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ONSOZ
Bu kitap, biyomedikal miihendisligin giincel yonelimlerini
laboratuvar temelli biyolojik yontemler, akilli/otonom sistemler ve
yapay zeka, molekiiler onkoloji eksenlerinde bir araya getirerek
disiplinler aras1 bir c¢erceve sunmayir amacglamaktadir. Hiicre
kiiltiirti; ilag gelistirme, hastalik mekanizmalarinin aydinlatilmasi
ve doku miihendisligi gibi alanlarda temel bir aragtirma altyapisi
olustururken, standartlastirilmis protokoller ve kalite kontrol
yaklasimlariyla deneysel verinin giivenilirligini artiran kritik bir
yontemdir.
Kitabin ikinci bileseni, saglik gibi insan yogunlugunun yiiksek
oldugu ortamlarda gilivenligi artirmaya yonelik ROS tabanli akilli
sistemler yaklagimini ele alir; poz tahmini ve derin 6grenme
yontemleriyle insan davraniglarinin  gercek zamanli tespitine
dayanan c¢oziimler, otonom sistemlerin c¢evresel farkindaligini
giiclendirerek kritik senaryolarda karar destek kapasitesi kazandirir.
Ugiincii bilesen ise kolon kanserinin yayiliminda belirleyici olan
EMT/MET  dongiisii, inflamatuvar sinyalleme, epigenetik
diizenlemeler ve miRNA aracili gen kontrolii gibi mekanizmalari
bir arada degerlendirerek, translasyonel arastirmalar ig¢in hedef
odakl1 bir perspektif saglar.
Bu eser; biyomedikal miihendisligi, molekiiler biyoloji, saglik
bilisimi ve ilgili alanlarda ¢alisan arastirmacilar, lisansiistii
ogrenciler ve uygulayicilar i¢cin hem kavramsal bir biitiinliikk hem
de giincel uygulamalara uzanan bir yol haritas1i sunmayi
hedeflemektedir. Kitabin hazirlanmasinda emegi gegen tiim
yazarlara, hakemlere ve bilimsel iiretimi destekleyen kurumlara
tesekkiir eder; c¢aligmanin literatiire ve uygulamaya katki
saglamasini dileriz.

Prof. Dr. Ferit KARGIN
CUKUROVA UNIVERSITESI



ICINDEKILER

KOLON KANSERI YAYILIM MEKANIZMALARINDA

EPIGENETIK VE MIRNA DEGISIKLIKLERI .......ccccceveveenn.... 1
AYLA EREN OZDEMIR

CELL CULTURE .....ooiimieeieieeeeeeeeeeeeee e 6
AHMET ALBAYARK

ROBOT ISLETIM SISTEMINDE INSAN DAVRANISININ
POZ TAHMINI ILE TESPIT EDILMEST ...covoovovieeeeeeeeee . 44

AYLA EREN OZDEMIR



BOLUM 1

Kolon Kanseri Yaylim Mekanizmalarinda Epigenetik ve miRNA
Degisiklikleri

Ayla Eren Ozdemir
1. Giris

Kolon kanseri diinya genelinde yiiksek mortalite oranina sahip maligniteler
arasinda yer almakta olup tiimoriin metastaz yapma kapasitesi hastaligin seyrini belirleyen
en kritik faktorlerden biridir [1]. Metastatik yayilimin temel biyolojik siireclerinden biri
olan epitel-mezenkimal gegis (EMT), kanser hiicrelerinin epitel 6zelliklerini kaybederek
daha invaziv ve hareketli bir fenotipe gecmesini saglamaktadir [2]. Bu siireclerin geri
doniisiimii olan mezenkimal-epitel gecis (MET), kolonizasyon ve metastatik odaklarin
olusumunda 6nemli rol oynamaktadir [3]. Son yillarda 6zellikle IL-6 gibi inflamatuvar
sitokinlerin EMT’yi tetikleyerek metastaz1 hizlandirdigr gosterilmistir [7]. Bu kitap
boliimiinde kolon kanserinin yayilim mekanizmalar1 epigenetik diizenlemeler ve miRNA
aracili gen kontrolii lizerinden ayrintili bicimde ele alinmaktadir.

2. Epigenetik Mekanizmalar

Epigenetik diizenlemeler, DNA dizisi degismeksizin gen ekspresyonunun kontrol
edilmesini saglayan biyokimyasal siire¢lerdir. Kolon kanserinde en ¢ok ¢alisilan epigenetik
mekanizmalardan birt DNA metilasyonudur; 6zellikle tiimor baskilayici genlerin promotor
bolgelerindeki hipermetilasyon, bu genlerin susturulmasina ve tiimdr progresyonunun
hizlanmasina neden olmaktadir [20]. Histon modifikasyonlar1 da kromatin yapisinda
gevseme veya sikilasmaya yol acgarak transkripsiyonel aktiviteyi diizenlemektedir.
EMT’nin ana diizenleyicilerinden olan PRRXI1'in epigenetik olarak baskilanmasi,
metastazin erken evrelerinde kritik rol oynamaktadir [4]. ZEB1 ve ZEB2 gibi
transkripsiyon faktorleri, E-kaderin gibi epitel belirteclerini baskilayarak mezenkimal
fenotipin olugsmasina katkida bulunur [5]. LncRNA’lar da epigenetik yeniden
programlamanin 6nemli bilesenleri arasinda yer almakta olup HOTAIR gibi molekiiller
kromatin  modifikasyon komplekslerini  yonlendirerek  metastatik  progresyonu
artirmaktadir [22].
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3. miRNA Duzenlenmesi

miRNA’lar yaklasik 18-25 niikleotid uzunlugunda kiiciik RNA molekulleri olup
post-transkripsiyonel gen diizenlemede gorev almaktadir [11]. Kolon kanserinde miRNA-
200 ailesinin EMT siirecindeki kritik rolii iyi bilinmektedir; bu ailedeki miRNA’larin
baskilanmasi, ZEB1/2 aktivasyonunun artmasina ve epitel fenotipin kaybina yol
acmaktadir [6]. Lin-4 ve let-7 gibi erken kesfedilmis miRNA’lar hiicresel zamanlama
mekanizmalarii diizenlemekte olup kanser hiicrelerinde farkli ekspresyon paternleri
sergileyebilmektedir [11,12]. Inflamatuvar mikrogevre kaynakli IL-6/STAT3 aktivasyonu,
miRNA ekspresyon profillerini degistirerek EMT’nin siirdiiriilmesine  katkida
bulunmaktadir [21].

4. Materyal ve Metot

Bu boliimde DLD1 kolon kanseri hiicre hatti1 kullanilarak IL-6 indiksiyonu ile
EMT siireglerinin tetiklenmesi amacglanmustir. Hiicre kiltiirii standart protokollerle
gerceklestirilmis, IL-6 maruziyeti sonrast RNA ve miRNA izolasyonu yapilmis, ardindan
gen ekspresyon diizeylerini analiz etmek amaciyla qPCR uygulanmaistir. Ayrica epigenetik
degisiklikleri incelemek lizere DNA metilasyon profilleri degerlendirilmistir. Elde edilen
veriler istatistiksel olarak analiz edilerek EMT/MET sureclerinin molekiler temelleri
ortaya konmustur.

