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ABSTRACT

INVESTIGATION OF GENOTOXIC CHANGES IN MAMMARY EPITHELIAL
CELLS AND BIOACTIVITY OF DIOXINS AT REPORTER GENE LEVEL IN
BREAST MILK

Organochlorinated chemicals including dioxins and dioxin-like compounds threat
environment and human health. They can easily contaminate living fields and
bioaccumulate in adipose tissue in living organisms because of their chemical structures.
Because these chemicals have toxic effect on several systems in the organism we
considered that bioactivity of these substances should detect at reporter gene level using
body fluid. Dioxins and dioxin-like compound can accumalated in breast milk which
contain fat. So, human breast milk is one of the critical samples for both mother and baby

in order to observe for dioxins.

In this study, 50 milk samples were collected from lactating mothers living in Istanbul.
Mothers were asked to fill a questionnaire form including personal, medical and nutritional
information. Exfoliated epithelial cells were isolated from collected breast milk. Comet
assay was used to determine DNA damage in epithelial cells. DR-CALUX assay was used
to determine dioxin level in the breast milk. Dioxin level of 27 of samples was above the
detection limit. It was observed that DNA damage were high at samples which include

high dioxins.

These results provide evidence that dioxins can cause genotoxicity in mammary epithelial
cells. Furthermore, it was shown that CALUX assay can be used for human biomonitoring

and also the human breast milk is very suitable biological sample for this purpose.



OZET

ANNE SUTUNDE DiOKSIN BIOAKTIVITESININ REPORTER GEN
SEVIYESINDE INCELENMESIi ve MEME EPITEL HUCRELERINDE
GENOTOKSIK DEGIiSIKLIKLERIN ARASTIRILMASI

Dioksin ve dioksin benzeri organklorlu kimyasallar ¢evreyi ve insan saghgini tehdit
etmektedir. Bu maddeler kolaylikla canlilarin yasadigi alanlar1 kirletip kimyasal
yapilarindan dolayr canli organizmalarin yag dokularinda birikebilir. Canli
organizmasindaki bir ¢cok system iizerinde toksik etkisi oldugundan dolay1r bu maddelerin
bioaktivitelerinin reporter gen diizeyinde belirlenmesi gerektigini diislindiik. Yag icerdigi
icin dioksin ve dioksin benzeri maddeler anne siitiinde birikebiliryorlar. Bu yiizden insane
stitiic hem anne i¢in hem de bebek i¢in dioksinlerin etkilerinin gézlenmesi yoniinde ¢ok

kritik bir 6neme sahiptir.

Bu ¢alismada, Istanbul’da yasayan 50 emziren anneden siit 6rnekleri topladik. Annelere
doldurmalar1 i¢in kisisel, hastalik ge¢cmisi ve beslenme aliskanliklarini igeren anket verdik.
Toplanilan siitlerden dokiintii epitel hiicresi izole ettik. Bu epitel hiicrelerde DNA hasarini
tespit etmek i¢in Comet assay yontemini kullandik. Dioksin seviyelerini tespit etmek iginse
DR-CALUX assay yontemini kullandik. Toplanilan 6rneklerin 27°sinde dioksin seviyeleri
tespit edilebilen seviyenin {iizerindeydi. DNA hasarimin dioxin seviyesi yiiksek olan

orneklerde yiiksek oldugu gozlendi.

Bu sonuclar dioksinlerin meme epitel hiicresinde genotoksik etkisi oldugunu
ispatlamaktadir. Ayrica CALUX assay yonteminin insan biogoriintiilemesi i¢in
kullanilabilecegi ve anne siitiiniin de bu amag i¢in ¢ok uygun bir biyolojik 6rnek oldugu

gosterilmistir.
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1. INTRODUCTION

Xenobiotics, foreign substances in a living organism, include halogenated aromatic
hydrocarbons (HAHSs) and polycyclic aromatic hydrocarbons (PAHSs). These man-made
chemicals are toxicant substances that are distributed in all the world. Most of xenobiotics
follow same molecular path way in a living cell. They firstly activate aryl hydrocarbon
receptor (AhR).

