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Abstract 
 

The new type of coronavirus SARS-CoV-2 is an arising pathogen that was first 
described in late December 2019. The outbreak of the novel coronavirus disease (COVID-19) 
in China rapidly spread worldwide causing serious respiratory infection in humans. Some of 
the existing drugs used in the treatment of SARS-COV-2 do not benefit, while others may be 
harmful. To date, no monoclonal antibodies, or peptides have been approved for the treatment 
of infections from coronavirus. Vaccination may provide a powerful and sustainable protection, 
however, development of vaccines is a long and challenging process, and vaccination is only 
useful in a preventive environment. However, immunotherapy is an effective method for 
treatment viral infections such as SARS-CoV. Phage display technology is a powerful in vitro 
selection technique that allows the rapid selection of recombinant antibodies with high affinity 
to the target antigen.  

This study aims to obtain mouse single chain variable fragment (scFv) antibody 
candidates that specifically bind and potentially neutralize the SARS-CoV-2 Spike1 antigen by 
phage display technology.  

For that purpose, polyclonal hybridoma cells developed from mice immunized with S 
antigen, were used as starting material. Total RNA from hybridoma cells was extracted and 
cDNA synthesis was performed. The mouse antibody variable region library and the scFv 
library was generated  by PCR. The scFv library was then cloned into pCANTAB phagemid 
vector and transferred into E.coli TG1 strain. Transformed phagemid vector library was rescued 
with M13K07 helper phage. After two cycles of biopanning, colonies were picked and the 
diversity of the generated scFv were examined by PCR based DNA fingerprinting analysis.  

In conclusion here we describe a fast an effective method for the construction of phage 
display mouse scFv library using polyclonal hybridoma cells.  The use of polyclonal hybridoma 
cells increased the diversity of the generated scFv library derived from the mouse antibody 
heavy and light chain variable regions. Therefore, this diversity might increase the probability 
of obtaining neutralizing antibodies.  
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Introduction 
 

The outbreak of the novel coronavirus disease that caused acute infectious pneumonia 
in China spread worldwide,  comes to be an urgently international concern (AminJafari & 
Ghasemi, 2020)(Zhai et al., 2020). There is no available approved specific treatment for 
COVID-19 (Ko et al., 2020). Immunotherapy (vaccines and monoclonal antibodies, mAbs) is 
an effective method for the treatment of viral infections such as SARS-CoV and MERS-
CoV.(AminJafari & Ghasemi, 2020). Antibody therapy has taken over, during the past three 
decades, delivering a dramatic breakthroughs for the treatment of many diseases, particularly 
in oncology (Carter & Lazar, 2018) Scholler, 2010)(Erdag et al., 2011) and antitoxin treatment 
(Stanker et al., 2008)(Miethe et al., 2015).  Antigen-binding fragments such as Fab (fragment 
antigen binding), scFv (single-chain variable fragment), nanobodies (VH/VL) have emerged as 
reliable alternatives to monoclonal antibodies (mAb) in many applications. (Vermeulen et al., 
2018). 
 
These recombinant antibody fragments (rAbFs) retain the target specificity and affinity of all 
mAbs. Phage display technology was first revealed in 1985 by Smith, who successfully 
incorporated foreign DNA into the M13 phage genome and expressed the foreign antigen as a 
fusion protein with the pIII coat protein of the M13 phage (Smith, 1985). The greatest advantage 
of phage display is based on the phenotype-genotype linkage of the relevant protein displayed 
on the phage surface with the encoding DNA packed in the phage particle. This allows selective 
enrichment of a library pools and efficient screening of the resulting clones (L. Sheng, M. 
Christopher, 2016). Since the COVID-19 outbreak was revealed in December 2019, phage 
display technology has been broadly used for the development of neutralizing antibodies. Many 
antibody libraries, immune, naive, synthetic human /mouse, have been screened for spike 
protein and receptor-binding domain (RBD), which play a role especially in the infection of the 
SARS-CoV-2 virus (Balcioğlu et al., 2020). Some of the existing drugs used in the treatment 
of SARS-COV-2 do not present a great benefit, while others may be harmful. In this context, 
effective interventions for COVID-19 cases are urgently needed. This study aims to obtain 
mouse scFv antibody candidates that specifically bind and potentially neutralize SARS-CoV-2 
Spike1 antigen with the use of phage display technology. 
 
Material and Methods 
 

Hybridoma polyclone cells from mice immunized against S antigen (TÜBİTAK-
HADYEK ethics committee report no: 16563500-111-64). were collected and treated with TRI 
Reagent (Zymo, USA), total RNA was extracted with the Direct-zol RNA Miniprep Plus Kit 
(Zymo, USA). cDNA was generated from 1-5 μg of total RNA, using SuperScript III First-
Strand  Synthesis System for RT-PCR (Invitrogen, USA) 20μM random hexamer primer. The 
mouse antibody variable genes library was constructed by PCR with sets of specific primers 
(Zhou et al., 1994). 
Variable heavy (VH), variable light kappa (VLk) and lambda (VLl) chain encoding genes were 
amplified by PCR. The PCR reactions were purified with Wizard® SV Gel and PCR Clean-Up 
System (Promega, USA), and used as a template for the generation of scFv. Therefore, the 
immune mouse antibody heavy and light chain and mouse scFv antibody libraries were 



obtained. The generation of the scFv was performed in two steps. In the first step, 5 μL Taq 
polymerase buffer (5× ), 1 μL MgCl2 (25 mM), 0,5 μL dNTP(10 mM), 300 ng VH PCR product, 
300 ng VL PCR product, 75 ng linker primer and 0,25 μL Taq polymerase (1 U) (Promega, 
USA) were combined in a 25 μL reaction volume. The reaction was completed after eight cycles 
of a 1 min at 94o C and a 6 min at 63o C cycle. ScFv amplification reaction mix (3 μL) was 
added to the second PCR reaction. The second PCR reaction was done as following, 30 cycles 
of a cycle of  94o C for 1 min, 55o C for 2 min, 72oC for 2 min.   
 
The scFv library and the phagemid vector pCANTAB6 were digested with Sfi1 (New England 
Biolabs, USA) and Not1 HF (New England Biolabs, USA) restriction enzymes. Digested and 
purified scFv library was ligated into pCANTAB6 vector with T4 DNA ligase (New England 
Biolabs, USA). The transformation was performed into E.coli TG1 strain by Calcium Chloride 
method. The transformed phagemid vector library was rescued with 1010 pfu M13K07 helper 
phage (New England Biolabs, USA) for selection and biopanning steps. 
The scFv library was screened against SARS-COV-2 S1 antigen with two biopanning cycles. 
Randomly selected colonies from the 1st and 2nd biopanning cycles were examined by colony 
PCR. DNA fingerprinting with BstNI enzyme (NEB, USA) digestion was done to determine 
the sequence diversity of the clones.  
 
Results and Discussion 
 

In this work,  antibodies heavy and light chain libraries were obtained from a mouse 
immunized against pandemic SARS-CoV-2 S1 antigen. Further, a scFv library was generated 
from the VH and VL libraries. Briefly total RNA was isolated from hybridoma polyclonal cells 
and transformed into cDNA.  VH (400 bp) and VK/VL (350 bp) encoding genes were amplified 
by PCR from the cDNA template (Figure 1). The primers sets corresponding to the allelic 
variants of the light and heavy chains were selected from Zhou studies (Zhou et al., 1994). Then 
degenerated primer sets were created to reduce the PCR reaction number. The PCR products 
were then agarose gel purified and used for the generation of the scFv library. 
 

 

 
Figure 1. Generation of VH and VL libraries from anti-SARS-CoV-2 spike1 hybridoma cells. 
M1: MassRuler Low Range DNA Ladder, M2: 1 kb DNA Ladder (ThermoFisher 
Scientific,USA). A. VH PCR bands (400 bp), lane 1-3: MHV.For1- MHV.Back (1-3), lane 4-
6: MHV.For2-MHV.Back(1-3), lane 7-9: MHV.For3-MHV.Back(1-3), lane 10-12: 
MHV.For4- MHV.Back(1-3). B. VL PCR bands (350 bp), lane 1-3: MKV.For1- MKV.Back 



(1-3), lane 4-6: MKV.For2-MKV.Back(1-3), lane 7-9 : MKV.For3-MKV.Back(1-3), lane 10-
12: MKC5For- MKV.Back(1-3), lane 14: MLV For1-MLV Back, lane  15: MLV For2-MLV 
Back. 

 
 
A scFv is composed of one VH and one VL region fused together via a linker of 15 amino acids. 
For the production of the scFv library, a two-steps PCR reaction was done. The first one 
connects all the three genes to each other and the second one amplifies the generated scFv gene. 
The scFv was designed according to VH-Linker-VL structure. The  assembly of the scFv 
fragments was checked with agarose gel electrophoresis. After several optimization steps 
regarding primers annealing temperature and the PCR cycles, a scFv library was obtained 
(Figure 2). 
 

 
 
Figure 2. PCR amplifications the scFv constructs (750 bp), lane 1-6: MHV.Back1-MHV/MLV 
For (1-6), lane 7-12: MHV.Back2-MHV/MLV For(1-6), lane 12-18: MHV.Back3-MHV/MLV 
For (1-6). 

 
 
The scFv library obtained from different allelic variants was mixed then digested with 
appropriate restriction enzymes. After the digestion process, the scFv library was inserted into 
the pCANTAB6 phagemid vector with T4 DNA ligase. The vector was then transferred into 
TG1 cells and phage displayed library was rescued with M13K07 helper phage. After two 
biopanning cycle against the SARS-COV-2 S1 antigen an enrichment of S1 binding phages was 
observed between the 1. and 2. biopanning steps (Table 1). 
 

Table 1. Enrichment of SARS-CoV-2 S protein binding phages for each biopanning cycles 
 

 Antigen Phage input  Phage output  Output / input 
ratio  

Cycle 1  5 µg 1 x 1011 pfu 2,6 x 104 pfu 2,6 x 107 

Cycle 2 2 µg 1 x 1011 pfu 4,5 x 104 pfu 4,5 x 107 

 
Randomly selected colonies from the 1st and 2nd biopanning cycle  were examined by colony 
PCR for the presence of scFv. An amplicon of ~1100bp was observed with the use of primers 
specific to the vector (Figure 3). The DNA fingerprinting of the PCR amplicons with BstNI 
restriction enzyme digestion (Figure 4) revealed at least three different scFv clones. 
 
 
 



 
 
 
Figure 3. Colony PCR of selected colonies from 1st and 2nd round of biopanning. Markers are 
MassRuler Low Range DNA Ladder cat.SM0383 and 1kb DNA Ladder (ThermoFisher 
Scientific,USA), respectively. 
 
 
 

 
Figure 4. BstNI digestion analysis of selected colonies after 2nd round of biopanning. Markers 
are MassRuler Low Range DNA Ladder cat.SM0383 and 1kb DNA Ladder (ThermoFisher 
Scientific,USA), respectively. 

 
 
Conclusion  
 
Here we described the construction of a phage display mouse scFv library using hybridoma 
polyclonal cells derived from mice immunized with the SARS-CoV-2 S1 antigen. The use of  
polyclonal hybridoma cells in the study increased the chance of obtaining neutralizing 
antibodies by increasing the combinatorial variability of the generated scFv library. In this 
context, an effective method was achieved by combining hybridoma and phage display 
technologies. 
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INTRODUCTION: Lactiplantibacillus plantarum is widely used as probiotic culture in 
dairy food applications such as milk, yogurt, yogurt drink etc. A new Lb. plantarum 
strain DY46 was isolated from a traditionally fermented liquid product called shalgam 
from the Southern region of Anatolia following incubation on MRS agar at 30°C for 5 
days. RESULTS: DY46 is gram positive, short rod and catalase negative. This 
bacterium fermented 22 of the 50 substrates tested on API CH50 fermentation panels. 
To learn more about the metabolic capabilities of DY46, whole genome sequencing 
was performed using Illumina Miseq platform. The sequences were assembled into a 
3.32 Mb draft genome using PATRIC 3.6.8. (https://patricbrc.org/app/Assembly2) 
consisting of 153 contigs, and preliminary genome annotation was performed using 
the RAST algorithm (rast.nmpdr.org). The DY46 genome consists of a single circular 
chromosome of 3,332,827 bp that is predicted to carry 3219 genes, including 61 tRNA 
genes, 2 rRNA operons. The genome has a GC content of 44.3% includes 98 predicted 
pseudogenes, 25 complete or partial transposases and 3 intact prophages. DY46 
genome also predicted to carry genes of PlantaricinE, PlantaricinF and PlantaricinK 
showing antimicrobial potential of this bacterium which can be linked to in vitro 
antagonism tests that DY46 can inhibit dairy food pathogens of Bacillus cereus ATCC 
33019, Escherichia coli ATCC 25922. Acid and bile tolerance of DY46 revealed this 
strain could potentially pass thru the stomach and reach into gut for providing probiotic 
therapeutic affects to health.  

Keywords: Probiotic, fermented turnip, genome, antimicrobial 
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Abstract 
The aim of the study was to determine the possible protective and/or therapeutic effects of 
Cynara scolymus leaf extract on diethylnitrosamine-induced cognitive impairment and 
oxidative damage in mice using learning measurement and biochemical approaches. 32 adult 
male BALB/c mice were divided into 4 groups with 8 mice in each group. Groups were formed 
as control, diethylnitrosamine, Cynara scolymus 0.8 and 1.6 g/mg. The treatment drug was 
administered by gavage for 15 days after administration of diethylnitrosamine. 
Diethylnitrosamine was administered to mice three times as a single dose intraperitoneally at a 
dose of 100 mg/kg body weight. After treatment, mice were subjected to the Morris water maze 
test. After the test, the mice were sacrificed and blood samples were taken. Glutathione 
reductase and lactate dehydrogenase levels in serum samples were determined by 
spectrophotometric methods. According to the data obtained, a decrease in glutathione 
reductase level was observed in the diethylnitrosamine group compared to the control, while it 
caused an increase in lactate dehydrogenase. In addition, learning and memory were found to 
be statistically significantly impaired in the Morris water maze test. We found that learning and 
memory improved, glutathione reductase level increased, lactate dehydrogenase decreased and 
approached the control group in a dose-dependent manner in the groups treated with Cynara 
scolymus. Considering the results of our study, it shows that Cynara scolymus may help prevent 
the development of cognitive impairment. In addition, based on its biochemical results, it shows 
that the therapeutic effect of Cynara scolymus is due to its antioxidant effect. 
 
Keywords: Cynara scolymus, diethylnitrosamine, morris water maze. 
 
Introduction 
Nitrosamines and nitroso compounds are some of the most important chemicals and adversely 
affect human health. The dose, method of administration and frequency of exposure of these 
compounds may affect different organs, leading to tumorigenesis [1, 2]. Especially 
diethylnitrosamine (DEN) is a carcinogen that is widely used in experimental animal models. 
After DEN is administered to the body, it is hydroxylated by cytochrome P-450 isoenzymes in 
the liver and becomes bioactive by the alkylation mechanism [3]. Thus, DEN increases reactive 
oxygen species (ROS) and causes cell damage and oxidative stress [4, 5]. Increased intracellular 
ROS levels lead to mitochondrial damage, DNA modification and lipid peroxidation, causing 



many diseases including cancer [4, 6]. There is empirical evidence that high doses of DEN 
cause cancer, while low doses cause cognitive impairment [7, 8, 9]. 
Many plants, vegetables and fruits naturally contain flavonoids, a group of compounds with 
various biological activities such as anti-oxidation, anti-inflammation, anti-bacterial, anti-viral 
and anti-cancer [10]. Artichoke Cynara scolymus L. from the Asteraceae family is a well-known 
staple food for the Mediterranean population [11, 12]. Today, it is widely cultivated all over the 
world. Artichoke heads and leaves contain bioactive components, monocaffeoylquinic and 
dicaffeoylquinic acids, and polyphenolic compounds such as flavonoids [13]. This vegetable is 
prepared for various products such as salads, jams, preserves, and its leaves are widely used for 
medicinal purposes. In previous studies, it has been shown that extracts obtained from artichoke 
flower leaves have antioxidant, anti-hypercholesterolemic, choleretic, hypoglycemic, 
hepatoprotective, anti-cancer and anti-microbial effects [13, 14, 15]. 
The aim of the study was to determine the possible protective and/or therapeutic effects of 
Cynara scolymus L. extract on DEN-induced cognitive impairment and oxidative damage using 
learning measurement and biochemical approaches in mice. 

Materials and Methods 

Animals and experimental groups 
A total of 32 adult male BALB/c mice 8 weeks old were obtained from Atatürk University 
Medical Experimental Application and Research Center. The experimental applications were 
conducted conveniently with the conditions for the care and use of laboratory animals (12 hours 
light; 12 hours darkness; 24±1oC humidity; 50 ± 20%). During the experimental applications, 
the mice were provided the commercial feed and tap water ad libitum. The animals were 
randomly divided into four experimental groups, including eight mice in each. These groups 
were arranged as follows: control group (not treated), DEN group (a single dose of DEN was 
administered), CSL 0.8 and 1.6 g/kg groups (CSL doses were administered by gavage for 15 
days after DEN was administered). CSL and DEN were dissolved in serum physiological (0.9% 
NaCl). In addition, a single intraperitoneal (i.p.) dose of DEN was administered to the animals 
at a dose of 100 mg/kg body weight three times. 
DEN was obtained from Sigma-Aldrich Chemical Co., St. Louis, Mo. USA. Also, CSL was 
obtained from Solgar, Turkey. 
Morris water maze test 
Following treatment, all mice were subjected to the Morris water maze, an established test used to assess 
spatial learning and memory in rodents. The pool was filled with water to a depth of 30 cm (22 ± 
1oC) 1 cm above the platform level. Visual cues were attached to the walls of the pool and to 
the walls of the test chamber to guide the animals to the position of the platform. Each mouse 
was positioned face-to-face against the wall and released from each of the four different 
quadrants of the maze to find the hidden platform. A time interval of 150 seconds was allowed 
for the animal to find the platform. If the animal could not find the platform, it was guided to 
the platform and allowed to remain on the platform for 15 seconds to orientate itself. This 
training session was repeated for 5 consecutive days. The time to reach the hidden platform was 
recorded and reported as the escape delay. On the sixth day, the platform was removed and 
memorization of the platform position was evaluated. Therefore, the time spent in the target 
quadrant was recorded. Behavioral assessments were scored manually during testing. 
Biochemical analysis 
Following the applications, mice were sacrificed samples were obtained from blood. Blood 
samples were collected in tubes containing anticoagulants and centrifuged for 10 min at 3000 
rpm at +4°C to separate plasma. Glutathione reductase (GR) and lactate dehydrogenase (LDH) 



(Elabscience, Teksas, USA) levels in serum samples were determined by spectrophotometric 
(ELISA reader (BioTek, USA)) methods. 
Statistical analysis 
The significance of the differences between groups was determined by one-way analysis of 
variance (ANOVA) test using SPSS 20 software for all calculations. p<0.05 and p<0.01  were 
accepted as the statistical threshold for each analysis. 

Results 

 
 
Figure 1. 
The results of Morris' water tank test performed in our study are given as the time spent without 
the platform in the quadrant where the platform was in the previous days on the sixth day. CSL 
treatment significantly improved performance in the Morris water maze test in a dose-
dependent manner. Performance was significantly impaired in the Morris water maze test of 
the DEN group (Fig.1). 
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Figure 2. 
 
Day six temperature maps showing the time spent by one animal from each group in the 
southwest region without a platform in the Morris water tank test. 

 

 
 

Figure 3. 
 
We evaluated LDH activity according to µmol/mg (Fig.3). According to this test, the LDH 
activity of the DEN group was found to be 217.93 µmol/mg and the other groups were graded 
accordingly. LDH level of the control group decreased compared to DEN. Among the groups, 
the CSL (1.6 g/mg) group showed close LDH levels to the control. In addition, this group was 
found to be statistically significant compared to the DEN group (p<0.01). 
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Figure 4. 
 
We evaluated GR activity according to µmol/mg (Fig.4). According to this test, the GR activity 
of the DEN group was found to be 40.42 µmol/mg and the other groups were graded 
accordingly. The GR level of the control group increased compared to DEN. However, the CSL 
groups increased the GR level in a dose-dependent manner. Among the groups, the CSL (1.6 
g/mg) group had the highest GR activity and was statistically very significant compared to the 
DEN group (p<0.01). 

 
Discussion 
Nitrosamines are known to cause neuronal damage, degeneration and death of the central 
nervous system in structures such as the cerebellum and temporal lobe [16, 17]. Spatial learning 
loss caused by nitrosamines has been demonstrated by Morris' water tank test and pathology in 
tau phosphorylation in rat brain as in Alzheimer's disease [18]. Tau protein and Aβ in 
Alzheimer's disease; dementia, loss of cognitive function, neuropsychiatric changes and 
ultimately the death of neurons are the main pathological causes. Insulin-resistant brain state in 
animals given nitrosamine derivatives causes memory impairment, progressive cholinergic 
deficits, glucose hypometabolism, oxidative stress and neurodegeneration seen in Alzheimer's 
disease in humans. Studies have shown that nitrosamine derivatives exacerbate Alzheimer's 
disease-like changes, such as amyloid precursor protein formation, glucose metabolism 
disorder, synaptic dysfunction, protein kinase-related disorders, and apoptosis, similar to the 
triple transgenic mouse model [18, 19]. According to Morris' water tank test performed in our 
study, learning and memory were found to be significantly impaired in the DEN group 
compared to the control group. We found that learning and memory improved in a dose-
dependent manner in the groups treated with CSL and approached the control group. These 
results show us that CSL can help prevent the development of cognitive impairment. 
The reduction in GR activities due to DEN-induced oxidative stress may be due to the possible 
inhibitory effect of induced ROS on these enzymes and the reduced availability of GSH as a 
substrate, whereas GSH-Px catalyzes the conversion of lipid peroxide to hydroxy acids in the 
presence of GSH [20, 21]. GSH of GSH prevents peroxidation, protects cell membranes and 
ensures the removal of free radicals [20]. Kim et al. (1997), in a study using different 
nitrosamines in mice, reported that the combination of DEN (10 mg/kg i.p.) with other 
nitrosamines increased neoplasia and oxidative stress in the lungs of mice after 32 weeks. 
Pradeep et al. (2007) investigated the effects of silymarin on DEN-induced hepatotoxicity (200 
mg/kg i.p.), and the authors reported an increase in some liver-specific enzymes, while a 
decrease in antioxidant enzyme levels in the DEN group. In this study, the decrease in GR levels 
observed in the blood serum of mice in the DEN group was attributed to the formation of 
conjugate with GR to facilitate the excretion of DEN or its metabolites from the body. In 
addition, CSL supplementation increases blood antioxidant activities and thus prevents the 
harmful effects of peroxidation products.In our LDH measurement, DEN administration 
significantly increased plasma LDH activity.This may be due to the rapid release of these 
enzymes from the cytoplasm into the bloodstream after plasma membrane breakage and cellular 
damage. 
 
Conclusions 
Considering the results of our study, it can be concluded that DEN-induced oxidative stress 
plays an important role in cognitive impairment. It also shows that Cynara scolymus may help 
prevent the development of cognitive impairment. In addition, based on its biochemical results, 
it shows that the therapeutic effect of Cynara scolymus is due to its antioxidant effect. 
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Abstract 

In our work, it is aimed to prepare the optimal formulations of chitosan, honey and hyaluronic 
acid hydrogels and investigation of its effects on in vitro cell adhesion and proliferation and 
determining potential usage for tissue regeneration. Chitosan/Hyaluronic acid/Honey 
formulations prepared with different molecular weight chitosan and different proportions of 
ingredients. Viscosity, water content, water-holding capacities, porosity properties were 
compared and morphologies were investigated with SEM. The cell surface binding 
capabilities of hydrogels, their effects on cell viability and cell proliferation were investigated 
by cell culture studies. Our study reveals the optimization of hydrogel formulations and the 
potential use of this combination for tissue regeneration in combination of chitosan, honey, 
and hyaluronic acid. In the light of our study findings, we think that the combination of 
Chitosan/Hyaluronic acid/Honey hydrogel formulations can be potential therapeutic 
biomaterials for tissue regeneration.  

Key words: chitosan, medical honey, hyaluronic acid, cell adhesion and proliferation 

Introduction 

The use of biomaterial preparations in wound treatment and tissue regeneration has recently 
gained importance. Medical honey, chitosan and hyaluronic acid are biomaterials that are 
used separately in various preparations, especially in wound-burn care. When preparing 
combination preparations in biomaterials, it is a challenging process to develop products with 
suitable formulation properties. In addition to protection against infection with appropriate 
pH, ambient humidity, antimicrobial environment in the regeneration microenvironment, the 
modulation of autocrine, paracrine, endocrine and intracrine signaling mechanisms can also 
be optimized with the right formulations, patient compliance and surface residence time can 
be adjusted with appropriate viscosity. Hydrogel formulations can be considered as the 
primary choice in wound care products in terms of both their physicochemical properties and 
the development of biocompatible combinations. In this study, we examined the in vitro 
characterization of hydrogels obtained by formulating the mentioned biomaterials, which have 
different mechanisms of action, and their effects on cell proliferation and adhesion, and their 
effects on fibroblast cells. 

 

 



 

 

 
 
 
Material and Methods: 
. 
Preparation of Chitosan-Hyaluronic Acid-Honey Hydrogels 
 
2% medium molecular weight chitosan (MMW) dissolved in 1% acetic acid (pH 3.5-4). 
While chitosan was mixed in a magnetic stirrer, 1 N NaOH was added dropwise, and the pH 
of the solution was brought to 8-9, allowing the chitosan to precipitate. Afterwards, it was 
centrifuged to remove excess NaOH from the formed hydrogel and washed 3 times with 
distilled water. High molecular weight hyaluronic acid (800 kDa) aqueous solutions at 
different concentrations (1%, 2%, 4% and 6%) were added to the precipitate and mixed for 
one hour on a magnetic stirrer (pH 7.5-8.0) to form the chitosan-hyaluronic acid hydrogel 
(Vignesh, 2018). Honey (1%, 2%, 4% and 6%) was added to this hydrogel in the same weight 
ratio as hyaluronic acid and mixing was continued (pH 6.5-7.0). When chitosan/hyaluronic 
acid/honey hydrogels were formulated in terms of w/w/w, formulations 1/0.5/0.5, 1/1/1, 1/2/2, 
1/3/3 were prepared. 
 
Controls on Chitosan-Hyaluronic Acid-Honey Hydrogels 
Viscosity determination of Chitosan/Hyaluronic acid/Honey hydrogels, examination of 
surface properties with SEM, water holding capacity and swelling control, binding control 
with FT-IR, porosity measurements were conducted, and in vitro characterizations were 
analyzed. 
 
 
Cell Culture Studies with Hydrogels 
The cell line NIH-3T3 (mouse fibroblast cell) was used in in vitro cell culture studies of 
hydrogel formulations. Cells were cultured in DMEM medium containing 10% fetal bovine 
serum, 100 mM L-glutamine and 100 mM antibiotic solution. The hydrogels prepared under 
aseptic conditions for the adhesion of the cells to the hydrogels were placed in 12-well culture 
dishes in a laminar flow cabinet, sterilized under UV light and left to dry overnight. The next 
day, NIH 3T3 fibroblast cells were seeded on the hydrogels and the adhesion properties of the 
cells were examined. MTT test was performed to examine the effects of hydrogels on cell 
proliferation/cytotoxicity. 

 
 
 
 
 



 
 
 
Results: 
 
Analyzing In vitro Characterization Properties of Chitosan-Hyaluronic Acid-Honey 
Hydrogels 
When the viscosity measurement results of the prepared hydrogel formulations were 
compared, it was observed that the viscosity values changed with the amount of hyaluronic 
acid added to the formulation. In formulations containing high molecular weight hyaluronic 
acid, the amount dependent viscosity increase is observed. However, the addition of honey 
caused a decrease in viscosity in high molecular weight hyaluronic acid hydrogel 
formulations containing honey (Fig.1). 
 

 

Figure 1. Viscosity measurements and gel 
structures of formulations 

 

The microscopic morphology of the lyophilized 
hydrogels was examined by scanning electron microscope (SEM). While regular pore 
structure was observed in hydrogels containing only chitosan, irregular pore geometry was 
observed only in hyaluronic acid hydrogels (Fig.2.a-b). No regular pore structure was 
observed due to HA in hydrogels containing 1/0.5 chitosan/HA. Flat surface morphology was 
observed in Chitosan/HA/Bal hydrogels (Fig.2c-d). It was observed that the pore structure 
increased as the amount of hyaluronic acid increased in the hydrogels prepared at 1/2 and 
1/2/2 ratios (Fig.2e-f). 
 

 

Formulations Viscosity 
cp 

Torq 
% 

%2 Chitosan  1815,3 18,3 
HMW HA  57051 57,5 
Honey  11215 72 
CS/HA   1/0.5 25301 25,5 

1/1 50106 50,5 
1/2 56753 57,2 
1/3 75804 76,4 

CS/HA/Honey   1/0.5/0.5 49709 50,1 
1/1/1 42260 21,3 
1/2/2 11410 23,1 
1/3/3 10219 20,6 



Figure 2. SEM images of the prepared hydrogels. a.HMW HA, b. MMW Chitosan, c. 1/0.5 CS/HA, 
d.1/0.5/0.5 CS/HA/Honey, e. 1/2 CS/HA,  f. 1/2/2 CS/HA/Honey hydrogels. 
 
Porosity was investigated depending on the volume of the pores present in the hydrogels. 
When porosity measurement of hydrogels was made, an increase in porosity was observed 
with the increase of hyaluronic acid concentration in the formulations. It has been determined 
that the porosity is low in formulas containing honey. The porosity increased due to the 
increase in the viscosity of the hydrogels (Fig 3A). When the water holding capacity and 
swelling degree of the hydrogels were evaluated, it was determined that the swelling 
percentage changed with the addition of honey to the formulation in the swelling study with 
chitosan/HA/honey hydrogel formulations. Addition of honey to the hydrogels caused a 
reduction in swelling percentages (Fig. 3B). The functional groups of chitosan, HA and 
prepared coacervate hydrogels were analyzed using FTIR. The FTIR spectrum of formulas 
containing honey showed similar patterns and band positions as honey (Fig. 3C). 
 

 
 Figure 3. Investigation of A. Swelling, B. Porosity, C.FT-IR properties of hydrogels. 
 
 
Cell Adhesion Properties and Effects of Hydrogels on Cell Viability and Proliferation 
The effects of chitosan, HMW hyaluronic acid and honey used in the preparation of hydrogels 
on fibroblast cells were investigated. It was observed that fibroblast cells adhered to the 
hydrogel surface and increased cell proliferation in all groups. 
 
 

 
Figure 4. Morphological images after 48 hours (a-d) and 96. hours (e-h) after seeding NIH3T3 
fibroblast cells on chitosan/HA/Honey hydrogels (a,e: 1/0.5/0.5, b,f:1/1/1, c,g:1/2/2, d,h:1/3/3). 
 
Evaluating the effects of hydrogels on cell viability in all groups, no toxic properties observed 
for hydrogels. The viability values obtained in the cells in the groups to which 
Chitosan/HA/Honey hydrogels were applied were higher than the control group. Cell viability 



was found to be the highest in formulations prepared with hone indicating hydrogels increase 
cell proliferation. 
 

  
 
Figure 5.  Demonstration of cell viability and proliferation after 72-hour exposure of NIH 3T3 cells to 
hydrogels with MTS 
 

Our study reveals the optimization of hydrogel formulations and the potential use of this 
combination for tissue regeneration in combination of chitosan, honey, and hyaluronic acid. In 
the light of our study findings, we think that the combination of Chitosan-Honey-Hyaluronic 
acid hydrogel formulations can be a potential therapeutic for tissue regeneration.  
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Abstract 

Astrocytomas are the most common malignancy of the CNS, accounting for >60% of primary 
brain tumors. The most aggressive form of astrocytoma is glioblastoma. Glioblastoma cells, 
consisting of poorly differentiated neoplastic astrocytes, have properties similar to normal nerve 
precursor cells, including rapid cell proliferation, migration, and invasion. Despite efforts to 
improve treatment and advances in microsurgery, radiotherapy, and chemotherapy over the past 
two decades, the average survival of patients remains limited to 14 months after diagnosis. 

The fruits, leaves, stems and roots of Graviola are known to be rich in flavonoids, isoquinoline 
alkaloids and annonaceous acetogens. Its bark, leaves, roots, fruits, seeds and flowers have been 
used for thousands of years to treat many diseases from arthritis to liver problems. It is also 
used to treat a wide variety of human ailments such as inflammation, rheumatism, diabetes, 
hypertension, insomnia, parasitic infections, and cancer. 

The aim of our study is to reveal the anti-angiogenesis effect of the Graviola plant, which we 
will use for treatment, by creating neurotoxicity with the transwell co-culture method. For this 
purpose, firstly, primary neuron culture was made and planted in 24-well plates and left to 
incubate for three days. In the second step, HUVEC and U373 cell lines grown in the 
appropriate medium were removed from the medium with trypsin EDTA and cells were seeded 
on the lower base of the transwell membrane and U373 on the upper base of HUVEC. After 24 
hours, the transwell membrane was added to the neuron culture and incubated for 48 hours in 
medium with Graviola plant at doses of 20, 40, 80, 160, 320 µg/ml. At the end of the study, 
MTT, GSH and LDH, TAK and TOS tests were performed and the results were compared with 
the control groups. The results were evaluated statistically. 

According to our results, it was determined that Graviole 160 µg/ml is the most beneficial group 
in removing the damage caused by U373 cells on neurons via transwell. While the viability 
decreased up to 78% at low doses, this rate increased to 90% at 160 µg/ml concentration of 
Graviole. Similarly, LDH, HR, TAK and TOS results correlated with MTT. 

Anahtar Kelime: Graviola, Transwell, MTT, LDH, GSH 



1. Introduction 

Glioblastoma (GBM) is the most common and aggressive primary brain tumor in adults. It is a 
disease that accounts for 45.6% of primary malignant brain tumors, but 3.1 annual cases per 
100 000 are low compared to cancers originating from other organs such as the breast or prostate 
(1). Despite efforts to improve treatment and advances in microsurgery, radiotherapy, and 
chemotherapy in the last two decades, the average survival of patients remains limited to 14 
months after diagnosis (2). It has been reported that GBMs are highly vascular tumors and 
tumor vasculature arises from the sprouting of pre-existing brain capillaries, and glioblastoma 
stem cells (GSCs) secrete angiogenic factors and trigger neovascularization formation. It has 
also been found that GSCs can differentiate into endothelial cells (ECs) to promote tumor 
vascularization. However, in randomized trials, antiangiogenic treatments did not show a 
significat survival benefit in GBMs (3). 

Important characteristic features of cancer cells are their ability to proliferate, invade through 
the extra cellular matrix, and migrate to different parts of the body to form secondary tumors. 
The migration of cancerous cells is dependent on the tumor microenvironment, in which they 
are nourished and supported by forming a new vasculature (a process called angiogenesis) and 
allowing them to spread (4). Angiogenesis is an important marker of cancer metastasis. 
Therefore, anti-angiogenesis is defined as a therapeutic approach for the treatment of many 
cancers. When angiogenesis factors induce angiogenesis, tumors reach a vascularized state, 
recruit new blood vessels to supply nutrients and oxygen, and grow rapidly. (5). Tumor 
angiogenesis is mediated by various angiogenic factors and complex signaling networks. 
Among all known angiogenic factors, vascular endothelial growth factor (VEGF) and basic 
fibroblast growth factor (bFGF, FGF2) are the most important (6-7). The effects of VEGF are 
mediated through the binding and activation of its receptors (8). VEGF signaling plays the role 
of a 'critical rate-limiting step' in physiological angiogenesis and pathological angiogenesis. 
Interruption of the VEGF/VEGFR2 signaling pathway has been recognized as a therapeutic 
target in tumor angiogenesis (9). As another essential angiogenic factor, FGF2 is a heparin-
binding protein with a range of pro-angiogenic effects (10). Studies show that FGF signaling is 
an important pathway in tumorigenesis and tumor angiogenesis (11). In line with the 
information given, anti-angiogenesis is emerging as an important strategy in cancer treatment. 

Annona muricata, a plant of the Annonaceae family, is also known as Soursop or Graviola (12). 
It is known that the fruits, leaves, stems and roots of graviola are rich in flavonoids, isoquinoline 
alkaloids and annonaceous acetogens (13). Its bark, leaves, roots, fruits, seeds and flowers have 
been used for thousands of years to treat many diseases from arthritis to liver problems (12). It 
is also used to treat a wide variety of human diseases such as inflammation, rheumatism, 
diabetes, hypertension, insomnia, parasitic infections and cancer (14,15). Found only in the 
Annonaceae family, annonaceous acetogens kill malignant cells of 12 different types of cancer, 
including breast, ovarian, colon, prostate, liver, lung, pancreatic, and lymphoma (12). Despite 
their outstanding antiproliferative activity, the components of these annon-associated acetogens 
can easily cross the blood-brain barrier and even reduce side effects such as neurotoxicity, 
which are known to cause atypical Parkinson's disease and even limit their development as new 
drug entities (16). However, studies show that Graviola extract has a plausible 
chemotherapeutic role against cancer (17). 

Traditional 2D cell cultures have long been used to evaluate the effects of drugs on tumor cell 
growth. However, the 2D culture medium does not provide information about the complex 
interactions between the physicochemical microenvironment that exists within viable tumors 
formed in human organs. More recently, more sophisticated transwell-based assays have been 
used to investigate cancer cell migration and invasion through their microscale pores (21). 