5. Bulgular ve Tartisma

IL-6 ile uyarilan DLDI hiicrelerinde EMT’ye 0Ozgii fenotipik degisimler
gozlemlenmistir. E-kaderin ekspresyonunda azalma, N-kaderin ve vimentin dizeylerinde
artis tespit edilmis, bu durum EMT’ nin gergeklestigini dogrulamaktadir [2,17]. miRNA
analizleri, miRNA-200 ailesinin belirgin bi¢imde baskilandigini géstermistir [6]. Bu sonug
ZEB?2 artistyla uyumlu olup hiicrelerin invaziv fenotipe gecisine katki saglamaktadir [5].
Epigenetik analizlerde PRRX1 ve bazi tiimor baskilayici genlerde hipermetilasyon
saptanmis, bu bulgu epigenetik baskilamanin metastazdaki roliinii desteklemektedir [4,20].
Ayrica IL-6/STAT3 aktivasyonunun EMT’yi giiclendirdigi ve miRNA-—epigenetik
etkilesimlerinin metastatik yayilimi artirdig1 goriilmistiir [7,21].

6. Sonug

Bu kitap boliimiinde kolon kanserinin yayilim siirecinde epigenetik diizenlemelerin
ve miRNA degisikliklerinin kritik etkileri kapsamli bigimde ele alinmistir. Elde edilen
bulgular, EMT/MET dongusunin epigenetik ve post-transkripsiyonel mekanizmalarla siki
bicimde kontrol edildigini gostermekte, inflamatuvar sitokinlerin bu dongiide diizenleyici
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rol oynadigina isaret etmektedir. Bu mekanizmalarin daha iyi anlasilmasi, yeni terapotik
hedeflerin belirlenmesine katki saglayabilir.
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BOLUM 2

cell culture

Ahmet ALBYRAK®

I. Introduction

Cell culture refers to the cultivation of cells in vitro, or in a
laboratory, under controlled conditions, while preserving their
ability to function normally. Cell culture has numerous applications
in virus research, vaccine production, studying gene function, and
drug development. It is a valuable tool in basic research, disease
mechanism investigations, and cell biology. Selectivity in cell
culture relies on availability, cost, ease of handling, and speed.
Besides, the application of standard cell populations and media
provides enhanced reproducibility of data. For purposes of
maintaining data accuracy, quality control is conducted regularly in
the mycoplasma testing, karyotyping, and pluripotency and
differentiation assays. Cell culture is a reliable technique for
scientific study, drug discovery, and clinical investigations. Adherent
cells grow in a monolayer at the bottom of the culture vessel.
Representative examples include cells of human beings (Homo
sapiens), house mice (Mus musculus), primates, and brown garden
snails (Cornu aspersum). Cells can either be adherent or suspended.
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Adhesive cells adhere to the vessel surface and form a monolayer.
Suspension cells drift around in the culture medium and never adhere
to the vessel surface. Insect cells, modified human cells, and human
blood cells are typical examples. Cells grow at temperatures ranging
from 27°C (e.g., some fish cells) to 37°C (e.g., human cells),
depending on their kind. Hiicreler, in vitro kosullar altindaki her
zaman ulasgilabilir ya da siv1 nitrojen kulu i¢inde dondurularak uzun
bir siire dayanabilir. Although standard two-dimensional (2D) cell
culture is the norm for most cell lines, three-dimensional (3D)
culture systems that allow cells to grow in a more natural condition,
e.g., the extracellular matrix (ECM), are becoming increasingly
favored. They provide more realistic models. Cells can
be cultured in various formats, ranging from low-volume 384-well
plates to large-scale (>10 liters) production or high-throughput
screening vessels. Automated liquid handling Systems are becoming
increasingly popular, as they can introduce precision and consistency
with minimal human intervention for large-scale screens or cultures.

The historical development of cell culture

Microscopes  are rated as one of the ~ most important tools that
have helped in the development of biological sciences.
They were important inproduction and utilization in nations like the
Netherlands and Italy duringthe 16th and 17th centuries.
In 1590, Dutchman Hans Janssen and his son created a compound
microscope made of two converging lenses. At the same time,
the famous Italian scientist Galile Galilei made a simple microscope
andtelescope around 1610, naming itthe"occhialino." Italian physici
an Giovanni Faber first utilized the word "microscope" in 1625.
The introduction of these discoveries and inventions has been
instrumental in the progress of biological sciences, most especially
in the field of cell culturing.
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Robert Hooke and Antonie van Leeuwenhoek greatly contributed to
microscopy in the early 17th century. The use of the microscope by
these researchers led to the achievement of revolutionary findings.
In 1665, Hook wrote the book titled "Micrographia," where he
described the drawings and observations of several objects that he
had examined with a microscope. In this book, the writer elaborates
on how different entities, such as tirtol kelleri (tirtol cells), bitki
dokular (plant tissues), and bocek kani (insect blood), are seen under
the microscope. In this explanation, the writer attempts to offer proof
of the existence of the microscopic world.

Van Leeuwenhoek's work in microbiology led to the discovery of
microscopic organisms that no other scientist had seen before. The
scientist used a Mikroskop to see the existence of tiny organisms in
water samples, in addition to distinguishing characteristics of cells
found in blood and spermatozoa. Additionally, he is considered to be
the first person to have discovered microorganisms.

It was the work of these two scientists that helped us learn more
about the world at the micro level. The use of the microscope
resulted in immense contributions to our knowledge of the
microscopic world, thus proving its existence. It can be seen here
that the above elements have been instrumental in laying the
groundwork for many scientific fields, such as, but not limited to,
medicine, biology, and chemistry[2].

In the year 1665, the English physicist Hooke published the first
significant study on the construction of the microscope, its
components, and microscopic observations. In Micrographia,
numerous biological specimens (e.g., insects, plants, sponges,
bryozoans, and fossils) were observed and characterized through the
use of a microscope. The term "hiicre" or "g6zenek" is used to denote
the microscopic structures in question. The study's author has
selected the smaller divisions of a fungal cell (i.e., the thickened cell

walls of dead cells) to illustrate these structures. The term "cell," as
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employed by Robert Hooke in his Micrographia, was subsequently
adopted by biologists and continues to be utilized extensively by
contemporary biologists. The origin of the term "cell" can be traced
back to Hooke's seminal work. [2], [3], [4].

The early 20th

century was the time when engineering principles of in vitro culture
of plant and animal cells were established [4].The analysis of
cellular culture information has become possible only with the use
of'the suspended drop cultivation technique. The tremendous impact
on the advancement of cellular cultivation was due to the use of
aseptic technique and the Rous and Jones tissue triplication
technique[4], [5], [6].

Rous and his colleague found that the use of a trypsin solution
allowed obtaining a single cell suspension and separating cells for
subculture. 3% trypsin solution was successfully used for plasma
digestion and did not damage most cells. When 5% trypsin solution
was tested, the cells obtained died. Until then, cultures were obtained
from tissue explants, and the use of trypsin facilitated the procedure
to obtain homogeneous cell types [5] [7].

The “L” cell line is known as the first immortalized cell line and was
generated in 1948 by American biologist George Gey at Johns
Hopkins Hospital in Maryland for use in medical research. This cell
line is derived from subcutaneous mouse tissue and is named “L”
because the cells are found in the lymphatic tissue of the mouse skull.
“L” cells divide rapidly and can differentiate in a similar way to
tumor cells, characteristics that have helped researchers learn more
about cancer cells [4] [6].

Cell lines are populations of cells created through cell culture and
are distinguished from primary cell cultures. Primary cell cultures
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consist of cells obtained directly from tissues or organs and are called
“primary” until the first passage. Primary cell cultures are usually
derived from normal or cancerous adult tissues or embryonic tissues.
In primary cultures prepared using enzymatic and/or physical
methods, the cell population is mixed and contains different cell
types. Such cultures are used in many fields such as physiology and
cellular metabolism, cytogenetics, pharmacology or tissue
engineering [4] [8].