Dioxins and dioxin-like compounds, the most infamous member of xenobiotics are
widespread pollutants on plant and animal habitat. Level of these pollutants in environment
increased by developing of industry in the world. This organochlorinated chemicals
contaminated lots of food area and water resources in previous century. Dioxins and
dioxin-like compounds have been detected in human in past 5 decades. Exposure of human
to dioxins and dioxin-like compounds can show highly toxic effects in several system in
the organism. Immunotoxicity, neurotoxicity, hepatotoxicity, endocrine disrupting and
mutagenic effects are just some of reported toxicity effects of dioxins. According to World
Helath Organization (WHO) developmental and neurodevelopmental effects are most

sensitive health end-point of these pollutants.[1-4]

Dioxins and dioxin-like chemicals can travel from their main source to fields from where
humans and animals feed and can bioaccumulate in living organisms due to their structural
properties. That is why dioxin and dioxin-like contamination threats public health. In order
to protect from dioxins and be aware of at which level public is expose to dioxins

biomonitoring methods have to use in addition to chemical analysis.[5-8]

In this study, reflection of contamination of dioxins and dioxin-like compounds were
demonstrated in breast milk samples collected from nursing women living in Istanbul.
CALUX assay was used to detect bioactivity of dioxins. Also genotoxicty was investigated

by single cell gel electrophoresis.



2. THEORETICAL BACKGROUND

Persistent Organic Pollutants (POPs) is a general name of a group of pollutants that include
polychlorinated  dibenzo-p-dioxins and dibenzofurans (PCDDs and PCDFs),
polychlorinated biphenyls (PCBs) dioxin-like PCBs (dI-PCBs) and polycyclic aromatic
hydrocarbons (PAHSs). PCDDs and PCDFs are called as “dioxins”. Since dioxins and PCBs
are fat-soluble substances they can easily accumulate in fat tissue of living organisms in
nature. Because these chemicals are environmentally and biologically very stable they can
stay in nature for long time.[9-11]

Because of bioaccumulation of dioxins and PCBs in fat tissue, these substances can join in
food chain via fish and other animal food. In many studies, it has been shown that dioxins,
PCBs and other POPs have neurotoxic, hepatotoxic, endocrine disrupter and mutagenic

effects on living organisms. [11-13]

2.1 DIOXINS and DIOXIN-LIKE COMPOUNDS

The term “dioxins and dioxin-like substances” commonly refers to PCDDs, PCDFs and
PCBs (WHO-2010). Dioxins and PCBs were included in the dirty dozen according to the
Stockholm convention (2001). These organochlorinated chemicals are generally

byproducts and waste products of industries of plastics, paint or pesticides. [ 5,13]
2.1.1 Mechanism of Toxicity
Different studies showed that AhR is expressed in numerous cell types and tissues such as

human and mouse lung, kidney, liver, spleen and placenta, and also different tumor cell

lines.[14] Human AhR is expressed with 848 amino acids. Its molecular mass is 96 kDa.



Ligands of AhR can be examined in two groups as man-made and natural compounds that
are synthesized by microorganism, plants and animals. HAHs, PAHSs, indole derivatives,

alkaloids, polyphenols are known examples for both groups.

AhR is stable in cytoplasm with a couple protein complex in the absence of any ligands.
This protein complex which includes two HSP90 molecules avoid AhR to translocate to

the nucleus.

When a ligand, dioxins or others, bind to AhR it goes conformational changes. Although
not fully understood phosphorylation/dephosphorylation balance for some serine residues
on N-terminal nuclear localization signal domain of AhR causes translocation of the AhR
into nucleus. In the nucleus, activated AhR binds to AhR nuclear translocater protein
(Arnt). AhR/Arnt heterodimer then binds on specific region on DNA called dioxin
responsive elements (DRE). This binding stimulates the expression of AhR-responsive

genes.

The best known target gene of AhR/Arnt signaling is CYP1Al. CYP1Al gene regulates

expression of enzyme complex of cytochrome P450. [14-17]
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Figure 2.1. Molecular pathway of dioxins and dioxin-like compounds toxicity [14]



2.2 CHEMICAL STRUCTURE

2.2.1 Dioxins

There are more than 200 different dioxins (PCDDs and PCDFs) in nature. PCDDs and

PCDFs have two benzene rings bounded oxygen atoms. Rings are bounded with two

oxygen atoms in PCDD and with one oxygen and one carbon atom in PCDFs. 7 of PCDDs

and 10 of PCDFs have chlorine substation at position 2,3,7 and 8. From among these

substances, 2,3,7,8-tetrachlorodibenzo-p-dioxin is the most toxic known compound which

is used generally as a standard in assays in order to detect dioxins. [18-20]