Based on this information, we plan to use transwell co-culture in this study to determine the 
underlying mechanism that can illuminate the morphology of angiogenesis in vitro. In our 
study, a co-culture model will be made that allows direct interaction between human endothelial 
cell (HUVEC) and U373 cancer line, thus facilitating the study of signaling pathways that 
govern blood vessel formation in glioblastoma cancer, and increasing the tumorigenesis in 
neuron cells by increasing the spread of neuron cells. As a result, with the transwell system 

Material Method 

Cell culture 

Primary Neuron Culture 

In the study, a newborn Sprague Dawley rat that has not completed 24 hours was used to obtain 
cortex neurons. Briefly, after the rats were decapitated quickly, the removed cortices were 
transferred to 5 mL of Hanks' Balanced Salt solution (HBSS) solution, and macro fragmentation 
was performed with the help of a scalpel and then microfragmentation was performed with 
Trypsin-Ethylenediaminetetraacetic acid (EDTA) (0.25% Trypsin-0.02% EDTA). The cells 
were then centrifuged at 1200 rpm for 5 min. Cells sinking to the bottom are cellular medium 
(88% NBM (Neuro basal medium, Gibco, USA), 10% FBS (Fetal bovine solution, Gibco, 
USA), 2% B-27% (Supplement, Thermo Fisher, Germany), 0.1% antibiotic (Penicillin–
Streptomycin) and amphotericin B (Thermo Fisher, Germany) were added. The cells were 
incubated for 10 days at 5% CO2 and 37oC, changing the medium every 3 days. 

HUVEC and U373 Cell Culture 

For our study, HUVEC and U373 cell cultures were obtained from the medical pharmacology 
department of Atatürk University (Erzurum, Turkey). Briefly, the cell suspension was 
centrifuged at 1200 rpm for 5 minutes. Cells were resuspended in fresh medium (Dulbeco-
modified eagle medium (DMEM), Fetal bovine serum (FBS) 10%, B27 2%, and antibiotic 1% 
(penicillin, streptomycin, and amphotricine B), and cells in a 25cm2 flask). (Corning, USA) 
and stored in an incubator (5% CO2; 37 °C) When 80% of the flask was covered with cells, it 
was centrifuged by removing Trypsin-Ethylene diaminetetraacetic acid (EDTA) (0.25% 
trypsin-0.02% EDTA) and Cells were seeded at the bottom of the transwell membrane and kept 
in matrigel medium for 24 hours. 

Transwell   

                         
At the end of the experiment (after 24 hours of treatment), 10 μL of MTT solution is added to 
each well plate. Then the plates were incubating for 4 hours at 37 °C in a CO2 incubator. 100 
μL of DMSO solution was incorporated to all well to dissolve formazan crystals. The density 
of the Formazan crystals was read at a wavelength of 570 nm by the Multiskan ™ GO 
Microplate Spectrophotometer reader 



Oxidative Stress Analysis 

Biochemical analyze of Total Antioxidant Capacity (TAC) and Total Oxidant Status (TOS) 
were performed accordingly to the manufacturers’ instructions (Rel Assay Diagnostics, 
Gaziantep, Turkey) (13-14). 

GSH and LDH Analysis 

GSH and LDH activity were performed accordingly to the manufacturers’ instructions 
(Elabscience, İstanbul, Turkey). 

Statistical Analysis 

Statistical calculations were carried out using SPSS 22.0 software. To determine the statistical 
significance of the results, the one-way ANOVA test was applied. The differences between the 
groups were considered significant at P<0.05. 

2. Result 

When our results were examined, it was observed that the viability of neuron cells initially 
decreased up to 78%. This is because cancer cells interact with neuron cells, causing toxicity. 
It was determined that this toxicity was eliminated in the treatment groups created with graviola, 
especially at 160µg/ml concentration, with the highest viability rate. On the contrary, it was 
observed that the viability decreased again in the highest concentration of 320 µg/ml group. 
This shows that Graviola is effective up to a certain concentration. Similar results were 
observed in other analyzes and all results correlated with MTT. The results of our study were 
statistically evaluated and found significant (P<0.05) 

Figure 1 MTT Results  

Figure 2 LDH Results 

Figure 3. GS Results 

Figure 4. TAC Results 

Figure 5. TOS Results 

 

3. Discussion 

The obstacle in the treatment of glioblastoma is tumor-induced angiogenesis, which leads to 
the formation of abnormal vessels and a dysfunctional blood-tumor barrier. The abnormal 
vascularization that occurs with glioblastoma metastasis disrupts the blood-brain barrier, 
preventing drug penetration. Therefore, identifying novel molecular targets that control GBM-
induced angiogenesis will provide a new focus on more effective therapeutic strategies in GBM 
treatment. In the light of this information, it is aimed to co-culture with HUVEC endothelial, 
U373 cancer cell line and neuron cells using the transwell method and to determine the 
neurotoxicity of cancer cells and to investigate the treatment with Graviola plant at various 
doses. To achieve this goal, MTT, GSH and LDH tests were performed. 

In current studies, it is reported that Graviola has a protective effect on various cancers. In an 
in vitro study, using A-549 lung cancer cell line, it was shown that Graviola leaf extract caused 
cell cycle arrest and induced apoptosis in G0/G1 phase. The underlying mechanism for this is 
that Graviola suppresses nuclear factor-κB (NF-κB) signaling, induces reactive oxygen species 
(ROS) production, and is mediated by the attenuation of mitochondrial membrane potential 



(MMP), cytosolic cytochrome c, and caspase-3/9 activation of Bax. / Bcl-2 ratio was found to 
increase (18). In addition, a study on prostate reported antiproliferative effects of Graviola 
extract mediated by reducing HIF-1a expression and inhibiting NADPH oxidase (NOX) activity 
(19). Specifically, the anti-proliferative activity of Graviola is attributed to its ability to inhibit 
the phosphoinositide-3-kinase/serine-threonine kinase (PI3K/Akt), protein kinases B/C, 
ERK1/2, Janus kinase, and p38 MAPK pathways, resulting in cell It was found that it resulted 
in death (20). 
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INTRODUCTION 

Cancer is a disease underlying numerous molecular mechanisms of cell. It is resulted from 

abnormal cell division and growth[1]. Mutations in genes whose products plays role in cell cycle, 

proliferation and apoptosis cause the cancer formation and progression[2]. Cancer is second 

causing death in world with high incidence and mortality rates[3]. Thus, oncology researches for 

improving cancer treatment have been so important. Cancer treatments including surgery, radiation 

therapy and medicine have not been successful in completely curing disease, yet. In this point, the 

development of novel potential anticancer drugs became very important. Anticancer drugs can be 

classified into two groups as cytotoxic and cytostatic drugs. Cytotoxic drugs can cause cell death 

in cancer cells, whereas cytostatic drugs can block cell division and tumor growth[4]. These drugs 

have been commonly studied in clinical researches to establish their usage in cancer therapy. One 

of the strategies of anticancer drug treatment is the combinatory use of cytotoxic and cytostatic 

drugs[5]. 

MATERIALS & METHODS 

MTT Assay: 

The viability of MCF7, HeLa and LNCaP cells treated with compounds SM2-9 for 48 hours 

was analyzed by MTT assay. MCF7 and HeLa cells were inoculated at 3000 cells/well into 96-

well plate, whereas LNCaP cells were seeded at 5000 cells/well into 96-well plate. Cells were 

incubated at 37 oC, 5% CO2 for 24 hours. Then, compounds SM2-9 and the reference drug 

molecules such as pazopanib.HCl  were added to wells at seven different concentrations. Plates 



were incubated for 48 hours. Next treatment, 10 µL of MTT dye (5 mg/1 mL) was added into each 

well, and plates were incubated with the dye for 4 hours. Then, the centrifugation of plates were 

performed at 1800 rpm for 10 minutes. Medium was removed and 100 μL of DMSO was added to 

wells followed by absorbance measurements at 560 nm using spectrophotometer. All experiments 

perfomed as triplicate.   

 

Caspases 3/7 Activity Assay: 

As a result of MTT assay, compounds SM8 and SM9 were chosen to evaluate the apoptotic 

effects on LNCaP cells due to their strong anticancer activity. In this assay, idasanutlin was used 

as positive control.  LNCaP cells were distributed at 5000 cells/well in 96-well plates, then cultured  

at 37 oC in 5% CO2 for 24 hours. Next, the cells were exposed to 0.50, 2.95 and 12.00 μM of SM8, 

or   0.10, 0.22 and 4.00 μM of SM9, or 0.50,2.00 and 8.00 μM of idasanutlin for 24 hours. Then, 

100 μL of Apo-ONE Caspase 3/7 reagent was added to the wells and plate was mixed on shaker 

at 200 rpm for 30 seconds. Plate was incubated for 2 hours, followed by fluorescence intensity 

measurements via BioTek Synergy H1 instrument (Excitation: 428 nm and Emission: 520 nm). 

All molecules were examined three separate triplicates. 

 

Annexin V-FITC Assay: 

The apoptotic induction of SM8, SM9 and idasanutlin in LNCaP cells was examined by 

Annexin-V-FITC assay. LNCaP cells were seeded at 5x105 cell/well density and incubated in 24 

hours at 37 oC CO2 incubator. Then, the cells were exposed to 0.50, 2.95 and 12.00 μM of SM8, 

or 0.10, 0.22 and 4.00 μM of SM9, or 0.50,2.00 and 8.00 μM of idasanutlin for 24 hours. %1 

DMSO was used as control. After 24 hours, the cells were harvested, washed two times with 1X 

PBS and then treated with 200 µL of binding buffer. The stained of cells with 5 µL of Annexin-

V-FITC dye and 5 µL of propidium iodide dye was performed for 15 minutes in darkness. Lastly, 

Flow Cytometry analysis was performed. All molecules were tested by two separate duplicates 

 

Cell Cycle Analysis by PI Staining: 

The effect of compound SM9 on cell cycle phases of LNCaP cells were analyzed by PI 

staining and Flow Cytometry. LNCaP cells were distributed at 4x105 cell/well density and 

incubated in 24 hours at 37 oC CO2 incubator. Then, the cells were exposed to 0.10, 0.22 and 4.00 



μM of SM9 for 24 hours. %1 DMSO was used as control. After 24 hours, the cells were harvested, 

washed two times with 1X PBS. Cells were fixed with 99 % ethanol overnight. Next, the cells was 

centrifuged at 800 rpm for 5 minutes. the cells were washed with 1X PBS. At last, the cells were 

dissolved with 200 µL of PBS containing 0.01% Triton-X-100. Then, 20 µL of RNase A (1 

mg/mL) was added onto cells and incubated at 37 oC for 30 minutes. After incubation, the cells 

were stained with 20 μL of propidium iodide (PI, 1 mg/mL) and incubated in dark for 15 minutes 

at room temperature. The cell cycle analysis was performed by Flow Cytometry. All experiments 

were done by two separate duplicates. 

 

RESULTS & DISCUSSIONS 

The cytotoxic and cytostatic profiles of compounds SM2-9 were determined by MTT assay. 

All compounds were tested up to 100 μM concentration. For all compounds, GI50 values were 

calculated by GraphPad Prism 5 software. These values were demonstrated in Table 1. According 

to MTT results, compounds SM2, SM3, SM4 and SM6 exhibited cytotoxic effects whereas 

compounds SM5, SM8 and SM9 showed cytostatic effects in all cell lines, Compounds SM8 and 

SM9 were most potent compounds, so the apoptotic effects of these compounds were investigated. 

For this purpose, Caspases 3/7 activity assay and Annexin V-FITC assays was performed. As a 

results of these assays, compounds SM8 and SM9 had no activity on the apoptotic induction of 

LNCaP cells, as seen in Figure 1 and Figure 2. In Caspases 3/7 activity assay, compounds SM8 

and SM9 slightly increased the levels of activated caspases 3 and 7 in LNCaP cells. Cell cycle 

analysis test demonstrated that compound SM9 have activity on G1 arrest in cell cycle of LNCaP 

cells, as seen in Figure 3.  

CONCLUSIONS 

Cancer is a major disease that have high incidence and mortality rates. There has been no 

permanent cure for cancer, up to date. The drug discovery and development is important for 

improving cancer treatment. Because cytotoxic and cytostatic drugs are most commonly used in 

cancer chemotherapy, discovery of new cytotoxic and cytostatic drugs is quite essential for the 

future of cancer treatment. In this study, the cytotoxic and cytostatic properties of a cholesterol-

lowering drug and its synthetic intermediates (compounds SM2-9) were evaluated in MCF7, HeLa 

and LNCaP cancer cells. Among compounds, compounds SM8 and SM9 were found to be most 



potent molecules with cytostatic effects. Compound SM9 demonstrated the induction of G1 arrest 

in LNCaP cancer cells. Thus, this study promises novel and potential compounds for drug 

discovery in cancer treatment. 
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Abstract 

Objective: Gold nanoparticles improve locomotor activity rhythm and attenuate oxidative stress in 
nitrosamine-mediated degeneration in a mouse model. However, nothing is known about the effect of 
Au-NP treatment on locomotor dysfunction caused by DEN, an important carcinogen in mice. We aim 
to test whether Au-NP can attenuate DEN-induced locomotor activity changes of mice by focusing on 
oxidative damage. 

Material Method: Mature male BALB/c mice were housed in properly ventilated mouse cages and 
maintained at the appropriate ambient temperature (24 ± 1°C) under 12:12 light/dark phases. It was fed 
with standard laboratory chow and water. It was planned to divide them into four groups of six animals 
each. Group-1 was determined as the control allowed to be fed with normal diet, Group II, III and IV 
mice were given three times intraperitoneal injection (i.p) of 0.1 ml of saline containing 100 mg/kg 
DEN. Group III and IV rats were given 5 µg/g/day and 10 µg/g/day of Au-NP’s orally by gavage, 
respectively. It was tested for locomotor measurements followed by biochemistry analysis. 

Results: According to the results we obtained, the resting time was 38% and the total distance was 
4895,708 cm in the control group. In the + control group exposed to DEN, these values were found to 
be 65% and 2093,25%, respectively. In the Au-NP’s groups, these values approached the control group 
depending on the dose. While 5 µg/g/day was 56% and 3431,234, these values were found to be 43% 
and 4021,778 at 10 µg/g/day doses. Similarly, the oxidation level was highest in the DEN group, while 
the antioxidant level was found to be significantly higher in the other groups. GSH and LDH results 
showed corralation the other results.All results were compared with the positive control group and were 
found to be statistically significant (P<0.05). 

Keywords: Au-NP’s, BALB/c, DEN  

  



Introduction 

Nano chemistry is a rapidly growing field of research in the chemistry empire nowadays. Nanoparticles 
including noble metals such as gold (Au), platinum (Pt) and silver (Ag) are used for drug synthesis and 
as drug delivery systems (1).  In particular, gold nanoparticles (AuNPs) have a number of physical 
properties that make them attractive for medical applications, such as being biocompatible and non-
toxic (2). Also, AuNPs have been demonstrated to own important antioxidant properties. It was also 
declared AuNP alleviates oxidative damage, in part by decreasing the inducible nitric oxygen synthase 
expression and improvement of antioxidant enzymes activity (3-5). Together, the above-mentioned 
pharmacological properties of AuNP have greatly contributed to their success in the treatment of several 
different animal models of disease in which oxidative stress play major roles, such as, sepsis and 
Alzheimer’s disease (3,6). 

N-nitroso compounds are potent, broad-acting carcinogens. Nitrosamine-mediated injury and 
mutagenesis is severely affected by route of application, dose, chemical nature of the compound, and 
frequency of exposure (7). The parenteral or oral administration of the smallest quantities of diethyl-
nitrosamine (DEN) targets the liver primarily and generates reactive oxygen species such as superoxide 
(O2−) and hydrogen peroxide (H2O2), and thereby increase oxidative stress, DNA damage, lipid 
peroxidation, and protein adduct formation (8). Liver failure affects brain function, leading to 
neurological behavioral alterations including disrupted locomotor activity rhythm (9). Recording 
locomotor activity patterns is a widely used method to analyze behavioral functions in experimental 
animals after treatment protocols have been implemented (10). 

However, nothing is known regarding the effect of AuNP treatment in locomotor dysfunction caused by 
DEN, an important carcinogen in mice. We aim to test whether AuNP can alleviate the changes of 
locomotor activity caused by DEN of mice, with focus on oxidative damage 

Material-Method 

Nanoparticles  

Gold nanoparticles were obtained by green synthesis method.  

Animals and Treatments 

Mature male BALB/c mice (aged 8 weeks; 27 ± 1.3 g) were acquired from Experimental Animal 
Laboratory of the Medicine and Experimental Application and Research Center of Ataturk University 
(Erzurum, Turkey). Animals were housed in properly aerated mice cages and maintained at 
environmental temperature (24 ± 1°C) under a regulated 12:12 light/dark phases. They were fed with 
standard laboratory feed and water ad libitum. Ethical permission was obtained from Atatürk University, 
Faculty of Veterinary Medicine. 

Experimental Design 

24 mice were assigned into four groups of six animals each. Group-1 served as control allowed for feed 
the normal diet. Group II, III, and IV mice applied an intraperitoneal injection (i.p) of 0.1 ml of saline 
containing 100 mg/kg DEN three times (11). To the groups III, and IV rats, AuNPs were given at 
5 µg/g/day and 10 µg/g/day orally by gavage, respectively. The dosage of all rats was given for 15 days 
according to their designated experimental oral doses. All rats were tested for locomotor measurements 
and then used for biochemistry analysis. 

Locomotor Activity  



The locomotor activity was investigated in an open field cage. The apparatus was connected to a video 
system. The mice were initially placed into the center of the open field cage, and then the activity was 
monitored for 10 min. Total distance and resting time were determined (12).  

Oxidative Stress Analysis 

Biochemical analyze of Total Antioxidant Capacity (TAC) and Total Oxidant Status (TOS) were 
performed accordingly to the manufacturers’ instructions (Rel Assay Diagnostics, Gaziantep, Turkey) 
(13-14). 

GSH and LDH Analysis 

GSH and LDH activity were performed accordingly to the manufacturers’ instructions (Elabscience, 
İstanbul, Turkey). 

Statistical Analysis 

Statistical calculations were carried out using SPSS 22.0 software. To determine the statistical 
significance of the results, the one-way ANOVA test was applied. The differences between the groups 
were considered significant at P<0.05. 

Results 

All results are shown in Figure 1. According to the results we obtained, the resting time was 38% and 
the total distance was 4895,708 cm in the control group. In the + control group exposed to DEN, these 
values were found to be 65% and 2093,25%, respectively. In the Au-NP’s groups, these values 
approached the control group depending on the dose. While 5 µg/g/day was 56% and 3431,234, these 
values were found to be 43% and 4021,778 at 10 µg/g/day doses. Similarly, the oxidation level was 
highest in the DEN group (19,24), while the antioxidant level was found to be significantly higher in the 
other groups. GSH and LDH results showed correlation the other results. All results were compared 
with the positive control group and were found to be statistically significant (P<0.05, P<0.01) 

Figure 1. a) Resting time results obtained as a result of locomotor activity test, b) Total distance results obtained 
as a result of locomotor activity test, c) Total antioxidant capacity results, d) Total oxidant status results, e) LDH 
results, f) GR results (*; P<0.05 and ** P<0.01) 

Discussion 

Today, Au-NPs have been widely used in nonomedicine. It is widely used in the targeting of many 
therapeutic agents, especially because they are both antioxidants and well transported (15). In our study, 
DEN-induced toxicity in mice was tried to be eliminated by utilizing the antioxidant properties of these 
nanoparticles. For this purpose, TAC, TOS, LDH and GR activities were examined after the application 
and the findings proved that the toxicity was reduced. 

Most of the behavioral parameters exhibited by a living organism indicate a circadian rhythm. The daily 
rhythm can continue under stable environmental conditions. The study of locomotor activity in rodents 
is one of the most common methods used to monitor this endogenous timing system. Recent research 
has shown that locomotor activity and arousal affect both spontaneous activity and sensory evoked 
responses throughout mouse sensory cortices (16). 

In our study, toxicity was tried to be eliminated by treatment with Au-NPs after DEN application and 
locomotor activity was tested. Although locomotor activity was observed to decrease after DEN 
application, it was shown in Figure 1.a and b that it increased in a dose-dependent manner with Au-NPs. 
Movement speed (Figure 1a) and movement time (Figure 1b) were observed to be faster in the Au-NPs 



10 µg/ml group. Based on these results, we believe that the use of Au-NPs should become widespread 
against many toxic agents that we are exposed to in our daily lives. We think that AU encapsulated 
formulations of therapeutic agents, especially in the treatment of many diseases, will play an important 
role in the fight against that disease. 
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ABSTRACT 
Niosomes are non-ionic surfactant vesicles that become important non-viral gene delivery 
systems. They have advantages of low toxicity and easy production on a large scale. In this 
study it was aimed to develope ternary complexes of BPEI, pDNA and modified niosomes 
prepared by using linear polyethylenimine, low molecular weight chitosan and β-
cyclodextrin polymers. Cytotoxic effects of these gene delivery systems were evaluated on 
HEK-293T cell line and β-cyclodextrin niosomes and niopolyplexes were found as the most 
safest gene delivery systems. 
 
Keywords: gene delivery, nonviral vectors, niosomes, niopolyplexes, cytotoxicity. 
 
INTRODUCTION  
The human embryonic kidney HEK-293T cell line are typically used for gene therapy cell 
culture assays. Developing safe gene delivery vectors are important for gene therapy 
purposes. Although the drawbacks of using viral vectors are its immunogenicity and 
cytotoxicity, nonviral vectors have less cytotoxicity, Niosomes known as bilayer structure 
have many applications in nanomedicine, including cosmetics, drug delivery and gene 
therapy. Niosomes are non-ionic surfactant vesicles which are more stable and less toxic than 
liposomes. Hydrophilic, hydrophobic or amphiphilic compounds can be loaded into niosomes 
[1, 2]. In this study, we have developed and evaluated the cytotoxicity of ternary complexes 
of branched polyethylenimine (BPEI), pDNA and modified niosome prepared by using linear 
polyethylenimine (LPEI), low molecular weight chitosan (LMWC) and β-cyclodextrin (β-
CD). 
 
MATERIALS AND METHODS 
Materials 

Span 40, cholesterol, low molecular weight chitosan (LMWC) and β-Cyclodextrin (β-CD) 
were purchased from Sigma & Aldrich. Linear polyethylenimine (LPEI) was purchased from 
Polysciences. LV-RFP pDNA was purchased from Addgene. DNA molecular weight marker 
1 kb DNA ladder was purchased from Thermo. DMEM cell culture medium, MTT, fetal 
bovine serum (FBS) and trypsin were purchased from Sigma & Aldrich. LB broth media was 
obtained from Sigma & Aldrich. HEK 293T cell line were supplied by American Type 

https://tureng.com/tr/turkce-ingilizce/on%20a%20large%20scale
https://tureng.com/tr/turkce-ingilizce/cytotoxicity


Culture Collection (ATCC). All other chemicals used were of analytical grade and were 
obtained from Sigma & Aldrich. 

Plasmid DNA Isolation 
pLV-RFP pDNA was amplified using E. coli DH5α strain and purified by using QIAGEN 
Plasmid Maxi Kit. pDNA was checked by 1% agarose gel electrophoresis and concentration 
of DNA was determined by measuring UV absorbance at 260 and 280 nm. 
 
Preparation of Niosomes 
Niosomes were prepared by thin film hydration technique and niosome formulation was 
modified by using non ionic surfactant, cholesterol and different polymers (LPEI, LMWC, β-
CD) at molar ratios of 20Mm: 20Mm: 10Mm, respectively. Span 40 was used as non ionic 
surfactant which have HLB value of 6,7. LPEI, LMWC and β-CD were used as polymers 
respectively. Cholesterol, surfactant and polymers were dissolved in chloroform. The organic 
solvent was then removed above the lipid transition temperature by using a rotary evaporator 
at 60°C, low pressure, leaving a thin layer of solid mixture deposited on the flask. The dried 
surfactant film was hydrated with 1 mL deionized water at 60°C. Vesicle size was reduced by 
sonication for 15 minutes and by using ultrasonic homogenizator for 30 minutes. Niosome 
formulations modified by using LPEI, LMWC and β-CD were coded as N1, N2 and N3 
respectively and characterized with respect to vesicle size, zeta potential and polydispersity 
index.  
 
Preparation of Niopolyplexes 
Ternary complex of modified niosome, polycation and pDNA, has been developed as a 
second generation non-viral gene delivery vector [3]. First generation gene delivery vector 
polyplexes were prepared by mixing the cationic branched polyethyleneimine (BPEI) with the 
anionic pLV-RFP plasmid DNA at 1:1w/w ratio. And then modified niosomes and polyplexes 
at a ratio of 1:1 (w/w) were incubated for 30 minutes at room temperature for electrostatic 
interaction and DNA binding was checked by 1% (w/v) agarose gel electrophoresis.  
 
Zeta Potential and Vesicle Size Analysis of Niosomes 
The hydrodynamic diameter of the niosomes were determined by Dynamic Light Scattering 
(DLS) using a Zetasizer (Malvern Zetasizer ZEN3600). All modified niosomes (N1, N2, N3) 
were measured at room temperature in triplicate for vesicle size and zeta potential analysis.  

In vitro cytotoxicity assay 
Cytotoxicity of modified niosomes (N1, N2, N3) were determined by MTT [(3–(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide blue-indicator dye]-based assay. 
HEK-293T cells were seeded in 96 well plates at a density of 7,000 cells per well. After 24 h 
incubation at 37 °C in 5% CO2 atmosphere, the culture medium was replaced with fresh 
medium alone (negative control) or containing various amounts of each formulation and 
incubated for 48 h. Following each incubation time, MTT solution was added to each well and 
the cells were further incubated at 37 °C for another 4 h. After that, the culture medium was 
replaced with isopropanol to dissolve formazan crystals. The optical density of each well was 
read at 570 and 630 nm using a microplate reader. 
 
RESULTS AND DISCUSSION 
Gel Retardation Assay of Niosome Formulations  



DNA binding ability of modified niosome and niopolyplex formulations were checked by 1 % 
(w/v) agarose gel electrophoresis. Although pDNA was not complexed by N1, N2, N3 
niosomes (Figure 1), it was retarded by niopolyplexes (Figure 2). 
 

 
 

 
 
Zeta Potential and Vesicle Size Analysis of Niosomes 
Vesicle size, zeta potential and PDI values of N1, N2 and N3 niosomes are seen in Table 1. 
Zeta potential and vesicle size of the niosomes were effected by type of polymers. While the 
smallest vesicle sized niosomes were obtained by using LPEI, the biggest vesicle sized 
niosomes were obtained by using β-CD. According to PDI results the most favorable niosome 
was N1 prepared by LPEI. 
 

Table 1. Vesicle size, zeta potential and PDI values of niosomes. 
 

Sample Code Zeta Potential (mV) Vesicle Size (nm) PDI 

N1  -15 ± 3,8 185,1 ± 3,4 0,346 

N2 -11,9 ± 2,4 203,4 ± 4,3 1 

N3 -15,2 ± 2,8 232,2 ± 4,2 0,61 

 

In vitro cytotoxicity assay  
Niosomes formulations and only polymers were examined on HEK-293T cells for evaluation 
of their cytotoxic effects (Figure 3 and Figure 4). Although LMWC and β-CD were found 

Figure 1. Gel retardation assay photograph of niosomes. 

1. 1 kb DNA molecular weight standard 

2. Naked pDNA (7539 bp) 

3. N1: pDNA  

4. N2: pDNA   

5.  N3: pDNA  

6. 1 kb DNA molecular weight standard, respectively. 

 

 
 

Figure 2. Gel retardation assay photograph of niopolyplexes. 

1. 1 kb DNA molecular weight standard 

2. Naked pDNA  (7539 bp) 

3. BPEI: pDNA  

4. N1 niopolyplex 

5. N2 niopolyplex 

6. N3 niopolyplex 

7. 1 kb DNA molecular weight standard, respectively. 



toxic on HEK-293T cells, preparation of modified niosomes by these polymers have increased 
the cell viability.  However β-CD was found the most cytotoxic polymer, modified niosome 
N3 was the less cytotoxic niosome as seen from Figure 3.  

 
Figure 3. HEK 293T % cells proliferation  (polymers and N1, N2, N3 niosomes). 

 
As seen from the Figure 4, formation of niopolyplexes affected the cytotoxicity of niosomes 
and only polymers. Although modified niosome prepared by using LPEI (N1) was the most 
cytotoxic delivery system, formulation of N1 niopolyplexes decreased the cytotoxicity on 
HEK-293T cell line. Ternary complex formation of β-CD niopolyplexes (N3) has no effect on 
cytotoxicity of N3 niosomes and N3 niopolyplexes was found the most safe gene delivery 
system. LMWC niopolyplexes were found the most cytotoxic gene delivery system (Figure 
4).  

 
Figure 4. HEK-293T % cells proliferation  (polyplex and N1, N2, N3 niopolyplexes). 

 
 
CONCLUSION   
In this study, we aimed on development of new niosome formulations for gene delivery. 
Formulations developed in this study have favorable vesicle size for plasmid DNA delivery. 
Considering all the data as obtained, it was observed that different polymers have different 
effects on the vesicle sizes, zeta potentials, and toxic effects of the modified niosomes 
prepared with the non-ionic surfactant Span 40. Niopolyplexes combining the advantages of 
polyplex and niosomes have reduced cytotoxicity of LPEI niosomes N1 by the time has no 
effect on cytotoxicity of β-CD niosomes N3 but increased cytotoxicity of LMWC niosomes 
N2. β-CD niosomes and niopolyplexes N3 were observed as the most safest gene delivery 
systems. 
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ABSTRACT 

Gene therapy is one of the treatment options for triple-negative breast cancer. Non-viral 
polymeric delivery systems can be used for efficient delivery of genes into the nucleus. In our 
study 4T1 cell line was used as triple-negative breast cancer model and linear 
polyethylenimine polyplexes were prepared and evaluated in terms of transfection efficiency 
and cytotoxicity as non-viral gene delivery system. L2 polyplexes with a ratio of  LPEI:pDNA   
2:1 (w:w) were found the most optimal ratio for LV-RFP plasmid DNA and triple-negative 
mouse breast cancer cell line 4T1, in terms of high transfection efficiency and low  
cytotoxicity.  
INTRODUCTION 

Triple-negative breast cancer is an invasive type of breast cancer that lacks of receptors 
estrogen (ER), progesterone (PR), or HER2 (1). It has limited treatment options one of which 
is gene therapy. Gene therapy success depends on the efficient delivery of therapeutic genes 
into the target cells. Genetic materials such as pDNA and RNA can be delivered by viral or 
non-viral vectors and viral or non-viral vectors can be used to deliver genes efficiently into 
the cell nucleus or cytoplasm (2,3). Polyethyleneimine (PEI) is an efficient polycationic non-
viral gene delivery vector which has good DNA binding capacity (4,5). 4T1 cell line is widely 
used as triple-negative breast cancer model.  
 
The aim of this study was the development of a polymeric DNA delivery system with high 
transfection efficiency and low cytotoxicity into triple-negative  mouse breast cancer cell line 
4T1 .  
MATERIALS AND METHODS 

Materials 

Linear polyethyleneimine (LPEI) (Polysciences, Inc Cat. No. 23966 ~25.000 mw) was used 
as cationic polymer. LV-RFP plasmid DNA was purchased from Addgene, 26001. Triple-
negative mouse breast cancer cell line 4T1 was from ATCC. All other chemicals were of 
analytical grade.  
Methods 

Plasmid DNA Isolation 



Plasmid DNA (Plasmid 26001:LV-RFP) was amplified by using E. coli DH5α strain and 
purified by using QIAGEN maxi kit. The purity and concentration of DNA was determined 
by measuring UV absorbance at 260 and 280 nm. Electrophoretic mobility of plasmid DNA 
was checked by 1% (w/v) agarose gel electrophoresis. 
Preparation of Linear Polyethyleneimine: pDNA Polyplexes 

1 mg/ml linear polyethyleneimine (LPEI) solution was prepared in distilled water and adjust 
to pH 7.0. LV RFP pDNA was used at 1 µg/µl concentration. LPEI/pDNA complexes were 
freshly prepared at different w/w ratios. Linear polyethylenimine (LPEI) and pDNA were 
mixed at increasing weight:weight (w:w) ratios of polyethylenimine as 1:1, 2:1, 3:1, 4:1, 5:1 
and 6:1, and coded as L1, L2, L3, L4, L5 and L6 respectively. pDNA is added on LPEI 
solution and after mixing, incubated at 37°C for 30 minutes to form complexes. pDNA 
binding ability of linear polyethylenimine solution were checked by 1% (w/v) agarose gel 
electrophoresis. 
In Vitro Transfection Studies 

Triple-negative mouse breast cancer cell line 4T1 was used for transfection studies. 4T1 cells 
were seeded into the 96 well plate at a density of 5x103 cells/well, cultured for 18h before 
transfection. LPEI:pDNA polyplexes were freshly prepared at different weight ratio of 1:1, 
2:1, 3:1, 4:1, 5:1 and 6:1, respectively. Polyplexes  were incubated for 4h at 37°C and then 
DMEM was replaced with fresh DMEM. After 24., 48. and 72. hours, flourescence signal was 
observed by the flourescence microscope. 
Cell Proliferation Assay (MTT Assay) 

The MTT test is one of the methods used to test cell viability and proliferation. The basis of 
the method is based on the measurement of metabolic activities of living cells. Viable cells 
convert MTT in the medium into colored formazan crystals. For the MTT test, MTT solution 
in the presence of medium was added to the cells cultured in 96-well culture dishes and 
incubated at 37°C for 4 hours. At the end of the time, the medium was removed and DMSO 
(Sigma D8418) was added, after 5 minutes of shaking, the absorbance was measured on the 
spectrophotometer at 570-640 nm. 
RESULTS AND DISCUSSION 

Preparation of Linear Polyethylenimine: pDNA Polyplexes  

pDNA binding ability of LPEI were checked by 1% (w/v) agarose gel electrophoresis. 
Positively charged LPEI have provided electrostatic interaction with negatively charged 
pDNA.  
 
As seen from the Figure 1, pDNA was complexed at all LPEI:pDNA (w/w) ratios. 

  



Figure 1: Agarose gel electrophoresis photograph of LPEI:pDNA polyplexes  

Sample 1: DNA molecular weight standard (1 kb plus DNA ladder Thermo) 
Sample 2: Naked plasmid DNA  (LV-RFP) 
Sample 3: LPEI:pDNA   1:1 (w:w)  
Sample 4: LPEI:pDNA   2:1 (w:w) 
Sample 5: LPEI:pDNA   3:1 (w:w) 
Sample 6: LPEI:pDNA   4:1 (w:w) 
Sample 7: LPEI:pDNA   5:1 (w:w) 
Sample 8: LPEI:pDNA   6:1 (w:w) 
In Vitro Transfection Studies 

Transfection was achieved by all ratios of LPEI:pDNA polyplexes on triple-negative  mouse 
breast cancer cell line 4T1, moreover the most efficient transfection were observed by L2 and 
L3 polyplexes. 
   

 
 

Figure 2: Fluorescence microscopy photographs of 4T1 cells transfected with polyplexes 

Cell Proliferation Assay of LPEI:pDNA Polyplexes  

Cytotoxicity of LPEI:pDNA polyplexes on triple-negative  mouse breast cancer cell line 4T1 
were evaluated and the less cytotoxic polyplex were found L1 and L2. On the other hand the 
most cytotoxic polyplex was found L6 because of increasing polymer ratio.   

 



Figure 3: Cytotoxicity of LPEI:pDNA polyplexes on 4T1 cell line 

Conclusion 

Extracellular and intracellular barriers such as serum proteins, nuclease enzymes are 
responsible for the degradation or aggregation of the DNA in the circulatory system. Cationic 
polyplexes can keep the integrity of the genetic material which is to be transported to the cell 
nucleus and therefore can be used as gene delivery systems. Positively charged 
polyethyleneimine can interact electrostaticly with negatively charged pDNA. Determination 
of cytotoxicity is important for nucleic acid delivery systems. Linear polyethyleneimine is 
toxic at increasing concentrations, affecting cell viability. In our study, L2 polyplexes with a 
ratio of LPEI:pDNA 2:1 (w:w) were found a more optimal gene delivery system than the 
other polyplexes for LV-RFP plasmid DNA and triple-negative mouse breast cancer cell line 
4T1, in terms of high transfection efficiency and low cytotoxicity.  
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Abstract  
 

This study presents two new concepts and definitions to the medical literature. One of those is 
"endogenous retinoic acid theory" and the other "retinoic acid depletion syndrome". A new 
classification will be provided for the immune system: "retinoic acid-dependent component" and 
"retinoic acid non-dependent component". If this theory is verified, all the diseases where the retinoic 
acid metabolism is defective and retinoic acid levels are low will be identified and new approaches will 
be developed fortreating such diseases. When the need for retinoic acids increases, such as acute 
infection, high fever, severe catabolic process, or chronic antigenic stimulation, cytochrome oxidase 
enzymes are inhibited by drugs or internal mechanisms. Metabolism and excretion of retinoic acids 
stored in the liver are prevented. In this way, retinoic acid levels in the blood are raised to therapeutic 
levels. This is called "Endogenous Retinoic Acid Theory". Retinoic acids also manage their 
metabolism through feedback mechanisms. Despite compensatory mechanisms, causes such as high 
fever, serious catabolic process and excessively large viral genome (SARS-CoV-2), excessive use of 
RIG-I and Type I interferon synthesis pathway using retinoic acid causes emptying of retinoic acid 
stores. As a result, the RIG-I pathway becomes ineffective, Type I IFN synthesis stops, and the 
congenital immune system collapses. Then the immune mechanism passes to TLR3, TLR7, TLR8, 
TLR9, MDA5 and UPS pathways in the monocyte, macrophage, neutrophil and dendritic cells of the 
adaptive immune defense system that do not require retinoic acid. This leads to excessive TNFα and 
cytokine discharge from the pathway. With the depletion of retinoic acid stores as a result of this 
overuse, the immune defense mechanism switches from the congenital immune system to the 
adaptive immune system, where retinoic acids cannot be used. As a result of this depletion of retinoic 
acids, the shift of the immune system to the NFκB arm, which causes excessive cytokine release, is 
called "retinoic acid depletion syndrome". COVID-19 and previously defined sepsis, SIRS and ARDS 
are each retinoic acid depletion syndrome. We claim that retinoic acid metabolism is defective in most 
inflammatory diseases, particularly COVID-19 (cytokine storm) sepsis, SIRS and ARDS. Finding a 
solution to this mechanism will bring a new perspective and treatment approach to such diseases. 