The subculture technique produces cell lines with serially
subcultured cells from primary cell cultures. Even though cell lines
produced from normal tissues have restricted growth, cell lines
derived from cancer tissue grow without limitation. Normal cells
also show indefinite proliferation through spontaneous
transformation. Even though different cell lines are used in different
useful studies, the use of cell lines is limited and not helpful in
different aspects of drug development.

Scientists in the 1920s, such as Pannett and Compton (1924), Gay
(1936), Earle (1943), and Hank's salts (1948), began to define the
composition of salt solutions specifically formulated for cell culture.
This was the start of defining the requirements of cell cultures and
helped establish the components of utmost priority for cellular
metabolism, i.e., amino acids, salts, vitamins, hormones, and
glucose.

60 chemically formulated media have been explored between 1932
and 1962 [9]. Morgan, Morton, and Parker, for example, pioneered
the development of media such as Essential Medium (EM) and
Dulbecco Modified Eagle's Medium (DMEM) with essential and
non-essential amino acids [10]. Media have been categorized into
organ culture media and cell culture media, such as Trowell's T8
medium (1959) for long and short-term growth [9] [10].
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on different scales (small and large scale). Large-scale cell culture
development led to the creation of the Salk vaccine for polio
infection. Poliovirus was cultured in simian and human kidney cells
[10]. Today, cell culture media are often supplemented with
antibiotics, but the first effect of antibiotics on cells cultured in vitro
appeared in the 1940s. Herrell and colleagues found that different
penicillin preparations showed toxic effect on mitosis due to some
impurities in the penicillin preparation. Compared to penicillin G, it
was practically harmless to cells [11] [12].

Keilova presented the direct effect of streptomycin on the heart, aorta
and anterior bone explants of chick embryos [13]. Lawrence also
found that high concentrations of antibiotics (including penicillin,
streptomycin, tetracycline and neomycin) not only affected the
migration of the epithelium around skin explants, but also caused
respiratory damage or necrotic changes at some concentrations [12].
In another study, Krueger analyzed the effect of streptomycin on
protein synthesis in mammalian cells and found that this antibiotic
altered the in vitro synthesis of antibody against phage MS-2 in
spleen and lymph node cells from immunized rabbits [14].
Furthermore, the culture medium requirements, physiochemical
conditions for cell cultures must be properly fulfilled. The incubator
was first used by Robert Koch in his microbiological studies in the
second half of the nineteenth century. Incubators were also used by
Virchow, Pasteur or Pettenkofer in their pioneering work. The use of
incubators for cell cultures was proposed by Carrel and Burrows.
When working with cell cultures of “warm-blooded” animals, they
needed to maintain the appropriate culture temperature [15].
Previously, some scientists used only warm media to work with in
vitro cultures, but this method was very inefficient. CO2 incubators
became widely available commercially in the 1960s.1 Today, cell
culture is maintained in automated incubators that provide
appropriate environmental conditions (temperature, humidity and
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gas atmosphere). Most mammalian cell cultures require a
temperature of 37°C, CO2 in the range of 5-10% and 95% relative
humidity (RH) to minimize media evaporation and condensation.
[15][16]. The growth of animal and human cell cultures, their
cultivation, and the study of how they may be protected from fungal
infection are the foundation for microbiological activity. In 1909, the
W. K. Mulford Pharmaceutical Co. of Glenolden, Pa., marketed the
first safety cabinet, a ventilated hood. The initial safety cabinet (a
ventilated hood) was designed to protect against Mycobacterium
tuberculosis infection while preparing tuberculin. Microbiological
cabinet developments were made in 1943 in the Old World. Van den
Ende constructed a safety cabinet featuring an electric furnace that
generated airflow and recirculated exhaust air. Laminar tank
cleanrooms with extreme or vertical registers of air were used in the
1960s. Cleanrooms were used in hospital environmental control and
medication administration. Cleanrooms enabled the extension of
filtered air over workpieces and technicians. Particulates in the air
were trapped in HEPA filters, but the cleanrooms formed were
expensive and not as portable as intended. Accordingly environment
of Class II safety cabinets. Class II safety cabinets (laminar flow
hoods, biological safety cabinets, BSCs) are primarily used to have
a good environment and the experiment [94, 95], i.e., biological
material while culturing cells, subculturing, and microorganisms.
Laminar flow hoods are now equipped with HEPA (high-efficiency
disease) filter through which diseases present in the air blown into
the hood are eliminated. The cabinets also incorporate ultraviolet
light (UVC, between 290 and 200 nm), which sterilizes the work
surface of the hood. [17] [18].

1-Hayflick Phenomenon

The Hayflick phenomenon suggests that normal somatic cells have
a limited lifespan and become non-dividing after a limited number
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of divisions. It is linked to cell aging and damage, and suggests that
normal cells have a limited lifespan.

He learned that from the work of Hayflick (1928) and Paul
Moorhead, who demonstrated that normal human cells do have a
limited lifespan. Hayflick conducted some research himself that
was provoked by the work of Carrel as he began to investigate
possible viral causes of human cancer. Hayflick exposed normal
human embryonic cells to reagents made from cancer cells in 1958
in the hope that the normal cells would be changed and acquire
cancerous characteristics. What occurred was the normal cells lost
their capacity to divide. Hayflick thought he had gotten something
wrong when he was making the medium, how he was sterilizing the
glassware or whatever protocols he had set up. Several years later,
in 1961, Hayflick worked with the cytogeneticist Paul Moorhead
and they carried out a series of experiments that confirmed Carrel's
initial hypothesis. Hayflick noted that normal somatic cells like
human fetal lung cells, which were cultured, would stop dividing
after a few divisions, which suggested that cell division would need
to be limited finitely and that cells would eventually die. [19].

Cells' DNA sequences, specifically telomeres, shorten over time.
Telomeres are repetitive DNA sequences located at the ends of
chromosomes and diminish as cells replicate. After a certain number
of cell divisions, telomeres become too short to allow further
division, leading to cell senescence or death [20].

The Hayflick phenomenon is not found in some cells with unlimited
ability to divide, such as cancer cells. Such cells possess an enzyme
named telomerase that can extend their telomeres and thus divide
again and again without stopping. The Hayflick phenomenon is
crucial for studying human aging and age-related diseases.
Understanding this process may help in the explanation of normal
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cell aging causes and how treatments may be developed to
potentially ameliorate the aging process [21].

2-HeLa cell line's immortality

In 1951, Henrietta Lacks, at Baltimore's Johns Hopkins Hospital,
was diagnosed with an aggressive cervical adenocarcinoma. The
treatment samples were submitted to Doku Kiiltlirii Laboratuvari
Direktorti Dr. George Gay (1917-1994)[22]. Mary Kubicek, the
assistant of Dr. Gay, put the samples in a turkey plasma-containing
nutrient broth and observed that the cells survived. These cells were
subsequently cultured in silinder tubes, where they developed
vigorously, became healthy, and were divided every 20 hours. These
cell cultures eventually became a HeLa-named cell line derived from
the patient's name.

HelLa cells, due to their growth capacities and resistance, became
very common in medical research. However, HelLa cell-related
procedures were based on wrong information for years. Actually, the
cells were even interpreted as coming from a different source, e.g.,
Harriet Lane or Helen Larsen[23], [24], [25]. Such HeLa cell source-
based secret information was also related to these procedures, and in
1971, Women's Diseases and Obstetrics revealed the source of HelLa
cells, Henrietta Lacks. This has caused an ethical dilemma between
Lacks' family and the use of HelLa cells [26], [27].

