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ABSTRACT

Uluata-Dayan¢, B. Modulation of Glucocorticoid Induced Tumor Necrosis
Factor Receptor (GITR)-GITR Ligand (GITRL) Interaction in Breast Cancer
Cells Under the Control of Ataxia Telangiectasia Mutated (ATM) Promoter,
Hacettepe University Institute of Health Sciences Tumor Biology and
Immunology Program Master of Science Thesis, Ankara, 2017. Treatment
response for basal-like breast cancers (BLBC) is limited and this aggressive breast
cancer sub-type has poor prognosis and high mortality. Our first aim is to investigate
ATM activity in BLBC cell lines with ionizing radiation. Our second aim is to study
the viability of BLBC cells by the GITR-GITRL interaction while examining the
expression levels of GITR and GITRL with radiation. ATM expression levels in
basal-like (MDA-MB-231, HCC38, MDA-MB-468) and luminal (MCF-7, BT-474,
SK-BR-3) breast cancer cell lines were analyzed with RT-PCR and found similar.
Increase in ATM (S1981) phosphorylation in BLBC cells with ionizing radiation has
been demonstrated with Western Blot experiments. HCC38 cells transfected with
“pATM-GL3” Luciferase reporter plasmid showed high basal and post-radiation
ATM activity. Although there is no difference in ATM mRNA levels, changes in
protein levels has been observed, suggesting a post-transcriptional control
mechanism. GITR and GITRL expressions in BLBC cells were investigated via RT-
PCR and there was no change in expression levels with radiation. While MDA-MB-
231 and MDA-MB-468 cell lines show high GITRL expression, HCC38 cell line was
GITR positive, with both RT-PCR and flow cytometry. GITR* HCC38 cells were
incubated with recombinant GITRL protein at different serum concentrations (1%
and 10%) and the change of cancer cells’ viability, proliferation and amount of
metabolically active viable cells were investigated with DRAQ?7 staining, CFSE
assay and MTT assay, respectively. Even though GITR stimulation only has not
changed viability and proliferation of HCC38 cells, both ionizing radiation and GITR
stimulation had a cumulative effect on cell viability. When cell death was assayed
with DRAQ? staining, a decrease in viability of the cells was observed, which were
simultaneously exposed to both 80 ng/ml rGITRL and 5 Gy ionizing radiation. As a
result, this study demonstrated that cumulative effect of GITR stimulation and
ionizing radiation may affect the viability of breast cancer cells.

Key Words: Basal-like breast cancer, Ataxia Telangiectasia Mutated, GITRL,
ionizing radiation
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OZET