Free full text  
 

https://europepmc.org/authors/0000-0002-5794-688X
https://europepmc.org/authors/0000-0002-5794-688X
https://doi.org/10.1016/j.mehy.2020.110250


 

Med Hypotheses. 2020 Nov; 144: 110250. 
Published online 2020 Sep 10.doi: 10.1016/j.mehy.2020.110250 
PMCID: PMC7481114 
PMID: 33254555 

COVID-19: Endogenous Retinoic Acid Theory and 
Retinoic Acid Depletion Syndrome 
Aziz Rodan Sarohan 

Author information Article notes Copyright and License information 

This article has been cited by other articles in PMC. 

Associated Data 
Supplementary Materials 

Introduction 
In this study, the pathophysiological processes involved in COVID-19 and retinoic acid metabolism 
were examined. The indispensable role of retinol (vitamin A-retinoic acid) in the immune system is 
clearly demonstrated here. Based on the literature findings and observations, it is understood that 
retinoic acids have a central regulatory function in the immune system. This study reveals the central 
and indispensable regulatory role of retinoic acids on key molecules such as Type-I IFN synthesis, 
transcription factors, DNA and proteasomes. Everything that happens in the periphery depends on 
whether the retinoic acid regulation in the center is working properly. Considering in terms of structure 
and function, retinol (vitamin A) is not only a vitamin but also a hormone. In fact, retinol is a major 
hormone and regulator of the immune system. Zinc plays a role as a cofactor in the functioning of 
retinol in the immune system. 

Retinol is converted into active RA derivatives such as all-trans RA, 9-Cis trans RA and 13-Cis trans 
RA by taking it into the cell in cases where the need for host increases such as acute infection. These 
active derivatives of retinol mediate the synthesis of Type-I IFN, the most powerful antiviral mediator of 
host defense, through nuclear retinoic acid receptors (RAR and RXR). Synthesized Type-I IFN (α and 
β) cleans the virus from the body by strengthening the cellular and humoral immune system. It also 
allows the development of a permanent immune response against the virus. Once the hypothesis 
asserted here is supported with clinical studies, the scientific community will agree that vitamin A 
deserves the definition of growth factor or hormone A, which was its designation when it was first 
discovered. Most importantly, we will have a new and simple option for the treatment of COVID-19. 

The reason that this mechanism was not noticed until now was the assumption that retinoic acid, 
which is an endogenous ligand, can always be found in the medium. However, the amount of retinoic 
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acid in the human body is limited and is approximately at levels that can last for three months for a 
person [1]. Retinoic acid can be consumed rapidly due to reasons such as extreme viral load, high 
fever and extreme catabolic degradation, particularly continuous and long RIG-I stimulation. Retinoic 
acids can also limit biological effects very rapidly due being metabolized prevalently and rapidly [1], [2]. 
Retinoic acid metabolism is performed by the cytochrome P450 (CYP26) enzymes [2], [3], [4]. 
High fever observed in acute infections, extreme catabolic process, the extremely large genome as in 
SARS-CoV-2 and heavy viral load lead to fast depletion of the retinoic acids stored in the liver. 
Retinoic acid levels have previously been found to be severely reduced and depleted during viral 
infections such as measles and RVS [5], [6], [7]. 

The Hypothesis: Endogenous retinoic acid theory and 
retinoic acid depletion syndrome 
This study presents two new concepts and definitions of medical literature. One is “endogenous 
retinoic acid theory” and the other is “retinoic acid depletion syndrome”. With this study; the immune 
system will obtain a new classification as “retinoic acid-dependent component” and “retinoic acid non-
dependent component”. Moreover, it will provide a new perspective for other viral infections, 
particularly in the treatment of COVID-19, and certain bacterial infectious diseases, immune system 
and autoimmune diseases, vaccine and adjuvant molecules, sepsis and cytokine storm, allograft 
reactions degenerative neurological diseases and cancer physiopathology. 
When the need for retinoic acids such as acute infection increases. With drugs or internal 
mechanisms, liver cytochrome oxidase enzymes are inhibited and excretion of retinoic acids stored in 
the liver is prevented. In this way, raising retinoic acids to therapeutic levels is called “Endogenous 
Retinoic Acid Theory” (TERA).Retinoic acids also manage their own metabolisms with feedback 
mechanisms. Despite such compensatory mechanisms, the retinol stores of the body quickly get 
depleted as a result of overuse of the RIG-I pathway, which includes retinoic acid receptors, due to 
reasons such as high fever, severe catabolic process and oversized viral genome (SARS-CoV-2). As 
a result, the RIG-I pathway is passivized and the immune defense mechanism shifts to the TLR3, 
TLR7, TLR8, TLR9, MDA5 and UPS pathways found in neutrophil, macrophage and dendritic cells 
belonging to the adaptive immune component elements, and causes over-discharge of cytokine 
(cytokine storm) through the NFκB arm. Such over immune response results in severe clinical 
presentations. Retinoic acid stores get quickly depleted as a result of overuse of retinoic acids in the 
RIG-I pathway and the Type-I Interferon synthesis pathway. Then the immune defense mechanism 
shifts to the NFκB pathway, where retinoic acid cannot be used and which results in cytokine release, 
is called “Retinoic Acid Depletion Syndrome” (RADS). 

Such over-release of cytokine causes severe clinical presentations that may further lead to endothelial 
damage, hypoxia, necrosis and multiorgan damage (cytokine storm, SIRS, ARDS). COVID-19 and the 
previously described sepsis, SIRS and ARDS and many inflammatory events are each a retinoic acid 
depletion syndrome. 

We claim that retinoic acid metabolism is defective in COVID-19 (cytokine storm) and most 
inflammatory diseases such as sepsis, SIRS and ARDS. It is asserted that the RIG-I pathway does not 
function healthily and retinoic acid metabolism is defective in certain diseases such as severe viral and 
bacterial infection diseases, including COVID-19, chronic autoimmune diseases, sepsis, cytokine 
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storm, SIRS and ARDS and chronic degenerative neurological diseases. Finding a solution to this 
mechanism will require a new perspective and treatment approach to such diseases. 

It is very easy to prove or disprove the thesis put forward here. It will be sufficient to examine the 
retinol levels in the serum of severe COVID-19 patients. Serum retinol levels of COVID-19 patients 
have not yet been studied anywhere in the world. Our clinical trial is still ongoing to determine serum 
retinol levels in COVID-19 patients. The symptoms and findings observed in COVID-19 patients that 
support this thesis will be listed below. COVID-19 patients have many entities, symptoms and findings 
regarding the regulation of endogenous retinoic acids. Most of these are currently based on 
observations. The findings observed particularly in COVID-19 patients with severe clinical 
presentation, dramatically resemble the symptoms and findings of vitamin A (retinol) deficiency. 

COVID-19 pathogenesis and retinoic acid depletion 
syndrome 
Caused by SARS-CoV-2, this disease was named as COVID-19 by the World Health Organization 
(WHO) and quickly spreads all over the world [8]. The COVID-19 outbreak was declared an epidemic 
by the World Health Organization after causing the death of tens of thousands of people [9]. Millions of 
people infected and more than 600,000 died in the outbreak [9], [10]. Currently, there is no approved 
specific treatment for this virus yet. A vaccine is also not yet developed against the coronavirus. The 
COVID-19 epidemic is continuing to be a major problem for the whole world [8], [11]. 
As COVID-19, the largest epidemic of modern times turned into a pandemic, an urgent search was 
started throughout the world for a therapeutic drug against COVID-19 to control the epidemic and 
decrease the high mortality rates. Due to the time-consuming processes of developing new 
medications, the fastest solution to this pandemic was the idea to reposition existing medications. This 
search put focus once again on vitamin A (retinol) and its active derivatives retinoic acids, which were 
used in the past during the measles epidemics but then got forgotten in time [5]. 
The congenital immune response of the host is important in controlling the infection. It achieves this 
through Tip I interferon by increasing the immune response [14]. SARS-CoV-2 is an enveloped single-
strand RNA virus with its largest genome. The genome size of RNA viruses is generally less than 10 
kB, but the genome length of SARS-CoV-2 is 30 kB [12]. As the SARS-CoV-2 genome has a single-
stranded RNA structure, the immune response developed against it essentially functions through RIG-
I, which is the congenital immune system component [15]. RIG-I is the major receptor of the immune 
system that identifies viral, single-stranded RNA ligands [15], [16]. RIG-I is activated after the viral RNA 
ligand binds [17], [18]. The RIG-I pathway, which is the most studied and most well-known component of 
the congenital immune system, functions as dependent on retinoic acid [17], [18]. 
Some viruses are recognized by the host as RIG-I dependent. These viruses include the West Nile 
virus, the Japanese Encephalitis virus, Influenza A virus, the Sendai virus, Flavivirus and 
Coronaviruses [15], [16]. The extremely large size of the SARS-CoV-2 genome (30 kB) and high 
virulence, causes a lot more RNA fragments to be scattered from the virus when it is degraded during 
the defense of the host. Over-stimulation of RIG-I due to the high viral load also causes the retinoic 
acid stores of the body to rapidly deplete due to high fever and severe catabolic process. The RIG-I 
pathway, where viral ssRNA ligands are first recognized, retinoic acid and retinoic acid receptors are 
used are very important in viral infections and are perhaps the most active pathway in the body until 
retinoic acids are depleted. 
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The RIG-I pathway is deactivated after retinoic acids are depleted. In the following process, the 
immune mechanism shifts to the NFκB pathway that causes over-release of TNFα and cytokine 
through neutrophil where retinoic acid is not used and the TLR3,TLR7,TLR8,TLR9, MDA5 receptors 
and UPS (ubiquitin/proteasome system) pathways in the macrophage and dendritic cells. Over-
discharge of TNFα and cytokine (cytokine storm) takes place with the activation of this mechanism. 
The UPS degradation mechanism gains activity in the absence of retinoic acids. UPS degradation 
covers are opened. 

During SARS-CoV-2 infection, IL-1α is transported and released on the cell surface due to apoptosis 
and inflammation. It initiates sterile inflammation in adjacent cells. Other chemokines released from 
macrophages due to viral replication or inflammation is required for IL-1β release. After binding to IL-
1α and IL-1β receptors, they stimulate the release of inflammatory cytokines and TNF-α via the NF-кB 
pathway. IL-1 release; It causes fever, hyperferritinemia, vasodilation, hematopoiesis inhibition, as well 
as the release of chemokines, acute phase proteins, adhesion molecules and cytokines, especially IL-
6. IL-6 plays a central role in cytokine storm [21]. 
Chemokines are chemotactic cytokines generated by leukocytes and other cell types. Chemokines are 
a large molecule family that direct leucocytes to the infection area and play a role in lymphocyte 
migration. IL5, IL-8, IL-10 and granulocyte–macrophage-colony stimulating factor (GM-CSF) also 
continuously increase during the cytokine storm and play a role in the emergence of the pathological 
response [20], [21]. 
In COVID-19, the reason why the disease was very mild in some people and very severe in others is 
thought to be related to the amount of retinol previously stored in the patient's liver. Whether there is 
enough retinol in the patient's liver seems to be an effective factor in the patient's response to the 
disease. In COVID-19, the falling levels of retinoic acids, which are rapidly depleted in the body, and 
the resulting excessive cytokine release syndrome, are responsible for most of the disease, severe 
clinical and symptoms. Two separate clinical studies from Egypt reported to the US NIH clinical trials 
are underway to determine the effectiveness of Isotretinoin, a retinoic acid derivative, in COVID-19 [22]. 

COVID-19, retinoic acids, ocular and nervous system 
The clinical picture, which is common in severe COVID-19 patients and is referred to as “pink 
eye” [23], [24], is nothing more than conjunctivitis seen in severe vitamin A deficiency. Most likely, 
retinitis and other vision problems in these patients also develop due to atrophy and necrosis caused 
by a lack of retinoic acid in nerve cells in the retina. 
Although attempts are made to explain the taste and olfactory disorders in COVID-19 patients with 
ACE2 receptors it is clear that it takes place through retinoic acid receptors [25]. It is interesting that 
vitamin A deficiency also leads to taste and olfactory disorders. This also suggest that vitamin A 
deficiency also develops in COVID-19. The findings and symptoms that arise in the nervous system 
and eyes of COVID-19 patients are nothing but the results of retinoic acid deficiency manifested 
through retinoid acid receptors. 
Dizziness, headache, impaired consciousness, acute cerebrovascular disorder, ataxia and epilepsy 
are observed in COVID-19 patients as central nervous system involvement and hypogeusia, 
hyposmia, hypopsia and neuralgia are observed as peripheral nervous system involvement. Muscle 
involvement was also observed in patients [26], [54]. Acute hemorrhagic necrotizing encephalopathy 
cases related to COVID-19 were also reported. Hypodensity in bilateral medial thalamuses was 
observed in the unenhanced cranial BT taken in the patients [35]. Likewise, this area is one where 
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retinoic acid receptors are densely located [27]. The first Guillain-Barré syndrome that could be related 
to COVID-19 was reported by Zhao et al [28]. 
Retinoic acids play a central role in increasing neuroplasticity and neurogenesis. Retinoic acids are 
vital for hippocampus and the hypothalamus that control memory and alertness. All-trans retinoic acid 
(atRA) can be created from the retinoic acid in the brain. This is important for long-term potentiation 
(LTP). Vitamin A deficiency also causes circadian dysfunction. Cognitive dysfunction is also frequently 
observed [27], [29]. 
Components of the metabolic pathways for retinoids have been clearly defined for the adult brain [29]. 
All-trans-retinoic acid was shown to be synthesizable in certain areas of the brain. Certain neuronal-
specific genes contain recognition sequences for retinoid receptors and can be arranged directly by 
retinoids. Retinoid receptors have a prevalent distribution in the adult nervous system. This distribution 
is different from that observed during embryonic development and suggests that retinoid signaling 
could play a physiological role in the adult cortex, amygdala, hypothalamus hippocampus, striatum 
and related areas of the brain [29], [34]. 
Disruption of retinoid signal pathways in rodent models resulted in disruption in synaptic plasticity, 
learning and memory behaviors. Retinoid signal pathways also play a role in the pathophysiology of 
Alzheimer's disease, schizophrenia and depression [29]. 

COVID-19, retinoic acids and ARDS 
SARS-CoV-2 binds to the receptors on the alveolar and gastrointestinal epithelium cells and activates 
these cells in the natural and acquired immune system to cause the release of high amounts of 
cytokines, particularly IL-6 [20], [21]. The inflammatory response generated by the over cytokine release 
observed with T-cell and monocyte/macrophage activation causes an increase in vascular 
permeability and exudative liquid accumulation in the alveoli and thereby cause release (ARDS). 
Multiorgan damages and cardiovascular complications are added to the clinical presentation as the 
situation gets more severe (SIRS) [20], [21], [36]. 

In COVID-19, development of ARDS is essentially associated with inflammatory cytokine release and 
the exudative liquid accumulation that is caused as a result. The effect should also not be ignored on 
ARDS pathogenesis of the lack of retinol derivatives lecithin, colin and inositol in the medium and the 
potential disruption of surfactant synthesis, subject to depletion of retinoic acids in the body due to 
severe catabolic status and severe infection. These retinol derivatives that have a significant place in 
the structure of surfactant are important topics that need to be investigated regarding the development 
and severity of the ARDS presentation. 

Surfactant deficiency has a very significant ratio in Respiratory Distress Syndrome (RDS) observed in 
newborns. Respiratory distress syndrome observed in newborns due to surfactant insufficiency 
constitutes one-fourth of the infant mortalities in developed countries [38]. Death due to pneumonia in 
newborn measles was shown to be reduced by 50% with vitamin A fortification, for the first time in 
1952 [5]. The function of lecithin, colin and inositol synthesized from vitamin A and added to the 
structure of surfactant in reducing deaths caused by pneumonia should be taken into consideration. 
Retinoids play key roles in the formation and continued functioning of lung alveoli. Retinoids must play 
a role in the functioning of the mature lung because they are proving to be pharmacologically useful in 
treating certain lung diseases. The lung is a major tissue for the storage of retinol as retinyl esters. 
Exogenous RA can stimulate retinol uptake and storage in the lung; for example, when neonatal rats 
were treated with retinol combined with retinoic acid (RA; 9-cis-RA; Am580, an analog of RA) lung 
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retinyl esters increased approximately 5–7 times more than after an equal amount of retinol alone. 
Thus, retinoids are stored in the lung and active retinoids regulate the level of precursor storage [39]. 

COVID-19, retinoic acids and autoimmunity 
Toll Likereceptors recognize molecules bound to the pathogen and cause pathogen-specific innate 
and adaptive immune responses in the host. These receptors can also be stimulated by host DNA and 
RNA fragments released as a result of apoptosis or due to lysis of infected cells or mitochondria 
degradation [40], [41].Of the 11 TLRs identified in humans, TLR3, TLR7, TLR8 and TLR9 are expressed 
in endolysosomes. These recognize viral DNA, RNA and synthetic nucleic acids [20], [41]. Tol-like 
receptors constitute the TIR (Toll-IL-1) receptor area with the interleukin-1 receptors. RA (atRA), plays 
a role in immune homeostasis in a steady state. However, atRA activates pathogenic T cells under 
inflammation conditions. Thus, atRA induces effector T cell responses also during infections or 
autoimmune diseases [42]. 
The adaptive immune system cells case TNFα and inflammatory cytokine discharge through NFκB 
over the TLR3, TLR7, TLR8, TLR9 MDA5 and UPS pathways found in monocyte, macrophage and 
dendritic cells [20], [41]. The TLR7, TLR8, TLR9 and MDA5 receptors located in the neutrophil, 
macrophage and dendritic cells of the adaptive immune system, were determined to recognize the 
self-DNA fragments of the host in autoimmune diseases such as lupus, psoriasis, arthritis and multiple 
sclerosis [43]. This mechanism triggers the release of pro-inflammatory cytokines that contribute to the 
autoimmune disease pathogenesis [43]. 
It could be considered that the reason for observing autoimmune diseases such as Kawasaki in 
COVID-19 is related to this mechanism. Clarification of the pathophysiological mechanism here will be 
instructive for us in the treatment of tens of autoimmune diseases, particularly Type-I diabetes. The 
first Guillain-Barré syndrome that could be related to COVID-19 was reported by Zhao et al [28]. It is 
suspected that the fibrinogen and heat shock proteins (HSP) of the host bind to the toll-like 
receptors [44]. This may increase the tendency to thrombosis in addition to hypoxia and endothelial 
damage in COVID-19. 
Toll-like receptors (TLR3, TLR7 and TLR8) play an important role in the activation of the immune 
system and their agonists can thus function as promising vaccine adjuvants. However, TLR over-
stimulation causes chronic immune activation [45]. The presentation of SSPE after the measles 
vaccine may be a dramatic clinical picture that develops through the retinoic acid receptors in the brain 
as a result of the depletion of retinoic acids as a result of continuous stimulation of the RIG-I or TLR 
pathway with vaccine antigens. The reason for this thought is that the antigen is able to constantly 
stimulate receptors, and the measles virus lowers vitamin A (retinoic acid) levels during infection. 

It is predicted that if retinoic acid levels are at normal limits and the RIG-I pathway functions healthily, 
endogenous antigens of the host can be prevented from being presented to the TLR7, TLR8, TLR9, 
MDA5 receptors and UPS pathway of the adaptive immune system. It can be that failure of the RIG-I 
pathway to function healthily or defective retinoic acid metabolism may play a role in the 
pathophysiological process in autoimmune diseases. 

Retinoic acids and inhibitors of retinoic acid metabolism are used in dermatological diseases such as 
ichthyosis and psoriasis and good results are obtained. Similarly, these observations and evaluations 
suggest that retinoic acid metabolism may be defective in such dermatological diseases [2], [31]. 
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COVID-19, RIG-I and retinoic acid depletion syndrome 
mechanism 
RIG-I (retinoic acid-inducible gene-I) and MDA-5 (melanoma differentiation-associated gene-5) are 
cytoplasmic RNA helicases. RIG-I, as the name implies, is a cytosolic receptor synthesized due to 
retinoic acids. Critical for antiviral responses in the host. RIG-I is an important molecule in the innate 
immune system for identifying the viruses inside the cell. 

Coronaviruses are recognized by the host as dependent on RIG-I [15], [16], [18]. The RIG-I pathway, 
which is the most studied and most well-known component of the congenital immune system, 
functions as dependent on retinoic acid [18]. RIG-I is the major receptor of the immune system that 
identifies viral, single-stranded RNA ligands. RIG-I is activated after the viral RNA ligand binds [17], [18]. 
This activation also activates retinoic acid receptors and initiates its own (RIG-I) synthesis from the 
DNA DDX58 promoter gene area. At the same time as the activation of RIG-I, the immune defense 
cascade that leads up to Type-I IFN release also starts to operate [18]. 
The RAR and RXR receptors, which mediate the nuclear transcription of RIG-I, the most important 
pathway in the immune response developed against single-stranded RNA viruses, get activated with 
retinoic acid. Retinoic acid receptors (RXR/RAR) are not active before retinoic acid binds [17], [22]. 
Retinoic acid increases RIG-I synthesis and activity by binding to the DNA through the nuclear 
receptors [18], [22]. 
Apart from the RIG-I synthesis step, another mechanism that consumes retinoic acid in the cell is the 
stages in which Type-I interferon is synthesized by CREB (cyclicAMP-response element binding 
protein) and kinase activation. In the CREB stage, retinoic acid participates in interferon synthesis 
through retinoic acid receptors in the structure of transcription factors. In the kinase activation phase, 
retinoic acids can provide interferon synthesis by kinase activation without the need for a transcription 
complex [13]. Apart from the RIG-I synthesis step, excessive use of these two pathways also 
consumes retinoic acids. Another way in which retinoic acids are used and consumed is UPS 
suppression. Retinoic acids inhibit NFκB activation by preventing degradation [33]. 
RIG-I and MDA-5 also detect double-stranded RNA (dsRNA) which is a replication intermediate 
substance for RNA viruses [17], [18] . SsRNA viruses (such as SARS-CoV-2) are typically not detected 
as ssRNA but are detected through intermittent replication products in the form of dsRNA [17], [15]. The 
dsRNA ligand may come from single-stranded RNA (ssRNA) or double-stranded RNA (dsRNA) 
viruses [18], [15]. RIG-I can also detect a dsRNA copied from dsDNA by a DNA-dependent RNA 
polymerase III (Pol III) [46], [47]. Some DNA viruses are identified by RIG-I through this mechanism. The 
identification of certain DNA viruses including HSV-1, EBV, VACV and Adenovirus by the host also 
depends on RIG-I through this mechanism [46], [47]. 
The viral 5′ dsRNA terminal acts as a RIG-I stimulant [48]. 5′ -diphosphateRNA (5′ ppRNA) fragments 
found in viruses increase the expression of RIG-I by binding to RIG-I in in-vitro environments [18]. 
5′ ppp RNA sequences (RIG-I agonists) synthesized through transcription or chemical synthesis were 
shown to provide better RIG-I activation [18], [49]. These agonists have broad-spectrum antiviral 
potential. They can also be optimized as vaccine adjuvants [50], [51]. 5′ -triphosphate RNA is a strong 
ligand for RIG-I [49]. 
Viral RNA ligand starts an inflammatory response through RIG-I. Upon binding of the RNA ligand to 
RIG-I, RIG-I undergoes a series of conformational and posttranslational changes to ensure full 
activation. Double helix RNA viruses are identified through RIG-I and IPS-1(interferon promotor 
stimulator-1) [18]. The short double helix triphosphate RNA pattern (5′ pppRNA/dsRNA) located in the 
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Viral RNA 5′ -terminal, binds to the RIG-I to activate the mitochondrial adapter protein, the 
mitochondrial antiviral signaling protein and IPS-1 (interferon promotor stimulator / RIG-I adapter 
trigger). These activated mediators activate the primary immune defense by initiating Type-I IFN and 
proinflammatory cytokine release. With the interaction between RIG-I, and ASC and Caspase-1 from 
another path and the stimulation of ILβ1 release, adapter proteins ensure that the activation of CARD-
9, Bcl10, Mitochondrial antiviral signal protein (MAVS) and nuclear factor kappaB (NF-кB) [18]. This 
arm, which increases inflammation, works when retinoic acid is exhausted. 

When retinoic acid is depleted due to the extremely large RNA genome, high fever and severe 
catabolic process, the RIG-I and IPS-1 pathway, which are components of the congenital immune 
defense system, cease to function and the mechanism shifts to adaptive immune system cells to 
continue with the NFκB pathway through neutrophil, macrophage and dendritic cells. This results in 
release of TNFα and inflammatory cytokine. 

However, if retinoic acid is present, the mechanism will continue to produce Type-I IFN via RIG-I / 
IRF3-7. And these changes result in an increase in the release of Type-I IFN. After Type-I Interferons 
(IFN-I; IFNα and IFNβ) leave the cell, they bind to the IFN-I receptors on the surface of the cell they 
came from or other proximal cell receptors [52]. This increases antiviral activity and ensures that more 
IFN-I is produced. IFN-I also activates the JAK-STAT pathways and increases the expression of the 
genes stimulated with IFN (ISGs) [52]. 
Type-I IFNs have three main functions. They prevent the virus from multiplying and limit its spread to 
host cells. It induces the natural immune response, the especially cytotoxic effect on the virus through 
inflammatory responses. In particular, it activates secondary immune responses that result in a 
permanent immune response [52], [53]. In some COVID-19 patients, the cause of inadequate antibody 
response may be due to retinol depletion. Adequate antibody response does not occur as a result of 
both cellular and humoral immune system collapse as a result of the discontinuation of Type-I IFN 
synthesis. 

The RIG-I pathway, where viral ssRNA ligands are first recognized and retinoic acid and retinoic acid 
receptorsusedis very important in viral infections and is perhaps the most active pathway in the body 
until retinoic acids are depleted. Overstimulation of RIG-I due to the high viral load also causes the 
retinoic acid stores of the body to rapidly deplete due to high fever and severe catabolic process. 

The RIG-I pathway is deactivated after retinoic acids are depleted. In the following process, the 
immune mechanism shifts to the NFκB arm, which causes TNFα and excessive cytokine 
release via TLR3, TLR7, TLR8, TLR9, MDA5 and UPS pathways of the neutrophil, macrophage and 
dendritic cells of the adaptive immune system without retinoic acid. Over-discharge of TNFα and 
cytokine (cytokine storm) takes place with the activation of this mechanism. 
Another mechanism that aggravates the picture is that host DNA and RNA fragments from apoptosis 
and mitochondria lysis cause excessive cytokine discharge from the NFκBarm through adaptive 
immune system cells with MDA5 and TLR3, TLR7, TLR8, TLR8, TLR9 receptors. This is due to toll 
receptors and MDA5 can also be stimulated by DNA fragments released as a result of apoptosis or 
due to lysis of infected cells or mitochondria degradation [17], [41]. This vicious cycle aggravates the 
situation even further. 

Vitamin A deficiency and viral infections 
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Vitamin A (Retinol) is required for the healthy functioning of the immune system. Decreased vitamin A 
during infection weakens the host defense. The level of vitamin A drops even further particularly during 
viral infections [37]. 
Infectious diseases depress circulating retinol and contribute to vitamin A depletion. Enteric infections 
may alter the absorptive surface area, compete for absorption-binding sites, and increase urinary loss. 
Febrile systemic infections also increase urinary loss and metabolic utilization rates and may reduce 
apparent retinol stores if fever occurs frequently. A great deal of evidence supports an association of 
Vitamin A Deficiency (VAD) with the severity of infection once acquired, except for respiratory 
diseases, which are non-responsive to treatment. The severity of pneumonia associated with measles, 
however, is an exception because it decreases with the treatment of vitamin A supplementation. 
Measles virus infection is especially devastating to vitamin A metabolism, adversely interfering with 
both efficiencies of utilization and conservation [55]. 
Vitamin A deficiency significantly increases mortality in measles. Vitamin A deficiency is an important 
problem that impacts millions of children in developing countries. Vitamin A deficiency can be 
considered to be reported only in third-world countries, however, in a study conducted in California, 
vitamin A deficiency was found in 50% of the children with measles. The mortality rate in newborns 
was shown to be reducible by 50% with vitamin A fortification, for the first time in 1932 [5], [37]. 
Respiratory Syncytial Virus (RSV) is today the most frequently encountered virus that causes infection 
in the respiratory tract. It is a very frequent cause of respiratory diseases in small children. Vitamin A 
level is low in children infected with RSV. In addition, low vitamin A has a relation with the disease 
similar to that mentioned for measles [7]. Vitamin A treatment is an effective option in newborn RSV 
infections. This is because it is a low-cost, prevalent, applicable and readily available treatment [7]. 
Vitamin A deficiency increases mortality in AIDS. Vitamin A replacement also provides benefit for other 
infections in AIDS. Vitamin A deficiency is encountered frequently in HIV infection. This deficiency is 
related to the adjuvant T lymphocyte decrease in circulation, which is distinctive for HIV. Vitamin A 
deficiency increases mortality in AIDS [56]. 
The World Health Organization (WHO) gives high-dose (200.000 I.U.) vitamin A supplements as 
prophylactic to children once every six months to prevent vitamin A deficiency in underdeveloped 
countries [57]. The risk of measles is reduced due to the effective vaccination program. However, 
vitamin A treatment is an important requirement in the treatment of other viral infections during 
childhood [5]. 
The level of vitamin A decreases significantly in infections caused by the respiratory syncytial virus 
and the measles virus. These two viruses use the RIG-I pathway in the immune response mechanism 
of the host [17]. In addition, it should be noted that both of these viruses have single-stranded RNA like 
SARS-CoV-2. 
Retinoic acid is obtained from tissues depending on the specific need of the cell. Retinol, which is one 
of the most active metabolites of retinoids, is found at a low concentration in the blood. The normal 
vitamin A (retinol) range is 28–86 μg / dL. Vitamin A deficiency is defined as serum retinol levels below 
28 μg / dL [55]. 

Retinoic acids, immun system and IgA 
Malabsorption, protein-energy malnutrition, liver diseases, zinc deficiency, viral infections, high fever, 
severe catabolic profess, hyperthyroidism and abetalipoproteinemia caused by bile acid or pancreatic 
disorders lead to vitamin A deficiency [19], [34], [57]. 
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Infectious diseases that induce the acute-phase response also impair the assessment of vitamin A 
status by transiently depressing serum retinol concentrations. Vitamin A deficiency impairs innate 
immunity by impeding normal regeneration of mucosal barriers damaged by infection, and by 
diminishing the function of neutrophils, macrophages, and natural killer cells. Vitamin A is also 
required for adaptive immunity and plays a role in the development of T both-helper (Th) cells and B-
cells. In particular, vitamin A deficiency diminishes antibody-mediated responses directed by Th2 cells, 
although some aspects of Th1-mediated immunity are also diminished [37], [39]. 
Vitamin A deficiency is related to immune system failure. Its deficiency causes deterioration in 
effective antibody response, a decrease in the number of T-helper cells and a disruption in the mucous 
barrier of the gastrointestinal tract, genitourinary system and respiratory system [57]. 
Persons with vitamin A deficiency are more prone to infections and have higher mortality rates. 
Furthermore, “vitamin A stores get depleted during the course of the infection” [55], [57]. This causes a 
negative vicious cycle. The frequency of Measles, Chicken Pox, RSV, AIDS and pneumonia increase 
in vitamin A deficiency [57]. 
Vitamin A (retinol) is essential in ensuring the continuity of the functioning and integrity of skin and 
mucosal cells and defends the body against infections through the mucosal mechanical barrier and 
humoral IgA. Retinoic acids (RA), which are the active metabolite of vitamin A, are today considered 
as a significant factor in the normal development and regulation of the immune system [39], [55]. 
Retinoic acid develops its role in the immune system through specific receptors. Carotenoids usually 
modulate T-cell proliferation. Increasing normal cell activity is another important objective of 
carotenoids. “Vitamin A deficiency increases sensitivity against diseases including measles, diarrhea 
and lung infections” [37]. 
RA stimulates the differentiation of adjuvant T-cells (Th2) and regulatory T-cells (Treg) and inhibits the 
differentiation of Th1 and Th17 [42]. RA also stimulates the differentiation of B-cells and ensures 
antibody production [58]. When retinoic acid is absent in the body, antibodies, especially Ig A, cannot 
be produced. One study showed that RA had an effect through RARα, which directly affects IgA 
synthesis and secretion on B-cells [37], [58]. The vitamin A metabolite atRA, plays a key role in mucosal 
immune responses. atRA also regulates the differentiation of the Foxp3 (+) regulating T-Cell (T-reg) 
and the Th17 effector T-Cell. Therefore, although atRA can be used as an effective “mucosal 
adjuvant” in vaccines, it is also considered as necessary for creating the gut immune tolerance [42], [50]. 
All-trans RA (atRA), is produced in macrophage and dendritic cells that can express retinal 
dehydrogenase from vitamin A. atRA binds to nuclear retinoic acid receptors that are expressed in 
lymphoid cells and function as transcription factors to regulate cell homing and differentiation. atRA, 
which is produced by CD103 (+) dendritic cells and alveolar macrophages, induce the transformation 
of pure T-Cells into Foxp3 (+) regulating T-Cells and thereby, work with TGFγ to protect the mucosal 
tolerance [59]. atRA plays a role in immune homeostasis in a steady state. However, it activates 
pathogenic T cells under conditions of inflammation. Therefore, atRA induces effector T-Cell 
responses during infections or autoimmune diseases [42]. The possible reason for this is that atRa 
activates only the RAR receptor, whereas 9-Cis-RA can activate both RXR and RAR receptors. The 
role of retinoic acid in the production of immunoglobulin A could be presented as a result of a broad 
review consisting of 151 articles. Immunoglobulin A is inhibited in the lack of retinoic acid [60]. 

The current treatment of COVID-19 and the cytochrome P450 
system 
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The cytochrome oxidase enzyme system (CYP450) is a system that is responsible for the metabolism 
and detoxification of the toxins and drugs particularly found in the endoplasmic reticulum of liver cells. 
Only three of these (CYP1, CYP2, CYP3) are responsible for drug metabolism [30]. CYP3A4 accounts 
for 40% of the cytochrome oxidase system and is the main mono-oxidase enzyme responsible for drug 
metabolism [30]. 
The P450 mono-oxidase system shows heterogeneity among humans. The activity of this enzymatic 
system varies between individuals and societies. This heterogeneity is the reason that the 
biotransformation of drugs and compounds differs among individuals and societies [30], [61]. The P450 
system is an important area of drug-drug, drug-diet and drug-disease-condition interactions. The 
functional change in this system has significant consequences regarding an insufficient therapeutic 
response or increased toxicity. Selecting specific P450 enzymes when starting drug therapy will 
provide rational drug development, more effective clinical trial evaluation and better therapeutic 
approaches in patients requiring special attention [30], [61]. 
Enzyme synthesis increases when induction occurs in the P450 system. The biotransformation of the 
drug that metabolizes with this enzyme increases accordingly. The serum level thus decreases. As for 
inhibition, in contract with induction, the enzyme synthesis decreases and the serum level of the 
concerned compound increases. Enzyme inhibition occurs very rapidly and the blood level of the 
metabolized drug quickly increases. In such a case, the pharmacological effects of the drug or 
endogenous compound increase [30], [61]. 
With the inhibition of the cytochrome oxidase system, the serum retinoic acid levels are increased by 
preventing the excretion of retinol esters previously stored in the liver and the retinoids taken with 
food. Retinoid acids increasing in the serum modulate the RIG-I pathway through nuclear receptors to 
operate the primary immune system [18], [22]. 

The mechanism of action of these drugs, particularly Hydroxychloroquine, used in the treatment of 
COVID-19, on SARS-CoV-2 is not clearly known. Therefore, although recovery is observed in patients, 
it is not certain that such recovery is directly related to these drugs. It is likely that such therapeutic 
efficacy is achieved by retinoic acid derivatives whose metabolism is halted and serum levels are 
increased as a result of inhibition of the cytochrome P450 oxidase system by the drugs used in the 
treatment. The real reason for success in cases with early treatment is also probably due to the 
prevention of the depletion of retinoic acid stores in the liver by early treatment. 

All the drugs bound to a certain protocol by the COVID-19 Science and Advisory Board in our country, 
as in many countries throughout the world, and used in COVID-19 treatment, inhibit the cytochrome 
P450 system (Table 1 ). The table below shows the drugs included in the COVID-19 treatment 
protocol and their stimulation / inhibition status on the CYP P450 system. 

