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ABSTRACT

Cancer results from a disordered and unstablengen8uch genomic instability
appears to be subject to control by environmeretiofs as evidenced by the number of
cancers that are either caused by specific envieotah agents. Dietary factors might
interact in several ways with the genome to praagetinst cancer.

An agent might interact directly with the genomel aagulate expression (as a
genetic or epigenetic regulator) or indirectly bfluencing DNA repair responses and so
improve genomic stability.

The development of widely applicable methods to ibmorgenomic instability
gains importance nowadays. RAPD-PCR assay is acoilalemethod able to detect
comparative DNA changes. This work is to show tpeliaability of the method to
evaluate the ultimate changes caused in variolisadlire derived DNA which might be

a model for carcinogenesis, genomic instability emdine cell-culture work.

Keywords: Genomic Instability, RADP-PCR, HEK cells, HUVEGIIs, HELA cells,
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DEGIiSiK HUCRE HATLARINDA GENOM 1K KARARSIZLI GIN, RAPD-PZR
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Oz

Genom Kkararsizll basta kanser olmak tzere 6zelliklesf@nma ile ilgili ¢aitli
hastaliklarda gézlenmektedir. Genomik kararsizrkli cevresel faktorlerin ve cevresel
ajanlarin etki etmesi sonucu ortaya c¢ikan bir dulum Beslenme géli sekillerde
genom yapisini kansere kakoruyucu etki sglayacak sekilde tetiklemektedir. Gen
ekspresyonu (genetik veya epigenetik dizenlemelegyjudan ya da dolayli olarak DNA
onarimi ve bunlara I3& genom kararlig zamanla dgisebilmektedir.

Genomik kararsizli tespit etmede g#li metotlar kullaniimaktadir. DNA’daki
desisimi gozlememizi sglayan bu metotlardan biri de RAPD-PCR analiziddu
calsmada, cgitli hicre hatlarininn pasajlanmasiyla elde edilgenomik DNA’lar
kullanilarak, olgmasi beklenen ggimlerin tespiti RAPD profil dgisimi olarak tespit
edilmistir. Bu desisimlerin mahiyeti: DNA hasari ve/veya mutasyon okar@spite
calistimistir.

Anahtar Kelimeler: Genomik karasizlik, RAPD-PZR, HEK hicreleri, HURE

hicreleri, HELA hcreleri, insan mezenkimal kdk tgleri hMSC



Dedicated to my parents Mehmet EROL, Bahriye ER@Lbrothers Kemal
EROL, Senol EROL and my best friend
Beyza S. GONCU.



ACKNOWLEDGEMENT

| express my sincere appreciation to my advisolishsBrof. Dr.I. irem UZONUR
and co-advisor Assist. Prof. Dr.Sevigki for their guidance and insight throughout my
research.

| express my thanks and appreciation to my famdy their understanding,
motivation and patience. The last, but not thetlJdaam thankful to all colleagues and

friends who made my stay at the university a metvlerand valuable experience.



TABLE OF CONTENTS

AB ST RA CT ..ttt ettt ettt et e e e e e e e e e et et e e e e e e e e mnrnee e e e e e e nnrrereeaeeas iv
(@ )RR v
D= ] (@ I ] PRSP Vi
ACKNOWLEDGMENT ...ttt ettt e e e e e e e s st e e e e e e e s s aneneseeaee e nsnnees Vil
TABLE OF CONTENTS....cetiiiiiiie ettt mme ettt e e e e e st te e e e e e e e e e sneneeeeee s snnnnees viii
LIST OF TABLES ... ...ttt ettt et e e e e e e ettt e e e e e e sannmeaeee e e e e e e nnenes iX
LIST OF FIGURES......coeeiiiieieie ettt e e e e eeeaeeens X
LIST OF SYMBOLS AND ABBREVIATIONS. ......ootiiiiiiieiiiiiee e Xii
CHAPTER 1: NTRODUCTION......cuiiiiiiiiiece ettt 1
I [ 1 oo (¥ Tox 1 o o TR P UUTTTPRPRTRP 1
Rt IO T o 1
1.1 0. NUCIEar DN A ... e e e e e e e 1
1.1.2. Organelle DNA ... ..o e e 2
1.2. Genome Stability...... ..o 2
1.3. Genomic stabililty protection mechanisms dgiri@plication............c.cccevvviieiinennnn. 3
1.4. The mechanisms of cell cycle regulation aretkpoint control................. 3
1.5. Mechanisms Of DNA FEP@IN ... ....iu ittt e e et e e e e 4
1.5.1. MiSmatCh REPaIr. .. ...iuiie it e e e e e e 4
1.5.2. Base EXCISION REPAIN.......ccciiii it it ittt e et ceeemmaseeeees D
1.5.3. Nucleotide EXCISION REPAII........ooiuiitiitiie et e e 5
1.5.4. Double-strand Break Repair..........ouuii it iii vt e s e e e e enans 6
1.6. Genomic Instability and DNA damage risk fastor...........cccceeeeieii e 6
1.7. Epigenetic regulation of gene eXPreSSIONummm «.vvrrrrrrrrrrrrrirrrerinruennrnnenenrnenneeeeee 9
1.8. DNA Damage Quantification TEChNIQUES. .. ceuueeevvvrerrerieiiiiieiirieenieenenirenenereeenns 9
1.8. 1. COMEBE ASSAY ... cut ittt ittt et et et et et et e et e e e 10
1.8.2. Dicentric Chromosome ADerration ASSQY ... e «euveriieineiieieiinaniananns 11
1.8.3. MICIONUCIEI ASSAY ... .. ittt e e et e e et e e et e e e et e e e e 11
1.8.4. Translocation Frequency using FISH Teghe...............cooooviiiiiiieninn, 12
1.8.5. HPRT MUtant FreQUENCY.......c.uitiitiit e vt e remrem e e 13
1.8.6. Random Amplification of Polymorphic DN2ACR.............cccoviiiiinninn. 14
1.9, Cell CUIUIE. ..o e e e e e e e e e aee 16
CHAPTER 2: MATERIALS AND METHODS.......ciiiiiiiiii e e e 18
0 O |V = = 4 = 1 18
2.1.1. General REAGENTS. .. ... ittt et e e e e e e e e e e—— 18
2. 0.2, EQUIPIMIENT. .. ettt e et e e e e e e e e e e e 18
2.1.3. Cell CUIUIE. ...ttt e e enaneanne 19
2.1.3. 1. Cell tyPeS. .. et e 19
2.1.3.1. Cell culture chemicals and iNStrUBEN .. .......ccoiiii i e 21
2.1.4. DNA Isolation and Quantification............ccovuvvuuiiiiieei e e 21
2.1.4.1. DNA ISOIAtiON KItS.....ccetetttmmmeeeeeee e e 21
2.1.4.2. DNA quantification KitS........ee . it eeeeee e 21
pZ T TR = O PSR 22
2.1.5.1. OligoNnuCIEOtiIAE PIIMEIS......cueeueeiitieaeeaee e 22

2.1.5.2. PCR Chemicals and conSUM A ES e e 22



2.1.6. Electrophoresis and DOCUMENTALIO M cooaeeeeeeeeeeee e eee e 23
2.1.6.1. Agarose gel electrophoresis chemitalffers and instruments................ 23
2.2. MEENOAS. ...t 24
2.2.1. Cell CUlture TECHNIQUES. ........uueememererririnnnniiiniann s s sasanseneseeenenenes 24
2.2.1.1. Growth CoNditiONS. .. .....covuiie it e e e e 24
2.2.1.2. Thawing Cell LINES......c.o it e e e e e e e 24
2.2.1.3. Sub-Culture of Cell LiNeS........cuvviii i e e 24
2.2.1.4. Cryopreservation Of Cell LINES..........cucumeiieiie i e 25
2.2.2. DNA ISOIALION. ....ciiiiiiii ettt e e 25
2.2.3. DNA QUANTIfICALION. .....ciiiiieieiieeeee e e e e e e e e e e e 26
2.2.4. RAPD-PCR ASSAY.....cutttiiiiiiiiiimmmaeesieettteeeae e e s s st eeetae e e s e s smneeee s e e s snnnnseees 27
2.2.5. Agarose Gel Electrophoresis......ueeeeevveiieiieiieiiiiiiiieiinineninine. 29
CHAPTER 3: RESULTS ..ottt et ettt mmr et 31
3.1. Morphological Changes Among Cell SubcultureBifferent Cell Lines Under
Inverted Phase Contrast MiCrOSCOPE. .. ...t it it it it e e e vee e 31
3.2. Cell QUAaNLIfICAtION.... .. ..t e e e e e e e 33
3.3. Growth CUIVE ANAIYSIS ...ttt e e e e et e et e e e eae s 34
3.4. DNA Quality And Quantity ASSESSMENLS .........coviviiininimie e e eieeennenene 30
3.5. RAPD-PCR RESUILS ... et e e e e e e e e e 38
3.6. Primer OptimIZatiONS ..........ie i e e et e 38
3.7. Repeatability And Reproducibility of Profiles. ..., 41
3.8. RAPD Profiles of Each Cell Type and Subculoff@hem...................ooos 42
3.9. Modified RAPD-PCR RESUIS.......c.uieiie i e, 44
3.10. RAPD to Detect DNA Damage and GenotoxXiCity... .cceacevveiveiivineenaenn.. 46
CHAPTER 4: DISCUSSION. ... ettt ittt ettt e et ee e e e e e e e e e 49
CHAPTER 5: CONCLUSION. ...ttt et e e e ee e e e e e 63
REFERENCES. .. ...t e e e e e e e e e e e e e e e e e 64



SAMPLE LIST OF TABLES

LIST OF TABLES

TABLE

1.1.Gene families likely or known to contain mensbeontributing to genomic

instability iIn human CaNCEIS. ... e

2.1. List of equipments and their brands and models............. i8
2.2. Human Embryonic Kidney 293 cells’ (HEK) Infoation.......................... 19
2.3. Human Umbilical Vein Endothelial Cells’ (HUVE@formation................ 20
2.4. Human epithelial carcinoma cell line (HELAjamation........................ 20
2.5.Base sequences Of 10-MEr PrIMEIS..........mmmmmmmaaaaaae e e e e e aaeaaaaae e 22
2.6. PCR KIt COMPONENTS ....oeiitie i e e e e e e e eaas 22
2.7. Agarose Gel Electrophoresis Chemicals, Buffers...........cccccceeei i, 23
2.8. DNA Quantification Kit ingredients and amounts..................eeeeeeeiimieenenennn. 26
2.9. RAPD-PCR SOIULIONS. ...t e e e e e 27
3.1.Growth curves for HEK, HUVEC, HELA cells..........c.ccoiiiiiiiiii e, 35
3.2 Information for the sample cell types, subcultuaenes, counts prior to DNA s

extraction and DNA CONCENITALIONS . .. ...vi it e e e e e s

3.3.Primer choice results for all cell types ..., 40



SAMPLE LIST OF FIGURES

LIST OF FIGURES

FIGURE

1.1. Spectrum of DNA damage induced by physicaldrmical agents.................. 8
1.2. DNA Damage and Quantification Techniques............ comceveeeneenennnee. 10
1.3. Random Amplification of Polymorphic DNA-PCR.....ccceiiiiiiiiiiiiiiiin, 15
2.1.RAPD-PCR PrOCEAUIE. .. ..ttt et e e e et e e e e e e e ae e n e 28
2.2. RAMD-PCR PrOCEAUI . ...ttt et ettt e e et e et e et e et e e et e e aaens 29
3.1.The comparative morphological appearanceseofitst and 2% passages of

HEK, HUVEC and HELA CellS...... oo e e 32
3.2. Different DNA concentration for HUVEC.............coooiiiiiiiii e, 37
3.3. HEK primer gel experiment resultS...........c.oviiii i it e 40
3.4 Detection of the first RAPD profiles in HEKIWEC, HELA and hMSCs with

O P AT e e 42
3.5. Comparative analysis of initial and final bafAPD profiles produced using

OPB7 primer for all Cell tyPeS. ... e e e 43
3.6.a. Modified RAPD PCR results for HUVEC, HEK, HE ........ccccccciiiiiiiiiii 43
3.6.a. Modified RAPD PCR results for HUVEC,HEK, HEL...............c..cocieee. 44
3.7. Modified RAPD PCR results for Mesenchymal..........ccccooiiiiiiiin i, 45
3.8. Glutaraldehyde’s DNA effects have been asgassiag RAPD assay and by cell

(0 8 =S 47
3.9. Modified RAPD-PCR results for x8 %2 agaroskeofglutaraldehyde treated

cells and DNA of harvested cells after removallotayaldehyde.......................... 48

4.1. Genetic diversity as observed with OPB7 privin different human cell types... 53
4.2. RAPD profiles with OPB7 primer for all cellpgs’ all subculture DNA extracted. 56
4.3. Direct effects of DNA damage and mutation &PR profiles........................ 57
4.4. An indication with arrows and boxes for thegeges and RAPD profiles at whic7
the most prominent changes first started for eathtype.................ccooeiiiiinnnn.