Dioxins and dioxin-lika compounds are colourless in pure solid or crystal form. Since they

are not in use they can be transported as residue bounded to related particles. Dioxins and

dioxin-like compounds are hydrophobic and strongly lipophilic. Thanks to their chlorine

content they are soluble in organic contents. This feature help them to travel in food chain

easily.[21]

Cl

1 1 9 1 9 ‘
5 SN 2 N . al 0 al
Ch— ;:7 Ch Chy 3; Chy
AN A 7
4 (5) 6 4 ? 6

0 Cl

Figure 2.2. Chemical structure of PCDDs, PCDFs and 2,3,7,8-TCDD respectively [19]

2.2.2 Polychlorinated Biphenyls (PCBs)

Polychlorinated biphenyls have very similar to dioxins. PCBs are also lipophylic and have

toxicity mechanism like dioxins. 12 of 209 PCBs congeners are called as dioxin-like

compounds since they have same stereo-configuration with dioxins.[5,6,19]
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Figure 2.3. Chemical structure of PCBs [19]



2.3 ENVIRONMENTAL CONTAMINATION and FOOD CHAIN

Dioxins are emitted to the nature as natural product of combustion or by products of
different industrial processes. Dioxins and PCBs are not used for any production in
industry. Although PCBs releasing is disallow by Stockholm Convention PCBs are still

detected in nature because of before usage in various equipment.[18,20-22 ]

PCDDs and PCDFs are released after manufacture of pesticides and herbicides and melting
of many metals in mine industry. Also natural disaster such as forest fires and volcanic
explosion can cause dioxins emission to nature. Due to feature of low electrical
conductivity PCBs have been used in many equipment including industry and domestic
usage. All organic chemicals including chlorine give dioxins to nature when they are
combusted.[23,24]

Because of their hydrophobic feature dioxins and dioxin-like compounds attach to any
organic material such as microorganisms, animals or plants in aquatic environment. There
are lots of contaminant area especially water resources in the world. In Turkey there are
some studies which show that some water resources such as rivers, some sea areas at where
people are fishing and some agricultural areas are contaminated with dioxins and dioxin-
like compounds. Usage of pesticides under any expert control mostly cause this
contamination.[25-28]

When a habitat including sea and rivers is contaminated with dioxins and dioxin-like
compounds they can be easily involved in food chain because of bioaccumulation in fat-
tissue. There is lots of studies show that animals especially fishes which feed from
contaminated fields have dioxins and dioxin-like compounds in their fat tissue. Dioxins
and dioxin-like compounds were also detected in animal milk and eggs. The level of
dioxins in some areas are higher than limits of WHO. [5,29-31]

When people consume contaminated animals and animal products such as milk and eggs
these toxic substances take place in human fat tissue. Dioxins and PCBs have been
detected also in human milk. It is also known from previous studies dioxins and dioxin-like

compounds can transfer to fetus through placenta and to babies with breast milk. [32-37]
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Lots of studies showed that living organisms can be exposed PCBs with inhalation. PCBs
were detected in atmosphere in different areas of the world including Marmamara
Area.[38]

24 DETERMINING TOXICITY and GENOTOXICTY of DIOXINS
(BIOMONITORING)

Gas Chromatography with combination of High Resolution Mass Spectrometry (GC-
HRMS) was used to determine the concentration of dioxins and PCBs as a traditionally
method. Because this method is expensive and labor-dependency a new bioassay was
developed to process many samples at same time and with low-cost using molecular
pathway of dioxins inside the cell. The CALUX (Chemically Activated LUciferase gene
eXpression) assay allow to use of genetically engineered cells to generate light when they
expose to dioxins and dioxin-like compounds. Since the CALUX assay allow to detect
bioactivity of dioxins and dioxin-like compounds extracted from body fluid it can be used

as a human biomonitoring method. [39,40]

rCDD and
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Figure 2.4 Luciferase pathway in the CALUX assay [42]



The Comet assay is a simple and sensitive method to measure DNA breaks in a small
amount of cells. This method is generally used for human biomonitoring especially in
occupational exposure studies. The Comet assay is the most sensitive and applicable
method to understand dioxins and dioxin-like compounds has genotoxic effect on
mammary epithelial cells. [41,42]