Table 1 
Drugs included in the COVID-19 treatment protocol and their stimulation / inhibition status on the CYP 
P450 system. 

Drug Cytochrome Enzyme-CYP Sti. / Inh 

Hydroxychloroquine 
CYP2A4 
CYPA5 

CYP2C8 
CYP2D6 CYP3A4 Inhibition SPS:refid::bib30[30] 

Lopinavir/Ritonavir 
C CYP2D6 
CYP2A4 

CYPC2-18 
CYPC2-19 

CYP3A4 
CYP2C9 Inhibition [30] 

Favipiravir OAT1/OAT3 CYP2C8 P-GP Inhibition [32] 
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Drug Cytochrome Enzyme-CYP Sti. / Inh 

CYP2E1 

Oseltamivir   CYP3A4 Inhibition [30] 

Clarithromycin  CYP2D6 CYP3A4 Inhibition [30] 

The results of the studies conducted on Remdesivir in the USA were disclosed recently. A success 
ratio of 30% is mentioned there for Remdesivir in -American society [36]. The study conducted in China 
found this drug to be unsuccessful against COVID-19 [36]. The likely reason for this is the cytochrome 
P450 system that varies in terms of activity among individuals and societies. 
Alcohol (Ethanol), decreases serum levels by increasing the metabolism of retinoic acids by 
stimulating cytochrome oxidase enzymes. In this respect, the use of alcohol has a negative impact on 
COVID-19 prognosis. Ethanol activates the P450 system while red wine inhibits it [30]. French people 
were consuming high amounts of red wine on the first days of the COVID-19 pandemic. It was stated 
that red wine (not white wine) consumption protected people from COVID-19 and that it was even 
good for the patients. This has some truth to it due to two reasons. Red wine inhibits the cytochrome 
P450 system through CYP3A4 and also the flavonoids in red wine have a similar structure to retinoic 
acids and can show a regulatory effect on the immune system [30], [61]. 
The reason why COVID-19 progresses more in males than females (ignoring smoking) is that the 
cytochrome oxidase system is less inhibited in males than females. This is because estradiol inhibits 
the P450 system much more effectively and prevalently with respect to testosterone. Estradiol inhibits 
CYP1A2, CYP2A6, CYP3A4 whereas testosterone only inhibits CYP2D6 [30], [62]. 

Conclusion 
An effective immune response against RNA viruses proceeds based on the innate primary immune 
system and the adaptive immune system. The first path here is the innate immune system mediated 
by RIG-I, which functions as dependent on retinoic acids and proceeds through retinoic acid receptors 
(RXR-RAR). Retinoic acids are used in the regulation of this mechanism. The second path is the 
adaptive immune system which does not include retinoic acids but includes TLR3,TLR7,TLR8,TLR9 
and MDA5 receptors in the neutrophil, monocyte, macrophage and dendritic cells in the lungs and guts 
and continues through NFκB to result in TNFα and over cytokine release. 

Another way is UPS-NFκB shunt. Here, retinoic acids inhibit proteasomal degradation via the UPS 
system. In case retinoic acids are depleted, this inhibition mechanism disappears and proteasomal 
degradation takes place. Proteasomal degradation causes NFκB activation and causes TNFα and 
excessive cytokine secretion. 

According to the hypothesis, in acute situations such as severe infection, retinoic acids are depleted 
and the defense system of the host shifts into the adaptive immune system, which gives an acute and 
extremely inflammatory response. On the one side, the RIG-I / IRF3-7 pathway of the congenital 
immune system and the production of Type-I interferon, on the other side, the UPS-NFκB pathway of 
the adaptive regulatory immune system that secretes TNFα and cytokine, these two systems must be 
in balance. Production of Type-I interferon through the RIG-I and IRF3-7 pathway enhances strong 
immune defense and a permanent immune response in the host. If the balance shifts to the side of the 
UPS / NFκB and cytokine discharge, inflammatory pathogenetic mechanisms are triggered in the 
disease-causing host. 
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If a sufficient amount of retinoic acid is available in the body, the immune response developed against 
viruses will take place through the RIG-I pathway that belongs to the innate immune system. The 
healthy functioning of this pathway will clear the infectious agent from the body and improve the 
immune response through Type I IFN. Healthy functioning of this pathway is particularly dependent on 
the availability of a sufficient amount of retinoic acid derivatives. Having enough retinoic acid will 
provide permanent immunity. However, rapid depletion of retinoic acids in the body during the acute 
infection process leads to the response of the adaptive immune system. This leads to the development 
of severe and serious clinical presentations and complications that may result in death. Therefore, 
having enough retinol in the body is vital and necessary. 

What provides the balance between these two systems? Does the metabolic defect of retinoic acids 
and depletion of endogenous retinoic acids disrupt this balance? Can replacing retinoic acids restore 
this impaired balance? The answer to these questions will provide an understanding of the 
pathogenesis of all acute and chronic, benign and malignant, inflammatory and granulomatous, 
autoimmune and degenerative diseases listed above, and perhaps offer us new and simpler treatment 
options. 

In this case, all drugs and compounds that inhibit the liver cytochrome P450 oxidase system may be 
effective against COVID-19 by preventing retinoic acid metabolism. In fact, it is not difficult to predict 
that even Ketoconazole, which is used as an antifungal, can have significant efficacy in COVID-19 
treatment as a strong cytochrome oxidase P450 inhibitor (if sufficient retinoic acid is available in the 
body) [30]. Retinoic acid metabolism inhibitors (RAMBA) that block endogenous retinoic acid 
metabolism and provide therapeutic efficacy by increasing endogenous retinoic acid levels in order to 
avoid the teratogen side effect of retinoic acids have started being used in dermatological indications 
in recent years [31]. Retinoic acids, zinc and RAMBAs may work against COVID-19, which continues 
with full intensity. 

The evaluations and observations regarding the above mentioned retinoic acid metabolism also 
support our hypothesis about endogenous retinoic acids. Considering the fact that COVID-19 turned 
into a pandemic and the socio-economic consequences of the disease, the endogenous retinoic acid 
theory, the retinoic acid depletion syndrome that we assert and the information, findings and 
observations they are based on should not be ignored. An important conclusion to be drawn from this 
is the presence of much information, documents and observations that retinoic acid derivatives and 
zinc could be effective in the treatment of COVID-19. The success achieved with vitamin A in measles 
and other viral infections should be kept in mind. Therefore, it is necessary to focus on these drugs for 
COVID-19 treatment and urgently start clinical studies with these drugs. The inclusion of these drugs 
into the COVID-19 treatment protocol as a result of clinical studies will provide significant benefits both 
in terms of public health and socio-economic perspective. 

The endogenous retinoic acid theory and retinoic acid depletion syndrome we obtained as a result of 
this study will be widely discussed in the medical community. There are almost no organ systems in 
the human body, without retinoic acids. For now, immune system-dependent retinoic acid mechanisms 
are highlighted. Studies on the retinoic acid mechanism of action will continue to increase in the 
coming years. 
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INTRODUCTION  

Clustered Regularly Interspaced Palindromic Repeats (CRISPR) and CRISPR-associated 
protein nuclease (Cas) constitute the CRISPR-Cas system which is commonly used in gene 
editing. Naturally, the CRISPR-Cas system is found in about 50% of bacteria and 90% of 
archaea as a prokaryotic adaptive immune system for invasive bacteriophages or plasmids [1]. 
CRISPR-Cas system has two main components which are namely Cas9 endonuclease and 
single-guide RNA (sgRNA). CRISPR-Cas system acts with the teamwork of these two 
component and sgRNA bind to Cas9 to form CRISPR-Cas9/sgRNA complex. Firstly, the 
target region of the DNA to be modified is found with help of target-specific sgRNA. After 
that, Cas9 endonuclease cut the target DNA region like a scissor. Then, double-strand breaks 
(DSB) are formed and they can be repaired by nonhomologous end-joining (NHEJ) pathway 
or homology-directed repair (HDR) pathway [2, 3].  However, Cas9 cleavage can occur at 
undesired locations in the genome which is defined as an off-target effect. When a different 
location in the DNA sequence contains some homology and few mismatches with sgRNA, 
off-target cleavage can occur. This off-target effect can lead to abnormal gene functions and 
lethal mutations [4]. The off-target effect can be reduced by choosing the best sgRNA 
targeting sequence with a lower off-target score [5, 6]. Therefore, using software to design 
sgRNA with minimum off-target effects is critical for the success of the CRISPR-Cas 
systems.  

Various therapeutic applications like cancer immunotherapy, genetic diseases, or viral 
infections caused by different viruses such as Hepatitis B viruses (HBV) and Human 
immunodeficiency virus (HIV) are done by the CRISPR-Cas systems [1,7]. Saccharomyces 
cerevisiae can cause severe infections in patients with cancer, chronic disease and 
immunosuppression such as transplant recipients [8]. Moreover, severe clinical cases 
including pneumonia, endocarditis, fungemia, and infections of the skin and urinary tract that 
were caused by Saccharomyces cerevisiae were reported [9]. Therefore, the gene PDR1 that is 
known as pleiotropic drug resistance protein 1 from Saccharomyces cerevisiae was selected as 
the target sequence. Because this gene is responsible for multidrug resistance, gene editing of 
the gene PDR1 was considered for inhibit drug resistance [10]. Several tools exist for sgRNA 
design such as Synthego Design Tool, Broad Institute GPP sgRNA Designer, CHOPCHOP 
and CRISPR-Era Benchling CRISPR Guide RNA Design tool. However, some of these tools 
are available as online websites.  



In this study it was aimed to design sgRNA and determine possible off-targets for the gene 
PDR1 from Saccharomyces cerevisiae by crispRdesignR tool in R. RGui and RStudio were 
used for this study to show that researchers can design their sgRNAs by using their simple 
codes with help of crispRdesignR apart from the patterns offered online. 

MATERIALS AND METODS 

Materials 

RGui and RStudio, the gene PDR1 sequence as FASTA format, the whole genome of 
Saccharomyces cerevisiae from BSgenome/Bioconductor, genome annotation file of 
Saccharomyces cerevisiae as gtf file from Ensembly. 

Installation of RGui and RStudio 

crispRdesignR tool works in the RGui and Rstudio programs. These programs have been 
downloaded to the computer from the link below: 
 https://www.r-project.org/ 
 
Installation of the gene PDR1 sequence (FASTA) 
The gene PDR1 sequence was found on the National Center for Biotechnology Information 
website. PDR1 is written on the search button. Genomic regions, transcripts, and products tab 
was selected inside the full report of PDR1 drug-responsive transcription factor PDR1 
[Saccharomyces cerevisiae S288C]. Then clicked send to and FASTA format was selected.  
 
Installation whole genome of Saccharomyces cerevisiae (BSgenome/Bioconductor) 
To install whole genome of Saccharomyces cerevisiae, the code was run in the R below: 
#if (!requireNamespace("BiocManager", quietly = TRUE)) 
#install.packages("BiocManager") 
#BiocManager::install("BSgenome.Scerevisiae.UCSC.sacCer2") 
 
Installation of the genome annotation file of Saccharomyces cerevisiae as gtf file from 
Ensembly  
The genome annotation file of Saccharomyces cerevisiae as gtf was loaded from Ensembly 
that was linked as: https://www.ensembl.org/info/data/ftp/index.html 
 
crispRdesignR 
The crispRdesignR was run in the RStudio program according to codes that were listed 
below: 
#install.packages("seqinr") 
#install.packages("crispRdesignR") 
library(seqinr) 
library(crispRdesignR) 
data <- sgRNA_design("C:\Users\HP\Downloads\pdr1.fasta" , 
BSgenome.Scerevisiae.UCSC.sacCer2::BSgenome.Scerevisiae.UCSC.sacCer2,"C:/Users/HP/
Desktop/crispRdesignR-master/crispRdesignR-

https://www.r-project.org/
https://www.ensembl.org/info/data/ftp/index.html


master/example_data/Saccharomyces_cerevisiae.R64-1-1.92.gtf.gz", "NAG", calloffs = 
TRUE, annotateoffs = FALSE) 
Then #data was written and all possible sgRNAs with off-target effects were listed in the 
console of R. 
The crispRdesignR was run in the RGui program according to codes that were listed below: 
#install.packages("seqinr") 
#install.packages("crispRdesignR") 
library(crispRdesignR) 
crispRdesignRUI() 
Then upload the fasta format file (PDR1) and your gtf file to the relevant field on the opening 
page. And clicked to find sgRNA and all possible sgRNAs with off-target effects were listed. 
 
RESULTS 

67 of sgRNA sequences were designed by using crispRdesignR and results were given in 
Table 1. 

Table 1. Some sgRNA sequences that were designed by crispRdesignR  

  sgRNA sequence PAM Direction Start End GC content 
1 CTAAGAACGGTGTACATATT GAG + 17 39 0.35 
2 TATTGAGACGGGTCCGGATA CAG + 33 55 0.50 
3 ACAGAATCGTCCGCGGACTC CAG + 52 74 0.60 
4 GGACTCCAGCAACTTTTCTA CAG + 66 88 0.45 
5 AGCAACTTTTCTACAGGTTT CAG + 73 95 0.35 
6 TTTCTACAGGTTTCAGCGGC AAG + 80 102 0.50 
7 GTTTCAGCGGCAAGATTCGT AAG + 89 111 0.50 
8 AGCGGCAAGATTCGTAAGCC AAG + 94 116 0.55 
9 GATTCGTAAGCCAAGGTCGA AAG + 102 124 0.50 
10 CGTAAGCCAAGGTCGAAAGT AAG + 106 128 0.50 
11 GCCAAGGTCGAAAGTAAGTA AAG + 111 133 0.45 
12 AGTAAAGCGTGCGATAACTG TAG + 127 149 0.45 
13 GCGTGCGATAACTGTAGAAA AAG + 133 155 0.45 
14 GCGATAACTGTAGAAAAAGA AAG + 137 159 0.35 
15 GAAAGATAAAATGTAATGGG AAG + 155 177 0.30 
16 AATGGGAAGTTTCCCTGCGC AAG + 169 191 0.55 
17 AGTTTCCCTGCGCAAGCTGT GAG + 176 198 0.55 
18 GCTGTGAGATATATTCATGT GAG + 191 213 0.35 

 

DISCUSSION 
This study aimed to design sgRNAs and determine their off-target effects to choose the best 
sgRNA for CRISPR experiments of the gene PDR1 with help of one of the bioinformatics 
applications R. To design sgRNAs, crispRdesignR software was used and results were given 
in Table 1. According to the literature, the GC content of sgRNA is one of the important 
factors for selecting sgRNA sequences. Generally, the GC content of the sequence should be 
between 40-80%. Higher GC content like more than 50% enhances the stability of sgRNA 
and DNA hybridization and causes off-target effects [11]. Therefore, sgRNAs that have 40% 
or 45% GC content can be considered as possible sgRNAs for CRISPR experiments like 



sequences numbered as 4, 11, 12 and 13 in Table 1. Length of sgRNA is also an important 
factor that can be caused off-target effect or lowered off-target effect. Approximately 17-24 
nucleotide length can be considered as optimal length for sgRNA. Potential sgRNA sequences 
according to GC content which were 4, 11, 12 and 13 formed by 22 nucleotides that is also an 
optimal range parameter for length. 
 
CONCLUSION 
sgRNA sequences that are numbered as 4,11,12 and 13 were found good candidates for 
CRISPR experiment of the multidrug resistance gene PDR1 from Saccharomyces cerevisiae 
according to parameters like the GC content and length of sequences. Gene editing of 
multidrug resistance gene PDR1 via CRISPR/Cas9 system could be an alternative therapeutic 
option for S. Cerevisiae infection. According to findings, researchers can design their sgRNAs 
for various genes and many genomes that can be found in the BSgenome with simple codes 
by using crispRdesignR tool in RGui and Rstudio. In this way, more comprehensive studies 
can be conducted than provided by online resources.  
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Introduction 

Exosomes referred as nanoparticles, serve as 30-100 nm of vehicles carrying a unique 
composition of proteins, soluble factors, mRNAs, and microRNAs, especially resulting 
oncogenic differentiation [1]. In addition to the transfer of oncogenic signals, the 
intercommunication by exosomes between tumor cells and diverse cell types in their 
surrounding tumor microenvironment is essential for overcoming several obstacles including 
evasion of growth and apoptotic control, to survive in an inhospitable microenvironment. As a 
result of exosome-mediated communications, cells orchestrate reprogramming which cells 
evolve and shape their signaling mechanisms. The communications start with attaching or 
entering exosomes into the recipient cells either one or multiple uptake mechanisms, including 
clathrin-mediated endocytosis, caveolae-mediated endocytosis, and clathrin- and caveolae 
independent endocytosis, phagocytosis, and micropinocytosis. Exosomal cargo delivered into 
cytosolic compartments and target different locations while simultaneously triggering specific 
intracellular signal cascades. 

Ovarian cancer is the fifth most common cause of cancer death in women. It has a low 
incidence among gynecological diseases. But difficulties in diagnosis at early stages, 
especially prognosis at the late stages of disease, low survival rate after surgery and 
chemotherapy and drug resistance with recurrence of disease require the explanation of the 
carcinogenesis mechanism in detail. Understanding how drug-resistant ovarian cancer cells 
communicate with primary ovarian tumor cells, ovarian epithelial and mesothelial cells in the 
primary and secondary metastasis microenvironment is crucial for the development of new 
targets for the prevention and treatment of ovarian cancer. The aim of this study was to 
demonstrate the uptake routes of drug-resistant ovarian cancer released exosomes in primary 
cancer cells (A2780), epithelial cells (OSE) and mesothelial (MeT-5A) cells. 
 
Materials and Methods 
Cell culture 
A2780cis, A2780, ovarian surface epithelial and mesothelial cells were cultured in RPMI 
medium supplemented with 10% FBS, 2 mM L-glutamine, 100 units/ml penicillin and 100 µg/ml 
streptomycin. All cells were cultured in a humidified incubator with 5% CO2 at 37 °C.  
Exosome isolation 
FBS was depleted bovine exosomes by ultracentrifugation at 100,000xg for 70 min and filtrated 
before use. Subconfluent cultures was maintained for 48 h in the complete growth medium 
containing of 10% exosome depleted FBS. The culture mediums were collected and 
centrifuged to discard the cells. The supernatants were filtrated by 0.2 µm sterile filter and then 



100 kDa cut-off filtration system. At the last step of isolation, exosomes were pelleted by 
ultracentrifugation at 100,000 x g.  The exosome pellets were stored at -20 oC. 
Cell viability 
Cells were seeded in a dark 96-well microplate and the inhibitors of exosome uptake pathways 
were treated for 24 h. Cell viability was calculated using Calcein AM Cell Viability Assay Kit 
(abcam) according to the manufacturer’s protocol. 
Exosome labelling 
The exosome pellets were resuspended in sterile, filtrated PBS and labelled by PKH26 Red 
Fluorescent Cell Linker Kit for General Cell Membrane Labeling Kit (Sigma) according to the 
manufacturer’s protocol. 
Exosome uptake mechanism  
Subconfluent cells were treated with the inhibitors of uptake pathways at the concentrations 
which were determined by cell viability experiments. After the incubation period (Table 1), cells 
were incubated with PKH26-labelled exosomes for 6 h. Cells were washed, detached, and 
supplemented with 1% BSA (w/v). Exosome uptake was analyzed by flow cytometry on a 
FACS-Calibur instrument integrated with Cell-Quest software (BD Biosciences). 
 
Results 
The uptake mechanism of exosomes has been contentious due to several controversial 
studies which assume different exosome uptake pathway including energy-dependent 
endocytosis [2, 3], micropinocytosis [4, 5], direct fusion with the plasma membrane [6, 7] and 
phagocytosis [8]. Before understanding the effects of exosomes on the recipient cells, the 
uptake routes of exosomes had to be clarified. 

Cell viability was calculated after the treatments of drugs which inhibit the different exosome 
uptake routes. Optimal drug concentrations were selected according to the decreases in the 
cell viability less than 30%. The selected concentrations and incubation times was showed in 
Table 1.  
Table 1: The optimum concentrations and incubation time of inhibitors.  

 
Flow cytometry results showed that each cell demonstrates different exosome uptake 

mechanisms for internalization and main route of internalization was energy-dependent active 
endocytosis. The internalization of exosomes was inhibited 23.3, 12.1 and 10.6% by DYN, 
CYT and GEN treatments, respectively. The results indicated that these cells chose clathrin-
mediated and caveole-dependent endocytosis as well as phagocytosis by actin 
depolymerization. OSE cells also preferred similar routes and especially, treatment of CYT 



almost blocked exosome uptake by 89% in OSE cells. In MeT-5A cells, internalization of 
exosomes was reduced to 83.8 and 93% after treatments with DYN and CYT. Nevertheless, 
exosomes contain many different molecules on the cell surface. It gives chance to use different 
uptake mechanisms as seen in our studies. Therefore, chemical inhibition of any pathway 
alone rarely abrogated the exosome uptake. Still, combination of inhibitors may provide an 
opportunity for the further studies. 

 
Discussion 
The reprogramming recipient cells depend on the exosome uptake pathway [9, 10]. Similar our 
results, ovarian cancer, prostate cancer and glioblastoma cells internalized the exosomes by 
endocytic pathway [2, 5, 11]. In addition to macropinocytosis, HeLa cells used clathrin-
independent endocytosis [12]. In general, several cells chose at least two different uptake 
pathways to ensure phenotypic responses. 
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Figure 1. (A) Viability of A2780, OSE and MeT-5A cells (B) The percent of PKH26 positive 
cells. Mean ± SD of three independent experiments was shown. 
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Abstract  

Glioblastoma is one of the most difficult types of brain tumors to treat. Growth is facilitated 

further through cell migration and disruption of the cell outer matrix. 5-fluorouracil, an analogue 

of uracil, is an important chemotherapeutic drug that is used effectively. Since it cannot pass to the 

brain, high doses should be used in glioblastoma diseases. It seems that the nanoparticle method 

can be used to increase the effect of 5-fluorouracil and reduce its side effects. We aim at this with 

our study and we analyze MTT, TAS and TOS for this purpose. U373 cell line was obtained from 

Atatürk University, Department of Medical Pharmacology. Combined doses of 5-fluorouracil 4, 8 

and 16µg/mL, Fe3O4 6µg/mL, 5-fluorouracil + Fe3O4 6µg/mL were used. The formed groups 

were applied to the U373 cell line. At the end of 24 and 72 hours, MTT, TAS and TOS analyzes 

were measured. Methylthiazole diphenyl tetrazolium (MTT), TAS and TOS results were analyzed 

using SPSS, IBM 21.00 program with one way ANOVA method. Viability was most affected by 

5-fluorouracil 16µg/mL dose (74%). It was observed that the antioxidant effect decreased 

significantly when 5-fluorouracil 16µg/mL dose and Fe3O4 were used in combination, while the 

oxidant effect increased. Based on our results, Fe3O4 can be used to increase the effectiveness of 

drugs. Thus, while the dose of the drug taken is reduced, its effect and targeting can be increased. 

INTRODUCTION 

Glioblastoma multiforme is one of the most common types of brain tumors and one of the 

most difficult to treat [1]. Despite technological advances in surgery, radiation therapy and 



chemotherapy, GBM is largely resistant to treatment. Its growth is facilitated by cell migration and 

disruption of the extracellular matrix structure [2]. One of the main barriers to GBM treatment is 

its location in the brain and the presence of the blood brain barrier (BBB), which limits drugs 

entering the central nervous system (CNS) [3]. BBB prevents many essential drugs as well as toxins 

from reaching the brain tissue. Since an estimated 99% of the drugs developed do not exceed the 

BBB, the number of neurological treatments is severely limited [4. 5-fluorouracil (5-FU) is also a 

compound that cannot effectively cross the blood-brain barrier. 5-FU, a fluorinated analogue of 

uracil, is an important chemotherapeutic component used in therapy [5]. Since high doses are 

required for it to be effective in the brain, its toxic properties increase. In order to solve all these 

limitations, the most promising method in GBM treatment is seen as nano-technology. Low 

toxicity, biocompatibility and high accessibility to the target tissue or organ are among the positive 

effects of nanoparticles [6]. 

Systemic administration of 5-FU using a biodegradable carrier such as nanoparticles is 

widely investigated as a way to increase the efficacy of 5-FU and reduce the side effects of 

chemotherapy. 

In our study, we used Fe3O4 nanoparticle to increase the efficiency of 5-fluorouracil and 

decrease cell viability on the U373 glioblastoma line. We presented the results of our study together 

with MTT, TAS, TOS and SPSS analyses. 

Materials and Methods 

U373 cell line was obtained from Atatürk University, Department of Medical 

Pharmacology. Combined doses of 5-fluorouracil 4, 8 and 16µg/mL, Fe3O4 6µg/mL, 5-

fluorouracil + Fe3O4 6µg/mL were used. The formed groups were applied to the U373 cell line. 

At the end of 24 and 72 hours, MTT, TAS and TOS analyzes were measured. Methylthiazole 

diphenyl tetrazolium (MTT), TAS and TOS results were analyzed using SPSS, IBM 21.00 program 

with one way ANOVA method. 

Results 

When we looked at the viability rates (figure 1), we observed that 5-fluorouracil decreased 

the viability of U373 depending on the increasing dose and time. The highest rate was found at the 

dose of 5-fluorouracil 16µg/mL (74% viability rate). When the same 5-fluorouracil dose was 

applied in combination with Fe3O4 6µg/mL, it was observed that the viability decreased to 66%. 

When we look at the antioxidant and oxidant results, it was observed that 5-fluorouracil decreased 



the antioxidant level and increased the oxidant level depending on the increasing dose and time. 

The most effective group was 5-fluorouracil 16µg/mL (it decreased the antioxidant level 1.2 times, 

increased the oxidant level 1.25 times). It was determined that the effect on U373 increased when 

5-fluorouracil was applied in combination with Fe3O4 6µg/mL. While the effect increased 

depending on the dose and time, it was found that the maximum dose of 5-fluorouracil 16µg/mL 

affected the antioxidant-oxidant level on the cell. 

Discussion 

Based on our results, we observed that the Fe3O4 component increased the effect of 

temozolomide in the U373 cell line at vitality, oxidant and antioxidant levels. Zhang [7] and his 

team showed that Fe3O4 increased the efficacy on glioblastoma. Buteică [6] et al. also observed 

that Fe3O4 (0.25 - 1 µg/ml) they used in glioblastoma cell line decreased the viability. Lu [8] et al. 

observed the antiproliferative effects of Fe3O4 in the U251 cell line. 

According to the results we obtained, Fe3O4 was found to be effective in the glioblastoma 

cell line. 
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Abstract  
Glioblastoma multiforme is the most common primary brain tumor. Despite the developing technology, 
glioblastoma is still a treatment-resistant disease. Temozolomide is an alkylating agent that inhibits the cell 
cycle and causes cell death, and is widely used in glioblastoma patients. The U373 cell line was obtained 
from the department of medical pharmacology. Combined doses of 4, 8 and 16µg/mL, Fe3O4 6µg/mL, 
temozolomide + Fe3O4 6µg/mL were used. The created groups were applied to the U373 cell line. At the 
end of 24 and 72 hours, MTT, TAS and TOS analyzes were measured. Methylthiazole diphenyl tetrazolium 
(MTT), TAS and TOS results were analyzed using SPSS, IBM 21.00 program with one way ANOVA 
method. According to our. MTT results, the most effective group for viability was Temazolamide 16µg/mL 
+ Fe3O4 6µg/mL. According to the oxidant and antioxidant results, Temazolamide 16µg/mL + Fe3O4 
6µg/mL was the group that decreased the antioxidant level by 2 times and increased the oxidant level by 2.1 
times. According to our results, Fe3O4 can be used to increase the effectiveness of drugs. Thus, while the 
dose of the drug taken is reduced, its effect and targeting can be increased. 
INTRODUCTION  

Glioblastoma multiforme (GBM) is the most common primary brain tumor, accounting for 45.2% 
of malignant primary brain and central nervous system tumors in adults [1]. Despite technological advances 
in surgery, radiotherapy and chemotherapy, GBM is largely resistant to treatment. In addition, GBM has the 
property of rapid growth, which is facilitated by cell migration and degradation of the extracellular matrix 
[2]. Unlike other tumors, the main barrier to the treatment of GBM is its location in the brain and the 
presence of the blood-brain barrier (BBB), which limits drugs entering the central nervous system (CNS) 
[3]. BBB prevents many essential drugs as well as toxins from reaching the brain tissue. Since an estimated 



99% of the drugs developed do not exceed the BBB, the number of neurological treatments is severely 
limited [4]. Temozolomide (TMZ), on the other hand, is an alkylating agent that breaks the DNA double 
chain structure, thus causing cell cycle arrest and cell death. Due to its short half-life, high doses of TMZ 
can cause a number of side effects. High doses are required to reach effective concentrations in the brain, 
resulting in toxicity. In order to solve all these limitations, nano-technology has been seen as the most 
promising method in GBM treatment. Non-toxicity, biocompatibility and high accessibility to the target 
tissue or organ are among the positive effects of nanoparticles [5].  

Systemic administration of TMZ using a biodegradable carrier such as nanoparticles is widely 
explored as a way to increase the efficacy of TMZ and reduce the side effects of chemotherapy. 

In our study, we used Fe3O4 nanoparticle to increase the efficiency of temozolomide and decrease 
cell viability on the U373 glioblastoma line. We presented the results of our study together with MTT, TAS, 
TOS and SPSS analyses. 
Material And Method 

U373 cell line was obtained from Atatürk University, Department of Medical Pharmacology. 
Combined doses of temazolamide 4, 8 and 16µg/mL, Fe3O4 6µg/mL, temazolamide + Fe3O4 6µg/mL were 
used. The created groups were applied to the U373 cell line. At the end of 24 and 72 hours, MTT, TAS and 
TOS analyzes were measured. Methylthiazole diphenyl tetrazolium (MTT), TAS and TOS results were 
analyzed using SPSS, IBM 21.00 program with one way ANOVA method. 
Results  
According to our MTT results in Figure 1, it was determined that pure temozolomide decreased viability 
with increasing dose and time. The most significant decrease was seen in temozolimide 16µg/mL dose (30% 
reduction in viability). It was observed that the viability decreased up to 54% in the Temazolamide + Fe3O4 
6µg/mL combined groups (Temazolamide 16µg/mL + Fe3O4 6µg/mL, 72nd hour). In the antioxidant results 
in Figure 2, it was observed that the antioxidant level decreased depending on time and dose in pure 
temozolomide and combined groups. The most significant decrease was seen in temozolomide 16µg/mL 
dose (1.4 fold decrease). In combination with Fe3O4, it was observed that 16µg/mL of temozolomide caused 
a 2-fold reduction in antioxidant levels. Similar results were seen at the oxidant level (figure 3). According 
to these results, it was determined that temozolomide increased the oxidant level depending on the 
increasing dose and time. In combination with Fe3O4, the oxidant level increased depending on the 
increasing dose and time. The most important group was the combination of 16µg/mL + Fe3O4 in 
temozolomide, which increased the oxidant level by 2.1 times. 
Discussion  

Based on our results, we observed that the Fe3O4 component increased the effect of temozolomide 
in the U373 cell line at vitality, oxidant and antioxidant levels. Gabriel [6] et al also showed that the Fe3O4 
component is effective on glioblastoma. Zhang [7] et al also showed that Fe3O4 increased the efficiency in 
the U251 cell line. When we look at its effects on vitality, we observed in our results that Fe3O4 increased 
the effect of temozolomide. Buteıcă [5] et al. also observed that Fe3O4 (0.25-1 µg/ml) they used in 
glioblastoma cell line decreased the viability. 

According to the results we have obtained, we have demonstrated that Fe3O4 increases the effect 
of temozolomide in the glioblastoma cell line with our vitality, oxidant and antioxidant studies. Increasing 
the effectiveness by using auxiliary agents in treatment methods can both eliminate the possibility of toxic 
dose and target-oriented treatment can be done by developing the nanoparticle method. The use of 
nanoparticles as an auxiliary minimizes the side effects. 
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  Abstract: 

Gene therapy is one promising approach for treatment of Duchenne muscular dystrophy (DMD) using the 

CRISPR/Cas9 gene editing system. 

The two forms of dystrophin-associated muscular dystrophies, known as Duchenne and Becker muscular 

dystrophy are caused by genetic defects in the huge DMD gene (79 exons), located at Xp21 and coding for the 

427- kDa protein known as dystrophin (1,2) The central portion of the dystrophin gene locus is a preferential site 

of deletions causing DMD. More than 25% of all DMD deletions occur in Intron 44 which is 248 kb in length. 

Using CRISPR to bypass DMD mutations, dystrophin expression has been efficiently restored in human cells and 

mouse models of DMD. CRISPR was first identified as a system for bacterial immunity. CRISPR/Cas-mediated 

genome editing has been shown to permanently correct DMD mutations and restore dystrophin function in mouse 

models. Germline editing by injecting zygotes with CRISPR/Cas9 editing components was first accomplished in 

mdx mice by correcting the mutated exon 23 using either HDR or NHEJ .Other CRISPR systems, including 

CRISPR/Cpf1, have been used to correct DMD mutations in both mdx mice and human-derived iPSCs by exon 

skipping or HDR 

CRISPR/Cas9 can also be used to correct duplication mutations of the DMD gene. Wojtal et al. (2016) used a 

single gRNA against intron 27 to correct the DMD gene in primary patient fibroblasts with a duplication in exons 

18–30. Because of the natüre of the mutation, a single gRNA can be used in a multiplex approach, allowing for 

the deletion of multiple duplicated exons. Treated transdifferentiated myotubes exhibited 4.42% dystrophin protein 

of normal levels by Western blot, and restored expression of the dystrophin-associated glycoprotein complex 

(DAGC) protein α-dystroglycan. Using a similar concept, exon 2 and exon 55–59 duplication mutations have also 

been corrected in immortalized DMD patient muscle cells and DMD hiPSCs, respectively. 

Since the guide RNA sequences to be used can be arranged according to the mutation carried by the patient, 

personalized treatment protocols will be possible. Use of patient-derived cells will increase the treatment efficiency 

as graft rejection or need for immunosuppressive drugs is not expected. 

Keywords: SpCas9 and dual guide RNAs, CRISPR/Cas9, Duchenne Muscular Dystrophy 

1.Introductıon:  

Duchenne Muscular Dystrophy; It can be described as a disease that has made its voice heard 

in the world in recent years, accepted in the class of rare diseases, studies on treatment methods, 



and caused by disorders related to a single gene. In this study, which I will present as a review 

article, I have brought together the treatment methods developed using the CRISPR/Cas9 gene 

editing system. I would like to draw attention to the fact that it leads to pioneering studies and 

focuses on treatments. 

1.1 Overview of Duchenne Muscular Dystrophy 

More than 800 single gene mutation diseases result in loss of form or dysfunction of skeletal 

muscle. Among the most severe is Duchenne muscular dystrophy (DMD), which is caused by 

mutations in the X-linked dystrophin gene, a massive gene spanning ∼2.3 megabases (1). DMD 

affects 1 in 3500–5000 males born worldwide, making it the most common inherited 

neuromuscular disorder (2,3). The disease progresses rapidly, with muscle weakness and 

wasting observed initially in the proximal muscles, spreading distally. Patients experience 

multiple organ system dysfunction, and often lose their mobility by the age of 12 years (4,5). 

Death usually occurs in the second or third decade of life due to respiratory and/or cardiac 

complications(6). 

1.2 Dystrophin 

DMD is caused by loss-of-function mutations in the dystrophin (DMD) gene which codes for 

a cytoskeletal protein called dystrophin (1,7). Dystrophin functions via the dystrophin 

glycoprotein complex (DGC) to link the actin cytoskeleton of muscle cells to the extracellular 

matrix, providing mechanical support to myofibers during cycles of contraction and relaxation 

(8,9,10)  

2.1 CRISPR Mediated Strategies for DMD 

2.1.1 Exon Skipping 

Antisense oligomer (AO) induced exon skipping is being investigated to restore functional 

dystrophin expression in models of muscular dystrophy and DMD patients (11). AO 

intervention during dystrophin pre-mRNA processing aims to exclude one or more exons 

associated with the primary DMD-causing mutation, while maintaining or restoring the 

dystrophin mRNA reading frame. A clinical trial of AO-induced exon skipping in DMD 

patients has demonstrated proof of principle that this antisense strategy can restore some 

dystrophin expression in DMD muscle (12). Within a nucleus, introns are removed an estimated 

40 times faster than in vitro processing of synthetic pre-mRNA transcripts (13). The most 

effective AOs appear to preferentially target predicted SF2/ASF (IgM-BRCA1) (25%) or SC35 

(28%) motifs, compared to 22, 17, and 8% targeting SF2/ASF, SRp40, and SRp55, respectively. 



These percentages are calculated from the number of ESE motifs, either completely or partially 

occurring within the oligomer annealing site, divided by the total number of ESE motifs within 

the target exons (11). 