In 1952, Dr. Gay and his colleagues published the results of one-year
HelLa cultures. They stated that they had established and maintained
"continuous cylinder tube cultures for almost a year." HelLa cells
were shown to grow in a variety of media, including chicken plasma
medium, bovine embryo extract, and human placental cord
serum[23], [26], [27], [28].

The HeLa cell line established by Gay enabled Jonas Salk and John
Enders to develop poliovirus cultures in a tissue system outside the
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nervous system. Poliomyelitis virus was successfully propagated by
Dr. Gay in HeLa cell cultures. The HeLa cell line was cultured in
virtually every known culture medium and was quickly distributed
to laboratories and cancer scientists in the United States and other
countries. The HeLa cell line was also distributed to pharmaceutical
companies, and HeLa cells became a popular and valuable resource
for cancer research [[18], [23], [25], [29].

The most famous cell line, particularly the mechanisms that make it
S0 aggressive, has been intensively studied. It is now known that
HelLa cells are infected with human papillomavirus 18, which
disrupts the p53 tumor suppressor gene protein responsible for
protein synthesis. HPV18-positive HeLa cells exhibited changes in
microRNA expression. [4], [23].

The Hela genome was completely sequenced
and made public in 2013 without notifying Lack's

family members (the family later provided limited access to the
HelLa genome information) [27]. Researchers from the European
Molecular Biology Laboratory and the Institute of Human Genetics
(Heidelberg, Germany) identified the HPV18 insertion on
chromosome 8. The result concurred with previous observations, but
nine additional putative viral integration points were discovered.
Four of the HeLa chromosomes were also broken and reassembled
into highly rearranged chromosomes. The process was termed
"chromothripsis" and was identified to occur in 2—3% of all cancers.
Chromothripsis has also been shown to occur, that is in
chromosomes [30], [31]. Rearrangements in chromosomes5, 19, and
X have also been reported. Chromothripsis happens through the high
CN crossovers, high interconnectivity, and low CN number
alternations (2—-3). Compared to normalized expression levels of
gene expression of Hela transcriptomes from Illumina Human
BodyMap 2.0 of 16 tissues, 1907 genes of which 805 code for

proteins, were found to have increased expression in HelLa cells.
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Finally, 23,966 genes of which 5593 are coding for proteins were de-
expressed in HeLa cells [ [30], [31], [32], [33], [34].

According to findings put forward by Landry and colleagues,
biologist Van Valen's 1991 speculation that Hela
cells have evolved into a new species—Helacyton gartleri—
by multiple cell passages, viral infection, or other cell line
contaminants no longer appears to have lost its relevance[35], [36].

3-ilk monoklonal antikorlar

The development of the first monoclonal antibodies is an important
milestone in immunology and biotechnology. The first monoclonal
antibodies were produced in 1984 through the groundbreaking work
of César Milstein and Georges Kdohler, and their collaborator Niels
Jerne [37].

Milstein and Kohler published a seminal paper describing a
technique for producing monoclonal antibodies. They describe the
derivation of a series of cultured cell lines capable of secreting
antibodies against sheep red blood cells (SRBC). The cell lines were
obtained using mouse myeloma and mouse spleen cells from an
immunized donor. Two myeloma cell lines derived from BALB/c
mice were used for the cell combination. The P1Bul cell line was
resistant to 5-bromo-2'-deoxyuridine and did not grow in HAT-
selective medium. Thus, the cell line secreted a myeloma protein-
IgG2A. The second cell line was P3-X63Ag8, which was derived
from 8-azaguanine-resistant P3 cells and did not grow in HAT
medium. P3-X63Ag8 secreted MOPC 21-IgG1(k). Cell fusion was
performed using inactivated Sendai virus. The karyotype of the
hybrid cells (after 4 months) was lower than the sum of the two
parental cell lines. After cell fusion with Sendai virus, cells of the
P3-X63Ag8 line were able to grow in HAT medium and secreted
immunoglobulins containing MOPC 21 protein [38], [39].
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Monoclonal antibody manufacturing has transformed a vast array o
f areas of science and medicine. Monoclonal antibodies have a wide
range of applications in diagnostics, research reagents, and
therapeutics. They are used for specific antigen detection in
diagnostic tests, elucidation of cellular processes, and targeted
therapies  for anarray of  diseases such as cancer,
autoimmune conditions, and infectious diseases. Milstein and
Kohler's pathbreaking work on monoclonal antibodies earned them
the Nobel Prize in Physiology or Medicine in 1984,
ushering in the era of progress in biotechnology and
immunotherapy [40], [41], [42].

4-Induced pluripotent stem cell (iPS) phenomenon

In 2006, Shinya Yamanaka and colleagues demonstrated that it is
possible to reprogram adult mouse tail-end fibroblast cells into
embryonic stem cells by simultaneous induction of four transcription
factors (Oct3/4, Sox2, Klf4, and c-Myc). Reprogrammed cells were
selected based on early development and the presence of Fbx15 gene
expression, which is characteristic of embryonic stem cells. Induced
pluripotent stem cells (iPSCs) exhibited characteristics of mouse
embryonic stem cells (ES) but showed differences in gene
expression and chromatin organization compared to ES cells
[43][44]. The researchers then showed that selection for Nanog
expression after transduction of four factors (Oct3/4, Sox2, Klf4, and
c-Myc) resulted in a cell population more similar to ES cells. They
injected the mouse retrovirus receptor into human cells to achieve a
higher transduction frequency with amphotropic retrovirus. With
this procedure, 60% of the cells exposed to the retrovirus expressed
a reporter gene. Then, the same four genes were injected into adult
human dermal fibroblasts, and the first human iPS cells were
generated. Selection was based on the morphology and growth
characteristics of these cells. It was also found that each iPS clone
carried between three and six retroviral integrations for each of the
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four factors. The most important feature of human iPSs was the
capacity to form tissues of all three germ layers in tissue cultures and
transplants [43]. B-4-Induced pluripotent stem cell (iPS)
phenomenon. Shinya Yamanaka and colleagues had demonstrated in
2006 that adult mouse tail-end fibroblast cells can be converted into
embryonic stem cells by the simultaneous activation of four
transcription  factors (Oct3/4, Sox2, KIf4, and c-Myc).
Reprogrammed cells were enriched through early development and
Fbx15 gene expression typical of embryonic stem cells. Induced
pluripotent stem cells (iPSCs) had characteristics of mouse
embryonic stem cells (ES) but were distinct from ES cells in gene
expression and chromatin structure [43], [44], [45]. The authors
went on to show that selection based on Nanog expression after
transduction with four factors (Oct3/4, Sox2, KIf4, and c-Myc)
resulted in a cell population more similar to ES cells. They
transfected the mouse retrovirus receptor into human cells to achieve
a higher frequency of transduction by amphotropic retrovirus. 60%
of the retrovirus-treated cells expressed a reporter gene using this
treatment. The same four genes were subsequently transfected into
adult human dermal fibroblasts, and the first human iPS cells were
generated. Selection was based on the growth and morphology of
these cells. Also noted was that every iPS clone had between three
and six retroviral integrations in each of the four factors. The most
important feature of human iPSs was that they could give rise to
tissues of all three germ layers in tissue cultures and transplants[43].
Chin et al. in 2009 reported a comparison of three human ESC lines
versus five iPSC lines. The authors reported differences in gene
expression in hundreds of genes [46]. Deng et al. [46]. Deng et
al.[47] and Doi et al.[48] found variations in DNA methylation and
told us that donor cells possess epigenetic memories in human iPSC.
In 2012, the Nobel Prize in Physiology and Medicine went to John
B. Guordon (for discoveries showing the reversible nature of cell

specialization) and to Shinya Yamanaka (for reprogramming mature
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mouse cells into immature cells). Both discoveries hold great
importance in a broad spectrum of medicine disciplines such as
oncology and regenerative medicine. ESC has also proven to be
successfully used in cartilage repair, peripheral nerve, and cardiac
regenerative therapy. MSCs have also been used in certain types of
therapy, such as autologous transplants or the treatment of
hematopoietic disease[49][50].