4.5. Comparable picture of the first and last pges&APD profiles, circles indicating

a pattern homogenization in the last passages ttemhat the cell type was.......... 58
4.6. RAPD profiles as detected with x8 RAMD usingKi18th passage DNA, arrow
indicates DNA instability caught either DNA damagemutation......................... 59
4.7. x8 RAMD-PCR profiles for starting and endingspages of HUVEC and HEK
cells. Arrows indicating various profile changeattmight be mutations................. 59
4.8. Two primer OPB8 and OPB7 x3 RAMD trials foethMSC same passage$0
DN AS (L7 ) e ettt et et e e e e e e e e e
4.9. Gluteraldehyde exposed DNA x8 RAMD profilesdaafter removal of 61
gluteraldenyde. .. ...

4.10. A closer look at the types of changes inréverted profiles still having changes
INAICAtEd DY AITOWS. .. ... e e e e e e e 62



LIST OF SYSMBOLS AND ABBREVIATIONS

SYMBOL/ABBREVIATION

DNA Deoxyribonucleic acid

AP Apurinic and Apyrimidinic sites

NER Nucleotide excision repair

ds breaks Double-strand breaks

HR Homologous recombination

NHEJ  Non-homologous end joining

SSBR  Single-strand breaks

uv Ultraviolet

FISH Fluorescence in situ hybridization

HPRT  Hypoxanthine guanine phospho ribosyltranstera
RAPD sRandom Amplification of Polymorphic DNA
RFLPs Restriction fragment length polymorphism
hMSC Human Mesenchymal Stem Cell

HEK Human Embryonic Kidney €lls

HUVEC Human Umbilical Vein Endothelial Cells

HELA Human Cervical Carcinoma Cells



CHAPTER 1

1. INTRODUCTION

1.1. Genome

Every organism, including humans has a genome toatains all of the

biological information needed to maintain a liviegample of that organism.

The biological information contained in a genomg eéncoded in its
deoxyribonucleic acid (DNA) and is divided into cliste units called genes. Genes code

for proteins by a series of reactions called geqeession.

1.1.1. Nuclear DNA

There is a nucleus inside each cell, a membranedsaliregion that provides a

safe place for genetic information.

A DNA chain is made up of four chemical bases: aueIifA) and guanine (G),
which are called purines, and cytosine (C) and thgn{T), referred to as pyrimidines.
Each base has a slightly different composition,combination of oxygen, carbon,
nitrogen, and hydrogen. Every base in a DNA chairattached to a sugar molecule
(deoxyribose) and a phosphate molecule, resulting inucleic acid or nucleotide.
Individual nucleotides are linked through the phwdp group, and it is the precise order,
or sequence, of nucleotides that determines thdugtanade from that gene (Calladine et
al., 2003).



1.1.2. Organelle DNA

Genetic information is not found only in nuclear BNBoth plants and animals
have an organelle called the mitochondrion. Eadbahondrion has its own set of genes.

Plants also have a second organelle, the chlotoptagch also has its own DNA.

1.2.Genome Stability

Cancer results from a disordered and unstable gen&@uch genomic instability
appears to be subject to control by environmeretiofs as evidenced by the number of
cancers that are either caused by specific envieotah agents. Dietary factors might
interact in several ways with the genome to protggainst cancer. An agent might
interact directly with the genome and regulate egpion (as a genetic or epigenetic
regulator) or indirectly by influencing DNA repaiesponses and so improve genomic
stability (Boccia et al., 2007)

Preserving genomic integrity is obviously importaasd manifested by our genome’s
investment of some 250 genes for purposes of DNAagge repair, more than 230 genes
for high-fidelity DNA replication, and perhaps morhan 500 for chromosome
segregation, cell cycle checkpoints, telomerestropreres, damage sensing and the like
(Burhansand et al., 200@jven in Table 1.1.



Table 1.1: Gene families likely or known to contain membersitabuting to

genomic instability in human cancers

Number of known human genes families*

DNA repair 408
DNA replication 473
Chromosome segregation 344
DNA damage 575
Cell cycle checkpoint 227
DNAse 54
Recombinase 15

*Data are from the OMIM database 2009. Some oveebdpts between families,
although the potential number of genes involvedanomic instability remains relatively

large.
1.3. Genomic Stability Protection Mechanisms Durig Replication

Endogenous and exogenous DNA damaging agents astaotly challenging the
integrity of the genome. If DNA damage is repaimedorrectly, it can lead to genome
instability, which is associated with tumor genesisiuman. Eukaryotic organisms have
evolved several repair and surveillance mechanigmas remove DNA damage and

coordinate cell cycle progression.
1.4. The Mechanisms of Cell Cycle Regulation and @lckpoint Control

The cell cycle, or cell-division cycle, is the s=riof events that occur in a cell

leading to its division and replication.

This cycle includes accurate duplication of theayea during the DNA synthesis
phase (S phase), and segregation of complete $etbromosomes to each of the
daughter cells in M phase. The somatic cell cytde aontains "Gap” phases, known as
G1, which connects the completion of M phase tbation of S phase in the next cycle,

and G2, which separates the S and M phases. Dapeme environmental and



developmental signals, cells in G1 may temporasilypermanently leave the cell cycle

and enter a inactive or arrested phase known g&fih et al., 1973).

The cell cycle proceeds by a defined sequenceaitswhere late events depend
upon completion of early events (Hartwell et ab89). The aim of the dependency of
events is to distribute complete and accurate gaplof the genome to daughter cells
(Garrett, 2001). To monitor this dependency, calesequipped with the checkpoints that
are set at various stages of the cell cycle. Wiedls have DNA damages that have to be

repaired, cells activate DNA damage checkpoint dinagsts cell cycle.

According to the cell cycle stages, DNA damage kpemts are classified into at
least three checkpoints: G1/S (G1) checkpoint,airphase checkpoint, and G2/M
checkpoint. Upon perturbation of DNA replication dyugs that interfere with DNA
synthesis, DNA lesions, or obstacles on DNA, catisvate DNA replication checkpoint

that arrests cell cycle at G2/M transition until BXeplication is complete.
1.5. Mechanisms of DNA Repair

Although it might seem that direct reversal of dgmaould be the simplest way to
correct the damage, in most cases the reverseiaaist not possible due to the
thermodynamic or kinetic reasons. In a few cagesyeaction is reversible, and in some

of these cases mechanisms have been developde tadeantage of that reversibility.

Although all cells possess a large number of dffertypes of repair system, each
relatively specific for a certain type of DNA daneaghose repair systems can be
grouped into four major categories: Mismatch Re#@se Excision Repair, Nucleotide
Excision Repair, Double-strand Break Repair (Saetat., 2004).

1.5.1.Mismatch Repair

The mechanism of mismatch repair was first thorbughudied in E. coli. As
implied most mismatches are due to replication errors. Meweanismatches can also be

produced by other mechanisms, for example, by destion of 5-methyl cytosine to



produce thymidine improperly paired to G. Regarsllesthe mechanism by which they
are produced; mismatches can always be repairetthébynismatch repair pathway. In
cases where the appropriate DNA-N-glycosylase @lave, mismatches can also be

repaired by the base excision repair pathway (Sartca., 2004).

1.5.2.Base Excision Repair

The "pathway" most commonly employed to remove lirexi bases (like uracil)
or damaged bases (like 3-methyladenine) is calbede excision repair”. Actually, it's
misleading to talk about this as a pathway, bec#luse are numerous variations, each

specific for a different type of incorrect base éiala et al., 2004).

Nevertheless, all of the variant pathways haveufestin common, and each of the
pathways can be considered to consist of threessteph steps two and three being

common for all pathways:

1. Removal of the incorrect base by an appropBa®é N-glycosylase to create an
AP site.

2. Nicking of the damaged DNA strand by AP endoeask upstream of the AP
site, thus creating a 3'-OH terminus adjacent ¢oAR site.

3. Extension of the 3'-OH terminus by a DNA polyass, accompanied by

excision of the AP site.
1.5.3.Nucleotide Excision Repair

Although base excision repair is certainly impottanis insufficient to deal with
all types of damage. There must be a DNA glycosytagpable of recognizing a specific
damage to be corrected by base excision repair. illge variety of DNA-reactive
chemicals in our environment combined with variaitsrations that can be produced by
radiation and by oxidative and free radical attankDNA can generate so many types of
damage that coping with all types of damage by ldgwveent of damage-specific DNA
glycosylases would be difficult if not impossibleortunately, a more flexible damage

repair mechanism is present in living organismsjentide excision repair (NER), which



recognizes damaged regions based on their abnesmadture as well as on their

abnormal chemistry, then excises and replaces (Bamcar et al., 2004).
1.5.4. Double-Strand Break Repair

Double-strand breaks are repaired by two diffetgpés of mechanisms. The first
type uses proteins that promote homologous recatibm (HR) to obtain instructions
from the sister or homologous chromosome for proppair of breaks. The other type
permits joining of ends even if there is no segeestnilarity between them. This
process is called non-homologous end joining (NHEBE process by which complex
single-strand breaks (those that cannot be direekbgated) are repaired (SSBR) in some
ways resembles NHEJ (Wood, 1997).

1.6. Genomic Instability, DNA Damage Risk Factors

The integrity of the genome of all living organisnssconstantly threatened by
exogenous and endogenous DNA-damaging agents. BxageDNA-damaging agents
include physical agents, such as X-rays, oxidasitress, ultraviolet (UV) or ionizing
radiation, and a wide variety of chemical agenishsas components of cigarette smoke,
PAHs, numerous chemicals induce a wide varietyesfohs in DNA. Obviously, this
affects proper functioning of the DNA and can lead cell death, cancer, inborn
disorders, and overall functional decline contribgtto aging. To counteract the gradual
erosion of the vital genetic information and prdvdts important detrimental
consequences a complicated network of genome akiregtand protection systems has
evolved. DNA repair pathways and cell cycle contngichanisms constitute an important

component of this genome protection network.