3. MATERIALS and METHODS

3.1. MILK SAMPLES

50 healthy lactating mothers attended to the study from different places of Istanbul. The
mothers were asked to aspirate their breast milk by hand into a sterilized jar given by us.
They were also asked to fill a questionnaire form including several information such as
demographical, drug using, nutritional habitat and medical history. Also BMI values of the
women were calculated from the given information (Figure 3.1). Milk samples were

transported to the laboratory under cold condition immediately. Collected milk volume

ranged from 2,5 ml to 31 ml.
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Figure 3.1 Schematically representation of the study




3.2. ISOLATION of MAMMARY EPITHELIAL CELLS

3.2.1. Sample Preparing

Collected milk samples were dived two. Half of the samples were stored for dioxin
analysis at -20 °C. Remaining samples were diluted 1:1 with Phosphate Buffer Saline
(PBS) (Invitrogen, life technologies, USA) in a falcon tube. The diluted samples were
centrifuged at 2000 RPM for 10 minutes. The supernatant part including fat and milk
serum was removed and stored in a amber jar. The pellet including total exfoliated cells
were washed 2 ml of PBS and centrifuged at 1500 RPM for 5 minutes. After centrifugation
the supernatant was removed and the pellet was diluted with 2 ml of PBS and transferred

into 2 ml eppondorf tubes.

3.2.2. Cell Counting

0.4% Tryphan blue (Invitrogen, life technologies, USA) was used to determine cell
viability. 10 ul of samples were diluted with 10 pl of 0.4% tryphan blue and total cells in
the samples were counted by using hemocytometer. About 1 X 10° of cells were taken after

counting to use in comet assay genotoxic analysis.

3.2.3. Cell Isolation

Mammary epithelial cells were isolated using magnetic beads and columns (Miltenyl
Biotec, Germany). The samples in the eppondorf tubes were centrifuged at 1500 RPM for
5 minutes. After centrifugation the supernatant was removed. The pellet was washed by 60
ul of PBS including 0.5% Bovine Serum Albumin (BSA) and 2mM EDTA. 20 ul of
reaction reagent (Miltenyl Biotec, Germany) and 20 pl of human epithelial magnetic anti-
body (Miltenyl Biotec, Germany) were added into the eppondorf tubes. The samples were
incubated at +4 °C for 30 min. Magnetic columns were placed at magnetic stands (Miltenyl
Biotec, Germany) and washed 500 pl of PBS-0.5% BSA during incubation. After
incubation the samples were centrifuged at 1500 RMP for 5 min. Supernatant was removed
and the pellet was dissolved with 500 ul of PBS-0.5%BSA. The eppondorf tubes were
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marked with (-) and placed under the magnetic columns in order to collect epithelial
depleted cells. The samples were transferred into the magnetic columns and cell separation
started. 500 pul of PBS-0.5%BSA was added into the columns during separation. When 1,5
ml of samples was collected in the eppondorf tubes, the magnetic column was removed
from magnetic stands. 1 ml of PBS-0.5%BSA was added into the column and column
syringe was pushed immediately. The samples were collected into a new eppondorf tubes

marked with (+). These tubes included enriched epithelial cells.

*
2
4
<
Q
GI =<

samEm 0

Figure 3.2 Schematically representation of the cell isolation

e

3.3. COMMET ASSAY

3.3.1. Slide Preparation and Lysis

The exfoliated cells were mixed with 0.65% Low Melting Agarose (LMA) (Invitrogen, life
technologies, USA) at 37 °C. The cell suspension was layered onto slides precoated with
0.65% High Melting Agarose (HMA) (Invitrogen, life technologies, USA). Two slides
were prepared for each sample. The slides were covered with a largecover slip immediately
and incubated at 4 °C for 10 minutes to allow the agarose solidify. After incubation, cover
slips were removed and the slides were immersed in freshly prepared lysis solution ( 2.5M
NaCl, 100mM EDTA, 10mM Tris, pH 10, with 1% Triton X-100 and 10%DMSQ). The

slides were incubated in lysis solution at +4 °C for 1 hour.
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3.3.2. Electrophoresis

After lysis, the slides were placed in a horizontal gel tank containing fresh alkaline
electrophoresis buffer solution (ImM EDTA, 300mM NaOH (pH > 13). The slides were
incubated in the electrophoresis buffer for 20 min. in order to allow DNA unwinding. The
electrophoresis was run at 25V (0,83/cm) and 300 mA for 25 min. after incubation. After
the electrophoresis the slides were incubated three times with neutralizing buffer at 4 °C

for 5 min. for each. The slides were dried and stained with 20 png/ml of ethidium bromide.