Cell culture uses
Cell culture is used in many fields. Here are some examples:

1. Drug and cosmetic product development: Cell culture is a
preliminary research tool used in the development of drugs and
cosmetics. The efficacy and safety of new drugs are determined by
testing them on cells in the laboratory [51][52].

2. Cancer research: Cell culture is used to research the growth and
behavior of cancer cells. The effect of drugs used in cancer treatment
can be determined by testing on cell cultures[53].

3. Virus research: Research on the structure, growth, and effects of
viruses is done on cell cultures. These studies are important for
understanding how viruses replicate and spread [54][55].

4. Genetic research: Cell cultures are used to research the function
of genetic material and how it works. In particular, cell cultures are
important for developing and testing vectors used in gene
therapy[56].

5. Biotechnology: Cell cultures are used in many fields in the
biotechnology industry. For example, protein production, antibody
production, and biofuel production[57], [58], [59].

6. Tissue engineering: Cell cultures are used in tissue engineering
and transplantation studies. These studies are important for the
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regeneration of damaged or diseased tissues and organs in the human
body [60][61].

Cell Culture Techniques
A. Cell culture basics:

Cell culture is a technique by which living cells may be grown and
sustained under controlled conditions in non-tissue media. Cell
culture is widely applied in a wide range of fields such as medicine,
biology, biotechnology, and pharmaceuticals. Cell culture basics
involve the following steps: 1. Cell source: The cell source of the
cell culture can be fresh cells of living organisms or tissue, frozen
cell bank, or pre-cultured cell lines. 2. Culture medium preparation:
A suitable medium is prepared in which the cells can grow. Culture
medium should have nutrients, hormones, growth factors, vitamins,
and minerals for the cells. pH, oxygen level, temperature, and
humidity should also be checked. 3. Seeding the cells: Cells are
seeded into the culture medium. During seeding, it is ensured that
the cells have the correct density and are evenly distributed. 4.
Provision to the culture: The culture medium is changed at regular
intervals so that cells can grow and proliferate. Adequate nutrition is
necessary for cell health and growth rate. 5. Examination of the
culture: The culture is inspected with a microscope or other imaging
techniques. Cell growth, shape, and activity are monitored. With
various methods of manipulation, cell culture can be utilized for a
wide range of research purposes, such as cell differentiation, cell-to-
cell communication, cell behavior, and drug and toxicity screening.

B. Cell culture Materials and equipment
Materials and equipment required for cell culture can be listed as:

Materials:
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Cell culture plate or petri dish: A sterile, flat-bottomed container to
hold cells and culture medium. It has a wide surface area for cell
attachment and growth.

Cell culture flask: Vented lid or filtered cap, sterile, round-bottom
flask. It has a larger volume for cell culture and is used regularly to
scale up cell cultures.

Cell culture media: Nutrient solutions containing essential nutrients,
growth factors, and buffering agents to support cell growth. Different
media formulations depend on the cell type.

Fetal calf serum (FBS): The most common supplement added to cell
culture medium and derived from the blood of fetal cows. It provides
essential growth factors, hormones, and proteins to stimulate cell
growth.

Reagents and supplements: Various reagents such as antibiotics,
growth factors, cytokines, and hormones can be added to cell culture
medium to facilitate cell growth, differentiation or for particular
experimental requirements

Equipment

Biosafety cabinet or laminar flow cabinet. Laminar flow cabinets
have two types according to airflow: horizontal and vertical.

horizontally laminar airflow biosafety cabinets and vertically
biosafety cabinets. The two types do the same thing in creating the
correct sterile working area by removing particles that are a biosafety
risk in the air using HEPA (high efficiency particulate) filters. The
air is sterilized in horizontal cabinets because the air stream is blown
straight into the researcher. It protects the environment and the
product, but it has a drawback in terms of protecting the personnel.
The air flow is blown vertically ahead of the personnel in vertical
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biosafety cabinets, and the glass partition ahead of the cabinet
shields the personnel.

The cabinets also vary in their biosafety classification, depending on
the risk of biological contamination to the worker. Biosafety
cabinets, or Class A biosafety cabinets, are robot systems for
experiments with high biological contamination risk and are
economically highly expensive. Class C laminar cabinets are purely
product protection-oriented. These laminar flow cabinets are helpful
equipment for realizing biosafety precautions. HEPA filters trap
particles that may be a biosafety hazard in the workplace. In these
cabinets, workers and researchers can work in good health and
reduce the possibility of contamination to the same level.

Centrifuge: Centrifuge machinery is machinery that employs
centripetal force to cause the cells to precipitate at the bottom of the
reaction tubes using rotors that spin at a predetermined rate of
rotation. The machinery consists of rotors suitable for the number of
reaction tubes to be used. The rotors are usually designed for 1.5 mL,
15 mL, and 50 mL tubes and are available as replaceable or fixed
rotors. If precipitation of cells alone is to be done, centrifugation at
800-1000 rpm for 1-2 minutes is sufficient. Centrifugation at higher
speeds and for longer periods is not recommended to kill or destroy
the cells. Additionally, ifreaction tubes are to be mixed within a short
period or the cap or cover material must be brought down to the
bottom, the presence of handy mini centrifuges capable of
centrifuging 0.5-2 mL reaction tubes saves time. Microscope: A
useful piece of equipment for examining the morphology of the cells,
determining growth, and checking the viability of the cells. Inverted
microscopes are usually used for examining cell cultures, wherein
cells are growing on the bottom of the culture dish.
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Water bath Cell culture medium is stored in +4°C fridges and needs
to be at 37°C before it interacts with cells. So, water baths are
necessary. Other than that, cells stored in liquid nitrogen tanks are
also thawed in water baths. So, the water baths need to be cleaned
from time to time at regular intervals to prevent cell contamination.
If work is interrupted for an extended period of time, the water bath
needs to be drained.

Cryopreservation apparatus: Cryovials (cryogenic storage vials
used to freeze and store cells long term with cryoprotective reagents
and liquid nitrogen storage containers) are used to preserve the
viability of cells for future use.

Cell Counting devices: Devices like hemacytometers, cell counters,
or flow cytometers are machines that will accurately count cells and
evaluate cell density.

Carbon dioxide incubator: laboratory incubators that are used for
cell culture studies in which carbon dioxide (CO2) and humidity are
controlled automatically. These incubators are built to mimic the
natural conditions of the cells. Closed systems are usually carbon
dioxide incubators and control the CO2 level of the atmosphere
inside to the desired. Sensor systems are utilized for this purpose,
and CO?2 is continuously measured. CO2 gas is admitted into the
incubator in a controlled form to achieve the desired concentration
of CO2. Humidity is also controlled in carbon dioxide incubators. To
this end, water is stored at the bottom of the incubator, and moisture
is supplied through evaporation. The cells' need for moisture is hence
satisfied, and optimum growth conditions are established. Carbon
dioxide incubators control air circulation, too. The air inside is
repeatedly circulated, resulting in an even condition. This ensures
the CO2 and water of the media get distributed more evenly and
enter the cells evenly. Due to these factors, CO2 incubators play a
vital role in cell culture studies. In maintaining cells at the proper
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temperature, CO2, and humidity, they enable researchers to have
uniform outcomes. Autoclave: Used to sterilize equipment,
solutions, and media using high-pressure steam, thus killing
microorganisms.