DNA errors can take two forms: mutation and DNA dge. DNA damage tends
to interfere with gene expression by preventinghdecaiption of RNA from DNA,
whereas mutation usually results in transcriptibat tusually produces proteins with
diminished or altered functionality. Mutations tlaae not lethal to a cell are more likely
to be perpetuated in dividing cells. DNA damagéeathan DNA mutation is posited as

a cause of aging and cancer (Lengauer et al., 1998)



It is important to distinguish between DNA damagel anutation, the two major
types of error in DNA. DNA damages and mutation &wedamentally different.
Damages are physical abnormalities in the DNA, sagchingle and double strand breaks,
8-hydroxydeoxyguanosine residues and polycyclienatec hydrocarbon adducts (Wood
1996). DNA damages can be recognized by enzymes trars they can be correctly
repaired if redundant information, such as the umatged sequence in the complementary

DNA strand or in a homologous chromosome, is alsbgléor copying.

If a cell retains DNA damage, transcription of axgecan be prevented and thus
translation into a protein will also be blocked pReation may also be blocked and/or the
cell may die. In contrast to DNA damage, a mutatgoa change in the base sequence of
the DNA (Altonen et al.,1994).

A mutation cannot be recognized by enzymes onceébdise change is present in
both DNA strands, and thus a mutation cannot beairegp. At the cellular level,
mutations can cause alterations in protein functéond regulation. Mutations are
replicated when the cell replicates (Markowitz let H995).

In a population of cells, mutant cells will increa®r decrease in frequency
according to the effects of the mutation on thditgitmf the cell to survive and reproduce.
Although distinctly different from each other, DNdamages and mutations are related
because DNA damages often cause errors of DNA egi#lduring replication or repair

and these errors are a major source of mutatiomcg®aet al., 2004)

Given these properties of DNA damage and mutationan be seen that DNA
damages are a special problem in non-dividingawlsi dividing cells, where unrepaired

damages will tend to accumulate over time.

On the other hand, in rapidly dividing cells, uraepd DNA damages that do not
kill the cell by blocking replication will tend t@ause replication errors and thus
mutation.



The great majority of mutations that are not ndutraheir effect are harmful to a

cell’'s survival. Thus, in a population of cells gonsing a tissue with replicating cells,
mutant cells will tend to be lost.

However infrequent mutations that provide a suiviadvantage will tend to
clonally expand at the expense of neighboring aallthe tissue. This advantage to the

cell is disadvantageous to the whole organism, usrauch mutant cells can give rise to
cancer.

Thus DNA damages in frequently dividing cells, hesm they give rise to
mutations, are a prominent cause of cancer. InrasintDNA damages in infrequently

dividing cells are likely a prominent cause of ap{hengauer et al., 1998).
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Figurel.l Spectrum of DNA damage induced by physical aretrabal agents.
(Casarett et al., 2001)






1.7. Epigenetic Regulation of Gene Expression

Cells of a multicellular organism are geneticallymiogeneous but structurally
and functionally heterogeneous owing to the diffiéed expression of genes. Many of
these differences in gene expression arise dureagldpment and are subsequently
retained through mitosis (Bird, 2007$table alterations of this kind are said to be
“epigenetic”, because they are heritable in thetsieom but do not involve mutations of
the DNA itself. Research over the past few years facrused on two molecular
mechanisms that mediate epigenetic phenomena: DN#hydation and histone
modifications (Dodd et al., 2007) Epigenetic eféelbby means of DNA methylation have
an important role in development but can also assehastically as animals age.
Identification of proteins that mediate these dfdtwas provided insight into this complex
process and diseases that occur when it is pedyivelf, 2007). External influences on

epigenetic processes are seen in the effects bbui®ng-term diseases such as cancer.

Thus, epigenetic mechanisms seem to allow an @garto respond to the
environment through changes in gene expression. ekient to which environmental

effects can provoke epigenetic responses repreapréasciting area of future research.
1.8. DNA Damage Quantification Techniques

Oxidative stress, radiation and other externalltasdutave been shown to damage
DNA molecules in cells derived from organisms asetse as bacteria, yeast,
drosophila, rodents and man (Kirsch-Volders e2@03). The presence of DNA damage
may lead to cell cycle checkpoint arrest to allomet for DNA repair processes to
occur. If however, the system becomes overwhelmékdeoDNA repair mechanisms are
impaired, the cell either enters the apoptosisvpayhor become cancerous due to the

accumulation of mutations resulting from replicataf damaged DNAFigure 1.2).
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Figure 1.2: DNA Damage and Quantification Techniques

Therefore, a complete understanding of DNA repachanisms is of great interest in
the study of cancer prevention and treatment. Iditiadh, this process has been
implicated in cellular senescence and aging (Kigolders et al. 2003).

1.8.1.Comet Assay

The Single Cell Gel Electrophoresis assay (alsowknas comet assay) is an
uncomplicated and sensitive technique for the dieteof DNA damage at the level of
the individual eukaryotic cell. It has since gainedyopularity as a standard technique
for evaluation of DNA damage and repair, biomonitgrand genotoxicity testing. It
involves the encapsulation of cells in a low-mejtpoint agarose suspension, lysis of
the cells in neutral or alkaline conditions, andctelophoresis of the suspended lysed
cells (Klaude et al., 1996).

This is followed by visual analysis with staining ®NA and calculating
fluorescence to determine the extent of DNA damdbées can be performed by manual

scoring or automatically by an imaging softwareli@let al., 1997).



The main advantages of the Comet Assay includee ddilection of data at the
level of the individual cell, allowing more robustatistical analyses; the need for a small
number of cells per sample (<10,000); sensitivittydetecting DNA damage; and use of
any eukaryote single cell population both in vitgnad in vivo, including cells obtained
from exposed human populations and aquatic organifmn eco-genotoxicological

studies and environmental monitoring (Klaude et1896).

1.8.2. Dicentric Chromosome Aberration Assay

When gamma radiation passes through the body itetiteracts with the various
organelles present in the cell. Each cell has densc Chromosomes are present in the
nucleus of the cell. The interaction of radiatiotthvthese chromosomes causes breaks in
these chromosomes (Lloyd, 1984) .Generally the dmokieces of the individual
chromosomes join back and revert to the originaditmm. In the event of higher
exposure to radiation such breaks may occur in rii@e one chromosome. During such
period there is chance for misrepair, when the émo&nd of one chromosome may join
with a broken end of another, resulting in the fation of a dicentric chromosome. A
dicentric chromosome is one that contains two oeméres instead of one normally
present in a single chromosome. The formation ioérdric chromosome is highly
specific to ionizing radiation and its frequencyv&s as a measure of radiation exposure

received by a person (Bender et al., 1988)

1.8.3. Micronuclei Assay

This assay is used when a large number of peogpemato be exposed as in a
disastrous situation as for instance an atom bantlbdpped as it was done at Hiroshima
and Nagasaki in 1945. This assay is used as anstgegrocedure when a large number
of people happen to be exposed as scoring of mictenunder the microscope is much
easier compared to scoring dicentric chromosomieis. dssay is however comparatively

less sensitive than dicentric measurement (Aardstrag, 2005)



Micronucleus is also induced by radiation exposiitee interaction of radiation
with chromosomes will result not only in the formoat of dicentric chromosomes but
also acentric fragments. Since acentric fragmeatadd have a centromere, they are not
pulled towards the daughter nuclei at the time aotlear division. These acentric
fragments are left in the cytoplasm which appeammésronuclei. The frequency of

micronuclei provides an estimation of radiation @qre (Fenech, 2000)

1.8.4. Translocation Frequency Using FISH Technique

Fluorescence in situ hybridization (FISH) has fouwndespread application in the
analysis of chromosomes and interphase nuclei foredlides (Anastasi et al., 1990).
However, hybridization of specific DNA probes tolsted metaphase chromosomes in
suspension offers a new approach to chromosomgsaand chromosome separation.
So far the technique for FISH in suspension has lbemodification of FISH techniques
used for metaphase chromosomes and interphasa fixeteon slides. Formamide (and
to some extent dextran sulfate) are obligatory camepts of this method. Thus, the
technique requires a certain number of washingssédfer hybridization. The washing
steps for FISH in suspension, however, are baseceotrifugal steps. These steps are
responsible for a considerable reduction in thalf@mmount of chromosomal material

(Hausmann et al. 1991).

Fluorescence in situ hybridization has many adwgegaover conventional
laboratory cultivation techniques. This method abldor the in situ localization and the
study of spatial organization of cells as they ocou their natural habitat. This is
important for studying the actual composition ofaural microbial community. FISH
also allows for the detection of one to three ad#rmagnitude more cells in samples.
On top of that, this method requires no cultivatidrcells before analysis. Another added

advantage is that for FISH, cells need not be aliVee intensity of the fluorescence is a



direct measure for the activity of the cells thelwse Inactive cells can be recognized by

their low intensity fluorescence (Pinkel et al.38%

There are, of course, some disadvantages of floenes in situ hybridization.
The process of preparing probes is complex duleeddct that it is necessary to tailor the
probes to identify specific sequences of DNA. Algas difficult to count total numbers

in probe-stained clusters of cells (Tanke et &95).

1.8.5. HPRT Mutant Frequency

In recent years the measurement of radiation irdluceitations is gaining
importance from radiation protection point of vieWwhis is because of the fact that
mutations are now considered to be primary causeanzer initiation. The estimation of
mutant frequency in the reporter gene called hypthtae guanine phospho
ribosyltransferase (HPRT) located on X chromosora@ @rovide information on
absorbed dose in accidental and occupational expesund also serve as a parameter in
determining risk factors in Radiation Protectionhisl feature makes it a useful

biodosimetry tool and a good biomarker of exposune effect (Rosa et al., 2007).

In order to measure mutant frequency at the HPRT locus, a T lymphocyte
cloning assay has been established. This involves cloning (cloning here refers to
growing a large number of cells from a single mutant cell) of human peripheral
blood lymphocytes in a suitable medium in cell culture plates. Mutant cells are
identified based on their ability to divide and form colonies in the presence of a

toxic analogue introduced in to the medium (Sai-Mei Hou et al., 1999).



1.8.6. Random Amplification of Polymorphic DNA-PCR

RAPD stands for Random Amplification of PolymorpiddNA. It is a type of
PCR reaction, but the segments of DNA that are #iegblare random. The scientist
performing RAPD creates several arbitrary, shoitners (8-12 nucleotides), then
proceeds with the PCR using a large template obmén DNA, hoping that fragments
will amplify. By resolving the resulting patterna,semi-unique profile can be gleaned
from a RAPD reaction (Atienzar et al., 2006).

No knowledge of the DNA sequence for the targetedegis required, as the
primers will bind somewhere in the sequence, bug ot certain exactly where. This
makes the method popular for comparing the DNA iofdgical systems that have not
had the attention of the scientific community, maisystem in which relatively few DNA
sequences are compared. Due to the fact thatiesreh a large, intact DNA template
sequence, it has some limitations in the use ofadlsgl DNA samples. Its resolving
power is much lower than targeted, species spebifiéd. comparison methods, such as
short tandem repeats. In recent years, RAPD is tsecharacterize, and trace, the
phylogeny of diverse plant and animal species (e et al., 2005). Selecting the right
sequence for the primer is very important becaufferent sequences will produce
different band patterns and possibly allow for arengpecific recognition of individual

strains.