Uluata-Dayang, B. Meme Kanseri Hiicrelerinde Glukokortikoid ile Indiiklenen
Tiimor Nekroz Faktor Reseptor (GITR)- GITR Ligand (GITRL) Etkilesiminin
Ataksi-Telenjiektazi Mutasyona Ugramis (ATM) Geni Promotor Kontrolii
Altinda Degerlendirilmesi, Hacettepe Universitesi Saghk Bilimleri Enstitiisii
Tiimér Biyolojisi ve Immiinolojisi Programm Yiiksek Lisans Tezi, Ankara, 2017.
Bazal-benzeri meme kanseri (BBMK) i¢in tedaviye cevap sinirlidir ve bu agresif
meme Kanseri tiirii kotii prognoz ve yiiksek mortalite gosterir. ilk amacimiz BBMK
hiicre hatlarinda iyonize edici radyasyonun ATM aktivitesine etkisinin
incelenmesidir. 1kinci amacimiz radyasyon ile GITR ve GITRL ifadelerini
incelerken, BBMK hiicrelerinde GITR-GITRL etkilesimine bagli canliligin
calisilmasidir. Bazal-benzeri (MDA-MB-231, HCC38, MDA-MB-468) ve luminal
(MCF-7, BT-474, SK-BR-3) meme kanseri hiicre hatlarindaki ATM ifadeleri RT-
PCR aracili incelenmis ve benzer bulunmustur. ATM (S1981) fosforilasyonunun
BBMK hiicrelerinde radyasyon sonucu artisi Western Blot deneyleri aracili
gosterilmistir. “pATM-GL3” Lusiferaz raporlayict plazmidi ile transfekte edilen
HCC38 hiicreleri bazal seviyede ve radyasyon sonrasi yiiksek ATM aktivitesi
gostermigti.  ATM  mRNA diizeylerinde fark olmamasina ragmen protein
diizeylerinde farklar gézlemlenmesi post-transkripsiyonel bir kontrol mekanizmasi
olabilecegini 6nermektedir. BBMK hiicrelerinde GITR ve GITRL ifadeleri RT-PCR
aracili incelenmistir ve radyasyon ile degismedikleri bulunmustur. MDA-MB-231 ve
MDA-MB-468 hiicre hatlar1 yliksek GITRL ifadesi gosterirken, HCC38 hiicre hatt1
RT-PCR ve akim sitometrisi ile GITR pozitif olarak belirlenmistir. GITR* HCC38
hiicreleri rekombinant GITRL proteini ile farkli serum konsantrasyonlarinda (1% ve
10%) inkiibe edilmistir ve kanser hiicrelerinin canliligi, proliferasyonlar1 ve
metabolik olarak aktif canli hiicreler, sirastyla DRAQ7 boyamasi, CFSE ve MTT
testleri aracili incelenmistir. Tek bagina GITR uyarimi HCC38 hiicrelerinin canlilik
ve proliferasyonlarini etkilemezken, iyonlastirici radyasyon ve GITR uyariminin
hiicre canliliginda kiimiilatif etkisi vardir. DRAQ7 boyamasi ile hiicre 6liimii test
edildiginde, 80 ng/ml rGITRL ve 5 Gy iyonlastirici radyasyona es zamanli maruz
kalan hiicrelerin canliliginda azalma oldugu go6zlemlendi. Sonug olarak, bu ¢aligma
GITR uyarimi ve iyonlastirict radyasyonun kiimiilatif etkisinin meme Kkanseri
hiicrelerinin canliligin etkileyebilecegini gostermistir.

Anahtar kelimeler: Bazal benzeri meme kanseri, Ataksi-Telenjiektazi Mutasyona
Ugramis Geni, GITRL, iyonlastirici radyasyon
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1. INTRODUCTION

Breast cancer shows heterogeneity in morphological, molecular signature,
dissemination patterns, survival rate and response to medical therapy (5) (1). When
this heterogeneity is examined by considering tumor histopathology, clinical
prognosis, and response to treatment; all breast cancer sub-types have distinct
molecular portraits (6). According to microarray-based gene expression analyses
breast cancer is sub-classified as Luminal A, Luminal B, Basal-like, Normal breast-
like, Apocrine, ErbB2*-enriched and recently discovered Claudin-Low types (2).
Basal-like sub-type tends to be most aggressive and invasive showing poor response
to current therapeutic modalities, owing to not carrying hormone or targeted therapy
responsive ER, PR and HER2 receptors. In addition, basal-like breast cancer cell
lines show enrichment for resistant cancer stem cells (CSCs) which may be one of
the reasons why this cancer type is aggressive and therapy-unresponsive.

Cancer stem cells (CSCs), being a small sub-group of cells in the primary
tumor bulk, show unlimited proliferation and differentiation capacities (3). CSCs
have strictly regulated and promptly responding DNA damage response pathways
(21) as well as show high expression profiles for drug extrusion transporters (20).
Although the cancer remission is observed in conventional therapies as a short-term
response to treatment, recurrence of the cancer has been inevitable in the long-term,
due to chemo- and radio-resistant CSCs. In cancer, resistance to radiation is
attributed to highly expressed Ataxia-telangiectasia mutated (ATM) gene, which has
a major role in DNA repair and genomic fidelity.