Pipettes and pipette tips: Used for precise measurement and fluid
transfer in cell culture. There are mechanical and electronic types.

Vacuum pumps are also used for the removal of PBS or nutrients
after washing. Using a sterile glass pasteur pipette at the end of the
pump tubing, culture liquids can be easily suctioned away. This is
for the sterility cleaning of the liquids.

Microscope: In cell culture laboratories, two types of microscopes
are used for the examination of cell viability and morphological
features: an inverted microscope and a fluorescence microscope. The
reason for the use of an inverted microscope is that cells must never
be observed from the top of culture plates, and culture plates must
be opened only in a laminar cabinet. This made it necessary to place
the objectives at the bottom of the chamber. Fluorescence
microscopes were developed with immunofluorescence staining
techniques to view the protein structure of organelles in cells. Using
these microscopes, fluorescent antibody-stained organelles become
visible. Today's times have fluorescence attachments to inverted
microscopes, such that two microscopes are utilized as one. This
style enables one to see both the overall picture of cells and
fluorescently stained organelles through the same microscope.

Refrigerators: The storage of the consumables used for cell culture
is as follows:

FBS, trypsin, L-Glutamine, and antibiotics should be stored at -20
°C.

All the other culture buffers (DMEM, F12, RPMI, etc.) should be

stored at +4 °C.
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For cell freezing, they should be placed in styrofoam boxes and
slowly frozen in -80 °C coolers a day before putting them in a liquid
nitrogen tank.

The cell culture vessels are disposable, sterile, and polystyrene. 25,
75, and 125 cm? flasks are the most common flasks used for routine
multiplication of cells. The flasks are divided into two types
according to their lid type: ventilated and non-ventilated.

Flasks with ventilated closures. They are designed to allow easy
exchange of CO: within the incubator. The filter on the closure is
designed to prevent the entry of contamination agents such as fungi
or bacteria. Air flow is thus ensured while at the same time reducing
the possibilities of contamination.

Containers having lids without ventilation are used slightly ajar, not
tightened completely, after being placed in the incubator. These
containers allow for air to enter during the time the cells will be
exposed to the environment. However, they should be used carefully
to reduce the risk of contamination.

Cell culture plates of different sizes and well numbers are also used.
Cells are generally seeded in 6, 12, 24, 96, or 384-well plates. They
have a flat bottom surface and are made of polystyrene material.
These plates are sterilized by gamma rays to remove DNase, RNase,
and pyrogens. This provides a suitable condition for cell culture.

There are also insert plates that consist of two nested sections of
chambers. The top section of these plates is where the cells are
seeded and separated by a membrane whose pores have a width of
0.4 um. The bottom section is where the culture medium is the only
item inserted. These plates are generally suitable for such studies as
cell growth, endothelial and epithelial cell differentiation, transport
of drugs or chemicals across basolateral and apical cells, and
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Transepithelial Electrical Resistance (TEER) studies, where the
growth of epithelial cells is monitored.

This is just some of the general material and equipment utilized in
cell culture. Some of the requirements will vary, specifically
depending on the cell type and experimental requirements. Proper
aseptic technique and compliance with proper procedures are
essential to successful cell culture experiments.

C. Preparation of cell culture media
Cell culture media preparation steps are:

1. Preparation of the components: Cell culture media consist mainly
of such components as amino acids, vitamins, minerals, hormones,
growth factors, glucose, and serum. The components are determined
according to the requirements of the to-be-prepared media.

2. Media preparation: While preparing the media, first, the right
sterile laboratory working area should be used, and all equipment
should be sterilized. Cell culture medium is prepared by adding it to
a medium such as sterilized water or PBS (phosphate buffer salt).
The pH of the medium should be checked and regulated with the
right pH meter.

3. Media sterilization: Once the media is prepared, it is sterilized
using sterilized filters. Sterilization may also be done by methods
such as oxygen gas, ethylene oxide, or autoclave. Sterilization is of
great importance to prevent contamination of cell culture media.

4. Storage: Once the media is sterilized, it is preserved by using
sterilized bottles or containers. Media is usually preserved in the
refrigerator or freezer.

5. Media handling: The media must be brought to the desired
temperature in an appropriate incubator before cell culture media

usage. The cells are inoculated into the media and grown under
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appropriate conditions. The cells should be provided with
appropriate conditions for proliferation and growth. The cells should
be sub-cultured and the media replaced to maintain cell culture
experiments.

D-Media Solutions in Cell Culture

Certain substances are needed in the cells' milieu in order to support
cellular metabolic processes. These include amino acids,
carbohydrates, vitamins, ions, growth factors, and hormones. Other
factors such as temperature, humidity, carbon dioxide (CO2) and pH
constitute the microenvironment required for cell growth. The
medium composition on which cells are being cultured can vary
depending on the type of cell, how suitable it is, and from what type
of organism it has been obtained. To prepare the best composition of
the medium, one has to refer to the literature in science. Basically,
solutions to be added to the cell culture medium are listed below.

Dulbecco's Modified Eagle Media (DMEM)

Dulbecco's Modified Eagle's Medium (DMEM) is a very common
cell culture medium that supplies the basic nutrients and growth
factors needed for the growth and survival of many different types
of mammalian cells in tissue culture.

The first to be developed by Eagle in the 1950s, Minimum Eagle's
Medium (MEM) was established as the major source of amino acids
and was eponymously named after Eagle. It was then modified by
Dulbecco, and it became known as DMEM and continued to be the
most frequent source of amino acids for monolayer cell cultures.
DMEM can provide cells with a nutritionally supplemented
environment.

Glucose is used as a source of energy, phenol red as an indicator of
pH, and bicarbonate as an indicator of osmolarity. DMEM also
contains vitamins and amino acids. Phenol red maintains the medium
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pH at about 7.4 and is red, changing color to orange or yellow if the
pH shifts in an acidic direction and to purple when the pH shifts in
an alkaline direction. The color is seen when cellular catabolic
wastes accumulate and indicates a need to dilute the cells or change
the medium. Color shift can also occur in the case of bacterial or
fungal contamination. L-glutamine is an unstable amino acid and a
cell medium required component. Though L-glutamine is present in
some DMEM solutions, because it has a short half-life, a stored
medium for the long term will have no L-glutamine activity, and may
be lost from the medium. In this case, 292 ng/mL L-glutamine should
be added to the medium.

FBS (Fetal bovine serum)

Fetal calf serum (FCS) is among the most widely applied cell culture
medium ingredients.

It is obtained from fetal cow blood drawn during meat processing for
human consumption. FCS is a rich source of various growth factors,
hormones, proteins, and other essential constituents. It has essential
nutrients required for cell viability and optimal growth. FCS also
includes binding factors that support cell adhesion. FBS is widely
employed as an additive for the stimulation of cell growth,
proliferation, and overall cell health in cell culture medium. FBS
batches can vary in quality and composition, and therefore high
quality FBS must be selected. Serum-free or defined formulae for
culture media have also been formulated as substitutes to address
some of the risks associated with the use of FBS. When serum-free
media are used, attachment and growth factors can be added to the
medium. Incubation will be used to denature material that otherwise
makes FBS toxic to cells. 10% FBS is usually added to the cell
culture medium. For hormone studies, DCC-treated FBS can be used
in a manner where the hormones contained in FBS are not part of the
result of the experiment. This is done by eliminating the hormones

from FBS, and the combination of DCC-FBS is stored cold.
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Antibiotic and antifungal solution

Antibiotic and antimycotic drugs are used in cell culture studies to
prevent the risk of bacterial and/or fungal infection. The drugs are
added to the medium in which the cells are grown. Commercial
formulations are mostly employed and will normally consist of
100,000 U of penicillin, 10 mg of streptomycin, and 25 pg of
Amphotericin B. The synergistic activity of this combination usually
covers Gram-negative bacteria, Gram-positive bacteria, fungi, and
yeasts. The growth of these microbes is inhibited by antibiotics and
antimycotics, and reduces the risk of contamination. High-
concentration antibiotics have also been reported to cause toxic
effects, however. Consequently, in your laboratory, antibiotics are
added to the media at 1% strength to reduce their potential toxicity.
This is performed in an effort to minimize the risk of toxicity so that
it can harmlessly influence the health of cells without disrupting their
efficacy.