The above methods for utilizing RAPDs have playacgtiy important role in the
selection process for desired genotypic charatitsisLeading to the production of

species-specific, genome specific and chromosomeafgpmarkers (Figure 1.3).
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Figure 1.3 Random Amplification of Polymorphic DNA-PCR

Advantages of using RAPD technology

. More polymorphisms than RFLPs
. Simple and quick
. Selective neutrality

. Option not to use radioisotopes

. Primers are readily available

. Differentially amplifies DNA samples based ontations
. DNA quality may be low (quick extraction possipl

. A large number of bands are produced per primer



Disadvantages of using RAPD technology:

1.Detection of polymorphisms are still limited (8ian to RFLPS)
2. Reproducibility of results is inconsistent
3.Poor profile resolutions of RAPDs on agaroserggliting in very few bands

4.0nly detects dominant markers
1.9.Cell Culture

Animal or plant cells, removed from tissues, wihtinue to grow if supplied with
the appropriate nutrients and conditions. Wheniedwut in a laboratory, the process is
called Cell Culture. The culture process allowgkrcells to act as independent units,
much like a microorganism such as a bacterium agus. The cells are capable of
dividing, they increase in size and, in a batchurel can continue to grow until limited

by some culture variable such as nutrient deplgffwashney, 1994)

There are a number of applications for animal caliures

To investigate the normal physiology or biochenyistf cells. To test the effect of
various chemical compounds or drugs on specifictgpks. To study the sequential or
parallel combination of various cell types. To $\adize valuable biologicals from large
scale cell cultures. The biologicals encompassadrange of cell products and include

specific proteins or viruses that require animékder propagation (Mather et al., 1998).

The major advantage of using cell culture for ahyhe above applications is the
consistency and reproducibility of results that d¢@nobtained from using a batch of
clonal cells. The disadvantage is that, after aiodemof continuous growth, cell
characteristics can change and may become quiterafit from those found in the
starting population. Cells can also adapt to d#if¢rculture environments by varying the
activities of their enzymes (Rothblat et al., 1972)

Isolated cultures from mammalian tissues are knasvprimary cultures until sub-

cultured. At this stage, cells are usually hetenegeis but still closely represent the



parent cell types as well as in the expressionissiie specific properties.Then several
sub-cultures onto fresh media, the cell line wiher die out or “ransform” to become a
continuous cell line. Such cell lines show manraltions from the primary cultures
including change in morphology, chromosomal vasiat@nd increase in capacity to give

rise to tumors in hosts with weak immune systems.



CHAPTER 2

MATERIAL and METHODS

2.1MATERIALS

2.1.1General Reagents

All laboratory chemicals were analytical grade frigma Biosciences Chemical

Company (USA), Merck (Germany), Applichem (Germaagyl Fluka (Germany).

2.1.2Equipment

Table 2.1:List of equipments and their brands and models

Autoclave CERTO CLAW A-4050 Traun, Austria
Balance Sartorius, Wender Landstrasse 94-108 D-375
Goettingen,Germany
Centrifuge Hettich, Mikro 22
Electrophoresis Equipment Bio-Rad Sub Cell, GT
Power Supplies Bio-Rad Power PAC
Thermocyclers TECHNE TC-512
Transilluminator Bio-Rad GelDoc 2000
Vortex IKA LABOTECHNIK
Water Purification System Millipore
Inverted Light Microscope Zeiss
Fluorescent Microscope Zeiss
Laminar Flow Hood Esco, Kotterman
COs3 Incubator Thermo, Sanko
Fluorometer Qubit,invitrogen
PCR Machine Techne




2.1.3. Cell Culture

2.1.3.1. Cell Types

Frozen cell lines (HEK293, HUVEC and HELA) wererghased fromATCC
(American Type Culture Collectianollected cell-lines were stored in liquid nitewgin
Fatih University cell culture research laboratdesenchymal stem cells’ DNA were
provided by my co-advisor Assist. Prof. Dr. Sevigik| Fatih University, Biology
Department.

All cell line culture samples were collected BfCC (American Type Culture
Collection)laboratory and hMSCs were collected by Karademighhical University. All
the information about cell-lines are provided iblEa2.2, 2.3 and 2.4 from ATTC’s web
site.

Table 2.2:Human Embryonic Kidney 293 cells’ (HEK) Information

ATCC Number CRL-2873

Designations 293T/17

Organism Homo sapienghuman)

Source Organ: kidney

Morphology Epithelial

Cell Type Transformed with adenovirus 5 DNA

Propagation Atmosphere: air, 95%; carbon dioxide (CO2),5% Terapge:
37.0°C

Subcultivation Ratio |1:10 to 1:20 weekly.

Medium Renewal Every 2 to 3 days




Table 2.3:Human Umbilical Vein Endothelial Cells’ (HUVEC) imfmation

ATCC Number

CRL-1573

Designations

HUVEC-CS

Organism Homo sapienghuman)
Source Organ:umbilical vein
Tissue:vascular endothelium
Diseasenormal
Cell Type: endothelial
Morphology Epithelial
Propagation Atmosphere: air, 95%; carbon dioxide (%

Temperature: 37.0°C

Subcultivation Ratio

1:3t01: 4

Doubling Time

about 36 hours

Table 2.4:Human epithelial carcinoma cell line (HELA) infortran

ATCC Number

CCL-2

Designations

HelLa

Organism Homo sapienghuman)
Source Organ:cervix
Diseaseadenocarcinoma
Cell Type: epithelial
Morphology Epithelial
Cell Type Contain Papovavirus
Propagation Atmosphere: air, 95%; carbon dioxide (C0O2),5% Terapse

37.0°C

Subcultivation Ratio

A subcultivation ratio of 1:2 to 1:6 is recommended

Medium Renewal

2 to 3 times per week




2.1.3.2. Cell culture chemicals and consumables

Dulbeco’s Modified Eagle’s Medium (DMEM), RPMI 164@edium, essential
amino acids, penicillin/streptomycin, tyripsin/EDTANd fetal bovine serum (FBS and
for mesenchymal celliMSC qualified FBS were purchased from Biochrom, Berlin,
Germany. Cell culture flasks: 15 and 50 ml polycawdte centrifuge tubes with lids and

cryotubes were from Grainer Bio-One Corp., Germany.

2.1.4. DNA lIsolation and Quantification Materials

2.1.4.1. DNA Isolation

Macherey Nagel's MN Nucleospin Tissue Kit was used the components are

as follows.

Lysis Buffer, Buffer B1, Buffer B2, Wash Buffer BSYash Buffer BW, Elution
Buffer BE, Proteinase K (lyophilized), Proteinasaffer PB.

2.1.4.2. DNA Quantification

DNA quantification was done using Qubit fluorometerd its quantification kit
components. Quant-it dSDNA BR Assay Kits Componearts as follows: Working
solution, Standard #1 Standard #2 and assay rang8el000 ng with sample starting

concentration range: 100pg/pl-1pg/pl.



2.1.5.Polymerase Chain ReactioPCR

2.1.5.1.0ligonucleotide Primers

Table 2.5:Base sequences of 10-mer primers.

Primer Sequence 5'to 3 Primer Sequence 5'to 3’
OPA 01 CAGGCCCTTC OPB 01 GTTTCGCTCC
OPA 02 TGCCGAGCTG OPB 02 TGATCCCTGG
OPA 03 AGTCAGCCAC OPB 03 CATCCCCCTG
OPA 04 AATCGGGCTG OPB 04 GGACTGGAGT
OPA 05 AGGGGTCTTG OPB 05 TGCGCCCTTC
OPA 06 GGTCCCTGAC OPB 06 TGCTCTGCCC
OPA 07 GAAACGGGTG OPB 07 GGTGACGCAG
OPA 08 GTGACGTAGG OPB 08 GTCCACACGG
OPA 09 GGGTAACGCC OPB 09 TGGGGGACTC
OPA 10 GTGATCGCAG OPB 10 CTGCTGGGAC

2.1.5.2. PCR Chemicals and consumables

Table 2.6:PCR kit components (Fermentas)

10X Taq Buffer
with (NH4),SO,

750mM Tris-HCI (pH 8.8 at 25°C), 200mM (NHSQ,, 0.1% Tween
20. MgCh 25mM MgCh

dNTP mix 1.0 pl of 2mM aqueous solution of each &#GTATP, dCTP, dTTP
MgCl, 25 mM
Primers 10 pmol/reaction

Tag Polymerase

5U/ul in 20mM Tris-HCI (pH 8.0), 1niMT,0.1mM EDTA, 100mM
KCI, 0.5% Nonidet P40, 0.5% Tween 20 and 50% glyicer




2.1.6. Electrophoresis and Documentation

2.1.6.1. Agarose Gel Electrophoresis Chemicals aiiiffers

Table 2.7 :Agarose Gel Electrophoresis chemicals, bufferstaaiot components
and composition concentrations.

10XTBE For 1 Liter: 1089 Tris base, 559 Boric aéfiinls 0.5M
EDTA (pH 8.0), autoclave for 20 min
6XLoading Dye 10 mM Tris-HCI (pH 7.6), 0.03% bronmgmol blue,

0.03% xylene cyanol FF, 60% glycerol, 60 mM EDTA.
GeneRuler™ 100 bp DNA100 pl (0.:ug/ul) 100 bp sized DNA fragments in
Ladder 10mM Tris-HCI (pH 7.6), 1mM EDTA.

Etbr Staining Chemicals | 0.5 pg/ml EtBr.




2.2.METHODS
2.2.2 Cell Culture Techniques
2.2.1.1Growth Conditions

Cell lines were cultured at 3z under 5% CQ in culture medium unless
otherwise specified.

2.2.1.2Thawing Cell Lines

Previously frozen cells or cell line in liquid regen was taken out from the tank,
immediately soaked into pre-warmed water bath andbated in water bath at%7 until
totally thawed. Thawed cell gently mixed by pipagtiand transferred to 15 ml tube
which was containing 10 ml growth medium. Thense@&lere centrifuged at 1500 rpm
for 10 min and supernatant carefully aspiratedtlia=ll pellet was resuspended in 1ml
medium and cell number was counted. After thislscelere seeded in 25 énaulture
flask with 8 ml 10% FBS growth medium and were $farred to 25 cfsterile culture
flask. Culture flask size was determined accordanptal cell number. Culture flask was
incubated at C®incubator under humidified microaerofilic conditiamth 5% CQ.
Following day, cells were observed under invertroscope and growth medium was

refreshed.

2.2.1.3 Sub-Culture of Cell Lines

Cultured cells were observed under microscope attteiconfluency was about
90% and if there was no contamination or other abab formation, cells were
determined to be sub-cultured. Culture medium vegsrated and cells were washed for
once with pre-warmed PBS at 3C. After washing cells, they were detached by
treatment with Tyripsin/ EDTA solution for 1-3 mumtil all cells were detached. 3 ml

FBS for 25 crf sterile culture flask was added to detached ceilsstop the



Tyripsin/EDTA activity. Then cells were splitted diluted depending on the purpose,
transferred to new culture flasks, and incubates2nCQ incubator at 37C.