3.3.3. Slide Scoring

At least fifty cells per slide and two slides per sample scored to determine DNA damage.
The slides were examined under a fluorescent microscope (Zeiss, Germany) equipped with
suitable filters at 200 X magnification. The cells were scored by using a software (Comet
Assay IV, Perspective Instruments, UK). Tail intensity and tail moment values were used

represent DNA Damage.

Figure 3.3 Schematically representation of the comet assay
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3.4. DIOXINS and PCB ANALYSIS

Half of each sample were processed at BioDeteciton System (BDS) Company in
Amsterdam for DR-CALUX. The method used in BDS was shake extraction with organic
solvent (hexane); the extracts were cleaned on an acidic slica column. The cleaned extracts
were dissolved in DMSO. The DR-CALUX activity was determined (after 24h exposure).
The evaluation was done on the maximum level for PCDD/F, from which a cut off value
has been established to determine if a sample is compliant or suspected. After the
evaluation, an estimation is given of the sample in the form of a BEQ outcome.

3.5. STATISTICS

For statistical data comparisons, SPSS software (SPSS Inc., Chicago, IL, USA) was used.

Correlations were calculated by one-way ANOVA and independent simple t-test. All

values were given as mean £SD. P values <0,05 are considered statistically significant.



4. RESULTS

4.1. DEMOGRAPHIC DATA

4.1.1. Personal Information

13

Age of the mother in this study ranged from 19 to 42. Mean age (£SD) of the donors is
28,26 +4,88. BMI values range from 19,8 to 44,7. The mean of the BMI of the mothers is

26,3 +4,82. 8 of the mothers in the study smoke and 18 of the mothers are exposed smoke

in their home.

50
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Figure 4.1.1. Age and BMI values of mothers in the study.

4.1.2. Nutritional Information

26 of the mothers eat fish monthly, 14 of them eat weekly, 6 of them eat weekly, 2 of them

eat every day and 2 of them do not eat fish.

39 of the mothers consume milk and milk products every day and 11 of them consume

weekly milk and milk products.
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32 of the donors eat red meat weekly, 16 of them eat meat monthly and 2 of them eat meat
every day.

43 of the mothers eat white meat (chicken etc.) weekly, 11 of them eat white meat yearly, 5
of them eat white meat monthly.

35 of the donors eat egg every day, 14 of them weekly and 1 subject never eats egg.

25 of the mothers consume barbecue yearly, 17 of them consume monthly, 6 of them

consume weekly and 2 subjects never consume barbecue.

45
@ Fish
VI XXk IDOOKE KT 00RKIDKICKEIDOOROIIKIDIOKEDK— XOORIKK |
W Milk etc.
3,5
A Red Meat
g 3 |4 Bipummndieemmziseccferifuifrescess ® White Meat
2
225 x Egg
©
c + Barbecue
S 2 9o Sid-400 40O ¢ 00 O 1 G004
§
3 15
1 @ + = & &9 &+ D
0,5
0 —e < e
0 10 20 30 40 50 60
Mothers
4= Everyday, 3= Weekly, 2= Monthly, 1= Yearly, O= Never

Figure 4.1.2 Nutritional behavior of mothers in the study.

20 of the subjects drink coffee or tea rarely, 12 of them drink 3-4 cups a day, 9 of them

drink 1-2 cups of day and 9 subjects drink coffee or tea more than 4 cups a day.
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Figure 4.1.3 coffee and tea consumption of mothers in the study.

4.1.3. Medical Record

4 subjects have a relative who suffered from breast cancer and 1 subject has a relative who

suffered from ovary cancer.
4.1.4. Lactation Information

2 of the subjects got pregnant six times, 2 of them got pregnant five times, 7 of them got
pregnant four times, 5 of them got pregnant three times, 15 of them got pregnant two times
and 19 of subjects have their first children in their first pregnancy.

4 of the mothers nursed their 4™ children, 9 of them nursed their 3" children, 11 of them
nursed their 2" children and 26 of the mothers nursed their 1% child while they donate their
breast milk for this study.

41 of the mothers in this study was post-partum and 9 of the mothers nursed their babies

for more than 1 month.
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Figure 4.1.4 Lactation information of mothers in the study.