Phosphate Buffer Saline (PBS)

This salt solution contains the salts sodium hydrogen phosphate,
sodium chloride, potassium chloride, and potassium dihydrogen
phosphate. They form a non-toxic and isotonic solution to most cells.
It stabilizes the osmotic pressure inside and outside the cell as well.

The structure of this solution is: 137 mmol/L sodium chloride
(NaCl), 2.7 mmol/L potassium chloride (KCI), 10 mmol/L sodium
hydrogen phosphate (Na2HPO4), and 1.8 mmol/L potassium
dihydrogen phosphate (KH2PO4). It is most frequently used for cell
washings in cell culture work. It may also be used as a solvent. It is
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particularly important in maintaining an efficient osmotic
environment for cells to grow and multiply in a healthy condition.
The salt solution is an important material extensively applied in
medicine and biological studies. In cell culture research and tissue
engineering, it is beneficial in allowing cells to have a culture
environment similar to that of the in vivo environment and in
maintaining an equilibrium in osmotic pressure.

Tripsin

Tripsin bir tiir serin proteaz enzimidir. Bir kimyasal olarak hiicre
kiiltiirti deneylerinde kullanilir. Tripsin, lizin ve arginin gibi amino
asitleri karboksil bolgede parcalamak suretiyle hiicreleri birbirinden
ayirir ve yapisik hiicrelerin gegisini kolaylastirir. Tripsin, hiicrelerin
birbirlerine yapisik olarak biiylidiikleri substrata yapismasini
onleyerek hiicrelerin kolayca ayrilmasini kolaylastirir.  Bu,
pasajlama esnasinda hiicrelerin kiiltiirden ¢ikarilmasi ve yeni bir
kiltir kabina aktarilmasi kolaylasir. Tripsin stok c¢ozeltisi ¢cogu
zaman -20°C'de tutulur. Bazal sicaklikta depolama, enzimin
stabilitesini ve aktivitesini saglayarak korumasina yardimeci olur.
Stok c¢alisma c¢ozeltisi ¢ozilir ve ihtiya¢ duyuldugunda hiicre
kiiltlirli arastirmalarinda kullanilacak bi¢imde hazirlanir. Tripsin,
hiicre kiiltiirii laboratuvarlarda siklikla kullanilan olduk¢a dnemli bir
kimyasaldir. Hiicrelerin pasajlanmasi esnasinda kullanildiginda,
hiicrelerin saglikli ve diizenli olarak ¢ogalmasini ve yeni kiiltiir
kabinda ¢ogalmasini saglar. Bu adimlar hiicre kiiltiirii deneylerinde

ortamlik hazirlama temel adimlar igermektedir.
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C. Cell culture storage and cryopreservation

Cell culture can be stored in the lab for long-term storage. However,
the ability of cells to grow and divide decreases with time, and cells
can die and become inactive. Therefore, cell culture storage methods

allow cells to be stored and thawed for reuse.

Cell culture storage conditions can vary depending on the cells, their
use, and function. The majority of the forms of storage utilized
involve the use of refrigerators (4°C) or freezers of lower
temperatures (-80°C) for short-term storage. Cryopreservation,

however, is more suitable for long-term storage and shipment.

Cryopreservation is the process of freezing and storing cells at very
low temperatures, such as liquid nitrogen (-196°C).
Cryopreservation stops the metabolism of the cells and preserves
their ability for growth and reproduction. Cryopreservation is done
using a special cryoprotectant solution. This cryoprotectant solution

protects cells from freezing and thawing damage.

Cell cryopreservation is highly important to maintain the viability of
cells and their activity. During freezing, the process has to be carried
out very gently as there is a high possibility of cell contamination,
cell loss, and death. In preparing cells for recycling, the
cryoprotectant solution is thawed slowly, and cells are dissolved in a
suitable nutrient solution. During thawing, the cells' viability and

activity are checked very cautiously.
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D. Best Practices for Maintaining Cell Culture Integrity

Cell culture integrity maintenance is of utmost relevance to
reproducible experimental results and comprises meticulous
compliance with Good Cell Culture Practice (GCCP), good
documentation, and ethical concerns. Prevention of contamination is
of utmost relevance and entails meticulous compliance with aseptic
technique. All manipulations must be carried out in biosafety
cabinets with HEPA filtration, and surfaces must be disinfected with
70% ethanol or 5% Trigene. Culture flasks should never be stored in
non-sterile conditions, and overnight UV sterilization is

recommended to

avoid maximum microbial contamination. Hand hygiene also enters
the scene in a bid to avoid contaminant introduction. Hands are
washed properly, gloves are ethanol-disinected, and clean
laboratory-dedicated coats are donned. Sterile media and additives
are always employed, but non-sterile additives must be filtered on
0.22 um filters. Autoclavable, resistant, and high-heat equipment
must be employed. Penicillin/streptomycin, the most avoided
antibiotics, can be utilized, but should never be utilized whenever
possible because they suppress the infection or cause antimicrobial

resistance.
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Cell culture must be observed carefully for early detection of
contamination. The routine microscopic exam must be examined for
abnormalities in morphology, turbidity, or color. Mycoplasma testing
by PCR, ELISA, or fluorescence staining must be done regularly, as
these kinds of contaminants can invalidate experiments.
Contaminated cultures must be discarded at the earliest sign of
contamination, and equipment must be decontaminated using
bleach. Antifungals should be used cautiously to avoid spore release
or cell toxicity. When working with human cell cultures, strict
Biosafety Level 2 (BSL-2) or higher practices should be followed,
and donor screening should be done to avoid hazards [62]. To avoid
media-related problems, CO: is maintained at 5-10% or pH is
buffered with HEPES. Nutrient depletion is prevented by log-phase
subculturing, and batch-tested high-quality sera or serum-free
medium reduce variability and contamination risk. To overcome
adherence problems, trypsinization time may be reduced, or
attachment factors may be supplemented, or biologically relevant
substrates such as extracellular matrix coatings may be used to
enhance cell adherence. Periodic cell line authentication through
karyotyping, DNA fingerprinting, or Short Tandem Repeat (STR)
profiling helps preserve the identity and origin of cell lines from
genuine banks.[63]. Selective media or enzymatic digestion should
be used to prevent fibroblast overgrowth in primary cultures.
Senescence may be reduced by low-passage or immortalized cells,

and stem cell differentiation, as well as genetic stability, may be
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enhanced by newer approaches such as CRISPR-based editing and
personalized scaffolds. Successful cell culture maintenance and
reproducibility, as well as reliability, in research findings are due to
rigorous quality control, cryopreserved backup stocks, and

comprehensive GCCP training [64].
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_ B(")_L UM 3
Robot Isletim Sisteminde Insan Davranisinin Poz Tahmini ile

Tespit Edilmesi

Ayla Eren Ozdemir
1. Giris

Otomatik yonlendirmeli araglar [1] (OYA), endiistri, lojistik ve saglik alaninda
giderek artan oranda kullanilan, ¢evreyi algilayabilen ve otonom hareket edebilen robotik
sistemlerdir. Insan yogunlugunun yiiksek oldugu acil servis, yogun bakim veya fabrika
zeminleri gibi alanlarda bu araglarin giivenli sekilde c¢alisabilmesi i¢in yalnizca engel
algilama degil, insan davraniglari [4]n1 anlik olarak yorumlayabilen akilli sistemlere ihtiyag
duyulmaktadir.