2.2.1.4Cryopreservation of Cell Lines

Medium of the cells that are 80-90% confluent wapirated, the cells were
washed with 5 ml pre-warmed PBS in 25%unlture flask for once, treated with 1 ml
Tyripsin/EDTA (4ml/25 crf), and incubated at 3T for 1-3 min to be detached. In order
to inactivate Tyripsin/EDTA, 3 volume of 1ml FBS svadded. FBS plus Tyripsin/EDTA
mixture was transferred to 15 ml falcon tube arehttvas centrifuged at 1500 RPM for 5
minutes. After centrifugation, the cell pellet wasuspeded with FBS and counted with
hemocytometer. About 1.5-2x36ells were added to each tube with 10% DMSO on ice
and was left at -26C for a while to cool down. Cryovials were transéer to -20°C
immediately and left for 2 hours, then transferred80°C and left overnight. At last,

cells were transferred into liquid nitrogen.
2.2.3. DNA Isolation

DNA extraction was performed according to MN-Nudpim tissue kit protocol

step by step as describe below:

1.0 x 16 cells were resuspended in a final volume of 0@uffer T1. 25l
Proteinase K solution and 2Q0Buffer B3 were added. Samples were incubatedat 7
for 10-15 min. In order to adjust binding conditi@i0 ul ethanol (96-100%) to the
sample was added and vortexed vigorously. For eaofple, one NucleoSpin® Tissue
Column was placed into a collection tube. The samyads loaded onto the column, was
centrifuged for 1 min at 11.000. Flow-through was discarded and the column was
placed back into the collection tube. 500Buffer BW was added onto the column,
centrifuged for 1 min at 11.000. Flow-through was discarded and the column was
placed back into the collection tube. 60ADBuffer B5 was added onto the column,
centrifuged for 1 min at 11.000. Flow-through was discarded and the column was

placed back into the collection tube. In order g @d remove the residual ethanol from



membrane empty column was centrifuged for 1 miila000g. NucleoSpin® Tissue
Column was placed into a 1.5 ml microcentrifugeet#md 100ul prewarmed Elution
Buffer BE (70°C) was added onto the column, incabat room temperature for 1 min,
centrifuged 1 min at 11.00§ Highly pure DNA is extracted at the end of prasedand

eluted DNA concentration and purity is calculatethg Qubit Fluorometer.

2.2.3. DNA Quantification

For the DNA quantification sample tubes were setagpfollows and with the

components as prescribed in Table 2.8.

Quant-iT Working Solution was prepared by dilutihg Quant-iT reagent 1:200
in Quant-iT buffer. 200 pl of Working Solutioare required for each sample and

standard. Assay Tubes are prepared according talhebelow.

Table 2.8: DNA Quantification Kit ingredients and amountsL] required for

assay.
Standard Assay Tubes| User Sample Assay
Tubes
Volume of Working Solution to add 190 180-199uL
Volume of Standard to add 10 —
Volume of Sample to add — 1-20
Total Volume in each Assay Tube| 200 200 L

All tubes were vortexed for 2—-3 seconds and in@ddbr 2 minutes at room
temperature. And tubes were read in Qubit fluoremefo determine concentration of
the original samples, the instrument read valuee weultiplied by the dilution factor.
Alternatively, Calculate sample concentrati@man be chosen to have the Qubit

fluorometer perform this multiplication.

2.2.4.RAPD-PCR and RAMD-PCR Analysis

RAPD is different from conventional PCR as it needse primer for



amplification. The size of primer is normally sh¢t0 nucleotides), and therefore, less
specific. The primers can be designed without tkpegmenter having any genetic
information for the organism being tested. Morantt2000 different RAPD primers can

be available commercially.

The conditions of RAPD-PCR were optimized with somedifications stated in
Figure 2.2 as RAMD-PCR (Random Amplified Mosaic DIRER). RAPD-PCR
reactions were performed in reaction mixture of (jd5containing the components in

Table 2.9 and according to the flow in Figureséhil 2.2.

Table 2.9: RAPD-PCR solutions and their initial and final centrations with

final volumes calculated accordingly.

Reagent Initial Concentration | Final Concentration | Fnal Volume
Taq Buffer 10X 1X 2.5 pl
dNTP 2 mM 0.2 uM 1.5l
MgCl, 25 mM 2mM 3 ul

Primers (x6) 25 pmol/ul 25 pmol 4 ul
ddH20 - - 11.9 pl

Tag DNA Polymerase 5 U/ul 1U 0.2 ul
Template DNA 5l

Total Reaction Volume 25 pl

The RAPD and RAMD protocols consisted of an inii@haturing step of 5 min
at 94C, followed by 45 cycles at $€ for 30 s (denaturation), 3T for 60 s (annealing)
and 72C for 60 s (extention), with an additional extemsferiod of 10 min at 7%C.
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2.2.4.Agarose Gel Electrophoresis

PCR products were resolved on 2% agarose gelss@etpared adding 1.6 gram
of powdered agarose gel into 80ml of 0.5 x TBE &uffolution and it is boiled until the
agarose is completely dissolved in the buffer sotutFourul of Ethidium Bromide was
added when the boiled solutions began to cool demwth reach approximately 55°C.
Solution is mixed homogenously by making hand-smgkilt is directly poured into
horizontal agarose gel platform and the combs hpeither 8 or 22 wells are placed one
side of the gel. Gels are let to solidify for atde 10 minutes, to confirm full

polymerization 45 minutes.



Loading and visualization of the gels were doneetiagly:

10 pl of PCR product was mixed with 2 pl bromoptiblue as loading
dye/buffer. 12 pul PCR mixes were then loaded inheatot with appropriate
micropipettes. 1 pl of a 100 bp DNA Ladder (MBI fentas, Hanover, MD, USA) was
mixed with 1 pl deionized water and 1 pl bromophele. Then 5 pl of this mix was
put into usually the first slot as a molecular sizarker. The gel was run at 95 V in 0.5X
TBE buffer for 50 min. The gel was placed in GelcD2000 (Bio-Rad, Milan, Italy)

apparatus and the bands were detected under Uslllwamnator.



CHAPTER 3

RESULTS

3.1. MORPHOLOGICAL CHANGES AMONG CELL SUBCULTURES I N
DIFFERENT CELL LINES UNDER INVERTED PHASE CONTRAST
MICROSCOPE

The modern compound microscope is a precisionunmstnt, designed to perform
particular functions in a particular way. When tineroscope is used correctly, it will

disclose many structures to the vision even ofragxpert on the field.

The morphology of cells is very important in mangntexts. In culture the
morphology indicates the status of the cells, lotierms of the health of the cells and in
the case of primary isolates the differentiatioatestmay be critical. These can be

detected under light microscope.

Cells should be inspected visually frequently idesrto get to know what makes
the cells happy. Frequent feeding is important f@intaining the pH balance of the
medium and for eliminating waste products. Cells i typically like to be too
confluent so they should be subcultured when theyia a semi-confluent state. In
general, mammalian cells should be handled gefthey should not be vortexed,
vigorously pipetted or centrifuged at greater th&00 g. These are the prerequisites for

further work which rely on visual inspection andmimology awareness.

Four different cells: HEK293, HUVEC, HELA, hHMSCsvVe been used in this
work. The hHMSCs have not been worked directly, thhet DNAs obtained from each
subculture provided by my co-adviser Assist. Piof. Sevim Isik from Fatih University,

Biology Department working group have been worked.

Figure 3.1 is for the observations of cells fronrimas passages to make a

comparison of the morphological changes.



Figure 3.1 : The comparative morphological appearances ofiteednd 25 passages
of HEK293, HUVEC and HELA cells. The first photogte for each cell type are from
pages of commercial cell suppliers unless otherstiated.



3.2. CELL QUANTIFICATION

A single cell suspension is desirable at subcultoirensure an accurate cell count
and uniform growth on reseeding. It is an essesti@p if qualitative estimates of cell
proliferation or of plating efficiency are being deand if cells are to be isolated as

clones.

Counting the cells with hemocytometer or an etwutr particle counter and
recording the cell counts are prerequisite workll €a@spensions should be diluted to
appropriate seeding concentrations. By adding agate volume of cell suspension to a
pre-measured volume of medium in a culture flaskyudiluting cells the total volume
required and distributing that volume among sevélesks is a procedure useful for

routine subculture (Freshney, 2005).

In this work 2 different cell culture types. Primaell culture and secondary cell

culture or cell line have been used.

Primary culture, started from cells, tissues oraosytaken directly from an
animal. As primary cell culture human Mesenchymtdns cells have been used.
Mesenchymal stem cells, or h(MSCs, are multipotesrhscells that can differentiate into
a variety of cell types; including osteoblasts, mitrocytes, myocytes, adipocytes,

endotheliums, beta-pancreatic islets cefis/{vo or in vitrg (Freshney, 2005).

Cell line (or secondary cells), arises from thaerany culture at the time of the
first subculture. HEK293, HUVEC and HELA cells a@l line cultures. Secondary cells
were originally explanted from a donor organismd agiven the correct culture
conditions, divide and grow for some tinrevitro, e.g. 50-100 generations (Bodnar, et
al., 1998). However, they do not continue to dividdefinitely and eventually, their
physical characteristics may change, after whiehcttlls will eventually senesce and die.

The factors which control the replication of suetiin vitro are related to the degree of



differentiation of the cell - in general, terminaltifferentiated cells are harder to
maintain than less specialized cells.
Cell count results are summarized in Tables 3.13Rdnd will be discussed in

4th chapter, discussion part (Caputo, 1996).

3.3. GROWTH CURVE ANALYSIS

Each time that a cell line is subcultured it witbgy back to the cell density that
existed before subculture (within the limits offitsite life span). A process which can be
described by plotting a growth curve from sampl@isen at intervals throughout the
growth cycle, which shows that the cells entertantaperiod of no growth, called theg
period, immediately after reseeding. Lag period lastsnfiefew hours up to 48 h, but is
usually around 12-24 h, and allows the cells t@vec from trypsinization, reconstruct
their cytoskeleton, secrete matrix to aid attachtmand spread out on the substrate,
enabling them to reenter cell cycle. The cell papah doubles over a definable period,
known as thedoubling timeand characteristic for each cell line. As the pelpulation
becomes crowded when all of the substrate is oedypie cells become packed, spread
less on the substrate, and eventually withdraw fileencell cycle, entering th@ateauor
stationary phasewhere the growth fraction drops to nearly zerom8 cells may
differentiate in this phase; others simply exit tedl cycle into GO but retain viability
(Pretlow, 1989). Cells may be subcultured fromgadat but it is preferable to subculture
before plateau is reached, as the growth fractidirbe higher and the recovery time (lag
period) will be shorter if the cells are harvesfeain the top end of the log phase.
Reduced proliferation in the stationary phase is gartly to reduced spreading at high
cell densityand partly to exhaustion of growth factors in thedmm at highcell
concentration These two terms are not interchangeable. Deimsftiies that the cells are
attached, and may relate to monolayer density (tineensional) or multilayer density
(three-dimensional). In each case there are majanges in cell shape, cell surface, and
extracellular matrix, all of which will have sigigént effects on cell proliferation and
differentiation. A high density will also limit ndént perfusion and create local
exhaustion of peptide growth factors. In normall gebpulations this leads to a

withdrawal from the cycle, whereas in transformedtis¢ cell cycle arrest is much less



effective and the cells tend to enter apoptosidl @mcentration, as opposed to cell
density, will exert its main effect through depdetiof nutrient and growth factors, but in
stirred suspensions cell contact mediated effexsnanimal, except where cells are
grown as aggregates. High cell concentrations tsmlaad to apoptosis in transformed
cells in suspension, notably in myelomas and hyonas, but in the absence of cell

contact signaling this is presumably a reflectibnutrient deprivation (Chen, 1977).
Growth curves were drawn for each cell line whistvéry important for proper
subculturing and for obtaining maximum DNA extradatiefficiency, because the DNA

isolation kits have maximum vyield for the cell couanges 1810°cells/ml.

Table 3.1:Growth curves for HEK293, HUVEC, HELA cells

Cell Growth Curve
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Time dependent, cell division rate is given in EaBl1. According to the table at
approximately 7% hours, saturation density is reached for HEK2e8 HUVEC cells.



3.4. DNA QUALITY AND QUANTITY ASSESSMENTS

Concentrations of DNA extracted for each subculwere measured with the

Qubit fluorometer. The results obtained for eadhtgpe as number of cells counted for

each subculture DNA isolation, the concentratiorasneed by Qubit fluorometer after

DNA extraction are given in Table 3.2. A total & fpassages have been done for each

cell-line and from each subculture a total of 57 AEamples were obtained for our

work.