4.2. GENOTOXIC ANALYSIS

Genotoxicty was presented as Tail Intensity (T1) and Tail Moment (TM). TI ranges from
3,04 to 37,80. The mean value of TI is 14,60 £9,66. TM ranges from 0,34 to 8,48. The
mean value of TM is 2,81+2,17.
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Figure 4.2.1 Tail intensity values of total exfoliated cells from milk samples.
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4.3. DIOXIN and PCB ANALYSIS

Figure 4.2.2 Tail moment values of total exfoliated cells from milk samples.

Dioxin and PCBs levels of the milks in the study were expressed as pg 2,3,7,8-TCDD

BEQ/g fat. Dioxin level of 11 samples is under limit of detection (LOD) and dioxin level

of 12 samples is between LOD and Limit of Quantification (LOQ) that can be measured.

Dioxin level of remained 27 samples ranges from 3,16 pg 2,3,7,8-TCDD BEQ/g fat to
123,32 pg 2,3,7,8-TCDD BEQ/qg fat. The levels of fat content in the milk samples were also

detected during this procedure to analyze dioxins and PCBs levels because of their

lipophilic feature. Percentage of fat content in the milk samples ranges from 0,21 to 13,77.
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Figure 4.3.1 Dioxin and PCBs level of milk samples.
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Figure 4.3.2 Fat content of milk samples.

It has been shown that there is a high significant correlation between DR-CALUX and

comet assay results (p<0,001). High DNA damage was seen in the samples that contain

high dioxins.
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Figure 4.3.3 Compare of DR-CALUX and Comet Assay results

When BMI and DR-CALUX results were compared, a significant correlation was seen

(p<0,001). High dioxin level was seen in the samples collected from mothers with high

BMI.
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Figure 4.3.4 Compare of DR-CALUX results and BMI values
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5. DISCUSSION

Dioxins and dioxin-like compounds tend to accumulate in fat tissue of human body
because of lipophicity feature. When a cell is exposed to dioxins or dioxin-like compounds
AhR is activated and molecular pathway is resulted in expression of cytochrome P4501A1
(CYP1Al). It is known that they have very serious biological and toxic effects on
physiological systems. WHO highlights of their effects on neurodevelopment, neurotoxic

and genotoxic effects.

The Joint Food and Agriculture Organization of the United Nations (FAO)/WHO Expert
Committee on Food Additives (JECFA) established a provisional tolerable intake of 70
pa/kg body weight per month for PCDDs, PCDFs and coplanar PCBs. The release of
dioxins and PCBs to nature is being tried to restricted by authorities. When the emission of
dioxins and dioxin-like compounds is controlled it is also critical to monitorize the effects
of dioxins and dioxin-like compounds in the population. Suitable biomonitoring methods

are needed to be used in order to see reflection of toxicity of dioxins.

DR-CALUX assay was used for examination of bioactivity of dioxins and dioxin-like
compounds. Also comet assay was chosen as a biomonitoring method for genotoxic effect

of dioxins.

Significant increase in DNA damage was seen in the samples that contain high level of
dioxin and dioxin-like compounds. Also same significant result was seen in comparison of
BMI and DR-CALUX results.

Although there was not any significant correlation between nutritional and smoking
behavior of donors and their DR-CALUX results, the highest values of dioxin level was

seen in mothers consume fish and red meat relatively more than others.
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6. CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

In this study, breast milk was collected from 50 healthy post-martum mothers. They were
asked to fill a questionnaire form including their personal and medical information and
nutritional behaviors. The Comet assay method was used to investigate DNA damage on
exfoliated mammary epithelial cells which were isolated from milk samples. DR-CALUX
assay was used to examine bioactivity of dioxins and dioxin-like compounds. DNA
damage significantly was high in the samples with high level of dioxins and dioxin-like
compounds. DR-CALUX results were significantly high with high BMI values.

These results provide that dioxins and dioxin-like compounds can cause DNA damage in
mammary epithelial cells. Also it was shown that high weight can cause accumulation of
dioxins and dioxin-like compounds in adipose tissue. DR-CALUX and Comet assays are

reliable methods for human biomonitoring in the exposure studies.

6.2 RECOMMENDATIONS

As a future work, milk samples can be collected from same mothers and it can observe that
if any genotoxic change occurs in different nursing time. Also large number of samples

would give more significant results especially for nutritional habitat.