Bu calismanin temel amaci; Robot Isletim Sistemi (ROS) tabanli bir ortamda,
goriintli isleme yontemleri ve derin 6grenme [11] modelleri kullanarak insan davraniglari
[4]n1 gergek zamanli olarak tespit eden bir yap1 gelistirmektir. Poz tahmini algoritmalariyla
elde edilen eklem koordinatlari lizerinden yliriiyiis, kogsma, diisme, oturma ve tehlikeli
goriilen ani hareketlerin siiflandirilmasi hedeflenmistir.

Arastirma kapsaminda RPLIDAR [8] tarafindan elde edilen haritalama verileri
ROS iizerinde islenmis, ardindan acil servis bekleme alanini temsil eden sanal bir ortam
Gazebo simiilatoriinde olusturulmustur. Davranis simiflandirmasi i¢in OpenPose [9]
kullanilarak iskelet ¢ikarimi yapilmig, daha sonra matematiksel yontemler ve derin sinir
ag1 modelleri birbiriyle karsilastirilmistir.
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2. Robot Isletim Sistemi (ROS) ve OYA Sistemleri

Robot Isletim Sistemi (ROS), robot bilesenlerinin haberlesmesini saglayan, sensor
verilerini yoneten ve farkli robotik algoritmalarin uyum i¢inde ¢alisabilmesine imkan veren
modiiler bir yazilim platformudur. ROS’un sundugu paket yapisi, veri akisi, digiim
iletisimi ve simiilasyon destegi sayesinde robot sistemleri ¢ok daha esnek ve genisletilebilir
héle gelmektedir.

Bu ¢alismada kullanilan OY A sistemi;

* LIDAR ile ¢evresini tarayan,

* ROS-RViz ile ortam1 ger¢ek zamanli gorsellestirebilen,

* ROS-Gazebo ile sanal bir acil servis ortaminda test edilebilen,

e Goriintii tabanli yapay zekd modelleriyle insan davranislart [4]n1 aninda
yorumlayabilen bir yapida tasarlanmistir.

OYA’larin 6zellikle saglik ortamlarinda giivenli calisabilmesi, insan davranislari
[4]nin dogru algilanmasina baglhidir. Bu nedenle davranis tespit modiiliiniin ROS ile
entegrasyonu, robotun ¢evresel farkindaligini ileri seviyeye tasimaktadir.

3. Poz Tahmini ve Yapay Zeka Yontemleri
Bu boliimde davranis tespitine yonelik iki farkli yaklasim gelistirilmistir:
Poz Tahmini (OpenPose [9])

OpenPose [9] algoritmasi, insan viicudunun eklem noktalarini (el, kol, bacak,
omuz, kalga vb.) yiiksek dogrulukla g¢ikarabilen gelismis bir poz tahmini [4] yapisidir.
Coklu kisi takibi yapabilmesi, ger¢ek zamanli ¢alisabilmesi ve ROS ortamiyla uyumlu
olmas1 nedeniyle tercih edilmistir.

Matematiksel Yontem

Bu yontemde OpenPose [9] tarafindan elde edilen eklem noktalari arasindaki
mesafeler, a¢1 degisimleri, hiz ve ivme degerleri ve zamana bagli konum degisimleri
hesaplanarak davranig siniflandirmasi yapilmistir. Temel davranislarin tespitinde yeterli
dogruluk elde edilmis olsa da karmasik hareketlerde performans diismiistiir.
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Derin Ogrenme Yontemi

Derin 6grenme yaklagiminda 40 goniilli katilimcidan 7 davranis kategorisi
toplanmis ve toplam 7000 goriintiiden olusan etiketli bir veri seti olusturulmustur. Eklem
noktalar1 sinir ag1 igin giris vektoriine doniistiiriillmiis, model egitimi ReLU aktivasyonu,
Batch Normalization [12], Softmax ¢ikis katmani ve ¢ok sinifli ¢apraz entropi kaybi
kullanilarak gerceklestirilmistir. Model egitim sonucunda %94 dogruluk elde edilmis ve
matematiksel yontemden ¢ok daha Ustiin performans gostermistir.

Ortam Haritalama

RPLIDAR [8] 360° sensorii kullanilarak ortamin lazer taramasi alinmis, veriler
ROS iizerinde islenmis ve SLAM yontemleriyle harita ¢ikarilmistir.

Simiilasyon Ortam

ROS-Gazebo’da bir acil servis ortami modellenmis; ortam iginde insanlar, engeller,
sedyeler, bekleme bolgesi ve hareketli objeler eklenmistir.

Veri Seti Olusturulmasi

Her katilimeidan yiiriime, kosma, diisme, bayilma, oturma, ayakta durma ve ani yon
degistirme gibi davranislar i¢in kayit alinmis, goriintiiler OpenPose [9] ile islenerek eklem
koordinatlar1 ¢ikarilmistir.

Smiflandirma Algoritmalar:

Matematiksel yontem ve derin 6grenme [11] modelleri hem simiilasyon ortaminda
hem de ger¢ek zamanl testlerde calistirilmistir.

5. Bulgular ve Tartisma

Matematiksel yontemde davranig tespiti %70 dogruluk ile sinirli kalmustir.
Ozellikle karmasik hareketlerde eklem agilarinin benzerlik gostermesi hatalara yol
acmistir.

Derin sinir ag1 modeli ise %94 dogruluk saglamis; yiiksek genelleme basarisi,
dengesiz smiflarda bile gii¢lii performans ve gercek zamanli ROS ortaminda hizli yanit
verme kapasitesi ile oldukca basaril1 bir sonu¢ sunmustur.

Gazebo test ortaminda robot, bir kisinin diisme veya panik kosusu gibi kritik
davraniglart milisaniyeler i¢inde tespit etmis ve giivenlik risklerini degerlendirebilmistir.
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Bu bulgular, poz tahmini [4] tabanli derin 6grenme [11] algoritmalarinin insan davranisi
analizinde oldukga giiclii oldugunu gostermektedir.

6. Sonug

Bu ¢aligma, ROS tabanli bir OYA sistemine insan davraniglarini algilayabilme
yetenegi kazandirmak amaciyla poz tahmini [4] ve yapay zeka modellerini bir araya getiren
kapsamli bir yaklagim sunmustur.

Elde edilen sonuclar sunlardir:

* Derin 6grenme modeli, insan davranislart [4]n1 yiiksek dogrulukla ayirt
edebilmistir.

» Matematiksel yontemler temel hareketlerde ise yarasa da karmasik davraniglarda
yetersiz kalmistir.

* Simiilasyonun ROS ile entegrasyonu, ger¢ek uygulamalara gegis i¢in gii¢lii bir
altyap1 saglamistir.

« Sistem, acil servis gibi kritik ortamlarda giivenligi artirma potansiyeline sahiptir.

Gelecek caligmalarda modelin gercek ortam verileriyle yeniden egitilmesi, davranis
kategorilerinin  artirilmast  ve robot kontrol mekanizmasina tam entegrasyon
onerilmektedir.
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