2.1.2 Exon Deletion 

Exon deletion strategies may also be used to correct exon duplication mutations, which occur 

in∼5% of DMD patients. Approximately 65–72% of all DMD patients carry a deletion of one 

or more exons. Deletions tend to cluster in a hotspot region between exons 45 and 55 of the 

dystrophin gene (15,16). A common strategy for correcting single or multiple exon deletions is 

to delete the out-of-frame exon and restore the ORF. This can be achieved by deleting one exon 

or the entire hotspot region. Specifically, two sgRNAs flanking the targeted exon(s) can be 

delivered with Cas9 to excise the single or multiple mutated exons, resulting in restoration of 

the ORF by splicing adjacent in-frame exons (17,18,19) A single sgRNA can be designed to 

target the intron region adjacent to the duplicated exon, and in the presence of Cas9, the single 

sgRNA will generate two cuts and delete one of the duplicated exons. Removal of one of the 

duplicated exons can renew the dystrophin gene ORF and produce full-length dystrophin 

protein, indistinguishable from normal dystrophin (20) 

2.1.3 Base Editing 

It is estimated that 25–35% of DMD patients have point mutations (15,16). These RNA-guided 

nucleotide-specific base editors, which consist of a cytidine deaminase or an engineered 

adenine deaminase fused with a Cas9 nickase (nCas9) or catalytically deficient Cas9 (dCas9), 

do not produce DNA DSBs like Cas9 and do not rely on the NHEJ repair pathway. A donor 

DNA template for HDR is not required, and small indels through error-prone NHEJ at the target 

site are not produced. Most recently, CRISPR/Cas9 adenine base editors were used to substitute 

a single adenine to guanine in a DMD mouse model that harbors an exon 20 nonsense mutation 

(21). This strategy has been used to disrupt splicing acceptor sites (22) and can be used to 

disrupt premature stop codons for inducing exon skipping. This opens new therapeutic 

opportunities for DMD. 

3.Results 

Among the DMD treatment methods produced with CRISPR/Cas 9, methods such as exon 

skipping, exon deletion, genome editing, DMD with in vivo studies are available and open to 

development. The most popular results are currently being applied to mice, rabbits and dogs in 

animal models. We recommend that you review our references.  
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INTRODUCTION 
The most common pancreatic neoplasm is 
pancreatic ductal adenocarcinoma (PDAC), 
with a 5-year median survival rate of 8% of 
patients. The tumor microenvironment of 
PDAC is characterized by an abundant stroma 
surrounding pancreatic cancer cells and often 
occupying most of the tumor mass. Overcoming 
this stromal barrier in PDAC has a decisive role 
in the success of treatment [1-3]. 

Human serum albumin binds a wide variety of 
drug molecules[4]. Anticancer agents combined 
with albumin have been found to accumulate in 
tumoral cells through receptor-mediated 
albumin uptake pathways. Active substances 
entrapped in albumin nanoparticles are retained 
until the nanoparticles reach to the therapeutic 
area where they can be continuously released 
slowly. Albumin can contribute to improved 
tumor specificity, reduced drug-induced 
cytotoxicity and maintain the concentration of 
therapeutically active agents such as drugs, 
peptides, proteins and genes over a long period 
of time [5-6]. 

SPARC protein released into the extracellular 
environment during neoplastic progression is 
expressed in the stromal region or in various 
types of malignant cells to influence tumor 
development, invasion, metastasis, 
angiogenesis, and inflammation. SPARC-
induced changes in the tumor 
microenvironment can suppress or promote the 
progression of different types of cancer, 
depending on the tissue and cell type. SPARC 
expression in PDAC is carried out by stromal 
barrier cells. Albumin has attracted attention in 
drug targeting studies with its efficient binding 
to SPARC [7-8]. 

 
The MCAM molecule, which also plays an 

active role in ductal adenocarcinoma of the 
pancreas, is activated by MEIS and the 
metastasis process is initiated. The MEIS 
inhibitor-2, developed by Fatih Kocabaş and 
colleagues, binds to the MEIS protein and 
suppresses tumoral activity, and therefore it is 
promising for PDAC drug targeting studies [9]. 

In this study, MEIS inhibitor-2 (Meis2i) loaded 
albumin nanoparticles were prepared and 
various characterization studies were carried 
out. Finally, the effectiveness of the prepared 
formulation on pancreatic cancer cells was 
investigated. 

MATERIALS AND METHODS 

Materials 

Human Serum Albumin was purchased from 
Sigma Aldrich, Germany. MEIS inhibitor-2 was 
a kind gift from Meinox Technologies, Turkey. 

Methods 
Preparation of Meis2i Loaded Albumin 
Nanoparticles (HSAM4) 

20 mg of human serum albumin was placed in a 
beaker with a volume of 10 ml and 2 ml distilled 
water was added. A clear albumin solution was 
obtained by keeping this beaker set at 400 rpm 
in an environment at 28°C with a magnetic 
stirrer for 10 minutes. Then, 1 ml of ethanol was 
added dropwise to this solution to denature the 
albumin. On the other hand, 4 mg of Meis2i was 
weighed in a cryotube and dissolved in 3 ml of 
ethanol by sonication for 30 seconds. This phase 
containing the active substance was dropped 
into the aqueous phase containing the albumin. 
Finally, nanoprecipitation was completed by 
adding 2 ml of ethanol dropwise. The beaker 
was kept under the same conditions for 24 hours 
to completely remove the ethanol. 



Some of the formulations prepared by repeating 
these processes were lyophilized and some of 
the nanoparticles were stored in powder form. 

Particle Size, PDI and Zeta Potential 
Measurement 

The particle size and zeta potential of the 
HSAM4 were detected using a zeta sizer 
(Malvern ZS-90, UK). 

Entrapment Efficiency 

A new method has been developed in Ultra 
Performance Liquid Chromatography (UPLC) 
to quantify a new active substance, MEIS 
inhibitor-2. This method was validated in the 
guidance of ICH, 2005. 

Entrapment Efficiency of HSAM4 was 
calculated with the equation shown below. 

Entrapment efficiency (%) = Amount of drug in 
the nanoparticle / Amount of drug initially 
added * 100 

Dissolution Study 

To study the release of Meis2i from HSAM4 
nanoparticles, 1200 µg of lyophilized HSAM4 
was weighed and dispersed in 2 ml pH 7.4 
distilled water. This mixture was then 
transferred to 4 ml cryotubes, each containing 
500 µL. Next, the volume of the cryotubes was 
made up to 3 ml with pH 7.4 PBS solution 
adjusted to 37°C. The prepared release media 
were placed horizontally on a magnetic stirrer 
with heater placed on a shaker to keep the 
temperature constant at 37°C and left to shake 
at 130 rpm. The shaking process was stopped at 
the specified times and 500 µL of sample was 
taken from the tubes. Samples were centrifuged 
at 16000 rpm for 5 minutes to isolate Meis2i 
from the particles into the release medium. 
After centrifugation, the supernatant fractions 
were separated for analysis. The release study 
with nanoparticles was continued for 21 days. 
N=3 studied. 

MTT Assay 

In this study, human pancreatic duct-derived 
pancreatic cancer cell line (PANC-1) and 
human endothelial cell line (HUVEC) were 
used to evaluate the effects of formulations at 
the cellular level. Cell culture was done for 
processes such as cell growth and application of 
formulations. For all cell lines, DMEM 
containing 10% Fetal Bovine Serum, 1% 
penicillin-streptomycin, 1% glutamine was 

preferred. During the processes such as cell 
reproduction and MTT studies, the cells were 
kept at 37°C in atmospheric conditions 
containing 5% CO2 and 95% air. 

RESULTS AND DISCUSSION 

Particle Size and Zeta Potential 
 

The table given below shows the measurement 
results. 

   Table 1. Measurement results of HSAM4 and    
HSAM4L. 

Formulation Size PDI Zeta 
Potential 

HSAM4 215,567 0,277 -32,133  

HSAM4L 328,867 0,341 -26,6 
 

Entrapment Efficiency  

It was determined that 93% of Meis2i was 
loaded into HSAM4 nanoparticles. This ratio 
suggested that the chosen polymer and 
nanoparticle preparation method is ideal for the 
active substance.  
Dissolution Study 

The in vitro release profile of Meis2i is shown 
in Figure 1. below. 

 
Figure 1. In vitro release profile of Meis2i 

MTT Assay 

 

The 24th and 48th hour MTT results of 
HSAM4, and active substance (Meis2i) applied 
to healthy and pancreatic cancer cells at 
different concentrations are given below. 
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Figure 2. 24 h MTT results/HUVEC 

 
Figure 3. 48 h MTT assay results/HUVEC 

 
Figure 4. 24 h MTT assay results/PANC1 

 

 
Figure 4. 24 h MTT assay results/PANC1 

CONCLUSION 

The small particle size of the prepared 
nanoparticles is an advantage for the 
accumulation of the applied drug in the tumoral 
area. In addition, when the zeta potential results 
are examined, it is seen that the zeta potential of 
the colloidal system is in desired range for its 
stability. 

The results of the release study prove that 
albumin nanoparticles are capable of releasing 
the anti-cancer agent into the body in a 
controlled manner for a long time. 

In addition, it is seen that the active substance 
alone exhibits high cytotoxic activity in healthy 
cells. Healthy cells showed high viability with 
the HSAM4 formulation in which the active 
substance was encapsulated. Conversely, the 
formulation appears to be toxic to pancreatic 
cancer cells. 
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Abstract 
 
The purpose of this article is to differentiate malignant from benign thyroid nodules using 
Adaptive-Network Based Fuzzy Inference Systems (ANFIS) with Genetic Algorithm (GA) and 
ANFIS trained with derivative-based classical algorithms and to evaluate their diagnostic 
performances. In addition we propose a novel computer aided diagnosis (CAD) based risk 
stratification system for the thyroid nodule’s US classification that is not in the literature.  
 
1.Introduction 
 
Although ultrasonography is the most commonly used and most effective imaging technique in 
the evaluation of thyroid nodules, the gold standard in the differential diagnosis of thyroid 
nodules is fine needle aspiration biopsy (FNAB). Even though it is an effective method, 
applying FNAB to all nodules is not a practical solution. Unnecessary FNAB application both 
creates a burden on the health system and causes anxiety in the patient as it is an invasive 
procedure. It is current practice to classify the nodules into risk classes according to their 
ultrasonographic features and to make the FNAB recommendation according to these features. 
Though the guidelines used show significant similarities, they suggest different risk 
classification categories and dimension criteria [1-2].  
 
However ultrasonography is considered to be the most important imaging technique in the 
evaluation of thyroid nodules, its most important disadvantage is that it is a subjective method. 
Therefore, the need for an objective and effective method that can reduce the rate of 
misdiagnosis is becoming increasingly critical in the evaluation of ultrasound images for 
thyroid nodules. Since it is an important technique used in a common health problem, 
differential diagnosis of thyroid nodules is one of the subjects of studies on machine learning 
and deep learning methods. 
 
In this study, thyroid nodules of patients with histopathologically confirmed diagnoses were 
evaluated. Sonographic images of thyroid nodules were evaluated retrospectively by a specialist 
sonographer (S.I.) with more than 20 years of experience in thyroid sonography and the 
sonographic features of the nodules were determined specifically. By using these features 
determined by the sonographer, classification studies were carried out using an innovative 
approach such as training the ANFIS model with the GA algorithm in the differential diagnosis 
of malignant/benign nodules, which are considered to be real world problems. In addition, the 
performance of the innovative approach used is also compared to the performance of ANFIS 
trained with derivative-based classical algorithms. In addition, the Decision Tree algorithm was 



used to determine the most effective features in the differential diagnosis of malignant/benign. 
Thus, a guide that does not exist in the literature has been proposed, showing the effect of 
sonographic finding on the differential diagnosis of malignant/benign.  
 
2. Materials and Methods 
 
In order to successfully classify malignant/benign differential diagnoses using sonographic 
features of thyroid nodules, the outcome and antecedent parameters of the ANFIS model are 
optimized with the GA algorithm. Therefore, the proposed hybrid approach can be considered 
as a combination of ANFIS and GA methods. 
 
2.1. Dataset description 
 
In this study, a data set covering 398 thyroid nodules with histopathologically confirmed results 
of 224 patients with thyroid cancer who were operated at Güven Hospital between September 
2012 and September 2016 and whose records were kept prospectively was used. 
Ultrasonographic images of patients with known surgical pathologies were evaluated 
retrospectively and nodules whose all sonographic features could be evaluated were included 
in the study. This retrospective study was approved by the Güven Hospital Scientific 
Committee and the informed consent requirement was waived. 
 
Sonographic examinations were performed with a Siemens Acuson ultrasound system and a 12 
MHz transducer. The nodules were examined retrospectively and 27 sonographic features of 
the nodules and their sub-features were specifically determined. 
 
The largest diameter was taken as the nodule size. The mean age of 224 patients was 40.98 
(range, 16-77 years) and 49 (21,875%) of these patients were male and 175 (78,125%) were 
female. Of the 398 nodules of 224 patients examined, 284 were malignant and 114 were benign. 
 
2.2. Adaptive neuro-fuzzy inference system (ANFIS) 
 
ANFIS is an artificial system developed considering Takagi Sugeno fuzzy model [3]. The 
created model has both learning ability of neural networks and the ability to inference feature 
of fuzzy logic. It calculates the output by distributing the input data blurred with membership 
functions over the network with fuzzy rules. Since this process provides inference capability to 
the ANFIS model, its performance in estimation problems is quite high. Thus, a hybrid artificial 
intelligence model with combining two methods is created. 
 
2.3. Genetic Algorithm 
 
Genetic Algorithm (GA), the basic principles of which were introduced by John Holland in the 
1970s, has been successfully applied in many types of problems [4]. GA is a heuristic algorithm 
used to find exact or approximate results in an optimization or search problem. This algorithm 
is inspired by techniques in evolutionary biology such as inheritance, mutation, selection and 
crossover. 
 
2.4. Training ANFIS using the GA algorithm 
 
ANFIS has two different types of parameters that need to be optimized, premise and 
consequent. Derivative-based algorithms are generally used to optimize these parameters of 



ANFIS. However, optimizing the ANFIS parameters has been one of the main problems due to 
the slow convergence of derivative-based algorithms, their local minima, and their dependence 
on initial values. In this context, a population-based genetic algorithm, which is a powerful 
algorithm that will eliminate the aforementioned disadvantages of derivative-based algorithms, 
has been used to optimize the parameters of a difficult model such as ANFIS. 
 
3. Results and Discussion 
 
The training and test datasets of 398 thyroid nodules, including 27 sonographic features, were 
created by randomly determining the nodules, using the random sampling method. In this 
context, it is divided into two different groups as 70-30% and 80-20%. In addition, the K-part 
method, one of the cross validation methods, was also used in order to accurately evaluate the 
generalization ability of the methods. The purpose of the K-part cross-validation method is to 
test the validity of the results by repeating an experiment under independent conditions. In this 
study, 5-fold and 10-fold cross validation methods were used for data splitting. In order to 
measure the performance of the proposed method, three most commonly used measurements, 
namely accuracy, sensitivity and specificity, were used. 
 
First, classification results were obtained for the histopathological malignant/benign differential 
diagnosis of nodules within the scope of 27 uniquely determined sonographic findings. The 
results obtained for each method are given in Table 1, and it was seen that the proposed ANFIS-
GA method was more successful than the ANFIS trained with derivative-based classical 
algorithms method. 
 
Tablo 1. Percentage accuracy (AC), sensitivity (SN) and specificity (SP) of different methods 

for 27 feature 

Classifier 

Data Splitting Methods 

%70-30 splitting %80-20 splitting 10-fold validation 5-fold validation 

AC SN SP AC SN SP AC SN SP AC SN SP  

ANFIS-
HB 74.79 65.63 78.16 81.25 72.22 83.87 81.38 69.82 86.06 78.86 65.80 84.28  

ANFIS-
BP 84.87 71.79 91.25 85,00 66.67 90.32 82.68 64.74 90.60 82.92 65.83 89.76  

ANFIS-
GA 89.08 89.29 89.01 88.75 83.33 90.32 85.68 74.99 89.93 86.42 79.96 89.58  

 
As can be seen in the results given in Table 1, the overall performance of the proposed method 
for almost all measurements was found to be more successful than the derivative-based 
algorithms. 
 
In this study, in addition to the classification processes, an original and new guide, which is not 
in the literature, has been proposed to assist sonographers in the differential diagnosis of 
malignant/benign nodules. In this context, decision tree algorithm, one of the data mining 
methods, was used. 



 
Şekil 1. Trimmed decision tree of 27 sonographic findings 

 
4. Conclusions 
 
It has been seen once again that the GA algorithm is more successful than derivative-based 
algorithms in the training of ANFIS parameters. In addition, the decision tree algorithm was 
applied to determine the most effective features in the differential diagnosis of 
malignant/benign. Thus, a guide that does not exist in the literature has been proposed, showing 
the effect of sonographic finding on the differential diagnosis of malignant/benign. It has been 
understood that the proposed method is robust and reliable with the results obtained from the 
different measurements used in the comparison process. Thus, in the future, it is planned to 
apply the proposed method to real-world problems in different fields. 
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Abstract: 
 
The main motivation of the study is to accurately predict the type of stimulus from the 
activation patterns of functional Magnetic Resonance Imaging (fMRI) signals in cases 
where the type of stimulus not given, or the design of the task is unknown. However, it 
is a very challenging goal in several aspects. In this context, we propose using long-
short term memory (LSTM) for the fMRI signal classification system. The proposed 
LSTM model categorizes a given signal into sub-categories by using some inherent 
features of the dataset. The results show that LSTM model has over ~90% accuracy 
values in terms of precision, recall, and F1 score for 3 different fMRI tasks. 
 
Keywords: fMRI; classification; deep learning; LSTM 
 
1. Introduction 

Functional Magnetic Resonance Imaging (fMRI) is a mode of magnetic 
resonance imaging (MRI) where the focus is not on the structure of tissues but 



on the change of blood oxygen levels in the brain while a task has been 
performing [1]. fMRI provides a non-invasive method that aims to locate the 
brain regions responsible for the sought functions. It has several advantages such 
as providing high spatial resolution and not using radiation, among the other 
neuroimaging methods. Therefore, it has been using safely both for clinical 
applications, such as detecting damages caused by neurological diseases, and 
research for many years [2]. 

Activation detection in fMRI studies is an important field that has been studied 
extensively. However, it can be observed that fMRI applications have been 
developing quite rapidly in the last 20 years [3]. Moreover, it gained further 
acceleration with deep learning applications. With the deep learning 
methodologies, not only the detection of the activation areas, but also many 
groundbreaking studies are carried out, such as the mapping of the whole brain, 
the establishment of networks between brain areas, the prediction of the seen 
objects and dreams [4]–[6]. 

In this study, we aim to predict and classify the fMRI signals, which are 
acquired by a set of different triggered stimuli sets with deep learning methods. 
It is a very tough question to accurately predict the type of stimulus from the 
activation patterns of fMRI signals in cases where the type of stimulus given, or 
the design of the task is unknown. The challenging points can be summarized in 
several topics. The most distinctive point is individual differences which bring the 
multi-subject variability and makes the classification stage much more 
sophisticated. The other aspect is the structure of the fMRI data which is high 
dimensional data with low signal-to-noise (SNR) ratio. Finally, the critical point is 
representing the neuronal activity accurately with machine learning classifiers. In 
this context, we propose using long-short term memory (LSTM) for the fMRI 
signal classification system (Fig 1). The proposed LSTM model categorizes a given 
signal into sub-categories by using some inherent features of the dataset. The 
results show that LSTM model has over ~90% accuracy values in terms of 
precision, recall, and F1 score. 



 

Fig 1. Flowchart of the proposed task classification system with deep learning strategy. 
Proposed LSTM categorizes a given random signal into three categories, which are 
resting fMRI, motor fMRI and memory fMRI tasks according to the inherent features of 
the signals. 

2. Materials and Methods 
 

2.1. Datasets and fMRI Signal Acquisition 
 
In this study, a collection of fMRI dataset was constructed with multi-task and 

multi-subject (n=44, mean age 22,12 ± 1.8). fMRI images were acquired by using 
a 3T whole body MRI scanner in Ege University, Turkey. All task designs and fMRI 
acquisitions were conducted by SoCAT lab, and all procedures approved by the 
ethics committee of the university. 

The fMRI signals collection consists of three different structured fMRI data set 
conducted with the following tasks: 1) resting-state (rs-fMRI), 2) motor (motor-
fMRI), and 3) memory (mem-fMRI). In these tasks, rs-fMRI represents the 
intrinsic neuronal activity while the participants stay still during the fMRI scan. 
Motor-fMRI presents the motor activity that emerged while the participants 
performing finger tapping activity during the fMRI scan. Finally, mem-fMRI 
signifies the working visual memory activity while the participants have been 
triggering by visual stimuli. 

Parameters of the functional imaging are as follows: echo time (TE) = 30 ms, 
repetition time (TR) = 3 for the rs-fMRI and mem-fMRI, TR = 2 for the motor-
fMRI, voxel size = 3x3x3, field of view (FOV) = 200x200 mm, slice thickness = 3.5 
mm.  

After the raw fMRI images are gathered, it requires a preliminary procedure 
that contains several preprocessing steps. By this way, artifacts can be 
eliminated or minimized, and functional images can be aligned to a single subject 
template. The followed preprocessing procedure is realignment, slice timing, 



coregistration, segmentation, normalization, and smoothing, respectively. All 
procedure was done in Matlab with using Statistical Parametric Maps (SPM) 
toolbox. After the preprocessing, fMRI time series (i.e., signals) are gathered from 
related areas and detrended before feeding to the deep learning classification 
model. 

 
2.2.Proposed LSTM Model 
 

Recurrent Neural Networks (RNNs) are intensively used in time series 
application having temporal dependencies. However, vanishing gradient problem 
may limit the capability of RNNs. Therefore, long-short term memory (LSTM) was 
proposed in [7]to overcome with this problem. Fig. 2 shows the internal 
architecture of an LSTM.   

 
Fig 2. The internal architecture of an LSTM unit. 
 

LSTM network has three gates, named input, output, and forget, and these 
gates control the data stream inside the layers. Input and output activation 
information is conducted by means of input and output gates of the unit. Forget 
gate is responsible to reset the memory of the unit. Then, input (𝑖𝑖𝑡𝑡), output (𝑜𝑜𝑡𝑡), 
and forget gates (𝑓𝑓𝑡𝑡) of an LSTM layer can be formulated as 𝑖𝑖𝑡𝑡 = 𝜎𝜎(𝑊𝑊-
𝑖𝑖[ℎ𝑡𝑡−1,𝑥𝑥𝑡𝑡] + 𝑏𝑏𝑖𝑖), 𝑜𝑜𝑡𝑡 = 𝜎𝜎(𝑊𝑊𝑜𝑜[ℎ𝑡𝑡−1,𝑥𝑥𝑡𝑡] + 𝑏𝑏𝑜𝑜), and 𝑓𝑓𝑡𝑡 = 𝜎𝜎�𝑊𝑊𝑓𝑓[ℎ𝑡𝑡−1,𝑥𝑥𝑡𝑡] + 𝑏𝑏𝑓𝑓�, 
respectively. Here 𝑥𝑥𝑡𝑡 represents a time series data at a given time t. 𝑊𝑊𝑖𝑖, 𝑊𝑊𝑜𝑜, and 
𝑊𝑊𝑓𝑓 represent input, output, and forget weight parameters, respectively. 𝑏𝑏𝑖𝑖, 𝑏𝑏𝑜𝑜, and 
𝑏𝑏𝑓𝑓 are bias parameters and ℎ𝑡𝑡 is the hidden state vector. The hidden state vector is 
written as ℎ𝑡𝑡 = 𝑜𝑜𝑡𝑡ʘtanh(𝑐𝑐𝑡𝑡), where 𝑐𝑐𝑡𝑡 = 𝑖𝑖𝑡𝑡ʘ𝑐𝑐𝑡𝑡� + 𝑓𝑓𝑡𝑡ʘ𝑐𝑐𝑡𝑡−1 and 𝑐𝑐𝑡𝑡 denote the cell 
state. Here ʘ represents the Hadamard product and 𝑐𝑐𝑡𝑡� = tanh (𝑊𝑊𝑐𝑐[ℎ𝑡𝑡−1,𝑥𝑥𝑡𝑡] + 𝑏𝑏𝑐𝑐), 
where 𝑏𝑏𝑐𝑐 and 𝑊𝑊𝑐𝑐 are bias and weights parameters. 
                                                                                                                                                      
3. Results 



First, fMRI signals are padded before feeding the deep neural. In this way, all 
fMRI signals become 1 × 600 vectors. Thus, each signal can be represented by 
x = [𝑥𝑥1,𝑥𝑥2, … , 𝑥𝑥𝑇𝑇] where 𝑇𝑇 = 600. In the experiments performed, a two-layer 
network is used to classify fMRI signal into rs-fMRI, motor fMRI, and Mem-fMRI 
tasks. We employed LSTM deep learning model having two layers with 100 and 
75 hidden units, respectively. The first and second hidden units are followed by 
dropout layers with 0.2 and 0.1 dropout ratios. Adam[8] optimizer is utilized for 
minimizing the loss function during the training and the learning rate of the 
optimizer is taken as lr = 0.001. Batch size is chosen as 128 and model is trained 
with 300. Numerical results for the task classification experiment are given in 
Table 1. Classification performances of models are computed in terms of 
precision, recall, and F1 score. 

Table 1. Classification performances of models for the task-classification 
experiment 

Task Precision Recall F1-score 
Memory-fMRI 93.09 88.74 90.87 

Motor-fMRI 95.92 94.99 94.95 
rs-fMRI 95.41 97.26 96.33 

 
4. Conclusions 

 
In this study, a LSTM model is developed to classify the fMRI signals. fMRI signals 
are acquired from three different structured tasks, which are resting state, motor, 
and memory tasks. Classifying fMRI signals requires machine learning strategies, 
due to the challenging nature of these kind of signals. It is very difficult to 
accurately classifying these signals visually or manually, as the signals comes 
from differently stimulated tasks and contains individual differences among the 
subjects. On the other hand, machine learning classifiers can provide a powerful 
identification and classification using some inherent features of the signals. Our 
computational results show that LSTM model is a powerful strategy with its 
~90% accuracy values in terms of precision, recall, and F1 score on this problem.  
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Abstract 

CRISPR/Cas9 method is based on Cas9-sgRNA mediated cleavage of a target DNA sequence, 
creating double-strand DNA breaks which are subsequently repaired via the NHEJ or HDR pathways. 
CRISPR/Cas9-based genome editing has been used for various purposes such as engineering genetic 
models with specific point mutations or simply knocking out a target gene. Isocitrate dehydrogenase 
(IDH) enzymes catalyze the decarboxylation of isocitrate to α-Ketoglutarate (α-KG) in the TCA cycle. 
When tumor-based point mutations occur in arginine residues (such as R140, R170, etc.) in the active 
site, mutant IDH enzymes catalyze 2 Hydroxyglutarate (2HG) conversion from α-KG. While 2HG is found 
in very small amounts in healthy cells, its excessive synthesis and accumulation in cancer cells direct 
the cell to metastasis. In the present study, two different cell models have been developed to 
understand the role of 2HG in colorectal cancer metastasis. In the first model, the IDH1 gene was 
silenced by CRISPR/Cas9 method in SW620 cells. The gRNAs were cloned into the px458 vector and 
plasmid isolation was performed from the clones obtained after transformation of this vector into 
E.coli. The plasmids were then transfected into SW620 and cells with GFP expression were enriched by 
FACS sorting. IDH1 protein level was analyzed by the Western blotting method. Sanger sequencing 
confirmed the generation ofa cell model carrying the IDH1 (wt/KO) genetic profile. In the second model, 
R132H mutation was generated. First, cells were treated with 200 ng/ml nocodazole to block them in 
the M phase and the Cas9 enzyme was used to generate site-specific double-strand DNA breaks. 
Synchronized cells were given RNP complex to repair the generated DNA breaks by the HDR 
mechanism. Nucleofection was performed with the SF cell line 4D nucleofection kit and the 
nucleofection rate was determined as 44%. After nucleofection, 5 single-cell clones were selected and 
Sanger sequencing revealed that the IDH1 (wt/R132H) mutation was successfully generated in one clone. 
The CRISPR/Cas9 method allows site-specific and high-efficiency point mutation generation and can 
also be used to knock out the target gene. 

Keyword: CRISPR/Cas9 method, gene therapy, colorectal cancer 

Introduction 

CRISPR/Cas9-based gene therapy is one of the encouraging methods used to treat human 
genetic diseases such as cancer. To date, it has been used in vivo (in patient) or in vitro (in various cell 
types).   This method is based on the fact that the Cas9 enzyme cuts only the target region by 
recognizing the complementary sequences of the sgRNAs selected for the target gene region in the 
genomic DNA (Senturk vd., 2017). CRISPR/Cas9-based genome editing has also been used to create 
genetic models specifically to study and treat human genetic diseases associated with point mutations 
(Wu et al., 2020).  



The TCA cycle, which forms a large part of aerobic respiration, is the energy production step. 
Decarboxylation of isocitrate to α-Ketoglutarata (α-KG) occurs by isocitrate dehydrogenase (IDH) 
enzymes in the TCA cycle (Sajnani et al., 2017). When tumor-based point mutations occur in arginine 
residues (such as R140, R132, R170, etc.) in the active sites of IDH1 and IDH2 enzymes, this mutation 
affects the catalytic activity of the enzyme. Mutant IDH enzymes gain neomorphic enzymatic activity 
and catalyze 2-HG conversion from α-KG instead of isocitrate to α-KG conversion (Dang et al., 2009). 
Healthy cells have low levels of 2HG. High level of expression and accumulation of 2HG in cells affects 
many metabolic pathways and it is known that it plays an active role in the pathogenesis of some 
cancer types. However, the role of mutant and wild-type IDH enzymes in malignant transformation 
and development in colorectal cancer remains unclear (Grassian et al., 2012). In the present study, 
wild-type IDH1 enzyme will be transformed into a mutant in colorectal cancer (SW620) cell line by 
CRISPR/Cas9 method. In addition, a different cell model will be developed by silencing the IDH1 
enzyme with the CRISPR/Cas9 method. 

Method 

Cell Culture: The SW620 cell line was grown in RPMI medium containing 10% FBS and 1% Penicillin-
streptomycin in incubation with 5% CO2. 

Design and transfection of sgRNAs: 2 different sgRNAs for the IDH1 enzyme were selected from the 
Brunello library and cloned into a pX458 vector that expresses Cas9 protein and contains GFP-tag. After 
the transformation of the sgRNA cloned pX458 vector into E.coli, 5 clones were selected and plasmid 
isolation was performed with the Nucleospin plasmid kit. After checking the absence of mutations in 
the isolated plasmids by Sanger sequencing, the sgRNA cloned plasmid was transfected into SW620 
cells with the polietilenimin (PEI) agent. The sgRNA cloned to plasmid targeting the Renilla gene was 
used as a control. 

Selection of colonies after FACS analysis: After transfection, cells containing GFP-tag were 
differentiated by FACS analysis, and they were seeded as single-cell in 96 well plate. Proliferating cells 
were seeded in 12 well, 6 well plates, and then T25 flask, respectively (Giuliano et al., 2019). 

Western Blot Method: The cell pellet was fragmented by sonication in RIPA buffer and then centrifuged 
at 13,300 rpm for 15 minutes. Cell lysates were mixed with SDS-PAGE loading buffer at a ratio of 3:1 
and incubated at 95 °C for 15 minutes. Samples containing 30 micrograms of protein were loaded onto 
12% SDS-PAGE gels and run at 100 V. The nitrocellulose membrane transferred from the gel was 
washed 3 times with TBST (TBS solution containing 0.1% Tween-20) after blotting in 5% milk powder. 
It was incubated with primary antibody solutions for 2 hours. Washed membranes were incubated 
with HRP-conjugated secondary antibody solution for 1 hour and visualized by the ECL western blotting 
analysis system. GAPDH was used as the control antibody (Subaşı et al., 2020). 

In vitro transcription of sgRNA: Two sgRNAs selected for the IDH1 gene will be amplified by PCR as the 
in vitro transcript product of target donor DNA. The DNA sequence will be generated by overlapping 
PCR with 4 primer pairs. Afterward, IVT (in vitro transcription) reaction was performed with the T7 
polymerase enzyme with PCR product. The synthesized RNA sequences were purified with the QIAmp 
RNeasy Mini Kit (Li et al., 2017). 

Preparation of RNP (Ribonucleoprotein) complex and selection of colonies after nucleofection: RNP 
complexes were prepared with 100 pmol Cas9 protein, 130 pmol sgRNA, and 100 pmol of Cas9 protein. 
Later ssDNA addition, the RNP complex was formed at 37 °C for 10 minutes. After nocodazole (100, 



200, and 400 ng/ml) treatment, nucleofection was performed with the SF cell line 4D nuclefector kit. 
After 3 days, the nucleofection rate was determined by FACS analysis. Cells were seeded in a 96 well 
plate, one cell per well and single-cells were a cell display device (solentim cell metric). When single-
cells proliferated, they were grown in 12 well and 6 well plate and T25 flask, respectively. DNA isolation 
was carried out with QIAGEN DNA isolation kit from 5 selected colonlies and the target region amplified 
by PCR was sent to Sanger sequencing (Li et al., 2017).  

Result: Single-cell colonies in which the IDH1 gene was silenced were obtained successfully. The 
protein level of the IDH1 gene was determined by the Western Blot method and it was observed that 
the level of IDH1 decreased significantly in 1 colony out of 8 colonies (Figure 1A). Since IDH1 protein 
synthesis is not completely finished, it was checked by the Sanger sequencing method and gene 
silencing was found to be heterogeneous (IDH1 wt/KO) (Figure 1B). 

To create the R132H mutation firstly cells treated with 100, 200, and 400 ng/ml nocodazole to 
determine the optimum concentration. Cells were stained with propidium iodide (PI) dye and the 
phase in which the cell was retained was determined by flow cytometry. It is shown that the best 
concentration was 200 ng/ml and the cells were kept in the G2/M phase (Figure 1C). The nucleofection 
rate was determined by FACS analysis as %34,5 and %44 for control and second gRNA, respectively 
(Figure 1D). Cells were tested with a cell imaging device after seeding in 96 well plates, one cell per 
well (Figure 1E). 5 colonies were selected from single-cells. Sanger sequencing results show that 1 
colony contains heterogeneous R132H mutation (IDH1 wt/R132H) (Figure 1F). 

Discussion: Typically, the Cas9 enzyme cuts only the target region by recognizing the complementary 
sequences of the sgRNAs in the genomic DNA. It leads to a double-strand break (DSB) in the target 
DNA. There are two different cellular DNA repair machinery to repair DSB is homology-directed repair 
(HDR) or non-homologous end joining (NHEJ) (Wu et al., 2020). To generate point mutation, Cas9-
mediated DSB is repaired via the HDR method. The treatment of Nocodazole, an antineoplastic agent, 
kept the cell in the M phase and as a result of giving RNP complex and template DNA to the 
synchronized cells, the target point mutation was successfully created. According to the Sanger 
sequencing results, it was observed that the mutation occurred heterogeneously (IDH1 wt/R132H). The 
wild-type allele will continue to carry out the reaction of oxidative decarboxylation of α-KG. However, 
the mutant allele will gain neomorphic enzymatic activity and carry out the reduction of α-KG to 2HG. 
Some metabolites must be present in the steady-state phase for the cell to survive. Considering that 
the TCA cycle is in the important stage of energy production, one allele of the IDH1 gene is expected 
to remain wild-type.  

Selected gRNAs in the silencing of the IDH1 gene successfully recognized the target gene and 
DSB breaks were created with the Cas9 protein. Similarly, the IDH1 gene was not completely silenced 
(IDH1 wt/KO). The fact that an allele remains wild type is thought to be because it is necessary for the 
TCA cycle to continue. 
 
Conclusion: CRISPR/Cas method has already shown great potential in generating disease models 
because of its advantages. In the current project, R132H mutation was successfully generated and the 
IDH1 gene was knocked out to investigate the effects of 2HG in colorectal cancer metastasis. The used 
method allows site-specific and high-efficiency point mutation generation and can be used for the 
creation of new models in the future. 
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Figure 1: Western blot was used to analyze the protein level in the single-cell colony and control after IDH1 
knockout by the CRISPR/Cas9 method (A). Sanger sequencing results show that the IDH1 gene silenced 
heterogenous in 1.colony (B). The cells were PI stained after nocodazole treatment with 100, 200, and 400 ng/ml. 
The control cells were treated with DMSO(C). FACS analysis for GFP protein expression after nucleofection for 
both control and second gRNA (D). Clonality report for single-cell during 13 days (E). Sanger sequencing results 
of both control and fifth colony which carry R132H mutation (F). 
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Abstract 

In this study, it is aimed to investigate the analysis radiomics-machine learning on diagnostic performance in 
differential malign and benign breast lesions using mammography images. In this retrospective study included 
101 patients (40 benign and 61 malign). 195 of region of interests (ROIs) were drawn manually by two expert 
radiologists. Then, using gray level thresholding and morphological operations techniques, each of ROI were 
segmented on “MATLAB 2020a” program. 126 radiomic features were extracted for each ROI. For eliminating 
redundant radiomics features, Kruskal Wallis and Relief feature selection methods were used respectively.  A total 
44 radiomics features were selected after feature selection process. Logistic regression, naive bayes, support 
vector machine and k-nearest neighbors machine learning algorithms (ML) were used to as classifiers. 10-fold 
cross validation was applied to measure and evaluate machine learning models. Accuracy, sensitivity and 
specificity were used as the primary measures of performance of radiomics-machine learning model. Among the 
machine learning algorithms, support vector machine had the best performance (93.3%, 95.6%, 91.1%). In 
addition, we found that the feature selection method improved the performance for all ML models. By building the 
radiomics-ML based analysis with the optimal feature subset, the performance of discrimination of benign and 
malign lesions showed excellent results which we believe would be useful for clinical practice.  
 