Genomic stability is disrupted by DNA damage, which can be both
endogenously developed (single strand breaks, depurinations, oxidative damage) and
exogenously originated (ionizing radiation, UV radiation, chemical mutagens).
Radiotherapy efficacy is hindered if the cells have well-regulated DNA damage
repair proteins, one of the prominent transducer is ataxia telangiectasia mutated
(ATM). ATM expression levels are higher in breast CSCs and upon X-radiation,
ATM-Chk2-Cdc25A pathway is induced to correct newly created mutations. Upon
radiation, Cdk2 protein is converted into multi-phosphorylated “inactive”
conformation resulting in S-phase delay so that the cells are given sufficient time to



perform efficient DNA repair. On the other hand, if ATM is mutated or functionally
impaired, the cells progress with radioresistant DNA synthesis.

Even though immunotherapy, especially the checkpoint blockade (such as
CTLA-4 or PD-1 blocking antibodies) has been regarded as a promising approach,
the therapy modality combining immune modulation and radiation in basal-like
breast cancer cells has not been entirely elucidated. GITR-GITRL interaction has
been well investigated from the immunological aspects (such as T cell regulation).
However, GITR can also be found on cancer cells and its interaction with GITRL not
only provides cell proliferation via NF-KB pathway induction, but can also directly
trigger cell death.

In this study, we carried out analyses for confirming radiation responsiveness
of triple-negative breast cancer cell lines (MDA-MB-231, HCC38 and MDA-MB-
468). The levels of ATM phosphorylation, mRNA and protein levels of ATM and
promoter activity were determined upon exposure to ionizing radiation. For this
purpose a reporter plasmid carrying ATM promoter region was constructed. The
presence of GITR and GITRL, their expression regulation in response to X-radiation
was assessed. In addition, stimulation of GITR expressed on HCC38 cell line was
evaluated in terms of proliferation and cell death with or without ionizing radiation
on the basal-like breast cancer cells. ATM expression was constitutive at mRNA and
protein level in the breast cancer cells and the total protein levels tend to increase
upon irradiation. Our results indicate that stimulation of HCC38 GITR™ basal-like
breast cancer cells with its cognate ligand may have implications to increase

radiation sensitivity.



2. LITERATURE OVERVIEW
2.1. Breast cancer

In normal breast tissue, luminal epithelial cells make up a single cell layer
which further covers the lumen of channels or lobules. Basal myoepithelial cells
create a second cell layer which surrounds luminal cells. This layer is in direct
contact with basal membrane (Figure 2.1.).

Origin of breast cancer predominantly based on the cells lining milk ducts
and the lobules supplying ducts with milk. Cancers emanating from lobules are
known as lobular carcinomas, while cancers developing from the ducts are named as
ductal carcinomas.

Defects regarding cell-cycle checkpoint as well as DNA damage repair
system result in breast cancer, which is further classified as sporadic or inherited
(4). If the genes such as BRCA1, PTEN, TP53 aiding in DNA stability maintenance
are mutated, the probability of developing breast cancer increases (5).
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Figure 2.1. Breast anatomical structure and morphological histology depicting
luminal or myoepithelial cells which most breast cancer arises from
(taken from Clin Obstet Gynecol. 2011 Mar; 54(1):91-5). This Figure is
used for “reference and informational purposes” (Authorized Use), as
stated in the Copyright rules of the journal.



Breast cancer is the most frequent female cancer in both developed and
developing countries (6). Predominance of breast cancer in North America, Europe
and Australia surpasses regions of Africa, South and East Asia. According to our
national cancer statistics in 2014, 16.646 women (25% of female cancer patients)
were diagnosed with breast cancer (7). The stage of cancer at diagnosis differs in
regions of Turkey. In Eastern Anatolia, the stage at diagnosis is generally advanced
with metastasis (3). In developing countries, five-year survival rate for patients with
breast cancer is about 53%, whereas it is reported as 73% in developed countries.
The survival difference is not unexpected, since in developed countries patients show
awareness for breast cancer, have better access to treatment facilities, early diagnosis
due to mammography screening. The mortality rate of breast cancer is 30% (190.000
deaths/ 636.000 cases) in developed countries, whereas this rate is 43% (221.000
deaths/ 514.000 cases) in developing countries (6).