Table 3.2: Information for the sample cell types, subcultoaenes, counts prior to DNA

extraction and DNA concentrations.

Passage# Number of | Conc. Passage # Number of | Conc. Passage| Number of | Conc.
HEK293 | cells (x16) | (ng/pl) HUVEC | cells x16 (ng/pl) #HELA | cells (x16) | (ng/ul)
HK1p 1.5 1.1 HU1lp 1.5 1.7 HL1p | 1.1 0.4
HK2p [ 0.36 0.3 HU2p [0.3 1.2 HL2p | 1.4 1.4
HK3p [ 2.32 0.5 HU3p |23 0.6 HL3p | 0.9 1.4
HK4p 1.1 0.8 HU4p 1.1 1.0 HL4p | 2.8 1.1
HK5p | 1.68 0.6 HUSp |1.6 0.6 HL5p |1.5 1.0
HK6p 1.01 0.7 HUGp 1.0 0.6 HL6p | 1.6 1.0
HK7p 2.10 0.3 HU7p 2.1 2.6 HL7p | 3.0 0.4
HK8p 2.10 0.6 HU8p 2.1 2.4 HL8p | 4.5 2.6
HKop [ 2.4 1.7 HU9 |[2.4 1.6 HL 9p | 3.3 0.6
HK10p | 1.23 1.2 HU10p |1.2 1.4 HL10p | 2.4 1.0
HK1lp | 2.2 Too low | HU11lp | 2.2 1.4 HL11p| 0.9 1.2
HK12p | 1.5 1.1 HU12p |15 1.1 HL12p| 1.0 1.1
HK13p | 2.0 1.7 HU13p | 2.0 5.1 HL13p| 2.9 6.1
HK14p | 1.8 0.6 HUl1l4p | 1.8 1.5 HL14p | 1.5 2.7
HK15p | 1.5 Too low | HU15p | 1.5 2.3 HL15p | 3.4 0.7
HK16p | 1.2 0.6 HUl6p |1.2 1.2 HL16p| 1.1 0.5
HK17p | 1.2 0.9 HUl7p |1.2 1.2 HL17p| 1.4 1.3
HK18p | 1.56 1.1 HU18p |15 2.3 HL18p | 0.9 1.5
HK19p | 3.5 Too low | HU19p | 3.5 Too low | HL19p | 2.8 1.2

The quality of the extracted DNA plays a centrdéy@and genomic DNA of poor

quality will certainly lead to non-reproducible RBRpatterns. Similarly, the estimation

of DNA concentration is important, because RAPDagsgerformed with very amounts

of DNA will lead to different profiles majority afeproducible bands but some possible




differences in band intensity. In Figure 3.2, RARDofiles of different DNA
concentrations for the same DNA sample are compadredur hands, very low DNA
concentration can cause an overestimation of th& Bdhcentration and underestimation
of the 260/280 nm ratio.

HEE Same DIFA-Different Concentration

141 2g DA

Figure 3.2: x8 RAMD-PCR profile differences using different BN

concentrations for HEK293, Tgassage.



3.5.RAPD-PCR OPTIMISATION RESULTS

The concentration of DNA is crucial in the prodoatiof reproducible genomic
profiles, not only to ensure the largest numberaaiplified bands and therefore
maximum discrimination, but also to confirm thediitly of the PCR reaction condition.
If profiles from the same genomic template, or frdifferent individuals of the same
species vary, the reproducibility of the assay shte confirmed by repeating the PCR
reaction using two different template concentratjodiffering by at least two-fold. If
profiles still vary, then the results should alwégstreated with skepticism. To check the
reproducibility of RAPD profiles, we generally usggnomic DNA of concentrations
ranging 0.05-100 ng [30, 32]. The results in FgBr2 are to show the effect of different
DNA concentration on the repeatability of RAPD .

3.6. PRIMER OPTIMIZATIONS

The DNA isolated from all cell types were testethg®21 10-mer primers (Table
3.3) were used to amplify genomic DNA samples femach cell type’s subcultured cells.
A total of 20 of 21 (95%) primers generated stroswprable banding patters in all cell
types tested; the other primer failed to amplifiddA (OPB03 for h(MSC) or produced a
non-scorable smear (OPAO3 for HEK293 and HUVEC, 0®@Br HUVEC) as seen in
Figure 3.3. A total of 84 amplification productedi) from 21 primers for all cell types

were identified, with an average of 96% productsgpaner.



Table 3.3: Primer choice results for all cell types. The semes and the resulting bands
of 21 primers used for RAPD amplification of DNArfall cell types, HEK293, HUVEC,
HELA and hHMSC.

Primers | Sequences (5'to 3')] Total bands| Total bands | Total bands | Total bands
HEK293 HUVEC HELA hMSC

OPA 01 | CAGGCCCTTC 4 8 5 4

OPA 02 | TGCCGAGCTG | 4 7 4 1

OPA 03 | AGTCAGCCAC | Smear Smear 2 5

OPA 04 | AATCGGGCTG | 2 7 7 4

OPA 05 | AGGGGTCTTG | 4 4 2 3

OPA 06 | GGTCCCTGAC | 3 Smear 4 2

OPA 07 | GAAACGGGTG | 6 6 3 4

OPA 08 | GTGACGTAGG | 5 5 1 2

OPA 09 | GGGTAACGCC | 4 1 3 2

OPA 10 | GTGATCGCAG | 1 9 4 4

OPA18 | CCACAGCAGT | Smear 6 Not detectedlot detected

OPB 01 | GTTTCGCTCC 4 5 Not detecte@

OPB 02 | TGATCCCTGG 6 5 Not detected

OPB 03 | CATCCCCCTG 1 7 Not detecte@mear

OPB 04 | GGACTGGAGT | 5 1 Not detecte®

OPB 05 | TGCGCCCTTC 5 3 Not detected

OPB 06 | TGCTCTGCCC 3 Smear Not detected

OPB 07 | GGTGACGCAG | 3 6 Not detecte®

OPB 08 | GTCCACACGG | 4 6 Not detecte®

OPB 09 | TGGGGGACTC |5 4 Not detected 2

OPB 10 | CTGCTGGGAC | 6 4 Not detected

Some primers were producing more polymorphic anfdrimative bands in

comparative profiling and most were monomorphicpmofiling. OPA7 was a primer

producing polymorphic and strong patterns wherelsrs were difficult to interpret less

informative from repetitive perspective for our ske2 Monomorphic patterns gave

patterns of almost that same intensity for all tgtle’s DNA like data shown in Figure

3.6.
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Figure 3.3: 10-mer primer trials for each cell type using theAextracted from the first
subculture of HEK293, HELA, hHMSC and HELA cellsach lane indicating the

amplification results of the denoted primer. M:esimarker, B: no DNA, blank.

Different cell types exhibit different RAPD profdgor the same primer at their
first subcultures, but after many subcultures (3942r cell line and (4-5) Mesenchymal
cell the RAPD profiles with primer OPBO7 the prefil become very homogeneous as

seen in Figure 3.3, 3.4.



3.7. REPEATABILITY AND REPRODUCIBILITY OF PROFILES

Repeatability of profiles should be confirmed iretsame laboratory among
repeated, consequent experiments of the same mwordiand reproducibility is also
intended for the different laboratories that repé#a¢ experiment with the same
conditions.

RAPD is a reliable method, with practice and cegpgeatability or reproducibility
is actually high. However, it is also well estabéd that many conditions of the RAPD
reaction procedure may influence the results. FRwtance, the use of different
thermostable DNA polymerase, or thermal cyclers gamerate variable RAPD profiles.
To perform RAPD reactions under strictly identicainditions was intended, but was
really challenging and not thoroughly achieved. ldoer to overcome the challenges in
achieving strictly identical conditions in betwedifferent experiments that was not
possible for most of our trials, we have tried té strictly the identical conditions for
the same experiment and to evaluate the results tit same experiment that is to be
consistent and coherent without a further reprdalacexperiment need. In our approach
we have prepared a mastermix for all the DNA sampiehand and than sub-divide the
mastermix to a second mastermix for the individDBIA samples. After the addition of
the individual DNA samples to the mastermix, thesteemixes are aliquoted into n PCR
tubes and amplified under same conditions and tharon the same gel as if the same
DNA has been worked for n times, as if the expeninimas been performed n times under
strictly the similar conditions. If there are prorant changes among the same DNA's
RAPD profiles this should be further investigatexd asuspected to be due to an
instability of genome. We have done our optimisaiovith enough high stringent
conditions to be able to catch these genomic iflgtab that we expect for the increasing
passage numbers. The main advantage of high stiggsnditions is that non-specific
reactions are significantly reduced. Thus, protet¢bat use a high annealing temperature
should always be preferred however we preferedetwredise the amounts of all PCR
components to the lowest possible concentrationudntg the DNA concentration
assuming that this will also provide enough strimgefor our intended RAPD profiles.

This was an advantageous approach to economidenitimg materials.



3.8. RAPD PROFILES OF EACH CELL TYPE AND SUBCULTURE OF
THEM

20 subcultures for all three cell lines and sex@MScells have been done and
using the most effective (i.e. reproducible anddpming the most distinguishable
banding profiles between controls and experimegtalp in our thesis flow) primer
OPB7 RAPD profiles were obtained. Figure 3.4 shawsll the RAPD results obtained
for all passages using OPB7 primer. Figure 3.5 shaw the first observed profile
changes for each cell type’s respective subcultures
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Figure 3.4: The RAPD-PCR profile results of each cell’'s absultures using OPB7 primer
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Figure 3.5: Detection of the first changes in RAPD profiledH&K293, HUVEC, HELA
and hMSCs with OPA7. It is™ofor HEK293, 18' for HUVEC, 12" for HELA and not
sure for hMSCs.

When we do a comparative observation of the RARDilps for all cell types for
initial (Figure 3.6 a) and final situations (FiguB6 b) using the same primer and
conditions we saw a decrease in bands but reachezteacommon remaining bands for
all cell types. These common bands correspondimgpooximately 470bp and 180 bp on
2 % agarose gel electrophoresis (Figure 3.6 b).
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Figure 3.6 a: Comparative RAPD-PCR profile analysis of initialnba using OPB7
primer for all cell types.
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Figure 3.6 b: Comparative RAPD-PCR profile analysis of initialdafinal bands using
OPB7 primer for all cell types.

3.9. MODIFIED RAPD-PCR RESULTS

RAPD-PCR assay and related methodologies havepatseed useful to detect
genomic instability.

RAPD-PCR technique has been modified to confirm rdygeatability and to
assess the variation in RAPD profiles that mightirmécative for genomic instability,
innate or acquired, genetic or epigenetic. For €ddiA sample xn PCR mastermixes are
prepared and also xn amount of same DNA added ¢o nlastermix, producing
completely the same, identical and homogeneousittomsl Aliquoted samples were
amplified and run on the same gel, as if repedtiegexperiments n times with identical
conditions which is nearly impossible to do in natroonditions. The results for 8x and
3x modified RAPD PCR are given in Figure 3.7 (fAUVEC, HEC293 (x8) and HELA
and MSC (x3)).
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Figure 3.7: Modified RAPD PCR results for HUVEC, HEK293, HELA@ HMCs.
Modified RAPD PCR results for hMSCells using twdfelient primers OPB7 and OPBS.