Keywords: Radiomics, Machine Learning, Feature Selection, Breast Cancer 
 
1.Introduction 
 
Digital mammography is the first choice of imaging method for early detection of breast cancer 
[1]. It may be difficult to discriminate the benign and malign lesions while using mammography 
due to the overlaps breast tissue and individual differences in the breast density [2]. 
Furthermore, mammography images have massive hidden features which may not be seen by 
visually. However, radiomics is a new image-analysis approach which is useful for defining 
hidden information on radiological images as it extracts the high number of quantitative features 
from such images. When combined with machine learning techniques, the radiomics analysis 
seeks to improve the diagnostic performance to distinguish benign and malignant lesions in 
recent years [3]. The aim of this study was to investigate optimal machine learning for 
discrimination of breast malign and benign lesion using radiomics features. In addition, we 
investigated whether feature selection method can improve the performance radiomics-machine 
learning analysis. 
 
2. Materials and Methods 
 
This retrospective study was approved by the Ankara Training and Research Committee and 
the informed consent requirement was waived. All patients who underwent digital 
mammography were retrieved from the Picture Archiving and Communication System (PACS) 
between April 2015 and April 2020. All patients underwent mammography using IMS Giotto 
(Bologna-Italy). The inclusion criteria were as follows: (1) patients who had suspected breast 
lesions and accepted digital mammography; and (2) patients were confirmed with benign and 



malign breast lesions by histopathologic examinations or the ones who were confirmed with 
benign lesions as a result of two years radiological periodic follow-up. A total 101 female 
patients (age range, 34-89 years, mean age, 57,5 years) with breast tumors were enrolled in this 
study. There were 40 patients in benign group, and 61 patients in malign group.  
 
2.1. Selection of Region of Interest 
 
All digital mammography images were saved as digital imaging and communications in 
medicine (DICOM) data. Firstly, mediolateral oblique (MLO)/craniocaudal (CC) position on 
DICOM images, 195 of region of interests (ROIs) were defined manually by two expert 
radiologists (figure1-b). Disagreements between the expert radiologists were resolved by 
consensus. Then, using gray level thresholding and morphological operations techniques, each 
of ROI were segmented on “MATLAB 2020a” program (figure 1-c).  
 
2.2. Radiomics Workflow  
 

 
Figure 1:Radiomics Workflow 

Figure 1 shows an outline of the radiomics analysis in this study. The typical radiomic analysis 
includes morphological and textural features (figure 1-d). Morphological features reflect that 
shape and physical characteristics of the ROI [4]. Texture features can be divided as: (i) first 
order statistics, (ii) second order statistics, and (iii) higher order statistics. Histogram is 
recognized as the first-order statistics method that global textural features can be extracted from 
the intensity histogram of the ROI [5]. Gray-level co-occurrence matrix (GLCM) is of the 
second-order statistical method that measures textural features based on relationship between 
two pixels [5-6]. High-order statistical methods are gray level run length matrix (GLRM) that 
are based on relation between a pixel and the neighbor pixels [5,7]. For GLRM and GLCM 
matrices can be defined different matrices for different angles as 0ᵒ, 45ᵒ, 90ᵒ and 135o [5-7]. 
 
  Table 1:Radiomics Features 

Methods Radiomics Features 
Feature 
Numbers 

Morphological 
Area, Perimeter, Convex Area, Solidity, Eccentricity, Dispersion, 
Compactness etc. 15 

Histogram 
Mean, Standard Deviation, Variance, Kurtosis, Skewness, Interquartile Range 
etc. 15 

GLCM 
Contrast, Correlation, Energy, Entropy, Homogeneity, Sum Average, Sum 
Variance etc. 52 

GLRM  
Short Run Emphasis, Long Run Emphasis, Gray Level Nonuniformity, Run 
Percentage etc. 44 

 



Total 126 
 
 
In this study, 126 radiomics were calculated as follows 15 morphological, 15 histogram-based, 
52(13x4) GLCM and 44 (11x4) GLRM features. GLCM and GLRM features were calculated 
separately for four directions as 0ᵒ, 45ᵒ, 90ᵒ and 135. Table 1 shows the radiomics features 
derived from the images. All radiomics features were calculated using “MATLAB 2020a” 
program. 
 
2.3. Feature Selection  
 
Feature selection is a process that eliminates unnecessary features to improve the performance 
results of classification. Firstly, 126 radiomics features were subjected to Kruskal Wallis feature 
selection method commonly known as one-way ANOVA test to find out benign and malign 
discriminating features for 5% significance level. Then, we applied Relief feature selection 
method to the non-redundant feature set generated and choose top-ranked features [8]. 
 
2.4. Machine Learning Techniques 
 
In the literature, machine learning techniques are generally used for classification. For the breast 
lesion classification, the four machine learning methods were used, namely logistic regression 
(LR), naive bayes (NB), support vector machine (SVM) and k-nearest neighbors (K-NN) [3]. 
Ten folds cross validation was used to measure and evaluate machine learning models. 
Accuracy, sensitivity and specificity performance metrics were used to assess the performance 
of machine learning methods which are formulated as:  
 

Accuracy = TP+TN
TP+TN+FP+FN

∗ 100 ,  Sensitivity = TP
TP+TN

∗ 100 ,   Specificity = TN
TN+FP

∗ 100 
 

3. Results 
 
A total 44 radiomics features remained after Kruskal Wallis-Relief (KWR) feature selection 
process, including 10 morphological parameters, 3 histogram parameters, 15 GLCM and 16 
GLRM parameters. The 44 radiomics features were imported to the machine learning models 
for discrimination analysis. 
 
Table 2:Overall Classification Performance of Machine Learning Methods 

    
Methods 

Accuracy Sensitivity Specificity 
WFS KWR WFS KWR WFS KWR 

LR 84,6 92,8 85,3 93,1 83,5 86,1 
NB 90,3 92,8 91,3 94 89,9 91,1 
SVM 91,3 93,3 95,5 95,6 84,8 91,1 
K-NN 86,7 91,8 89,7 95,6 81,1 86,1 

 
Table 2 shows the difference in classification results by the classifier when classification was  
performed on without any filter selection (WFS), combining Kruskal-Wallis-Relief (KWR) 
feature selection. The accuracy, sensitivity and specificity of each classifier; using without any 
feature selection (WFS) was LR: 84.6, 85.3, 83.5; NB:90.3, 91,3, 89.9; SVM:91.3, 95.5, 84.8; 
K-NN:86.7, 89.7, 81.1 and the classification performance was the highest SVM adopted as a 
classifier.  The accuracy, sensitivity and specificity of each classifier; using by combining 



Kruskal Wallis and Relief feature selection (KWR) was LR:92.8, 93.1, 86.1; NB:92.8, 94, 91.1; 
SVM:93.3, 95.6, 91.1; K-NN:91.8, 95.6, 86.1 and the classification performance was the 
highest SVM adopted as a classifier. As can be seen in the results given in Table 2, combining 
Kruskal Wallis and Relief feature selection (KWR) method improved the accuracy, sensitivity, 
specificity values for all machine learning methods. 
 
4. Discussion and Conclusion  
 
In this study, we conducted a radiomics-machine learning model to investigate the 
discrimination malign and benign breast lesions.  Morphological and texture features namely 
histogram, GLCM and GLRM were extracted as radiomics features. Kruskal Wallis-Relief 
feature selections were used to eliminate redundant radiomics features. Logistic regression, 
naive bayes, support vector machine and k-nearest neighbors machine algorithms were 
calculated to differentiate benign and malign breast lesions on digital mammography images. 
To verify the reliability and repeatability, 10-fold cross validation was adopted. Applying 
feature selection methods enhanced the classification performance all machine learning models. 
In the accuracy, sensitivity and specificity, the best performance of proposed model is using 
support vector machine learning model with values of 93.3 %, 95.6%, and 91.1% respectively. 
In view of the foregoing, the model using in this study achieved an excellent result in 
discrimination benign and malign breast lesions which can be evaluated in clinical practice. 
 
5. References 
 

1. Iranmakani S., Mortezazadeh T., Sajadian F., Ghazaini M.F., Ghafari A., Khazerloo D., 
Musa A.E. A review of various modalities in breast imaging: technical aspects and 
clinical outcomes. Eyptian Journal of Radiology and Nuclear Medicine 2020:51-57. 

2. Sakai A., Onishi Y., Matsui M., Adachi H., Teramoto A., Saito K, Fujita H., A method 
for the automated classification of benign and malignant masses on digital breast 
tomosynthesis images using machine learning ad radiomic features. Radiological Physics 
and Technology 2020 Mar;13(1):27-36. 

3. Koçak B., Durmaz E.B., Ateş E., Kılıçkesmez Ö., Radiomics with artificial intelligence: 
a practical guide for beginners. Diagn. Interv. Radiol. 2019; 25:485-495. 

4. Vadivel A. Surendiran B., A fuzzy rule-based approach for characterization of 
mammogram masses into BI-RADS shape categories, 2013 Computers in Biology and 
Medicine, 43, 259-267. 

5. Stelzer P.D., Steding O., Raudner M.W., Euller G., Clauser P., Baltzer P.A.T., Combined   
texture analysis and machine learning in suspicious calcifications detected by 
mammography: Potential to avoid unnecessary stereotactical biopsies. European Journal 
of Radiology 132 (2020) 109309. 

6. Kleczek P., (2021). GLCM_Features(glcm) (hhtps:/www.mathworks.com/matlabcentral/ 
 fileexchange/56661-glcm-features-glcm) MATLAB Central File Exchange. 

Retrieved:23.04.2021.  
7. Wei X., Gray Level Run Length Matrix Toolbox v1.0, Software, Beijing Aeronautical 

Technology Research Center, 2007. 
8. Shakir H., Deng Y., Rasheed H., Khan T.M.R., Radiomics based likelihood functions for    

cancer diagnosis, Scientific Reports 9501 (2019). 
 
 



 
 

OP-25 

Syllabus Design of a Single Application Based Medical  

Imaging Computer Laboratory  
Mazlum Unay 1,*, M. Alper Selver 1 

1 The Institute of Natural and Applied Sciences, Dokuz Eylul University, 35390, Buca, Izmir, Turkey 
* Correspondence: unaymazlum@gmail.com 
 

Abstract: Medical imaging systems (MIS) lecture, which is an important part of the biomedical engineering 
(BME) curriculum, encompasses a wide range of approaches, including physics, instrumentation, data 
gathering, image production, modeling, and quality evaluation. Although many BME curricula include a 
well-structured MIS course that introduces students to all contemporary diagnostic imaging systems, 
MIS laboratory work is usually confined to image processing. A laboratory has been designed with new 
design criteria to improve the applicability and understanding of MIS-related studies and to improve the 
points where traditional laboratories are not sufficiently resourceful. In this study, the functioning of con-
ventional X-ray, Computed Tomography (CT), and Magnetic Resonance Imaging (MRI) modalities are si-
mulated utilizing the Shepp-Logan phantom. Traditional biomedical image acquisition techniques have 
been analyzed using the same phantom to facilitate an understanding of their differences and similarities. 
A practical learning method for imaging systems is established by utilizing simulations for each modality. 
All possible circumstances in each imaging method, such as executing in various sizes, will be able to be 
observed through controllable parameters in all simulations. Accordingly, it became possible to simulate 
and compare various scenarios and discuss their effects on image formation and qaulity. Particularly, pro-
jection and back-projection methods are used for X-ray based imaging and, the use of under-sampled k-
space is analyzed for MRI. Modern reconstruction methods are discussed. Thanks to the fact that all app-
lications of the designed concept are carried out on the same phantom, the working principles of the ima-
ging systems can be discussed comparatively. 

Keywords: Computer laboratory, engineering curriculum, Shepp-Logan phantom, X-ray imaging, magne-
tic resonance imaging 
 

1. Introduction 

Medical Imaging Systems (MIS) are quite complicated machines that include components 
from almost every branch of EEE.  MIS courses encompass a variety of modalities, including 
conventional X-ray imaging, Computed Tomography (CT), and Magnetic Resonance Imaging 
(MRI) and others [1]. Beginning with the fundamental physical concepts underlying these ima-
ging systems, data collection, image formation, equipment, and quality aspects are analyzed[2, 
3]. 

The conventional lecture format prevents students from developing practical abilities in 
relation to operational and emerging challenges in MIS, which need considerable background 
knowledge. Thus, more laboratory experiments are required to provide a complete understan-
ding [4, 5]. Unfortunately, these modalities are only available in hospitals and research institu-
tions. Computer studies are used to solve this limitation, however, they are mostly focused on 
image processing [6] and evaluation [7]. In this thesis, a two-dimensional (2D) and three-di-
mensional (3D) experiment-based course were built, with the same example used in certain 
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modalities to enhance learning efficiency. Students are asked to evaluate the findings obtained 
by generating a sample of varying parameters [8–10]. 

While the proposed schedule has been proven to be instructional and motivating, it has 
been shown to have limitations in reality [11]. Each experiment has a distinct and specific pur-
pose, which the student should understand before beginning the lab study. This technique has 
been observed to have two downsides. The first drawback is that comparisons across modali-
ties are restricted since each experiment has a distinct objective. Second, it may be quite diffi-
cult for students to comprehend the essence of the experiments, particularly at the semester's 
conclusion. The students conclude that the precise aims of each experiment make obtaining 
extra resources for study very challenging. Taking these drawbacks of the existing lab schedule 
into account, new design criteria are established to improve MIS understanding. As a result, 
three new design criteria (NDC) have been established to accomplish these objectives: 

NDC-1) All imaging experiments should be performed on the same subject such that the 
students can learn the properties of the object to be imaged just once at the beginning of the 
semester. There should be both 2D and 3D models together with analytical representations of 
the same object in Cartesian (i.e. image) and frequency (i.e. Fourier) domains (if possible).  

NDC-2) The subject should have varying properties that would cause alterations on the 
acquired images such that students have the possibility to compare the results of different 
experiments and can make direct observations on the advantages and disadvantages of a se-
lected modality.  

NDC-3) The content of the experiment should allow students to directly search for the 
material so that students can access detailed information on the subject before and after la-
boratory hours.  

2. Materials and Method 

In this section, the Shepp-Logan phantom used to simulate each imaging system will be 
described. Following an overview of the emergence of X-ray and CT imaging systems, funda-
mental information regarding both imaging systems is discussed. 

2.1. The Shepp-Logan Phantom 

In 1974, the Shepp-Logan phantom was created as a tool to simulate image reconstruc-
tion [12]. To simulate the head, the model utilized ten ellipses of various sizes and densities. 
An optional 11th ellipse can be used to depict brain hemorrhage inside the skull to test image 
reconstruction. In general, phantoms with a size of 256x256 can be used in both 2D and 3D. A 
2D Shepp-Logan phantom with a size of 256x256 is Figure 1 a. 
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Due to its versatility, the Shepp-Logan phantom has been used in a broad range of imaging 
modalities. The phantom's adaptability placed it in a very beneficial area since it can be adjusted 
and modified as needed. The phantom's usefulness has improved due to the flexibility of chan-
ging the number of ellipses, densities, and ellipse locations[13]. 

 

2.2. X-ray 

The electromagnetic spectrum is a description and classification of electromagnetic waves 
based on their varying wavelengths. X-rays including visible light, ultraviolet light, infrared light, 
gamma rays, and microwaves, are forms of electromagnetic radiation. Medical imaging is 
amongst the most popular and useful applications of X-rays. X-rays are used to diagnose and 
treat cancer, as well as to explore the environment. 

   The theory of X-ray imaging is that radiation is scattered and absorbed when it propa-
gates through an object. Radiation passes in varying levels through an object with differences in 
thickness or intensity, affecting the image exposure. In X-ray imaging, it is the result of a 2D pro-
jection of X-rays due to the attenuating properties of all tissues along their path [14]. 

2.3. Computed Tomography 

CT is a non-invasive method for visualizing internal characteristics of solid structures and 
collecting digital data on their 3D geometries and properties. It provides specialists with a more 
precise view of the human body and enables the secure, simple, and quantitative localization 

of lesions, and other conditions that would be painful, hazardous, or perhaps even impossible 
to detect using other techniques [15]. 

Tomographic reconstruction is a multidimensional inverse [16]  problem in which the 
aim is to estimate a complex structure from limited projections. The back-projection technique 
has commonly been the most frequently used method for reconstructing images from projec-
tions [17]. Projections are obtained with angles between 0 and 180 degrees. Each projection 
reveals a different feature of the entity. Additionally, the more projections performed, the hig-
her the quality of the final image produced [16]. 

2.4. Magnetic Resonance Imaging 

                         

(a)                            (b)                                     

Figure 1 a) The 2D Shepp-Logan phantom, b) The 3D Shepp-Logan phantom 
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MRI is a relatively recent method and has been in existence since the early 1980s. MRI is a 
safe and effective medical test used by physicians to detect medical problems. It produces accu-
rate images of muscles, soft tissues, bone, and almost all other body's internal structures using 
a strong magnetic force radio frequency signals, and a computer[18].  

K-space is a matrix of numbers that represents the spatial frequencies with in MRI. The pre-
valent portrayal of k-space as a "galaxy" sustains the mystery. Each k-space "star" is simply a 
data point extracted directly via the MR signal. The brightness within each star demonstrates the 
star's specific spatial frequency's relative contribution to the final image.[19]. 

 
Imaging speed and total duration of data acquiring in MRI are considered as the most mo-

mentous topics especially in clinical experiments of MRI [20]. Parallel imaging was developed to 
expand the abilities of MRI beyond its technological and physiological limitations. Although a tra-
ditional MRI system obtains information by quickly swapping magnetic field gradients open and 
close, this imposes a limit on the scanning rate. Parallel imaging is an advantageous option in this 

situation since it enables the processing phase to be accelerated by using a variety of image res-
toration approaches. 

The assumption underlying Parallel Imaging with Localized Sensitivities (PILS) is that each 
single-coil in the array has a localized sensitivity map, indicating that their sensitivity is limited to 
a narrow area [21]. PILS is one of the MRI methods that relies on the image domain to reconstruct 
a composite image obtained with the k-space from each receiver coil. 

Sensitivity Encoding (SENSE) is the other parallel MRI method that works on the image do-
main to create a composite image from aliased receiver coil images. It is referred to as an "unfol-
ding" mechanism, related to the processes of unfolding the images that have been folded over 
one another [20]. Folded images, often referred to as aliased images, are the products of rapid k-
space data acquisition. It causes reduced field-of-view images generated by the receiver coil 
when the number of information-filled lines in the K-space decreases. Depending on how many 
pixels are overlapped, the unfolding process for pixels in images can be performed using a redu-
ced field-of-view. 

3. Results  

In this section, the method for X-ray, CT and MRI systems and the results from the same 
phantom will be shown. For each imaging system. Since the Shepp-Logan phantom is common 

     

                          (a)                               (b)                                     

Figure 2 (a) The presence of raw information in k-space. (b) The related image information obtained with 

2D inverse FT 
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to each process, we begin by obtaining the phantom on Matlab. First, 3D Shepp-Logan phan-
tom is created on MATLAB. The size of the 3D phantom is 256x256x256. The axial section of 

the phantom is used 2D phantoms. The size of the 2D phantom is 256x256.  X-ray imaging 
results are obtained by taking projections of phantoms in both dimensions. 

 
A significant amount of data is lost as a consequence of the projection. Due to the over-

lapping information, all data in one dimension is merged with data in the other. As a consequ-

ence, projecting a 3D phantom yields a 2D output. In X-ray imaging, the outcome of a single 
projection angle is analyzed. By varying the projection angle, different information about the 
phantom may be acquired. This fundamental information serves as the foundation for CT. 

 
After a total of 180 projections procedures are complete, the outputs are compiled into a 

matrix known as a sinogram. Once the sinogram is produced, the reconstruction step can begin, 

     

                          (a)                                  (b) 

Figure 3 (a) Projection of 2D phantom. (b) Projection of 3D Shepp-Logan phantom 

    

                                          (a)                             (b) 

Figure 4 (a) Final image of back-projection method for 2D phantom. (b) Final image of filtered back-

projection method for 2D phantom 

     
                                     (a)                             (b) 

Figure 5 (a) 150th axial section of back-projection method results for 3D phantom. (b) 150th axial section 

of filtered back-projection method results for 3D phantom 
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which may be done using a variety of methods. Both the back-projection method and the filte-
red back-projection techniques have been applied. First, each row of the sinogram representing 
the projections is extracted independently and put in a distinct matrix, such that each repeats 
itself. Each matrix is rotated by the projection angle associated with each projection. The sum 

of the rotated matrices is computed. 
The only difference between the two methods is that each projection is filtered before it 

is used. 2D phantom results are shown in Figure 4 and 3D phantom results are shown in Figure 
5 for both methods. Using the appropriately sized filter for projections minimizes the problem 
of low-frequency component overlap. Because of the filtering procedure, there seems to be no 
brightness issue. 

 
 The total coil numbers are set to four, eight or sixteen respectively and the acceleration 

value is incrementally increased from two to six for each coil number scenario for the SENSE 
method. While observing the outcomes of each example, it was noted that some outcomes 
failed to unfold, some had contrast issues, and some were accurate. Table 1 represents the 
conclusions of each condition.  

 
 
 
 

    

                       (a)                                  (b) 

Figure 6 (a) Gaussian sensitivity maps corresponding each receiver coil. (b) The final composite image 

acquired with PILS algorithm 

          
                    (a)                        (b)                          (c) 

Figure 7 (a) The image reconstructed by SENSE had an unfolding problem when the number of coils is 

four and the acceleration factor is five (b) The image reconstructed by SENSE had a contrast problem 

when the number of coils is eight and the acceleration factor is five (c) The image reconstructed by SENSE 

had no problem when the number of coils is sixteen and the acceleration factor is four 
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Table 1. The SENSE algorithm's reconstruction outcomes; "A" stands for "accomplished," "CP" 

stands for "contrast problem ," and "F" stands for "failed in the unfolding process in reconstruction." 

 
 

4. Discussion 

In the first x-ray experiment, the results show considerable loss of information and loss 
of quality especially in terms of contrast. Due to the superposition in one dimension, all infor-
mation is overlapped. Despite the fact that it is just a single projection, it may give useful infor-
mation about the phantom if a precise projection angle is used to distinguish components from 
one another. However, determining this particular projection angle is very challenging. On the 
other hand, acquiring results with a single projection has the advantage of becoming quick and 
practical. 

The second experiment covers CT and provides great opportunity to compare single pro-
jection radiographic images to multi-projection tomographic images. The students can change 
several parameters such as the number of projections to understand the important acquisition 
factors. The target object is available both in 2D and 3D, which improves the algorithmic capa-
bilities of the students. 

MRI reconstruction is performed under various under-samplng masks. Un-der-sampled 
k-space generation is also covered as a seperate topic. Understanding dif-ferent pulse-sequ-

           Coil 
number                    

 
 

Acceleration  
factor  

Four Coils Eight Coils Sixteen Coils 

        2 A A A 

3 
   

CP CP CP    
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F 
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A    
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F 
 

CP 
 

CP    
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ence types and their effet on reconstructed image quality is discussed extensively. For ins-
tance, compared to the PILS reconstruction technique, the SENSE technique gave more accu-
rate results while reconstructing the composite image from under sampled k-space at the 
same time. The PILS technique is sensitive to slight changes in the sensitivity map and some 
effects in the form of strip-like forms or aliased regions can be seen on the reconstructed 
image. The SENSE technique is more commonly used in clinics for the reasons stated. 

5. Conclusions 

This paper aims to design a laboratory where students can learn the topics covered in the 
MIS course practically by using the knowledge they have acquired in the BME curriculum. In 
this context, while the projection applications for X-ray are carried out, the back-projection 
method for CT has been examined. By controlling the occupancy of the k-space for MRI, inves-
tigations were made to reduce the scan time as much as possible in order to obtain satisfactory 
results. Various reconstruction techniques have been performed within the scope of parallel 
imaging. Moreover, all of these experiments are applied to the same target object, which enab-
les comparisons among different modalites. 
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Abstract: Although antibiotics are among the most successful therapeutic agents developed so 
far, the widespread use of these compounds leads to the emergence of resistant microorganisms. 
The most important way to slow down the development of antibiotic resistance in bacteria is to 
prevent the use of wrong and unnecessary antibiotics. To achieve this, rapid and reliable 
identification of bacteria is needed. However, bacterial identification techniques currently in 
use in clinics have some challenging processes. To address this challenge, label-free surface-
enhanced Raman spectroscopy (SERS) combined with some machine learning techniques were 
used for discrimination of colistin resistant and susceptible Klebsiella pneumoniae. A total of 9 
colistin resistant and 7 colistin susceptible K. pneumoniae isolates were utilized. To 
discriminate similar SERS spectra collected from colistin resistant and susceptible isolates, 
principal component analysis and support vector machine classifier were performed. The 
classification accuracy was found more than 90%. Furthermore, the classification model 
discriminates colistin resistant and susceptible K. pneumoniae with an area under curve (AUC) 
of 0.95. Our results demonstrate that SERS coupled with machine learning can be used for the 
detection of antibiotic-resistant and susceptible bacteria. The proposed method is a label-free, 
easy implemented, and reliable technique with high sensitivity for clinical use. 

Keywords: colistin resistance, Klebsiella pneumoniae, surface-enhanced Raman spectroscopy, 
principal component analysis, support vector machine 

1. Introduction 

Antimicrobial resistance has become a growing global threat around the world. It is 
expected to threaten the lives of 10 million people annually by 2050 [1]. This is more than twice 
the number of deaths caused by Covid-19 disease. The next pandemic crisis is already here and 
if adequate precautions are not taken, it will threaten the lives of millions of people.  

The increase in gram-negative bacteria, especially resistant to more than one drug, poses 
a great threat to our country and the world. Klebsiella pneumoniae, which is included in this 
bacterial group, causes many infections that threaten human health such as pneumonia, urinary 
tract infections, meningitis, and sepsis [2]. These bacteria first gained resistance to β-lactam 
group antibiotics and then became resistant to carbapenems. In this situation, the use of colistin 
antibiotic has become the last option in treatment. However, overuse of colistin has led to the 
emergence of colistin-resistant K. pneumoniae (colR-Kp) within a short period [3]. 

Prescribing the right antibiotics is the key step to combat antimicrobial resistance. Rapid 
and reliable detection of bacteria is a main need to correct prescription. However, antimicrobial 
susceptibility test (AST) that is used to determine bacteria's antibiotic resistance suffers from 
its major drawbacks. For example, phenotypic AST contains long incubation periods or 
genotypic AST is required highly trained personnel. Therefore, there is an urgent need for 
alternative diagnostic tools that performs rapid and correct diagnosis. The surface-enhanced 



Raman spectroscopy (SERS) is a vibrational technique based on the inelastic scattering of laser 
light. This technique provides both molecular fingerprint information about the sample and high 
signal to noise ratio. To provide high signal enhancement, SERS active substrates are brought 
to the close vicinity of samples. Colloidal silver nanoparticles (AgNPs) are mostly preferred as 
SERS substrate. SERS is used detection of bacteria’s antibiotic resistance in the literature [4,5].  

In this study, we aim to discriminate colR-Kp and colistin-susceptible K. pneumoniae 
(colS-Kp) using label-free SERS coupled with machine learning algorithms. We hypothesize 
that the cell wall structure of colR-Kp and colS-Kp might represent some subtle differences due 
to the drug resistance mechanism. These differences can be uncovered by using SERS. Thanks 
to the principal component analysis (PCA) and support vector machine (SVM), SERS spectral 
data collected from antibiotic resistant and susceptible K. pneumoniae isolates can be 
discriminated. 

2. Materials and Methods 

2.1 AgNPs Synthesis 

AgNPs were synthesized according to the classical method reported by Lee and Meisel 
[6]. Briefly, 90 mg silver nitrate (AgNO3, Merck, Darmstadt, Germany) was added in 500 mL 
ultrapure water. This solution was heated until boiling. Then, 10 mL aliquot of 1% sodium 
citrate (Merck, Darmstadt, Germany) was added drop by drop into the solution. The solution 
was kept boiling for about 1 hour. Synthesized AgNPs were centrifuged at 5500 rpm for 1 hour. 
A portion of the supernatant was discarded to form 4x concentrated AgNPs. 

2.2 Bacterial Sample Preparation 

9 colistin resistant, 7 colistin susceptible K. pneumoniae isolates were used in this study. 
K. pneumoniae isolates were obtained from our microorganism collection (Genome and Stem 
Cell Center, GenKok). The bacteria were cultivated on blood agar at 37 ⁰C for 24 hours. The 
samples were collected with sterile plastic inoculating loops and washed 3 times. A 5 μl of each 
washed bacterium was added to a 100 μL of 4X concentrated Ag colloidal suspension. A 5 µL 
of each mixture was dropped on a CaF2 slide and dried at room temperature about 30 minutes 
for SERS measurements. 

2.3 SERS Measurements 

SERS measurements were performed using a confocal Raman microscope (WITec 
Alpha 300M+, WITec) equipped with a near infrared 785 nm laser at 5 mW laser power. 50x 
objective lens was used and the integration time was 1s in all measurements. 

2.4 Data Analysis 

Pre-processing techniques that are cosmic ray removal, background subtraction (5th 
degree polynomial) and Savitzky Golay smoothing (5th order, width 11 points) were applied to 
remove noise compenents. Then all spectral vectors were standardized using standard normal 
variate. PCA were utilized for feature extraction purpose. SVM classifier were used to perform 
classification of extracted features from spectral data. 

3. Results and Discussion 

A total of 315 spectra were collected from colistin resistant and susceptible K. 
pneumoniae. The mean SERS spectra of K. pneumoniae strains are illustrated in Figure 1. SERS 



spectra of colR-Kp and colS-Kp demonstrate a lot of similar peak positions except for some 
differences in relative band intensities. The band intensities of colR-Kp are more prominent 
than colS-Kp. There are some major differences in the intensity of 660, 735, 1060 and 1327 
peak positions. These peaks are more intense in colR-Kp as seen in difference spectrum. This 
situation can be sourced from resistance mechanism of K. pneumoniae bacteria to colistin. Since 
the negative charge of the outer membrane decreases in colR-Kp [3]. Therefore, AgNPs may 
show easily binding to resistant bacteria and this provides higher signal enhancement.  

 

Figure 1. The mean SERS spectra of colR-Kp, colS-Kp, and the difference between colR-Kp-
colS-Kp 

Discrimination of colR-Kp and colS-Kp SERS spectra is extremely difficult with the 
naked eye due to the high spectral similarity. This situation necessitates using machine learning 
algorithms. First, PCA was utilized to extract features. Then, extracted features were given to 
the SVM classifier to classify two groups.  10- fold cross validation was used to determine the 
model performance and this repeated for 20 runs. The accuracy for each run and area under 
curve (AUC) value are shown in Figure 2a and b, respectively. As seen in these figures, SVM 
classified two groups with a mean accuracy of 90.4% and AUC of 0.95. 

 

Figure 2. (a) Accuracy values of SVM classifier for 20 runs. (b) AUC value obtained from 
ROC curve of SVM classifier 

Our results demonstrate that SERS coupled with machine learning have a great potential to 
detect antibiotic-resistant and susceptible bacteria. 

4. Conclusion 



In conclusion, label-free SERS and machine learning provide promising tool for 
discrimination of antibiotic-resistant and susceptible bacteria. Therefore, proposed method is 
highly useful for bacterial identification studies. 
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Abstract: Coronavirus Disease 2019 (COVID-19) is infectious disease that caused by SARS-
CoV-2 virus. Since the first day of its emergence, virus has spread rapidly around the world by 
transmission from person to person, causing a pandemic. COVID-19 is currently detected using 
nucleic acid tests and serological tests. However, these tests are expensive, time consuming and 
give false negative results. These disadvantages can be eliminated with Surface-enhanced 
Raman Scattering (SERS), which enhanced Raman signals as a result of interaction of 
plasmonic nanostructures with analyte. In this study, it was aimed to demonstrate applicability 
of virus detection by using structural proteins of SARS-CoV-2 virus with this method. For this 
purpose, plasmids carrying M, N and E protein codes of virus were transfected into mammalian 
cell line (HEK293) and a virus-infected cell model was created. Proteins of the plasmid 
transfected cells were isolated. SERS spectra of proteins were collected by using gold substrate. 
Collected spectra were classified Principal Component Analysis (PCA). The results obtained 
revealed that SERS is a rapid, low-cost, reliable and promising method for the detection of 
COVID-19. 
Keywords: COVID-19 Detection, SARS-CoV-2, SERS, Transfection, Plasmid, PCA 
 

1. İntroduction 
Coronavirus Disease 2019 (COVID-19) is a viral respiratory disease caused by SARS-CoV-2 
virus and firstly appeared in Wuhan, China at the end of 2019. COVID-19 spread rapidly from 
Wuhan to other regions of China and from there to world. On January 30, 2020, World Health 
Organization (WHO) is declared COVID-19 as an epidemic due to uncontrolled, rapid spread. 
Rapid detection of infected human is important because disease is highly contagious. With the 
emergence of COVID-19, the need to develop rapid, sensitive, and specific diagnostic methods 
is increased to control and prevent the pandemic[1]. COVID-19 is confirmed by nucleic acid-
based polymerase chain reaction (PCR) and serological tests. Reverse transcriptase-polymerase 
chain reaction (RT-PCR) is the most common used method for the diagnosis of SARS-CoV-2. 
RT-PCR is a multi-step method that includes nucleic acid amplification, purification and 
extraction. Serological tests are tests that detected antibody response to SARS-CoV-2.  
Serological tests cannot be used for diagnosis in early stages of disease because development 
of antibody response requires time. At the same time, these tests are time-consuming, give false 
negative results, require trained person, require costly reagent such as primers, antibodies [2]. 
Because of reasons, there is a need for rapid, sensitive and reliable diagnostic methods to detect 
cases of COVID-19 disease and to prevent spread of epidemic.  
Raman spectroscopy gives information about vibrational property of the analyte and is not 
affected by water. However, it has some major drawbacks like, low-intensity signals and 
longtime accumulation time. Therefore, Raman spectroscopy has limited use. To overcome this 
problem, power signals are obtained by using metal nanoparticles. This method is called SERS. 
SERS is a method that enhances Raman signals based on interaction of molecules and metallic 



nanoparticles such as gold and silver. This enhancement is due to surface plasmons formed 
around metallic nanoparticles and charge transfer between molecule and nanoparticle [3].  
In this study, by creating virus enfected cell model, we aim to detect COVID-19 with SERS 
using structural proteins of SARS-CoV-2. We believe that membrane(M), Nucleocapsid (N) 
and Envelope (E) structural proteins will show differences on the spectrum after they enter the 
cell. These differences can be demonstrated using SERS and PCA. 

2. Materials and Methods 
2.1.AuNP Synthesis and Preparation SERS Subtrate 

AuNP were synthesized using the Turkevich method [4]. Briefly, 10 mg of HAuCl4 
(Sigma,Germany) was dissolved in 100 mL of dH2O and heated on a magnetic stirrer until 
boiling. Then, 700 µL of 1% sodium citrate (Sigma, Germany) solution was added rapidly to 
boiling solution. The solution was boiled for 15 minutes. 
The SERS substrate was prepared using the procedure described in the literature [5]. Briefly, 
50 µL of AuNP mixed with 1 µL of 10 mM CuSO4 (Sigma, Germany) solution (50:1). The 
mixed solution was dropped onto CaF2 and left to dry at room temperature. The mixed solution 
was dropped on CaF2 and was left air-drying at room temperature.  

2.2.Cell Culture and Plasmid Transfection 
HEK-293 human embryonic kidney cell line cultured in Dulbecco’s modified essential medium 
(DMEM)(Lonza, Switzerland). The cell culture medium contained 10% fetal bovine serum 
(FBS) (Biological Industries, Israel), penicillin (100 U/mL) and streptomycin (100 
U/mL)(Gibco,Scotland) and cells were maintained with 5% CO2 at 37°C.  
For plasmid transfection, plasmids with gene sequence of structural proteins of SARS-CoV-2 
virus were transfected human embryonic kidney (HEK293) cells with PEI 
(Polyethyleneimine)(Sigma,Germany) that is a cationic polymer. The complexation ratio of 
PEI/plasmid was determined according to gel electrophoresis assay following our published 
protocol.  PEI/plasmid of complex were given to HEK293 cells in opti-MEM (Gibco, Scotland). 
72 hours were incubated.  

2.3. Western Blotting 
Proteins of the transfected cells were isolated using RIPA (Thermo Scientific) lysis buffer. 
Concentrations of proteins were determined using the Bradfor assay. 35 µg total protein was 
loaded into wells of SDS-PAGE gels. Proteins separated by electrophoresis were transferred to 
PVDF membranes and incubated with primary antibodies of target proteins at +4°C overnight 
with shaking. Proteins incubated with secondary antibodies for 2 hours at room temperature 
were visualized with Chemi-Doc device using ECL substrate. 

2.4. Cellular Uptake 
Cellular uptake of plasmid, morphology of transfected cells and stability of transfection were 
examined with GFP (green fluorescent protein) using fluorescence microscope and flow 
cytometry.  

2.5. SERS Measurement  
To obtain the SERS spectra of the proteins isolated from the cells, 2µg of protein was dropped 
onto the SERS substrate and dried at room temperature before the spectra were collected. All 
SERS spectra were collected using the WıTech alpha M+ Raman Microscopy System 
(Germany). Proteins were excited using a 785 nm diode laser with a laser power of 30 mW and 
a 50X objective. İntegration time was 2 sn in all measurements.  