Same study can be done with samples from obese people since dioxins and dioxin-like

compounds accumulate in adipose tissue.
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APPENDIX A: Questionnaire Form

ANNE SUTU - EPIGENETIK CALISMASI ANKET FORMU

A. Ureme saghg
Al. Tlk adeti (menstiiasyon) kac yasinda gordiiniiz?
9 10 11 12 13 14 15 16 >17
A2. Toplam kag kez gebe kaldiniz?
1 2 3 4 5 6 7 >8
A3. Tk dogum yaptiginizda kag yasindaydmiz?

A4. Son dogum yaptigiizda kag yasindaydiniz?

AS5. Kag ¢ocuk emzirdiniz?
1 2 3 4 5 6 7 >8

A6. Her bir ¢ocugu toplam kag ay emzirdiniz?

Birinci ¢ocuk ay
Ikinci gocuk ay
Ugiincii gocuk ay
Dérdiincii gocuk ay
Besinci ¢ocuk ay
Altmer cocuk ay

A7a. Dogum kontrol hap1 kullandiniz mi1?
Evet Hayir

A7b. Hormon igeren rahim i¢i ara¢ (IUD) kullandiniz mm?

Evet Hayir

AS8. Yukaridaki sorulara cevabiniz evet ise, ne kadar siireyle kullandiniz? ........................

B. Genel Saghk
B1. Herhangi bir regeteyle verilen ila¢ kullantyor musunuz?
Hayir
Evetise adl: ......cooviiiiiiiii

B2. Herhangi bir agr1 kesici, vitamin veya bitkisel destekleyici ilag aldiniz mi?
Hayir
Evetise adlr ....o.ooiiiiii

B3. Son bir ay iginde grip gecirdiniz mi?
Evet
Hay1r
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C. Kendiniz Hakkinda
Cl. Yasiniz
C2. Mesleginiz
C3. Halihazirdaki kilonuz ......................... veboyunuz .............cooeinne
C4. Kag yildir Istanbul’da (veya cevresinde) yasiyorsunuz?
C5. Yukaridaki soruya cevabiniz 5 yildan az ise daha 6nce nerede yastyordunuz? o
C6. Halihazirda sigara igiyor musunuz?
Evet Hayr
C7. Evinizde sigara kullanan var mi?
Evet Hayir
C8. Vejetaryen misiniz?
Evet Hayir
C9. Asagidaki besinleri hangi siklikla aldiginizi belirtiniz:
bir veya iki defa
Her giin Haftada Ayda Yilda Hig
Balik ve deniz iirtinleri
Siit ve yogurt
Kirmiz1 Et
Tavuk, hindi veya 6rdek
Yumurta
Mangal
C10. Kahve ve benzeri kafein igceren icecekleri hangi siklikla tiiketiyorsunuz?
Nadiren (Glinde bir Giinde 1 - 2 fincan Giinde 3 - 4 fincan Giinde 4 fincandan daha
fincandan daha az) fazla

C11. Cocuk sahibi olmadan 6nceki donemde hangi siklikla egzersiz (yiiriiyiis veya takim sporlart dahil) yapardiniz?
Sedanter Ayda bir Haftada bir Her giin

D. Aileniz Hakkinda

Dla. Ailenizde meme kanseri dykiisii olan kimse var mi1?
Hayir
Evet

D1b. Cevabiniz evet ise size yakinlik derecesi nedir? ..............c.coeeviiiiiiinni.

D1

D2

c. Cevabiniz evet ise kag yasinda meme kanseri gelismistir? ........................

a. Ailenizde ovaryum kanseri dykiisii olan kimse var m1?
Hay1r
Evet

D3b. Cevabiniz evet ise size yakinlik derecesi nedir? .................c.cooeiiiiinnn.

D2

D3

D4
Bu

c. Cevabiniz evet ise kag yasinda ovaryum kanseri gelismistir? ........................

. Bu caligsma igin siit 6rneginin alindig: Tarih:
Saat:

. Bu siit drnegini vermeden en son kag saat 6nce bebeginizi emzirdiniz?

caligmaya katildiginiz ve zaman ayirdiginiz igin tesekkiir ederiz.
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Q_n_gr_nl_l_h,lg_t_ Caligmanizin Klinik Arastirmalar Etik Kurulu tarafindan onaylanan protokole gére ylriitilimesi ve ¢alisma
protokoitindeki degisiklilerin kurulumuza bildirilmesi gerekmektedir.
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