The fourth and fifth figures in Figure 3.7 are tow the meaning of informative
RAPD profiles using different primers. In the Figu8.7 part d, OPB7 primers produced
more informative polymorphic patterns showing theéerd of genome instability in
various subcultures and in Figure 3.7 part e, ORBB that same set of DNA produced
non-informative monomorphic RAPD profiles that dot show the extend of genomic

instability in the same set of cells.
3.10. RAPD TO DETECT DNA DAMAGE AND GENOTOXICITY

DNA is the essential carrier of genetic information all living cells. The
chemical stability of the DNA molecule is not unaby great, DNA undergoes several
types of spontaneous modifications, and it can atsact with many physical and
chemical agents, some of which are endogenous giodi the cellular metabolism
while others including ionizing radiation and ulti@et light, are threats from the
external environment. The resulting alterations @NA structure are generally
incompatible with its essential role in preservatiand transmission of genetic

information (Atienzar et al., 2006).

Damage to DNA can cause genetic alterations, angkifes that control cell
growth are involved, these mutations may lead éoddvelopment of cancer. Of course,
DNA damage may also result in cell death which lsane serious consequences for the
organism of which the cell is a part; for examptess of irreplaceable neurons in the
brain. Accumulation of damaged DNA has also beersiciered to contribute to some of
the features of aging. It is not surprising thatomplex set of cellular surveillance and
repair mechanisms has evolved to reverse the paltgrdeleterious damage that would
otherwise destroy the precious blueprint for IB@me of these DNA repair systems are

so important that life cannot be sustained wititbam (Atienzar et al., 2006).

Glutaraldehyde is a known DNA-protein cross linkerd a high production
volume chemical with many medical, scientific andustrial uses. Humans are mainly

exposed via inhalation but the exposure is not gpdead. Glutaraldehyde has been



extensively tested for toxic and genotoxic actiityt there is still disagreement in the

literature with regard to its genotoxic potential.
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Figure 3.8: Glutaraldehyde’s DNA effect results using RAPD gsfea three cell-types.
Controls are before starting the experimerit gassage for HEK, 32 for HUVEC and
18" for HELA, than gluteraldehyde added experimentugraesults shown with
HEK+Glu, HUVEC+GIu and HELA+GIlu and After meansethext passage for all cells

after removal of gluteraldehyde from the cell ctétmediums.

The same RAPD profiles comparison strategy thisetiim show genoxicants
effects on genomic instability detection in diffetecell types has been employed. The
21% 22" and 18" subcultures cells for HEK293, HUVEC and HELA caléspectively
were exposed to glutaraldehyde. Effects of glutketayde have been assessed using
various approaches modified RAPD-PCR with prepanattf x1 RAPD-PCR and x8
master mix for HEK293, HUVEC and HELA cells (Figar&.8 and 3.9).
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Figure 3.9: Modified RAPD-PCR results for HEK293(a), HUVEC()dHELA(c) cells
x8 %2 agarose gel runs of glutaraldehyde treathst E8&NA and DNA of harvested cells

after removal of glutaraldehyde.

The effects are much more prominent for HUVEC aiitl N cells in Figure 3.8.
Whereas with RAMD PCR Figure 3.9 shows prominemiati@n for HEK293 cells when
compared with HUVEC and HELA cells and they ardkgtahanges even after removal
of Gluteraldehyde from the medium. It is obviouattthe effects are reversible from the

comparison of reverted profiles after removal aftgtaldehyde from the medium.



The other effects after removal of glutaraldehyateHUVEC and HELA cells are
loss of RAPD-PCR bands indicated with arrow an¢t)asign in the figure 3.9 for
HEK293 and HELA cells respectively.



CHAPTER 4

DISCUSSION

The thesis we put forward here is to our knowledgenovel approach in
assessment of various DNA effects; either DNA dassagr mutations caused by
endogenous or exogenous exposures in routine wélike work (Keshava, Keshava et
al. 1999; Keshava, Zhou et al. 2001; Lery, LaRual.€2003; Lee, Yang et al. 2007) The
various cell types either cell-lines or primarylsalre for the sake of modeling various
aspects of a cell's life-time exposures and evantkin this context to discuss the events
like genomic instability, DNA damage, mutation, DNAepair, mutagenesis,
carcinogenesis, ageing and related disorders. Betova brief information before
discussion of the results obtained that is to fgldhe events underlying the work starting
with the importance of genomic stability, how toimain it, what happens when it is
lost, what are the causes of genomic instabiliyatit may lead to in a cell’s life-time
exposures. Next a brief introduction to the celledy used is given so that the cell's
different behaviors can be better understood aghothey are all human cells that
shouldn’t have theoretically that many differengeetically. Some are cancer cells,
some are stem cells and some are terminally diffeted cells all having the same
genetic make-up but completely different genes atkwwhich can to an extend be
visualised in this thesis. Next thing is the RAPDHPand its RAMD approach, again a
novel approach for both repeatability assessmamdst@a see the behavior of the intra-
passage cells’ DNA.

The human genome is exposed to potentially detetergenotoxic events during
every cell division cycle. The endogenous sourdeBNA damage result from cellular
metabolism or routine errors in DNA replication aledombination. In addition, cellular
and organismal exposure to exogenous genotoxictagauch as ultraviolet light,
oxidative stress, and chemical mutagens, can teadsariety of nucleotide modifications
and DNA strand breaks. In order to fight thesec&tato the genome, the cell has a

response system that induces cell cycle arrestwily sufficient time for specialized



groups of proteins to repair the incurred damade DNA damage response system
activates the appropriate DNA repair pathway ottha case of irrepairable damage,
induces apoptosis.

Some cancer types arise as a consequence of thenaletion of genetic
alterations (gene mutations, gene amplificatiord an on) and epigenetic alterations
(aberrant DNA methylation, chromatin modificatioasid so on) that transform different

cells into cancer cell types.

The loss of genomic stability and resulting generations are key molecular
pathogenic steps that occur early in tumorigendsisy permit the acquisition of a
sufficient number of alterations in tumor suppregpenes and oncogenes that transform

cells and promote tumor progression.

Genomic instability encompasses molecular event$h sas point mutations,
genomic and chromosomal rearrangements, deletrah,resertions. Of special interest
regarding the application of these techniques teeais that the amplified bands usually
originate from unique sequences rather than fropetitive elements. RAPD is very
likely to detect genomic instability as the malighaell will produce a clone of dividing
daughter cells. Thus, the proportion of cells pnésg the same genomic instability is
high and easy to detect. Finally, further analpdithe relevant bands allows not only to
identify some of the molecular events (e.g. alléisses and gains) implicated in the
genomic instability, but also to discover genesyipig key roles in the initiation and

development of malignancy (e.g. oncogenes, DNAIirgmmes, anti-oncogenes).

In addition to genomic instability, epigenetic msility results in the aberrant
methylation of tumor suppressor genes. Roles obigen and epigenomic instability in
different tumor formation has the potential to gi@hore effective prevention strategies
and therapeutics for patients with cancer.

Cancer results from a disordered and unstable gen8och genomic instability

appears to be subject to control by environmeretiofs as evidenced by the number of



cancers that are either caused by specific envieotah agents. Dietary factors might
interact in several ways with the genome to pradgeiinst cancer.

An agent might interact directly with the genomel aagulate expression (as a
genetic or epigenetic regulator) or indirectly bffluencing DNA repair responses and so
improve genomic stability.

The design of new therapies for cancer dependsirsh dnderstanding the

molecular events that cause the disease.

DNA damage has been studied in a variety of orgamisuch as bacteria,
cyanobacteria, phytoplankton, macroalgae, plantsmas and humans. It may be
spontaneous or environmental that affects all §vaells in a number of ways (Horio,
Miyauchi-Hashimoto et al. 2007).

The development of widely applicable methods to ibmorgenomic instability
gains importance nowadays (Nachtsheim, Vogel et 1860; Mendelsohn 1989;
Kondrashov and Crow 1993; Honma, Mizusawa et a@41Morley 1996; Henke and
Henke 1999; Atienzar, Evenden et al. 2002; CassaabBecerril 2004; Araten, Golde et
al. 2005; Lee, Yang et al. 2007). RAPD-PCR assaynwolecular method able to detect
comparative DNA changes. This work is to show tpeliaability of the method to
evaluate the ultimate changes caused in variolisaklire derived DNA which might be

a model for carcinogenesis, genomic instability emdine cell-culture work.

HEK293 cells were generated by transformation dfuces of normal human
embryonic kidney epithelial cells. As an experinadlgttransformed cell line, HEK293
cells are not a particularly good model for normells, cancer cells, or any other kind of
cell that is a fundamental object of research. Herethey are extremely easy to work

with, being straightforward to culture.

HUVEC are Human Umbilical Vein Endothelial cellsathare widely used in

research to study vascular endothelium in a célu@ model. primary human umbilical



endothelial cells in culture have a finite proldave lifespan. They undergo permanent

growth arrest, known as replicative senescence.

When replicative senescence is bypassed by tranafamn with viral oncogene
with telomerase reverse transcriptase, HUVEC ammartalized. The HUVECells, we
used in our thesis are cell-lines like the HEK288 HELA cells.

A HELA cell is an immortal cell line used in medicasearch. The cell line was
derived from cervical cancer cells taken from Hetta Lacks, who died from her cancer
on October 4, 1951. Horizontal gene transfer frarman papillomavirus 18 (HPV18) to
human cervical cells created the HeLa genome wisctifferent from either parent

genome in various ways including its number of alweomes.

Tissue-specific stem cells produce differentiatesllsc through a series of
increasingly more committed progenitor intermediatth hematopoiesis (blood cell
formation), the process begins with long-term hepaietic stem cells that self-renew
and also produce progeny cells that upon furthglicaion go through a series of stages
leading to differentiated cells without self-renéveapacity. In mice, deficiencies in
DNA repair appear to limit the capacity of hemategtio stem cells to proliferate and
self-renew with age (Rossi, Bryder et al. 2007; $RoSeita et al. 2007). (Sharpless and
DePinho 2007) reviewed evidence that hematoposttin cells, as well as stem cells in
other tissues, undergo intrinsic aging. They spedlthat stem cells grow old, in part, as
a result of DNA damage like some others who worthanfield (Cervantes, Stringer et al.
2002; Hong and Stambrook 2004; Hong, Cervantes. &086; Hong, Cervantes et al.
2007; Stambrook 2007; Pearson 2008; Hodgkinsompleakis et al. 2009).

Growth curves (Table 3.1) were obtained for each type and calculated
doubling times were calculated to decide for thenmpm subculture timing and the cell
types nature of profileration capacity and the reatf the cell whether it is a dividing or
non-dividing cell. When working with concepts likENA damage, mutation, genomic
instability, cell division, mutagenesis, carcinogsis, ageing, the cell’s nature of division

capacity gains utmost importance. The end of logsphs nearly 72 hours for HEK and



74 for HUVEC cells and 96 hours for HELA cells, feo the time of doubling for each
cell type which is an indication for their prolibgiron potency were calculated. We expect
to see more change in HEK cells’ DNA, because ficates faster than the others.
Saturation density is the highest for HEK, the selcone is HUVEC and the third one is
HELA and the results were all in compromise witl #@xpectations.

RAMD-PCR procedures (Uzonur 2004) were used toctiekee mosaic nature of
subcultures due to various DNA damages and/or mouatatThe choice of primers were
done comparatively for all cell types. OPB7 was sghp because it produced most
prominent and distinguishable and repeatable bgnglafiles for all cell types. It is also
interesting to see the completely different prafifer all primers for human DNA. OPB7
amplification results for HEK HUVEC and hMSCs taadr attention to the completely
different patterns obtained for all used DNA. Hawstability might be causing genetic
diversity can be discussed with the below Figufle 4.