2.6. Data Analysis 



Pre-processing techniques that are cosmic ray removal, background subtraction (5th degree 
polynomial) and Savitzky Golay smoothing (5th order, width 11 points) were applied by using 
WıTec Project Plus 5.  Spectra were normalized and PCA was performed with the 'pca' function 
using MATLAB (Mathworks, USA) software.  

3. Results and Discussion 
Cellular uptake was optimized with the GFP plasmids and evaluated fluorescence microscopy 
and Flow cytometry. The transfection efficiency of GFP plasmid was around 52% at 24/1 
(PEI/plasmid) ratio. It was observed that transfection efficiency of GFP was decreased at 32/1 
ratio (Figure 2). According to obtained optimization results, M, N and E plasmids were 
transfected into cells using 1/24 plasmid/PEI ratio. Non-plasmid transfected HEK293 cells were 
used as a control group.  

 
Figure 1. Cellular uptake results obtained by flow cytometry 

After plasmids are transfected into cell, it was aimed to produce M, N and E proteins. Protein 
expression levels M, N and E plasmids was evaluated by Western Blotting.  To get SERS 
spectra, initially proteins of the plasmid transfected cells were isolated. SERS spectra of 
proteins were collected with gold SERS substrate. For prepared gold SERS substrate, 50 nm 
AuNP and CuSO4 were used. As seen in Figure 2, CuSO4 was used for aggregation of AuNPs. 
Then, same concentration of protein was dropped onto substrate. Spectra were collected after 
drying at room temperature. 

 
Figure 2. STEM image of SERS substrate prepared with AuNP and CuSO4 

At least 15 spectra were collected from each group. Generally, peaks around 670, 710, 800, 
950, 1040, 2120 cm-1 were observed on the spectra (Figure 3 A). Peak around 670 cm-1 is 
assigned tyrosine. Peaks around 710-800 cm-1 is assigned tryptophan and tyrosine. Peak around 
1040 cm-1 is assigned phenylalanine. Intensities of the peaks were different between each 
transfected cell. These intensities of peaks are thought to be due to the proteins in which 
transfected plasmids are expressed. 
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Figure 3. A) Mean SERS spectra of proteins isolated from plasmid transfected cells, B) PCA 
scores of SERS spectra 
PCA was applied obtained spectra to distinguish groups. PCA makes classification by reducing 
size of multidimensional data without loss of data. PCA scatter plots have shown clear 
differentiation between control, M, N and E groups (Figure 3 B). With results obtained from 
this study, it has been shown that SERS is a method that can be applied for detection of COVID-
19. 

4. Conclusion 
In conclusion, COVID-19 can be detected with SERS using other structural proteins besides 
virus and spike protein. SERS is rapid, sensitive and low cost and therefore promising for 
further study. 
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ABSTRACT 

The new Severe Acute Respiratory Syndrome linked to the novel coronavirus (SARS-CoV-2) is a 
widespread, rapidly growing infectious disease with a high morbidity and mortality. Treatment 
protocols and new studies regarding therapeutics vary due to the complexity of the pathogenesis of 
this virus. Monitoring the genetic diversity of the virus and emerging mutations during this ongoing 
pandemic is critical to understand its evolution and its potential impact. The four main structural 
proteins of SARS-CoV-2 are spike surface glycoprotein (S), small envelope (E), membrane (M) and core 
proteins (N). Many mutations have been reported in all these four regions since the emergence of the 
virus. We focus on the development of three structural proteins (S, E and M) involved in the immuno-
pathological functions of SARS-CoV-2. Mutations in the sequence of these proteins may lead to 
changes in the structure and in the interactions of the proteins, and then further affect the 
physiological features of the virus, and in turn these could have a significant effect on the progression 
of the pandemic. In this study, mutation frequencies in the five well-known SARS-CoV-2 variants have 
been modelled and analysed. The results present the mutation frequencies in these structural 
proteins, the mutations on envelope and membrane proteins are far less frequent than spike protein. 
Focusing on the less mutated proteins can be beneficial for the future drug and vaccine research.  

INTRODUCTION 

The new Severe Acute Respiratory Syndrome linked to the novel coronavirus which caused by Severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a ß-coronavirus belonging to the 
Coronaviridae family, which is a RNA virus detected for the first time, in Wuhan, China, in December 
2019 (Shamsi et al., 2021; Troyano-Hernáez et al., 2021). Since then, the newly identified virus is 
referred as SARS-CoV-2 has spread throughout the world in this ongoing pandemic because it is far 
more contagious as compared to other earlier recognized human SARS-CoV (2002) and MERS-CoV 
(2013). Just like SARS-CoV and MERS-CoV, SARS-CoV-2 started by zoonotic transmission and is 
transmitted from person to person by respiratory tract and contact (Alsulami et al., 2021). 

Spreading around the world so quickly, SARS-CoV-2 has mutated in the regions where it spread, and 
some of these mutations included changes that caused the virus to peak again. These variants have 
been identified as “Variants of Concern” because of their more efficient binding to human cells, 
increased ability to evade the immune system, and rapid transmission (Scudellari, 2021). The four 
worrisome variants in the foreground, Alpha, Beta, Delta and Gamma, emerged in the UK, South Africa, 
India and Brazil, respectively and identified as Variants of Concern by WHO (Tracking SARS-CoV-2 
Variants, n.d.). 

The Coronavirus (CoV) virion, which has an RNA genome, contains 4 major structural proteins: the 
nucleocapsid (N) protein, the transmembrane (M) protein, the envelope (E) protein, and the spike (S) 
protein (Hasöksüz et al., 2020). 



The SARS-CoV-2 N protein, an abundant RNA-binding protein critical for viral genome packaging, 
contains three dynamically disordered regions that house putative temporally helical binding motifs. 
The two folded domains interact minimally, making the full-length N protein a flexible and multivalent 
RNA-binding protein (Cubuk et al., 2021). 

Although the SARS-CoV-2 E protein is a small structural protein, deletion of this protein weakens or 
even eliminates virulence. This is because the E protein is involved in many aspects of the viral life 
cycle, such as promoting packaging and reproduction of the virus (Cao et al., 2021). 

The most abundant structural protein of SARS-CoV-2 is the M glycoprotein (Buxbaum, 2015). The M 
protein can bind to all other structural proteins. Bindi Binding with the M protein helps stabilize N 
proteins and promotes the completion of viral assembly by stabilizing the N protein-RNA complex 
within the internal virion (Mousavizadeh & Ghasemi, 2021). Since the M protein cooperates with the 
S protein, mutations can affect host cell attachment and entry of viruses (Buxbaum, 2015). 

The SARS-CoV-2 S protein has a total length of 1273 aa and consists of a signal peptide (amino acids 1–
13)   located at the N-terminus, the S1 (14–685 residues) subunit and the S2 (686–1273 residues) 
subunit. The regions as called S1 and S2 are responsible for receptor binding and membrane fusion, 
respectively. S protein trimers visually form a characteristic bulbous, crown-like halo surrounding the 
viral particle (Y. Huang et al., 2020). 

The 3D representation of mutations in S, M, and E, which play an important role of these four main 
proteins on the cell surface and in the entry of viral RNA into the host cell, further facilitates the 
understanding of the structural changes that occur in SARS-CoV-2 (Alsulami et al., 2021). 

MATERIALS and METHODS 

The RNA sequences were gathered National Center for Biotechnology Information, regarding Variants 
of Concern which are determined by WHO (Severe Acute Respiratory Syndrome Coronavirus 2 Isolates 
of VoCs 2020; Tracking SARS-CoV-2 Variants, n.d.). 

Translation process of the RNA to Amino Acid sequence, multiple sequence alignment and 
presentation of sequence comparison between variants were carried out in RStudio, Version 1.4.1717 
by using the method from the study of Toparslan et al., 2020.  

The Wuhan variant’s structural proteins used as reference for visual comparison, and program 
database (PDB) files were downloaded from the studies applied with I-TASSER server (X. Huang, 
Pearce, et al., 2020; X. Huang, Zhang, et al., 2020; Zhang et al., 2020; Zheng et al., 2021). 3D 
representations of the structural proteins were carried out in PyMOL Molecular Graphics System, 
Version 1.2r3pre, Schrödinger, LLC. 

RESULTS  

Amino acid sequences of three major structural proteins (S, E, and M) prominent in host cell entry of 
the four variants of concern and sequences of the same proteins belonging to the Wuhan lineage were 
obtained from NCBI. Amino acid sequences and the mutations of the three proteins belonging to these 
four variants and the Wuhan lineage were shown. 

Mutation counts, including deleted regions in the spike protein, were 10, 8, 10, and 12 for Alpha, Beta, 
Delta, and Gamma, respectively (Figure – 1). The same mutations between variants are shown with 
the same colours. The envelope protein also had a single mutation (P71L) only in the Beta variant. 
There was also a single mutation in the membrane protein only in the Delta variant (I82T). 



The results obtained are consistent with the mutations previously reported in the literature, and these 
structural proteins considered important for possible drug targets (Pachetti et al., 2020; Portelli et al., 
2020; Shen et al., 2021; Vilar & Isom, 2021). To show these mutations on 3D models, spike proteins 
(Figure – 2), envelope proteins (Figure – 3) and membrane proteins (Figure – 4) models of the Wuhan 
lineage. 

Figure – 1: AA Comparisons of VoCs and Wuhan Strain 

 

Figure – 2: S Proteins of the VoCs and Wuhan Strain 

 

 

 

 



 

Figure – 2: E Proteins of Wuhan & Beta Strains 

 

Figure – 3: M Proteins of Wuhan & Delta Strains 

 



 

DISCUSSION and CONCLUSION 

In silico studies can be advantageous in terms of reducing financial burden and the total time spent. In 
addition, the 3D representation of SARS-CoV-2 and mutations facilitates the understanding of the 
structural changes that occur. In addition, the locations of mutations reveal the most frequently 
mutated and non-mutated regions. Therefore, these models can help identify target regions in the 
development of therapeutics such as drugs and vaccines. 

The results indicate that several mutations occurred in the spike proteins of SARS-CoV-2 the variants, 
particularly in the S1 subunit, Receptor Binding Domain and Antibody Binding Domain. Only a small 
number of mutations are observed in the envelope and membrane proteins. For the future studies 
regarding vaccine and drug development, it could be beneficial to focus on less mutated structural 
proteins. 
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Algorithm-based approach to uncover potential microRNAs related to cancers 

of the gastrointestinal track  

 

1.Background 

MicroRNAs (miRNAs) are short (~22 nt long) endogenous non-coding RNAs which transcribed 

as short hairpin precursors (~70 nt) [1, 2,]. MiRNAs play important roles in biological processes 

like cell proliferation, development, immune reaction and tumor invasion by targeting specific 

messenger RNAs (mRNAs), and regulate gene expression either by mRNA degradation or 

translational inhibition [3,4]. Several studies also indicate that many miRNAs are implicated in 

human diseases [5], including cancer [6], immune related diseases [7], Parkinson’s disease [8], 

etc. Identifying the miRNAs associated with diseases could contribute to better understanding 

the pathogenesis, diagnosis, treatment, and prognosis of diseases and help to develop new 

drugs [9]. With an estimated 4.8 million new cases and 3.4 million deaths worldwide in 2018, 

cancers of the gastrointestinal (GI) tract represent over one-quarter (26%) of the global cancer 

incidence and over one-third (35%) of all cancer-related deaths. The current standard method 

for identifying miRNAs involved in a disease is miRNA expression profiling, which is a time 

consuming, labor-intensive and expensive experimental approach [10]. In the recent years, a 

number of computational methods have been proposed to predict the associations between 

miRNAs and diseases. In this study, we propose a network integration approach using the 

‘maximal clique’ algorithm to predict potential miRNA–disease associations. 

 

2. Methods 

2.1. Data pre-processing 

a) Collection of data from relevant sources 

b) Inference of functional similarity from MiRGOFS 

 

2.2. Reconstruction of heterogeneous networks 

a) Disease–miRNA network 

b) miRNA-miRNA associations network:  



c) Construction of the integrated network 

 

2.3. Identification of new miRNAs-disease associations 

The cytoHubba v.0.1 plug-in was used to select potential miRNAs-disease associations from the 

integrated network. CytoHubba is a Java plugin for ranking nodes in a network by their network 

features. 

2.4. Running Maximal clique algorithm 

After constructing the integrated miRNA-disease network by combining these two datasets, we 

employed the maximal clique algorithm. 

 

 

 

3. Results 

 

3.1 Ranking of miRNAs in the integrated network using MCC 

 

We applied the algorithm MCC on our merged miRNA-disease network. First, the top 20 potential 

cancer-related miRNAs predicted by the algorithm were listed (Table 1). 

To get more robust and accurate results, we decided to obtain the 10 highest ranking miRNAs 

based on the MCC algorithm (Table 2). 

As shown in Figure 5, the miRNAs hsa-miR-107 and hsa-miR-1246 are related to cancers. It has 

been demonstrated that hsa-miR-107 is associated with colorectal, gastric and esophageal 

cancers [11]. In addition, in a study by Shi and colleagues, hsa-miR-1246 is suggested to be a 

potential biomarker for the early diagnosis of gastric and colorectal cancers [12]. 

 

3.2. Identification of potential diagnostic miRNAs based on their correlation scores  

As shown in Table 3, each unknown miRNA was compared to hsa-miR-107 based on their 

pairwise functional similarity score. 



In the next step we compared other novel miRNAs with the known hsa-miR-1246 and ordered 

them based on their scores. As shown in Table 4, the highest scoring miRNA is hsa-miR-1248 

(score= 0.810089936). 

 

4. Conclusion 

MiRNAs represent an important class of regulators in carcinogenesis, as well as a new class 

of diagnostic and therapeutic targets. As we analyzed the miRNAs-disease associations 

network, we detected a few novel miRNAs. Based on our findings, the miRNA has-miR-1248 

could possibly serve as a potential diagnostic marker for the early detection of GI cancers. It 

has been proved hsa-miR-1248 is related to lung cancer, and upregulation of miR-1248 was 

significantly inhibited the proliferation and invasion of NSCLC cells [13]. On the other hand, 

hsa-miR-1248 is predicted to regulate numerous cytokines, including IL-5 [14], facilitating in 

this way metastasis colonization via modulation of the immune-microenvironment [15]. 

However, further experimental validation on cancer patient samples is required to assess the 

biological significance of the signature miRNAs, detected in this study, in the diagnosis and 

clinical decision making of GI cancers. This will enable the generation of an enriched pool of 

miRNAs that would not only reveal yet undiagnosed cancers, but also, miRNAs exclusively 

associated with a certain type of GI cancer (e.g., stomach cancer) would allow the diagnosis 

of specific cancer types, as well. Overall, we expect that these findings may help in the 

identification of miRNA biomarkers so as to prevent cancer development by enabling its 

early detection. 
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1. Introduction 

Hypertension is generally described as “silent killer” since it rarely causes symptoms and leads to death. 
Alarmingly, reports on this global disease showed that approximately 1.13 billion people had 
hypertension in 2015 and its occurrence rate was higher in low- and middle-income countries compared 
to high-income countries (Risk, 2017). On the other hand, a recent meta-analysis interpretated data of 
344716 participants from 48 randomised clinical trials and revealed a novel findings that  the major 
cardiovascular events were lowered up to 10% regardless of the presence of cardiovascular diseases or 
status of blood pressure (normal or high-normal) when  systolic blood pressure was lowered 5 mm Hg 
(Adler et al., 2021). In addition to pharmacological treatment, non-pharmacological chances are 
required for management of hypertension. Lifestyle conversions such as lowering sodium and alcohol 
consumption, increasing of potassium consumption and physical activities are recommended (Ozemek, 
Tiwari, Sabbahi, Carbone, & Lavie, 2020).  In addition to dietary changes, beneficial effects of 
functional foods have been studied for their antihypertensive properties due to their bioactive 
compounds such as peptides from proteins, phenolic compounds, fiber and minerals. Most of the studies 
focus on the angiotensin I-converting enzyme (ACE) inhibitory activities (Huang, Davidge, & Wu, 
2013).  Proteolysis form ACE inhibitory peptides due to specific enzymatic activities; therefore 
fermentation and ACE-inhibitory activity are enhanced with high proteolytic activities of lactic acid 
bacteria (LAB) (Donkor, Henriksson, Vasiljevic, & Shah, 2007).  On the other hand, LAB can form 
GABA from L-glutamic acid or its salts with the action of glutamate decarboxylase enzyme (GAD) 
(Diana, Rafecas, Arco, & Quílez, 2014). GABA show several activities such as antihypertensive, anti-
oxidant and antidepressant functions. However, studies have mostly focused on GABA-producing 
microorganisms rather than GABA in isolation (Sarasa et al., 2020). The starter potential of LAB and 
yeast in fermented foods promotes the importance of their GABA production abilities (Diana et al., 
2014). Presence of gad gene indicates the GABA synthesizing ability of LAB strain (Wu & Shah, 2017).  

The aim of this study is to determine antihypertensive potential of LAB strains for their contribution in 
a functional food approach. In this purpose, high number of artisanal dairy LAB strains have been 
screened for their proteolytic and GABA producer potential and the presence of gad gene was screened 
by in silico tools for the LAB species.   

2. Materials and Methods 
2.1. LAB strains culture preparation 

Bacteria strains which had isolated from dairy product in previous thesis research was used (Erkuş, 
2007). An aliquot of Streptococcus thermophilus species from stock culture collection maintained at 
−80 °C was inoculated into M17 broth (Merck, Germany) and incubated at 42°C for overnight under 
anaerobic conditions. Afterwards, LAB strains were propagated into M17 broth and incubated at 37 °C, 
for 24h, under anaerobic conditions.  

2.2. Screening of LAB strains for GABA production 

Thin-layer chromatography (TLC) method was selected to rapid screening of GABA producing LAB 
strains. Each activated strain was inoculated into 10 ml of M17 broth with 1% (w/v) monosodium 
glutamate (MSG) and incubated at 42°C for 48 h. Then, 1 μl of culture supernatant was spotted onto a 
TLC plate (Silica gel 60 F254; Merck Co., Germany). Separation was done with iso-butanol/acetic 
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acid/water (4:1:1; v/v). The plate was treated with ninhydrin solution to visualize the spots and heat 
treatment were used to colour development of spots (Sokovic Bajic et al., 2019).  

 

2.3. Proteolytic Activity  

For preliminary screening of proteolytic activity, cell cultures were vortexed and 10 μL LAB cultures 
were spotted on the surface of skim milk agar medium (prepared with 1% (w/v) skim milk powder 
(Oxoid)) and incubated at the optimal growth temperature for 48 h. Proteolytic activity was indicated 
as a clear zone around the colonies (El-Ghaish et al., 2010).  

2.4. In silico screening of gad genes in S. thermophilus  

GAD encoding gad gene and its transporter gadC gene of S. thermophilus genes were researched in 
National Center for Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/) database 
("Database resources of the national center for biotechnology information," 2018). Collected genes 
were aligned by Clustal Omega tool (https://www.ebi.ac.uk/Tools/msa/clustalo/) (Sievers et al., 2011).  

3. Results 
3.1. Qualitative GABA Producing Ability 

Out of 72 S. thermophilus strains, no positive TLC results were obtained. Therefore, none of S. 
thermophilus strain produced GABA with 1% MSG as a substrate under standard medium pH 
conditions.  

3.2. Proteolytic Activity  

Modified method of El-Ghaish et al. (2010)  were used to classify isolates based on colony size; colony 
size were determined by calculating the differences between colony size and colony plus zone size. 
Proteolytic activities were categorised as low (<3mm), medium (3-4.5 mm) and high (>4.5mm). Also 
zone clearance were classified based on transparency; lowest clarity (+), low clarity (+), medium (++), 
high clarity (+++). As a result, these clarities were numbered from 1 to 3; 3 explaining the highest zone 
clearance.  

In general, isolates coded as cTY and c exhibited both strong and weak proteolytic activities in skim 
milk agar. Among 72 S. thermophilus strains, 34 of them showed medium proteolytic activity, whereas 
5 of them possessed high activities.  

3.3. In silico screening of gad genes in S. thermophilus  

According to data in the NCBI database, S. thermophilus has gadA gene in some strains and gadB gene 
in other strains. In addition, some strains have been recorded with gad gene, they were not specified as 
gadA or gadB. Approximately, 29 of GAD encoding gene were detected in NCBI database as a result 
of screening of gad gene in S. thermophilus species.  

S. thermophilus gadA and gadB genes were found highly conserved based on the sequence homology 
results of strains, it could be concluded that there is only one type of gad gene in S. thermophilus. 
Similarly, a recent research obtained same conclusion and named gad gene in S. thermophilus APC151 
and ACA-DC2 as gadB gene (Cui et al., 2020). Furthermore, it was concluded that gadR gene was 
absent or not annotated in S. thermophilus species. Therefore, the gad gene of S. thermophilus was 
referred as gadB in this study. The alignment results showed high homology between gadB genes (98.2-
100% similarity) Furthermore, similar results were obtained for gadC genes (97.77-100%). 

4. Discussion 

Qualitative proteolytic activity of S. thermophilus is detected as strain-dependent in skim milk agar 
method. Similarly, a study showed that strain-dependency of cell envelope-associated proteinase 
activity (PrtS+) in S. thermophilus. 12 of 30 strains  possessed PrtS activity, 3 were classified with low 
activity and 7 of 30 strain did not contain prtS gene (Galia, Perrin, Genay, & Dary, 2009). The relation 
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between proteolytic activities and ACE inhibitory activity has been studied in several studies (Donkor 
et al., 2007), specifically for S. thermophilus (Gandhi & Shah, 2014). In addition, proteolytic system of 
several S. thermophilus strains were defined in a recent study (Hu, Cui, & Qu, 2021). These studies 
indicated the potential of ACE inhibitor activities were due to the proteolytic system of S. thermophilus.  

On the other hand, screening of dairy based S. thermophilus studies are being increased (Somkuti, 
Renye Jr, & Steinberg, 2012). GABA containing cheese was produced by using GABA producer starter 
S. thermophilus 84C derived from cheese (Carafa et al., 2019). In another research, among 191 S. 
thermophilus strain, 20 of them possessed gad gene and only 5 of them synthesized GABA (Brasca et 
al., 2016). In another study only 3 out of 39 S. thermophilus isolates were found to be GABA producers  
(Valenzuela, Flórez, Vázquez, Vasek, & Mayo, 2019). These studies based on large isolate collections 
indicate that S. thermophilus strains can have low ability of GABA biosynthesis. On the other hand, 
GABA production level can be affected by coculture fermentation.  For example, GABA yield by S. 
thermophilus in yogurt with coculture fermented with L. delbrueckii subsp. bulgaricus have been 
increased  (Chen, Alcazar, Yang, Lu, & Lu, 2018).  

5. Conclusions 

Proteolytic strain can be useful candidate to produce ACE-inhibitory activity, GABA producer strain 
can show antihypertensive potential. Artisanal strains of our country have possessed antihypertensive 
properties; results obtained from this study revealed that at least five S. thermophilus strains have been 
identified as potential producer of ACE-inhibitory peptides. Although, they did not produced GABA 
under analysis conditions, these investigations will be carried out with other LAB strains that may 
possess GABA production. Therefore, the development of functional foods produced by selected LAB 
strains due to ACE inhibitor and GABA producing abilities may have antihypertensive potential.  
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Health-Promoting Role and Potential Applications of Lactiplantibacillus pentosus 

Elvan, M. and Harsa, S. 

1. Introduction 

Lactic acid bacteria (LAB) are classified as generally recognized as safe (GRAS) and EFSA have 
granted qualified presumption of safety (QPS) status to several LAB species such as Lactiplantibacillus 
pentosus, depend on safety assessment criteria (EFSA, 2017). LAB are of great importance for food 
biotechnology and food industry. They are mainly used as starter culture in dairy and/or non-dairy 
products. Some of these bacteria show probiotic properties. They also play an important role in 
production of enzymes, vitamins, antimicrobial agents, and exopolysaccharides. The main uses of LAB 
in the food industry are fermented food production, food preservation, modification of the organoleptic 
characteristics of foods. 

Lpb. pentosus is present naturally in plant and milk, and isolated from fermented olives, dairy, corn 
silage, dough, tea, humans, and sewage. Lpb. pentosus plays a crucial role during the cheese ripening 
and it is used commonly as a spontaneous starter culture in the vegetable, dairy, and meat fermentation. 
According to the previous studies, Lpb. pentosus was isolated from fermented olives (Blana et al., 2014) 
fermented gilaburu and shalgam beverages (Akman et al., 2021), pickled vegetables (Dallal et al., 2017), 
boza (Todorov & Dicks 2006), and was used as a starter culture in the fermentation of olives (Blana et 
al., 2014). Lpb. pentosus inhibited protein oxidation and degradation and reduced N-Nitrosamines, one 
of the most important carcinogens, in the dry fermented sausages (Xiao et al., 2018). Likewise, N-
nitrosodimethylamine, classified as a Group 2A carcinogen, was lowered with inoculated Lpb. pentosus 
in fermented cooked sausages (Shao et al., 2021). Lpb. pentosus demonstrated remarkable cholesterol-
lowering effects (Wongrattanapipat et al., 2021). Combination of probiotics, including Lpb. pentosus, 
showed beneficial activities in reducing postprandial distress syndrome (discomfort, distress, pain after 
eating) symptoms (Drago et al., 2021). Fermented food isolate Lpb. pentosus improved oral health 
through combating oral pathogens (Rahman et al., 2020). Fermented table olive isolate Lpb. pentosus 
showed antiproliferative effect on human colon cancer cells (Saxami et al., 2016). 

The objective of this study is to determine the antimicrobial and antioxidative activity of Lpb. pentosus 
for their beneficial properties as health-promoting potential in order to alleviate various health problems 
such as infectious diseases e.g. oral infections, candidiasis; to relieve adverse effects of chemotherapy. 

Material and methods 

Lpb. pentosus NRRL B-227, C. albicans DSMZ 5817, and S. mutans ATCC 25175 was obtained from 
the ARS Culture Collection (USA), German Collection of Microorganisms and Cell Cultures GmbH 
(Germany), and American Type Culture Collection (USA), respectively.  

1.1. Antimicrobial activity of Lpb. pentosus  
1.1.1. Broth microdilution method 

The supernatant of Lpb. pentosus was tested according to the standards of the CLSI (Clinical and 
Laboratory Standards Institute) using broth microdilution technique. 100 μL of Lpb. pentosus 
supernatant and 100 μL of pathogen suspension were transferred into well plate (Wayne, 2008) and 
plates incubated on the Varioskan (Varioskan™ LUX Multimode Microplate Reader, USA) at 37°C for 
48 h, measurements were performed at 30-minute intervals at 600 nm.   

1.1.2. Agar overlay test 
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The inhibitory effect of Lpb. pentosus cells were tested using the agar overlay test developed by Simark-
Mattsson et al. (2007). MRS agar surface was inoculated with Lpb. pentosus and incubated in anaerobic 
conditions at 37°C for 24 h. Then, the top surface of the dishes was covered with 15 mL of Nutrient agar 
and BHI (Brain Heart Infusion) agar, containing C. albicans and S. mutans to be tested, respectively. 
After incubation, the circular clear region around Lpd. pentosus colonies showed positive inhibition.  

1.2. Antioxidative activity of Lpb. pentosus 
1.2.1. Scavenging of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical 

The DPPH radical-scavenging activity of Lpb. pentosus was measured based on the method described 
by Li et al. (2012). Briefly, 0.5 mL of Lpb. pentosus cells, was added to 1 mL 0.05 mM ethanolic DPPH 
radical solution. The mixture was incubated for 30 min. Then, the absorbance of the solution was 
measured at 517 nm.  

1.2.2. Scavenging of 2,2′-Azinobis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) radical  

The ABTS radical-scavenging activity of Lpb. pentosus was determined according to Re et al. (1999) 
with slight modifications. Briefly, the radical solution was made by mixing 7 mM ABTS and 2.45 mM 
potassium peroxydisulfate and incubated in the dark. Then the solution was diluted to an absorbance of 
0.70 ± 0.02 at 734 nm. Then, 100 μL of the cells was added to 1 mL ABTS solution, the absorbance 
reading was measured at 734 nm. 

2. Results and discussion 

In this study, Lpb. pentosus was selected to perform antimicrobial and antioxidant activity experiments 
since it widely found in dairy and plants, commonly used in fermentation of the raw materials, safely 
showed beneficial health effects, and easily incorporated into food products. According to the findings, 
Lpb. pentosus demonstrated inhibitory activity against both S. mutans, the most cariogenic pathogen, 
and C. albicans, an opportunistic pathogen found in human mucosal tissues. Likewise, previous studies 
showed that Lpb. pentosus inhibited Streptococcus uberis and Yersinia enterocolitica (Eid et al., 2016), 
additionally, demonstrated bacteriostatic effect against Staphylococcus aureus (Ren et al., 2018).  

A strong antibacterial activity of Lpb. pentosus supernatant on S. mutans was demonstrated via broth 
microdilution method. All tested concentrations of supernatant (dilution of 1:1, 1:2, 1:4, 1:8, 1:10) 
showed inhibitory effect. The difference between the control group (S. mutans + BHI) and test sample 
groups (S. mutans + supernatant) were demonstrated in Figure 1.A. Lpb. pentosus supernatant 
concentrations demonstrated the scattered absorbance curve in time scale as shown in Figure 1.B. Equal 
inoculation ratio of supernatant: C. albicans (1:1) showed antifungal activity. Immediate reduction was 
obtained in 6 h and this inhibition was maintained up to 36 h. Starting from 36 h of inhibition period a 
slight increase in density was seen. This may be caused by the metabolites interfere within the matrix. 
Agar overlay method showed clear inhibition zone of both pathogens using Lpb. pentosus cells, 
demonstrated in Figure 2. In this study, the broth microdilution test was performed using supernatant 
without free cells and the agar overlay method with living cells of Lpb. pentosus. Thus, it has been 
shown that not only Lpb. pentosus cells but also their metabolites in their supernatant have antimicrobial 
activity and play an important role in the inhibition of pathogens.  
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Figure 1. A) Antimicrobial effects of supernatant of Lpb. pentosus at different concentrations on S. mutans. ■ S. 
mutans growth, ♦ S. mutans growth with not diluted supernatant of Lpb. pentosus, ▲ S. mutans growth with 1/2 
diluted supernatant of Lpb. pentosus, *S. mutans growth with 1/4 diluted supernatant of Lpb. pentosus, ● S. mutans 
growth with 1/8 diluted supernatant of Lpb. pentosus, × S. mutans growth with 1/10 diluted supernatant of Lpb. 
pentosus. B) Antimicrobial effects of supernatant of Lpb. pentosus at different concentrations on C. albicans. ♦ C. 
albicans growth, ■ C. albicans growth with not diluted supernatant of Lpb. pentosus, ▲ C. albicans growth with 
1/2 diluted supernatant of Lpb. pentosus, × C. albicans growth with 1/4 diluted supernatant of Lpb. pentosus, * C. 
albicans growth with 1/8 diluted supernatant of Lpb. pentosus, ● C. albicans growth with 1/10 diluted supernatant 
of Lpb. pentosus. 

 

 

Figure 2. Inhibition zones of S. mutans and C. albicans caused by Lpb. pentosus with agar overlay test (n = 2). 

Antioxidative activity of Lpb. pentosus was carried out applying DPPH and ABTS methods. The results 
demonstrated that Lpb. pentosus has the antioxidant capacity. Previous studies were confirmed that 
activity of this strain. According to the findings of a study, using the ABTS method, Lpb. pentosus 
ITA23, isolated from mulberry silage, demonstrated 166.34 and 39.11 µg trolox/mL antioxidative 
activity by its cells and cell-free extracts, respectively (Shokryazdan et al., 2017). In another study, dry 
sausage isolate Lpb. pentosus R3 cells and cell-free supernatant respectively showed 22% and 12% 
DPPH radical scavenging rate (Shao et al., 2021). 

Considering the antimicrobial and antioxidative activity of Lpb. pentosus, this strain is suitable for use 
in many areas such as fermentation, biopreservation, and functional product development in the food 
industry. It is possible to produce many foods and beverages using cells, supernatant, microencapsulated 
or lyophilized form of Lpb. pentosus. This strain can be consumed and digested safely into our 
gastrointestinal system, since it can be attributed as a potential probiotic based on its beneficial effects, 
by incorporating it into lozenge formulations (Elvan et al., 2021), impregnating on the surface of table 
olives (Harsa et al., 2019; Rodríguez-Gómez et al., 2014), and fresh-cut fruit and vegetable slices, or 
incorporating during the formation of edible films and coatings (Sakman and Harsa, 2019). 
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Abstract 

Recently, modern diets include processed foods such as biscuits, bakery products, ready-to-eat 

foods, some sauces. These products form different types of toxic compounds due to heat 

treatment, long-term storage and flavoring. When these toxic substances are consumed in daily 

life, some disease problems may occur in human metabolic health. Especially insulin resistance, 

cardiovascular disease, some neurodegenerative diseases. These components are known as α- 

dicarbonyl as methylglyoxal (MGO), glyoxal (GO) and 3-Deoxyglucosone (3-DG). One of 

these products MGO is highly reactive toxic metabolite both exogenous and endogenous. 

Dicarbonyls, also affect TNF- α and NF-kB, and the end of this effect is endothelial dysfunction. 

α-dicarbonyl products can inhibit some natural source that contain polyphenol components, 

resveratrol, anthocyanin and proanthocyanidin. Herein, we developed novel functional snack 

foods and were determined both their amount of α-dicarbonyl products and bioaccessibility 

with using different herbal teas. As different herbal teas we used green tea and bergamout 

flavoured black tea. In this study, we have shown effect of natural components on glycation 

product on different samples. This research was supported by Yildiz Technical University-BAP 

Coordinator  (Project No:FDK- 2020-4057; Project ID:4057, PhD Thesis Project), 100/2000 

PhD Scholarships Program from Council of Higher Education and the Turkey Scientific and 

Technological Research Institution with 2211-C support programme, respectively. 

 

Keywords: MGO, bioaccessibility, herbal teas, green tea, bergamout flavoured black tea 

 

 

Introduction 



Recent changes dieatry habits bring about to enhanced consuming of exogenous and endogenous 

glycation products (Serin et al., 2021). During the thermal processing of various foods, one of these 

products, -dicarbonyl compounds, plays a key role in color and flavor development. α-dicarbonyl 

compounds products; methylglyoxal (MGO), glyoxal (GO) and 3-deoxyglucosone (3-DG) are the most 

studied ones. In litaruture studies reported to be found in various food products, such as wine, carbonated 

soft drinks, fruit juices, coffee, high-fructose corn syrup, baked cookies, manuka honey and baby foods 

(Hamzalıoğlu and Gökmen, 2016). 

Materials and Methods 

In this paper, all chemicals and digestion enzymes were bought from Sigma-Aldrich (St. Louis, MO, 

USA). MGO was determined modified Mahar’s method (Mahar, 2010).  In order to determine effective 

of herbal tea for each samples were added such herbal teas as green tea, bergamout flavoured and black 

tea according to Yaman’s et al. method (Yaman and Mızrak, 2019). 

Result and Discussion 

The chromatogram obtained in the analysis of snack food sample 1 can be seen in Figure 1. MGO was 

separated using Inersil ODS-3 colon, according to reference method (Yusufoglu et al., 2020).  

 

Figure 1. HPLC chromatogram of MGO in snack food sample 1. 

 

 

 

 

 

 

Different types of snack foods contain oat meal and proccessed foods containing sugar. In this paper, 

we developed novel ready – to - eat products. One of the using materials is commercial oat meal contains 

MGO 



declared amount carbohydrate 53/100g, protein 14/100g, fat 7.5/100g, sugar 1.3/100g and fiber 13/100g.  

On the other hand, were used some heat treatment foods. These products are preparing simple and fastly 

for daily snacks, because of this they provide advantage. All results were given Table 1 and Table 2. 

MGO amounts of samples ranged from 0.53±0.02 to 13.05±0.59 in Table 1. Snack food sample 2 that 

apricot marmalade contains high amount MGO. In literature has shown apricot marmalade contains 

highly amount GO and MGO (Yusufoglu et al., 2020). When we are consuming SF 2 with green tea, 

amount of MGO is reducing %51.76±2.59 in Table 2. 

 

As shown in Table 1, SF 4 had lower MGO levels. Owing to sample 4 consist of plum marmalade and 

oat meal. Plum marmalade is rich in phenolic and anthocyanin components as natural sources (Cevallos-

Casals et al., 2006). According to studies, some natural sources prevent many diseases such as diabetes, 

cardiovascular diseases, insulin resistance and other complications (Sharma et al., 2018).  

 

In Table 2, snack food samples 1, 2, 3, and 4 were treated with herbal teas such as green tea (HT 1) and 

bergamout-flavored black tea (HT 2). HT1 was shown to have a lower level of hazardous glucose adduct that 

MGO 71.36±3.57, 51.76±2.59, 41.33±2.07 and 9.67±0.48, respectively.  When HT 2 was compared to other 

treatments, it was shown to be reduced by 97.84±4.43, 90.03±4.07, 89.86±4.07 and 40.40±1.83 respectively. 

