones in the tumor would 
enable us to target these regions and play a crucial role in improving survival rates 
of cancer patients.
Keywords:  intratumoral heterogeneity, therapy resistance, colorectal cancer