HEK HIIVEC MSCs
M OPE7 M OQPFE7 M OPB7

Figure 4.1: Genetic diversity as observed with OPB7 primerhwalifferent

human cell types.

DNA concentration is very important for optimizai®of RAPD-PCR (Atienzar,
Evenden et al. 2000; Atienzar and Jha 2006). Figi#eshows how the concentration can

change the profiles obtained. The first part offigare is for 4ng/ul and the second for



2ng/pl DNA. It is the same DNA and completely treenge PCR conditions for both
figures. X8 mastermixes for RAPD-PCR have been armexp and the same DNA, HEK
cell DNA has been added to the mastermix eightdiriiée repeatability is confirmed in
this way. The lost bands are prominent in secogar& which is an indication for DNA

variation and instability. The HEK DNA used in tlegperiment belongs to 18th passage.

RAPD is very likely to detect genomic instabilitygcause the cancerous cell and the
cells in our cell culture work will produce a clooédividing daughter cells. This won't
be the case, when an organism is exposed to agy@matr when the % of altered cells is
low and may not be detectable if below about 2%m€3a2000; Atienzar and Jha 2006)
which is a very important fact about RAPD-PCR d&tec capacity of genomic
instability.

It is important to distinguish between DNA damagel anutation, the two major
types of error in DNA. DNA damages and mutation &wedamentally different.
Damages are physical abnormalities in the DNA, sagchingle and double strand breaks,
8-hydroxydeoxyguanosine residues and polycyclieratc hydrocarbon adducts. DNA
damages can be recognized by enzymes, and thusanepe correctly repaired if the
undamaged sequence in the complementary DNA strandin a homologous
chromosome, is available for copying. If a cellares DNA damage, transcription of a
gene can be prevented and thus translation intotaip will also be blocked. Replication
may also be blocked and/or the cell may die. Intresh to DNA damage, a mutation is a
change in the base sequence of the DNA. A mutat&mot be recognized by enzymes
once the base change is present in both DNA straamds thus a mutation cannot be
repaired. At the cellular level, mutations can eaafierations in protein function and
regulation. Mutations are replicated when the cefilicates. In a population of cells,
mutant cells will increase or decrease in frequeacgording to the effects of the
mutation on the ability of the cell to survive amgroduce. Although distinctly different
from each other, DNA damages and mutations ar¢erblaecause DNA damages often
cause errors of DNA synthesis during replicatiorrepair and these errors are a major

source of mutation.



Given these properties of DNA damage and mutatipean be seen that DNA
damages are a special problem in non-dividingawisi dividing cells, where unrepaired

damages will tend to accumulate over time.

On the other hand, in rapidly dividing cells, uragpd DNA damages that do not kill
the cell by blocking replication will tend to caussplication errors and thus mutation.
The great majority of mutations that are not neutraheir effect are deleterious to a
cell’'s survival. Thus, in a population of cells gonsing a tissue with replicating cells,
mutant cells will tend to be lost. However infrequenutations that provide a survival
advantage will tend to clonally expand at the espeof neighboring cells in the tissue.
This advantage to the cell is disadvantageousetovtivle organism, because such mutant
cells can give rise to cancer. Thus DNA damageeiquently dividing cells, because
they give rise to mutations, are a prominent cafigancer. In contrast, DNA damages in

infrequently dividing cells are likely a prominerduse of aging.

The DNA damage theory of aging proposes that aigimgconsequence of unrepaired
DNA damage accumulation. Damage in this contextudes chemical reactions that
mutate DNA and/or interfere with DNA replicatiom humans, DNA damage occurs
frequently and DNA repair processes have evolvedcampensate. On average,
approximately 800 DNA lesions occur per hour inteeell, or about 19,200 per cell per
day (Vilenchik and Knudson, 2000). In any cell sobi¢A damage may remain despite
the action of repair processes. The accumulationnoépaired DNA damage is more
prevalent in certain types of cells, particulanty non-replicating or slowly replicating
cells, which cannot rely on DNA repair mechanismssogiated with DNA replication

such as those in the brain, skeletal and cardisci®au

In view of these knowledge let's go over the resulhe figure 4.2 is for all cell
types’ nearly all passages to see the total DNAatian profile. For HEK cells especially
after 9th passage the changes are more promineatarfows show the types of changes

observed, the cumulative changes when the passagesse indicate that these are



mutations. Loss of bands, appearance of bandseaeziand increase in band intensities
all detectable DNA effects have been detected lforedl types, but more prominent in
HEK cells, they are epithelial cells that are hgvihe least doubling time, and reaching
the highest number two times the other cell tyge&ahours, highest saturation density.
Some are DNA damages because reverted back imsiogenumber of passages, some
are mutations because were stabilized in increasingper of passages, in long-term.

HEK OPET all passage

HUVEC OPDT all passage
M st 2nd 3rd dth Bth Gth  7th  Bth Oth  10th 11th 12th 13th 1dth 15th 16th 17

Mo tst i 4t Sh Bth Fth Bth St ADth 1fth 12th T3h 14h I8t 16th 17 18th

i

- e Y

_mi t---t/--lﬂ,ﬂ!l!! -

NE 1 S Cell OFBET

HELA OPET all passage

b 1st  2nd  3rd th Gth Gth  7th  8th Sth  10th 11th  12th 13th

Figure 4.2: RAPD profiles with OPB7 primer for all cell typeall subculture DNA
extracted. M: DNA size marker. Arrows indicate thest prominent changes of RAPD
profiles: loss of bands, appearance of bands, dseran band intensity and increase in

band intensity.

Either DNA damage or mutation the effects on RARDfifes can be seen as loss of
bands, appearance of bands, decrease in bandiiptand increase in band intensity.
The Figure 4.3 from the review of Atienzar (Atienzaad Jha 2006) about RAPD assay

makes the discussions of profile changes highlagrcle



Direct effect of DNA damage and mutation on RAPD profiles

DNA alterations Consequences Effects on RAPD profiles Probability o
detect the
lesion by RAPD

—By pass — processivity affected —Decrease in band ntensity/band loss  Medium
—By pass — processivity not affected —No effect
DNA adduct —Block — dissociation enzyme adduct —Band loss Low
| | | | | | | t ----- > —Block — dissociation — more free Tag  —Increase in band intensity Medium
—Block — no dissociation —Band loss Low
—No primer/DNA association —Band loss Low
(adduct within the priming site)
DNA breakage
[TTITII ‘_ — —Block — dissociation enzyme DNA —Band loss Low
Point mutation
o —No primer/DNA association —Band loss Low
< > —Creation of a new annealing site —Appearance of hand Low
Annealing site
v

Re —Loss of pre-existing annealing site —Band loss Low

aoangement —New priming site —Appearance of band High

For more details please refer to the text. @: DNA adduct: — —: DNA breakage; @ Tag DNA polymerase; = «— — p: DNA synthesis; x: point

mutation: L 1 411 1: 10-mer primer.

Figure 4.3: Direct effects of DNA damage and mutation on RARDfifes.
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Figure 4.4: An indication with arrows and boxes for the passagnd RAPD profiles

at which the most prominent changes first starteegéch cell type.



The first stable changes start at the 9th passaigelEK cells whereas in 10th and
12th in HUVEC and HELA cells respectively.

HELA HELA

TR 0P '
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Figure 4.5: Comparable picture of the first and last pass&y®&BD profiles, circles

indicating a pattern homogenization in the lasspgses no matter what the cell type was.

In different cell types the first passages andldisé passages are compared in the
above Figure 4.5. The stabilization can be easgns®r the last passages. The
homogeneity of band profiles are prominent. Incell types the remaining bands were
quite the same, monomorphic, although the starfirgfile bands were much more
different, polymorphic. The remaining bands at st passages were having band sizes
in between 270 bp and 470 bp.



HEK Same DNA-Different Concentrahion

Figure 4.6: RAPD profiles as detected with x8 RAMD using HERtH passage

DNA, arrow indicates DNA instability caught eitHeNA damage or mutation.
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Figure 4.7: x8 RAMD-PCR profiles for starting and ending pagsaof HUVEC

and HEK cells. Arrows indicating various profileagtges that might be mutations.

The loss of band and intensity changes are veoynimrent for the long term
comparisons shown in Figure 4.7, 4th and 18th gesséor HUVEC and 1st and 18th
passages for HEK
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Figure 4.8: Two primer OPB8 and OPB7 x3 RAMD trials for the 88 same passages’
DNAs (1-7).

The Figure 4.8 shows the importance of primer @haind importance of looking
at the genome using more primers, it is like thedeivs of a building if their number is
high than you can see more of your environment. [¥é&ed at our hMSCs passage
DNAs from two different views by using OPB8 and QPPBrimers and have seen a
monomorphic pattern for OPB8. Changes were haretgalable whereas with the other

primer OPB7 many profile changes could be detected.
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Figure 4.9: Gluteraldehyde exposed DNA x8 RAMD profiles anteafemoval

of gluteraldehyde, the next passages’ DNA x8 RAMDfifes. The arrows indicate the
initial and final profile changes in all cell typesGlu is for gluderaldehyde added ones

and after —glu is after removal of gluteraldehyasrf the medium.

The Figure 4.9 shows the DNA damaging effect oftegeidehyde which is a
DNA-protein crosslinker on our different cell typEke first pictures are the
Gluteraldehyde exposed cells’ profiles. Profilee &r 8 times RAMD-PCR of 21st

passages for exposed and 22nd for the gluteral@eteydoved cell samples.

For HUVEC and HELA cells the DNA effects are reeertback indicating that
the changes are DNA damages, but for the moreidiyicell, HEK cells the effects are
not reverted back, indication of mutation. The repachanisms can not work properly
for HEK cells and this might be an indication thhe fast dividing cells can have

diffuculties in repair processes which might bestag further pathology.
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Figure 4.10: A closer look at the types of changes in the rexkprofiles still

having changes indicated by arrows.

Let us look more closely to the reverted profilest still there exists changes that
are not reverted back they may become mutatiossilbthey are DNA damages waiting

to be repaired.

The effects on DNA should be endogenous, becauselioulture we aim to have
a controlled environment for the cells to continugh the least change. There is a
change, a continuous change, but it is detectabléong term rather than changes
observed in each passage. The RAPD profiles olustaane in agreement with this. The
RAMD-PCR profiles that can detect the intra-specidNA variation, mosaicism of the
individual passage DNA are very homogenous, monphioiindicating there is a change

and if there is a change that is DNA damage.

We can not really discuss any results related &winggbecause ageing is more
related with the non-dividing cells and in cell tcwé it is not really possible to show the
accumulation of DNA damages in non-dividing celpeg, because the cells continue to
divide and we could extract the DNA and work witlomly in some ranges but not below

that range otherwise our system fails.



CHAPTER 5

CONCLUSION

In conclusion, while RAPD and related techniqueghaeen used extensively for
diverse studies, application of these techniquesateo attracted criticisms with respect
to its reproducibility that we have overcame irstthiesis by RAMD-PCR approaches.
However, it emerges that most of the criticismtedao lack of proper optimisation and
validation of the techniques in different cell tgpend species, prior to their applications
underin vivo or in vitro conditions. Nevertheless, the RAPD assay andectlatsays
offer great promise especially for the determinatad genetic damage under vivo
conditions in wild species and for the evaluatibryenomic instability in the process of
carcinogenesis. While a large number of new teagies and assays are developing to
profile the gene expression pattern either follgviexposure to environmental
contaminants or during the process of malignanteld@ment, the RAPD based
techniques offer great promise for future and waddtinue to complement other new
and well-established techniques in population gesegenotoxicity and carcinogenesis

studies and cell-culture work in view of this tresi
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