 

 

 

References 

Table 1.  Different sample types and their amount of α-DC (MGO) 
Samples  Sample type Initial value MGO 

(µg/100g) 
After Digestion 

(µg/100g) 
Increase Rate 

(%) 
SF 1  Oat meal, rosehip marmalade 0.60±0.03 4.5±0.2 742.52±33.59 
SF 2 Oat meal, apricot marmalade 13.05±0.59 6.0±0.3 45.46±2.06 
SF 3 Oat meal, cranberry marmalade 0.60±0.03 3.0±0.1 498.33±22.55 
SF 4 Oat meal, plum marmalade 0.53±0.02 9.8±0.4 1842.89±83.38 
HT 1 Green Tea  0.28±0.01 0.5±0.0 192.21±8.70 
HT 2 Bergamout flavoured black tea 0.23±0.01 0.9±0.0 390.00±17.64 
SF: Snack Foods, HT: Herbal Tea 

Table 2. Bioaccessibility of herbal teas all samples  
Sample After Digestion MGO MGO increase rate compared rate 

to initial value % 
MGO Reducing Rate % 

 
HT 1 HT 2 HT1 HT2 HT1 HT2 

SF 1 1.28±0.06 0.44±0.0 213.3±8.7 73.3±3.0 71.36±3.57 89.86±4.07 
SF 2 2.87±0.13 3.55±0.2 22.0±0.9 27.1±1.1 51.76±2.59 40.40±1.83 
SF 3 2.70±0.12 0.29±0.0 451.7±18.4 48.3±2.0 9.67±0.48 90.03±4.07 
SF 4 5.73±0.26 0.18±0.0 1084.9±44.3 34.0±1.4 41.33±2.07 97.84±4.43 

SF:Snack Foods, HT: Herbal Tea 
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In this study, the nutrient content of the garlic bulb was analyzed, which is an 

important product in terms of Kastamonu. The goal of this work was to investigate 

changes in the different extraction volumes of Kastamonu Taşköprü garlic. The 

garlic was collected from the Taşköprü of Kastamonu extracted from the samples 

by solid-liquid extraction before the analysis. In addition, this study was studied 

with five different extraction volumes compared to other studies. 

In the present work quantitative estimation of total carbohydrate and total protein  

in the different extraction volumes of Kastamonu Taşköprü garlic were observed 

using phenol sulphuric acid and Bradford method, respectively. Phenol sulphuric 

acid method is the most fast, easiest and reliable method among the quantitative 

assays for carbohydrate estimation. This method is widely used to determine the 

total amounts of carbohydrate in foods. The results are defined in the terms of a 

single carbohydrate, usually glucose. The Bradford assay has become the 

colorimetric method of choice, owing principally to its high sensitivity, perceived 

linearity, and the speed of analysis. 

 

This presentation is supported by YTU-BAP with the project code TSA-2021-
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Nanoparticle-based cancer treatments have recently become an alternative field to conventional 
therapies. Nanoceria (cerium oxide), with tremendous pharmacological potential, have been drawing 
attention due to its redox catalyst behavior in cancer therapy unlike other metal, metal-oxide, and 
polymeric nanoparticles. This remarkable therapeutic feature of nanoceria is mainly derived from 
surface cerium atoms, which can cycle in between Ce+3 and Ce+4.  This feature allows nanoceria to 
behave as ion scavengers to modulate and associate with free radicals and make nanoceria as anti- or 
pro-oxidant therapeutics and radioprotective agents. There are various studies to define nanoceria`s 
function through redox properties which were affected by particle size, shape, surface chemistry, and 
other factors such as coating agent, local pH, and ligands against various cancer types. However, there 
is very little experimental data on nanoceria`s surface reactivity, redox reaction mechanism, ligand 
adsorption, and its role in signaling pathways. Therefore, there is a need to understand the detailed 
function of nanoceria to utilize and design it as a specific drug candidate for cancer. In this study, the 
pharmacological potential of nanoceria has been evaluated for different colon and lung cancer cell types 
with various EGFR-expression levels. Firstly, dextran-coated nanoceria was synthesized and detail 
characterized by UV-Vis, Dynamic Light Scattering (DLS). Following its cytotoxic behavior, reactive 
oxygen species scavenger features were examined against different lung and colon cancer cell lines with 
various EGFR-expression levels. This study is funded by the International Centre for Genetic 
Engineering and Biotechnology (ICGEB) under CRP/TUR 18-03 project number and TUBA-GEBIP 
Distinguished Young Scientist Award (Hilal Yazici, 2019).  

Keywords: Nanoceria, Cancer treatment, Colon Cancer, Lung Cancer, Nanoparticle-based therapy 
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ABSTRACT  

Malaria remains a major global health problem with a very long history of human mortality, mainly 
among pregnant women and children. One of the greatest challenges for Malaria treatment is the rapid 
development of drug resistance. Therefore, eradication of malaria can only be achieved with the 
application of very potent and safe vaccines. Nevertheless, there is no malaria vaccine currently 
available, and the most advanced candidate has recently reported a modest 0-30% efficacy against 
clinical malaria. 

Interestingly, attenuated live whole parasite vaccines used in clinical trials induced complete sterile 
protection against malaria infection. The most potent and safe live attenuated malaria vaccines are the 
genetically attenuated parasites, generated by the deletion of essential genes. An excellent target 
pathway for genetic attenuation is the purine transport pathway. Malaria parasites cannot synthesize 
purines de novo and therefore, they need to salvage purines from the host through purine transporters. 

Herein, we targeted the purine transporter gene (Nucleoside Transporter 1) gene for deletion 
in Plasmodium berghei and Plasmodium yoelii by homologous double crossover recombination 
facilitated by CRISPR/Cas9 technology. Nucleoside Transporter 1 deficient parasites in both species 
were enriched by drug selection treatment and FACS sorting. Single dose subcutaneous immunizations 
were done with Pynt1(-) and Pbnt1(-) as fresh ex-vivo or frozen-stock parasites of single species or 
mixed species conferred complete sterile protection challenge with wildtype P. yoelii and P. 
berghei parasites. This confirms the promise of using these attenuated parasites in mixed immunization 
doses to protect against the infections by two species of malaria parasites in humans. 

 Keywords: CRISPR-Cas9 Technology, Blood Stage Vaccine, Malaria, Plasmodium berghei, 
Plasmodium yoelii 

 

 

 

 



 

MATERIALS & METHODS 

 

RESULTS 

Targeted deletion of PyNT1 and PbNT1 was achieved by double crossover homologous recombination 
with CRISPR-Cas9 Technology (Figure 1a). Knockout Pynt1(-) and Pbnt1(-) transgenic parasites were 
enriched by drug selection and FACS sorting until no wild-type genotype was detectable by genomic 
PCR. Integration of the gene replacement construct confirmed by deletion of nucleoside transporter gene 
1 deletion by genomic PCR for Pynt1(-) and Pbnt1(-) parasites (Figure 1b.) GFP expressed Pynt1(-) and 
mCherry expressed Pbnt1(-) parasites were analyzed by confocal microscopy (Figure 1c.) 

 

Figure 1. Targeted Deletion of Nucleoside transporter gene for P. yoelii and P. berghei species by 
CRISPR-Cas 9 Technology. 

Mice immunizations were done subcutaneously and challenges with blood stages were done 
intravenously. infections, immunizations and challenges with blood stage (BS) parasites BS of different 
genotypes were done subcutaneously. The number of asexual BS parasites per microliter of infected 
donor blood was determined by thin blood smears stained with Giemsa and the number of erythrocytes 
in the blood to prepare immunization and challenged doses. Challenged mice were analyzed daily for 
blood stage patency by thin blood till day 15 post challenge. (Table 1). 



 

Table 1. Immunizations with Pynt1(-) and Pbnt1(-) live attenuated blood stages confer sterile immunity 
against infection challenge by two different malaria parasite species. 

  

CONCLUSION 

According to results, subcutaneous immunization with Pynt1(-) and Pbnt1(-) conferred sterile 
protection against P. yoelii 17XNL and P. berghei ANKA. Herein, genetic live attenuated malaria 
parasites produced by CRISPR-Cas9 technology provides a platform for the malaria parasite blood 
stages vaccination platform especially for mixed species malaria parasite infections. 
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  SARS-CoV-2 causing severe acute respiratory syndrome appeared first, end of year 2019, in 
the city of Wuhan, Hubei province of China. Due to its spread to many countries in a short time, 
WHO declared, in January 2020, Covid-19 as pandemic threatening the global public health. 
The main targets of the studies carried out against the SARS-CoV-2 virus are reducing the death 
rate and the severe symptoms that may occur. Studies show that vaccines are essential to reduce 
the spread of the virus and the symptoms seen in infected patients. Despite these favorable 
results, mortality and hospitalization among infected patients are still continuing. Therefore, 
more effort are still necessary for the development of new vaccines and drugs to meet the needs.  
In this study, we aimed to construct a phage displayed anti-SARS-CoV-2 human single chain 
variable fragment (scFv) library. For this purpose, total RNA was isolated from white blood 
cells of convalescent Covid-19 patients. The extracted RNA was used as template for cDNA 
synthesis. To optimize the generation of light and heavy chain variable region library primers 
specific to the VH1, VLk1 alleles were selected for amplification. Once the VH1, VLk1 library 
was obtained, the Human scFv genes were generated. The scFv library was then cloned into a 
phagemid  vector and transformed to E.coli TG1 strain. The presence of the scFvs in the 
transformation colonies was checked by the colony PCR method. PCR amplifications were then 
digested with BstNI enzyme for DNA fingerprinting analysis. The generated library showed 
diversity so a biopanning step against the S1 domain of the virus spike protein was initiated. 
After three rounds of biopanning  the presence of scFvs and their diversity was checked again. 
Once the scFvs are characterized the binding of the selected scFv clones will be tested by phage 
ELISA.  

  This study will contribute to the development of a larger phage displayed scFv library by using 
a higher number of antibody heavy and light chain variable region allelic region. With the 
generation of these libraries we are intending to increase the chance of selecting a good SARS-
CoV-2 neutralizing scFv for the treatment of COVID-19. 

Key words: Anti-SARS-CoV-2, COVID-19, phage display, human scFv, human monoclonal 
antibody, bio-panning 
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Aim: The use of antisense-based molecules in gene expression inhibition has allowed the 
design of a new pathway for therapeutics. In order to ensure that oligonucleotides with gene 
silencing potential can be used effectively in therapy, a suitable carrier system is required that 
can be transported to the target site. In this study, gene silencing activities of siRNA targeted 
to the LacZ gene were compared and the gene delivery capabilities, transfection efficiency, 
cellular uptake and endosomal escape mechanisms of nanoplexes prepared with siRNA and 
chitosan/protamine polymers were investigated. 

Material and methods: Nanoplex formulations were prepared by simple complexation 
method of chitosan/protamine polymers and oligonucleotides. The particle size and zeta 
potential of the prepared nanoplexes were measured, and their serum and enzyme stability 
were investigated. In order to determine the transfection and gene silencing activities of the 
selected formulations, HEK293 cells stably expressing beta-gal were prepared, inhibition of 
beta-gal protein was measured by enzymatic assay and suppression by X-gal method was 
evaluated microscopically. Cellular uptake and endosomal escape mechanisms of nanoplexes 
were studied. 
Results: Chitosan/Protamine/siLacZ nanoplexes have been observed to protect siRNA against 
enzymatic and serum degradation for up to 48 hours. It was observed that the transfection 
efficiency was the highest in the formulations prepared together with chitosan/protamine at a 
rate of 10/10/1. It was observed that the transfection increased significantly with the increase 
in the ratio of chitosan and protamine. Transfection efficiency was found to be 88.60% at a 
rate of 10/10/1. In the cellular uptake study, it was observed that the inhibitor that reduced 
cellular uptake the most was phenylarsine oxide, and the uptake of siRNA carried by 
nanoplexes was 56%. There was no decrease in cellular uptake when chlorpromazine 
hydrochloride inhibitor was administered. This indicated that the nanoplexes were not uptake 
by clathrin-mediated endocytosis. It was observed that cellular uptake was 75% with 
colchicine, this inhibitor decreases cellular uptake by inhibiting microtubules in cells. 
Conclusion: It has been shown that cellular uptake and transfection studies with 
chitosan/protamine nanoplexes can be used as an effective carrier system for siRNA transport. 
Keywords: siRNA, LacZ, cellular uptake, chitosan, protamine, nanoplexes 
Acknowledgement: This study was supported by the Inonu University  Scientific Research 
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Abstract 

Interleukin (IL) is an immunomodulatory protein class of cytokines that cause a wide range of 

cell and tissue response. Interleukins participate in the communication between leukocytes 

(white blood cells) and activate pathways by binding to high affinity receptors on the surface 

of cells. The first cytokine characterized to promote the development of T-cells is interleukin-

2. IL-2 is essential in the regulation of immune cell proliferation and differentiation, including 

T cells, B cells, natural killer (NK) cells, lymphokine-activated killer cells, and macrophages. 

Aldesleukin is made in a genetically modified E. coli that contains an adapted form of the native 

human IL-2 gene. Aldesleukin differs from the natural IL-2 in that it is not glycosylated, lacks 

an N-terminal alanine residue, and the cysteine at amino acid position 125 is replaced by serine. 

Recombinant human IL-2 is pharmacologically indistinguishable from endogenous human IL-

2. In addition, recombinant IL-2 is an FDA-approved therapy for metastatic renal cell 

carcinoma and melanoma. The aim of the study is to develop a functional recombinant form of 

the protein suitable for biopharmaceutical use.  

To achieve high level of protein expression in E. coli, several parameters such as temperature, 

inducer concentration, and induction time were determined. E. coli cells were disrupted by 

sonication and the lysate was centrifuged. Then, pellet which contains inclusion bodies were 

solubilized at an alkaline pH in the presence of a 2 M urea solution. Dialysis was used to refold 

the solubilized proteins, which were further purified by chromatographic methods. To provide 

a better distinction, refolded proteins were collected and filtered by 0.45 µm sterile filter. 

Firstly, purification of recombinant IL-2 from total protein was performed by anion exchange 

chromatography (AEX). ÄKTA™ avant was used for chromatographic experiments. 

Additionally, protein’s secondary structure was controlled by circular dichroism.  Purification 

conditions were shown to be appropriate for protein structure using circular dichroism analysis. 

mailto:gddoganay@itu.edu.tr


Moreover, several characterization techniques are used to examine the active recombinant IL-

2, including, peptide mapping, intact mass, and capillary electrophoresis.  

To sum up, the drug substance of recombinant IL-2 was obtained in our lab and will be further 

developed for industrial applications. 

Key words: IL-2, Aldesleukin, ion exchange chromatography  
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Abstract 

 

Tumor Necrosis Factor Receptor Superfamily (TNFRs) is a group of transmembrane 
glycoproteins that plays critical roles in the activation of signaling pathways including host 
defence, inflamation, apoptosis, autoimmunity and organogenesis. Tumor necrosis factor 
(TNF) is a member of cytokines having soluble and membrane bound forms. When TNF 
molecules bind to its receptor, TNFR1, activation of the signaling mechanism occurs, stating 
the importance of relationship between TNF and TNFR for the homeostasis of cells. 

TNF amount increase is observed in some diseases such as cancer, osteoporosis, autoimmune. 
For that reason, TNF receptors and antibody-based drugs have been developed to neutralize 
TNF. In particular, soluble TNFRs are critical modulators of the bioactivity of TNF. 

Because TNFRs have a common cysteine-rich domain in their extracellular domain, expression 
of a soluble form of this protein is difficult in E. coli. To express the soluble form of our 
recombinant proteins in E. coli, we tried different parameters like variation of growth 
conditions, usage of different strains and fusion tags. 

Fusion tags could be used to increase solubility and native folding of recombinant proteins and 
also facilitate purification. Recently, a lot of fusion tags have been developed for different 
purposes. Distinct tags such as MBP, GST, Trx, DsbA and DsbC could be used to express 
proteins of interest as soluble. DsbC tag is particularly useful to express proteins in bacteria and 
DsbC co-expression with recombinant protein catalyzes disulfide bonds and increases 
solubilization. 

The aim of our study is to develop the functional recombinant form of TNFR. For this purpose, 
recombinant TNFR protein was produced with the DsbC tag. 

To achieve the expression of the soluble form of TNFR1 in E. coli, several parameters, such as 
different strains, growth medium, temperature, inducer concentration, and induction time were 
tested. In addition, divergent detergent treatment was performed to increase the amount of 
soluble membrane protein during cell disruption. E. coli cells were disrupted by sonication and 
the lysate was centrifuged. Supernatant fraction and cell pellet were controlled whether or not 
to include the desired protein after running SDS-PAGE and immunoblotting, revealing the 
changes between different treatment. 

Key words: TNFR1, Disulfide bond, Soluble protein, DsbC, Fusion tags  
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Passive immunity is gained by the administration of immunoglobulins from a particular 

source. Immunoglobulin G (IgG) developed against a certain disease is known to have a 

significant effect on the treatment of patients. From the past to the present, people who were 

exposed to animal bites, poisons, or disease factors, have been treated by polyclonal antibodies 

until now. 

Purification procedures have been applied to ensure that antibodies are successful in 

poison and disease treatments. The main reason for performing the purification step is to 

prevent adverse effects including anaphylactic shock in individuals against impurities. Hence, 

antibodies were first purified by the precipitation process such as caprylic acid or ammonium 

sulfate precipitation and then purified using a newly improved protocol with the prepacked 

protein-A column -Hi Trap mAb Select Sure- using the AKTA-Avant 25 purification system. 

In this method, albumin residues and other small impurities were eliminated and improvements 

were made by optimizing the sample quantity, flow rate, salt concentration, and pH values in 

the prepared buffers to achieve the highest purity. All optimization values were compared with 

SDS-PAGE, western blot, and ELISA results. 

 Consequently, the yield of the antibody was determined as 81% after caprylic acid or 

ammonium sulfate precipitation. After precipitation process, antibodies were purified using 

affinity chromatography (Hi Trap mAb Select Sure) and a high recovery yield (97 %) was 

achieved. It is concluded that this study provides new methods and different perspectives on 

the antibody purification process. 

Keywords: Immunoglobulin G (IgG), Protein-A Chromatography, Polyclonal Antibodies  
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Vitexin, a flavone glycoside, which found in various medicinal plants has various 

pharmacological effect such as antinociceptive, anti-oxidant, antispasmodic, anti-inflammatory, 

antiviral, antibacterial. Nowadays, flavonoids such as quercetin, apigenin, and vitexin are 

frequently studied because of their pharmacological effects and potential to be developed as 

medicine. However, there are difficulties in their use due to their low solubility, instability in 

aqueous media, poor absorption, photodegradation and rapid metabolization. In recent years, 

research in the field of nanotechnology has increased, especially in the pharmaceutical industry. 

Solid lipid nanoparticles (SLN) and nanostructured lipid carriers (NLC) are used as important 

materials for oral administration of natural phenolic compounds, improving their bioavailability 

and stability. In this study, the SLN formulation containing vitexin and pDNA was developed.  

Characterization studies, in vitro release analyzes and cytotoxicity analyzes of the developed 

formulation were performed. According to NMR and FTIR analyzes, it is thought that the 

chemical structures of the substances used during formulation preparation and vitexin are 

preserved and there is no chemical interaction between them and also vitexin can be 

successfully loaded into SLNs. In the in vitro release analysis, %98 release was observed in the 

first 4 hours for pure vitexin, while time-dependent release was observed in the formulation. As 

a result of cytotoxicity tests on the normal cell line NIH-3T3 and cancer cell line A549, it was 

determined that the formulation showed concentration-dependent cytotoxicity. In addition, the 

GFP plasmid was loaded as genetic material to determine whether the formulation can carry 

DNA. According to agarose gel electropheresis method, it is thought that the formulation is 

able to successfully retain genetic material and also protect the DNA in the presence of serum 

and DNAse. This study provides data that will contribute to the literature and new drug 

development. However, the effects of SLNs on vitexin activity need to be tested by in vivo 

experiments. 

Keywords: Vitexin, Solid lipid nanoparticles, GFP plasmid. 
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Approximately 200 million people in the world and five and a half million people in Turkey have 

been infected as of today, and approximately five million people have died in the world due to the 

new type of coronavirus (SARS-CoV-2), which is the causative agent of COVID-19. Studies 

demonstrated that SARS-CoV-2 virus attaches to ACE2 receptors on the host cell surface by using 

the viral cell surface glycoprotein Spike to infect the host cell. S1 subunit of Spike protein possesses 

critical function in this interaction. In this project, we aimed recombinant production of SARS-

CoV-2 Spike ecto-domain and its S1 subunit, which can be used for determination of Spike/ACE2 

interaction dynamics in short term. In long term, these results obtained from this project and further 

studies will exhibit a guiding effect on the vaccine and drug development processes and thus will 

make a great contribution to the production of effective vaccines and drugs. 

There are different types of post-translational modifications identified on Spike protein, which are 

also critical for its interaction with ACE2. For this reason, we produced Spike ecto-domain and S1 

subunit in transiently transfected HEK293 suspension cells to best mimic their 3D structure. Spike 

and S1 subunit were purified through affinity chromatography via FPLC system and their purity 

was determined via SDS-PAGE (>90%). The primary structures of the purified proteins were 

determined by peptide mapping analysis in mass spectrometry and secondary structure analysis 

was performed via circular dichroism (CD) spectroscopy. Additionally, activity of Spike and S1 

was analyzed by their interaction property to ACE2 receptor in vitro. In conclusion, SARS-CoV-2 

Spike protein and its S1 subunit were produced in mammalian cells, purified and characterized in 

our laboratory successfully. This project allowed us to study Spike/ACE2 interaction in detail to 

struggle against COVID-19. Also, these experiments constituted the first step of recombinant drug 

and/or vaccine development.  



This study was supported by TUBITAK 120Z305 and TUSEB 7162/8972 projects.  
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Secondary antibodies are used for the indirect detection of the primary antibody which 
directly binds to the specific antigen in serological tests. They are polyclonal or monoclonal 
antibodies that bind to primary antibodies or antibody fragments, such as the Fc or Fab 
regions. Not only easy and fast to produce, also polyclonal antibodies (pAbs) are favored as 
secondary antibodies as they bind multiple epitopes of primary antibody. They are also 
conjugated to labels with enzyme, biotin or gold etc. Anti-human secondary antibodies for 
serological testing should be developed to minimize non-specific binding that can lead to 
high background signals and false positives. 

In our study, New Zealand White rabbit was immunized with the Fc fragment (Sigma, 
AG714) of heavy chains on human immunglobulin G (IgG), and their immune response was 
controlled by enzyme-linked immunosorbent assay (ELISA). After immunizations, anti-human 
Fc immunglobulins were purified from the serum by affinity chromatography when the 
immune response reached a high level. After the purification and characterization, anti-
human Fc pAb was labeled with Horseradish Peroxidase (HRP) for use in  serological tests. 
Optimal concentration of HRP labeled antibody was determined to use as the secondary  
antibody in ELISA diagnostic tests for the detection of human IgG.    

Anti-Fc secondary antibodies only react with heavy chains of the primary antibody and also 
class-specific. This makes our antibody more specific to bind primary antibodies and helps to 
prevent false-positive results in antibody detection tests  Therefore, in our study only the Fc 
region was selected, not the whole IgG molecule. 

During the ongoing global COVID-19 pandemic, it is important to detect the specific IgGs 
against Severe Acute Respiratory Syndrome Coronavirus 2 (SARS CoV-2) develop in the 
serum of people who had the disease and have been vaccinated. In this study, it has been 
shown that our secondary antibody can be successfully used for the sensitive detection of  
IgG developed against SARS-CoV-2 proteins in human serum samples in serological tests. 
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PCR technique is accepted as one of the most popular molecular biology experiments since its 

invention due to its wide application usage. High fidelity property of DNA polymerase II made 

it suitable for variable PCR applications and it is widely used by researchers around the world. 

For this reason, it is established as commercially important. Pfu DNA polymerase is DNA 

polymerase II which was initially isolated from an anaerobic archimycetes called Pyrococcus 

furiosus. But, obtaining large quantities of the enzyme was a challenge due to its difficult 

culturing conditions. This problem directed researchers to produce Pfu polymerase in bacterial 

cultures. Recombinant protein production in E. coli is carried out by induction with IPTG 

conventionally. However, researches have shown that to enhance soluble protein production, 

using IPTG may have a negative effect, may not have an effect or its effect may not be sufficient 

depending on process conditions or protein being produced.  

In this study, our aim is to develop a process for production of Pfu polymerase with high 

efficiency in E. coli. For this purpose, we applied different production methodologies including 

conventional production in LB medium, co-expression with GroEL/GroES chaperonin and 

auto-induction. Purification of all proteins were performed via affinity purification. Although 

co-expression approach resulted in higher soluble protein yield, purification of co-expressed 

Pfu was more challenging than purification of Pfu produced in other conditions.  

In conclusion, although its purification step requires improvement, production process of Pfu 

polymerase was developed in our laboratory successfully. In the near future, our own-produced 

Pfu polymerase will be ready to use in our laboratory. Also, experience we obtained from this 

project will give us more detailed know-how of enzyme production. 

Key words: DNA polymerase, Pfu, enzyme production 
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Autism is a developmental disorder that affects a large number of individuals. Its incidence is 
increasing in our country and around the world. Autism is a spectrum disorder, meaning there 
is a wide degree of variation in the way it affects people.Every child on the autism spectrum 
has unique abilities, symptoms, and challenges.Autism may occur due to genetic and 
environmental factors.However, the actual mechanism that plays a role in the etiology of autism 
is not clearly known. Human intestinal microbiota is a complex ecosystem with various 
functions integrated in the host organism (metabolic, immunity, nutrient absorption, etc.). 
Human microbiota is formed by viruses, bacteria, yeasts, fungi, and last but not least, viruses, 
whose composition has not been completely described. 

Human microbial populations include populations of microbial species that live on or in human 
body - commensal bacteria, viruses, and fungi (and other single-celled animals such as protists) 
that call our bodies home. 

Gastrointestinal symptoms appear in ASD individuals. They have more GI syndromes, 
including constipation (20%) and diarrhea (19%), than in their unaffected siblings (42 vs. 23%, 
respectively). ASD patients with symptoms of GI may exhibit significant behavioral symptoms 
such as anxiety, self-harm, and aggression. Many evidence suggests that the intestinal 
microbiota is directly or indirectly associated with ASD symptoms, in part by influencing the 
immune system and metabolism. A higher percentage of abnormal intestinal permeability has 
been observed in 36.7% of patients with ASD and their relatives (21.2%) compared with control 
children (4. 8%). An increased intestinal permeability has been resulted in a higher antigenic 
load from the gastrointestinal tract. 

Current data show that intestinal microbiota is associated with autism.To date, scientists have 
tried methods such as rehabilitation and drug therapy for the treatment of this disease.However, 
it is now thought that autism symptoms can be reduced by a simple method such as changing 
the diet.There is a lot of research for the treatment of autism with Bacterial Transmission. 

It has also been observed that intestinal microbiota of autistic children has markedly decreased 
species of Prevotella, Coprococcus, and Veillonellaceae. These changes were found to be 
closely related to the specific diets, additional diets, and severity of gastrointestinal symptoms. 
These findings support the idea that "certain bacterium of intestinal microbiology affects 
autism" rather than the idea that dietary differences or eating behaviors affect the microbiota in 
autistic individuals.  Another species that differs in autistic individuals and healthy individuals 
is gram-negative and anaerobic bacteria Desulfovibrio spp. 



3 strains of Lactobacillus (60%), 2 strains of Bifidumbacteria (25%) and 1 strain of 
Streptococcus (15%) were injected for 3 months in a study consisting of 10 autistic children, 9 
non-autistic siblings and 10 healthy non-autistic individuals. 

When fecal specimens were examined before probiotic reinforcement, Bacteroidetes / 
Firmicutes rate were found to be significantly lower compared to the control group in autistic 
children. Clostridia and Desulfovibrio concentrations in autistic children have been observed 
significantly higher than control groups. 

When fecal samples were examined after probiotic treatment, that have been observed 
Bacteroidetes / Firmicutes rates increase and the concentration of Desulfovibrio that were 
decreased. In autistic children, a reduction in TNF-α levels, an indicator of inflammation after 
probiotic therapy, has also been observed. Sutterella spp. is another type of bacteria found to 
play a role in autism. In a study of fecal specimens of 9 control groups with 20 autistic children, 
22 siblings and no autism in their family, Sutterella spp. and Ruminococcus torques were found 
to be high.There is no definite evidence between Sutterella and autism. It is stated that Sutterella 
spp. May be an indicator of infection with gastrointestinal symptoms of autistic children. 
Although the role of the Sutterella strain in autism is not as clear as Clostridia, His presence in 
the class of Betaproteobacteria and showing similar associations with Neisseria gonorhoeae and 
Neisseria meningitidis, Bordetella pertussis and Burkholderia cepacian make it more likely to 
play a role in autism.  

Current studies show a strong relationship between changes in the intestinal microbiota and 
autism symptoms.Intestinal microbiota composition can control autistic behaviors by various 
mechanisms.In addition, probiotic supplements have been found to reduce autism symptoms. 

This study provides data that will contribute to the literature. Based on these results, new treatments 
can be developed. 

Key Words: Autism;Microbiota;Bacteria;Gaita transplantation 
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Breast cancer is the most common cancer and the second leading cause of death in women 
worldwide. Approximately 10% of all breast cancers are hereditary, clustering in families and 
occurring at an earlier age than sporadic cancers. Pathogenic germline variants in BRCA1 and 
BRCA2 account for the majority of hereditary breast cancers. Other cancer susceptibility genes 
such as CHEK2, TP53, PTEN, PALB2, and CDH1 are also responsible for a considerable fraction 
of hereditary breast cancers, too. By using next generation sequencing technology, variant 
screening for multiple genes in a single run is possible and routinely applied in a cost-effective 
manner. To determine the mutation profile of hereditary breast cancer in the Turkish 
population, we screened pathogenic mutations in a panel of 27 cancer susceptibility genes in 
939 breast cancer patients. We investigated the relationships between the pathogenic 
variants and the clinical/epidemiologic data. We also examined the penetrance of cancer 
susceptibility genes in our dataset and compare to the dataset of sequenced 490 healthy 
individuals with no personal or familial cancer history. We detected pathogenic variants in 
14.9% of all breast cancer patients and 2.4% for healthy controls. 52.1% of all pathogenic 
germline variants were found in BRCA1 and BRCA2 genes. CHEK2 pathogenic variants were 
also prevalent (11.4%). VUS were detected in 33.8% of all subjects and CHEK2 had the highest 
VUS (variant of unknown significance) density. These findings will help us to better understand 
the genetic basis of hereditary breast cancer and we will achieve to characterize the 
mutational landscape of hereditary breast cancer in Turkish population.  

Keywords: hereditary breast cancer; next generation sequencing; multi-gene panel testing 
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Lung cancer leads incidence and death rates among all cancers worldwide when both men 
and women accounts. Disease is characterized with a poor prognosis since 75% of patients 
are metastatic at the diagnosis when primary treatment option surgery, is no longer available. 
Alternative treatments include chemoradiotherapy, targeted therapy, and immunotherapy. 
Although development of the resistance is the major determinant factor in lung cancer 
prognosis, immunotherapy among alternative therapies is particularly efficient if a candidate 
patient is treated with. Therefore, identification of candidate patients for immunotherapy is a 
hot field in the research and management of lung cancer. Tumor cells escape from immune 
system by manipulating immune checkpoints such as, cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4,) and programmed cell death protein 1 (PD-1) / programmed death-ligand 
1 (PD-L1) axes. Overexpression of PD-L1 protein by tumor cells and/or tumor 
microenvironment cells may result in immunotolerance through interaction with PD-1 protein 
on the membrane of the T cells via inactivation of CD4⁺ and CD8⁺ T cells. A number of 
monoclonal antibody (mAb)-based immunotherapeutics targeting PD-1 / PD-L1 axis have been 
developed. Candidate patients with lung cancer are identified through immunohistochemistry 
of biopsy samples. If at least 50% of the sample is PD-L1 positive, patient is a candidate for 
the immunotherapy, which costs about 1 million USD per patient. However, method has 
limitations: i) biopsy is an invasive procedure and cannot be repeated, ii) histological section 
may not represent tumor microenvironment properly, and iii) detection margin in 
immunohistochemistry is limited. Therefore, we propose development of an antibody-based 
immunoassay as a minimally invasive or non-invasive system both to identify candidate 
patients and to monitor prognosis and the effect of the treatment. We have developed three 
monoclonal antibodies against PD-L1 protein through hybridoma technology. We envisage 
developing an immunoassay system using these antibodies and validate through 
serum/plasma samples and other body fluids taken from patients with lung cancer and normal 
control individuals. Preliminary results indicate that levels of the soluble PD-L1 in samples from 
the serum of the patients with lung cancer may differ from the control individuals. 
 
Research Topic: Lung cancer, programmed cell death protein 1, programmed death-ligand 1, 
monoclonal antibody, immunoassay. 
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Myrtle (Myrtus communis L.) is a medicinal and aromatic plant that  its leaves and fruits can be 

used in various conditions such as cough, mouth sores, constipation, improving appetite, wound 

healing, and due to hypoglycemic and antimicrobial effects1. Phenolic compounds such as 

quercetin 3-O-galactoside, quercetin 3-O-rhamnoside, myricetin 3-O-rhamnoside, quercetin 3-

0-glucoside, ellagic acid and myricetin and anthocyanins, which are found in high amounts in 

myrtle fruits, are extremely important for human health2. Emulgels are the combination of 

emulsion and gel formulations with different ratios. Emulgels have several advantages for 

topical administration such as being thixotropic, greaseless, easily spreadable, easily 

removable, emollient, water-soluble, longer shelf life 3. In this study, Myrtus communis L. fruit 

extract was identified by using an HPLC method and antioxidant activity studies of the extract 

was performed. Later, Myrtus communis L. fruit extract loaded emulgel formulations were 

prepared, characterized, and evaluated for antibacterial activity and cell culture studies. In 

addition, textural and rheological analysis, and spreadability studies of the formulations were 

performed. Results of the characterization studies showed that pH value of the formulations 

was in between 5.37±0.02 and 6.60±0.01, viscosity of the formulations was in between 

1264.00±21.91 and 10044.00±29.66 cP. Addition of plant extract decreased the viscosity. The 

results of textural analysis and spreadability studies showed that decreased viscosity changed 

the mechanical properties and spreadability of the formulations. Rheological behaviors of all 

formulations were Non-Newtonian as expected. Cell culture studies indicated that the cell 

viability of formulations was more than 80%. In conclusion, the prepared formulations are 

promising preparations for cosmetic usages. 
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Introduction 
The low regeneration potential of the human body hinders proper regeneration of tissues or 
organs that have lost their function due to disease or trauma. Regenerative medicine 
encompasses approaches to replacing or regenerating human cells, tissues, or organs to 
restore normal function or rebuild healthy tissue [1,2]. The combined use of stem cell and 
tissue engineering (TE) technologies has gained importance, especially in the last decade. 
Studies with stem cells obtained from well-known sources such as bone marrow, adipose 
tissue and placenta continue at full speed [2-4]. The placenta is a reservoir of progenitors and 
stem cells that can differentiate into different lineages and cell types [5]. In particular, human 
amniotic membrane-derived stem cells (hAMSCs) are of interest for TE related to their high 
regenerative potential and ease of propagation. TE focuses on combining stem cells with 
extracellular matrix (ECM)-like biomaterials possessing biological, mechanical and 
architectural properties suitable for functional tissue reconstruction [3]. 
In this study, an in vitro bone TE approach was developed by utilizing the known osteogenic 
differentiation properties of hAMSCs and bone-derived ECM-based biological scaffolds. 
 
Materials and Methods 
Bone-derived ECM was obtained from bovine tibia heads. Cancellous tissue was processed; 
demineralization and decellularization protocols were applied. Decellularization efficiency 
was evaluated by DNA and histochemical analyses. Bioactive content of bone ECM was 
investigated by assays for sulfated glycosaminoglycans and collagen [6]. Two types of scaffolds 
were used as cell substrates. First, enzymatically-digested ECM was neutralized, gelled at 
physiological temperature and freeze-dried. Secondly, this construct was kept in simulated 
body fluid (SBF) to form a mineralized layer on the scaffold surface. Single cell suspensions of 
hAMSCs were isolated by enzymatic digestion from three human placentas with ethical 
approval (I7-410-20). hAMSCs were expanded in culture in α-MEM (with 10% FBS, penicillin-
streptomycin, fungizone). The immunophenotype of hAMSCs at P-3 was characterized by flow 
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cytometry. Tri-lineage and colony-forming potentials, doubling-time of cells were evaluated. 
hAMSCs were seeded on two types of constructs; cultured either under standard expansion 
or osteogenic culture conditions. The osteogenic differentiation status of hAMSCs cultured on 
both types of substrates was examined comparatively using biochemical methods. 
 
Results and Discussion 
Single cell suspensions of hAMSCs were successfully proliferated in culture. These cells were 
able to form colonies in extended culture and were able to differentiate into three distinct 
lineages. Immunophenotypical characterizations revealed the dominant mesenchymal stem 
cell character of the hAMSCs. 
 

 
Figure 1. (A) Isolation of amniotic membrane from the placenta. (B) Phase-contrast image of hAMSC 
culture. (C) Demineralized and decellularized bone cancellous tissue. (D) SEM image demonstrating 
the surface morphology of the biological scaffold. 
 
DNA and histochemical analyses demonstrated the successful obtainment of bone-derived 
decellularized ECM. Biochemical assays indicated the product was rich in collagen and 
glycosaminoglycans. The cell substrates were successfully created as a result of enzymatic 
digestion, neutralization, gelation and lyophilization steps. Composite mineralized substrates 
were successfully formed by incubation in SBF.  
hAMSCs seeded on both type of scaffolds survived in vitro. Biochemical findings indicated that 
the constructs supported the osteogenic differentiation of hAMSCs. Findings support the 
notion that human amniotic membrane-derived stem cell-laden bone ECM-derived scaffolds 
have the potential for use in bone regenerative applications in the future. 
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