Breast cancer shows heterogeneity in molecular, morphological and clinical
aspects (8). As this heterogeneity is investigated by considering tumor
histopathology, clinical prognosis, and treatment response; all breast cancer sub-

types have distinct molecular portraits (2).
2.1.1. Molecular subtypes of breast cancer

Breast carcinoma in situ is divided into two sub-groups known as ductal
carcinoma in situ (DCIS) and lobular carcinoma in situ (LCIS) (9). Ductal
carcinoma shows higher prevalence and heterogeneity than LCIS. DCIS is further
divided into solid, papillary, micropapillary, comedo and cribiform, according to its
morphological features. A new classification based on molecular markers of estrogen
receptor (ER), progesterone receptor (PR) and human epidermal growth factor
receptor 2 (HER2/neu) has gained acceptance, since morphological classification is
inadequate. ER, PR and HER2/neu status could provide further information
regarding tumor response to a particular therapy, such as Trastuzumab for Her2" and
aromatase inhibitors or tamoxifen for ER*/PR* tumors (10,11). Recently, breast
cancer is sub-classified as Luminal A, Luminal B, Basal-like, Normal breast-like,
Apocrine, ErbB2*-enriched and Claudin-Low types, with the use of microarray based
gene expression analysis (2) (Table 2.1.). These sub-types actually show disparity for



histological grade, prognosis, survival rate, dissemination patterns and treatment
response (1). Approximately 75% of breast cancers show positivity for ER and/or
progesterone (PR) receptor (12). Tumor types showing ER positivity typically
express genes being unique to luminal epithelial cells, hence named “Luminal”.
Luminal group is categorized under two sub-groups called Luminal A and Luminal B
(12). While Luminal A tumor cells show ER positivity (ER"), they do not carry
HER2 (HERZ2). They are inclined to show tumor grade 1 or grade 2 (1). A portion
(28-31%) of breast cancers show luminal A type (2) with low histological grade,
highest overall survival rate, low recurrence incidence and plausible response to
hormone therapy, owing to their ER positivity (8). Luminal B tumor cells with ER
positivity diverge from luminal A type, with or without HER2 positivity (1). Luminal
B shows lymph node positivity and larger tumor size with poorer prognosis in

comparison to Luminal A.

Table 2.1. Comparison chart of breast cancer subtypes (adopted from “Origins of
breast cancer subtypes and therapeutic implications”) adopted from (1)

Breast cancer Molecular . Most frequently detected Current
. Histopathology . . .
sub-type Signature genetic abnormalities Therapies
Tamoxifen
. ER*, PR*,HER2" Grade |
Luminal A ) Loss of 16q Aromatase
GATA3* Invasive lobular L
inhibitors
Chemothera
_ ER™, PR'*, _ Py
Apocrine HER2* Grade Il Gain 17921 Trastuzumab
AR*, BCL2 Lapatanib
Chemotherapy
Luminal B ER'*, PR*, Grade 11 Gain 17¢21 Trastuzumab
HER2-* .
Lapatanib
Chemothera
ERBB2 Grade Il Gain 17g21 Trast F;y
- PR~ + rade ain rastuzuma
(HER2) ER-, PR, HER2 a _
Lapatanib
_ ) ER", PR", HERZ" Grade 1l ) Chemotherapy
Triple negative High Ki67 o Gain 6p21— N .
Llik expression, CK5* Infiltrating ductal Antiangiogenic
(Basal-like) and/or CK6* Medullary p25 therapy
CK14*

HER2-positive tumors show HER2 oncogene amplification or genes related

to this pathway with high expression profiles (1). The classification of breast cancer

types with low frequency such as normal breast like and/or apocrine breast




carcinoma is still contentious among researchers. Triple-negative breast cancer cells
carry neither ER/PR nor HERZ2; therefore, these cells do not respond to hormone
therapy (1). However, in tumors belonging to basal-like sub-type with high
expression profile of basal/myoepithelial surface markers (i.e. cytokeratin (CK)5,
CK14, CK17 and laminin) (1,12); they do not possess ER, PR and HER2 receptors,
hence named as triple-negative (TN) (12). Approximately 15-20% of breast cancers
is triple-negative or basal-like. “Claudin-low” type shows low level of claudin gene
expression, a protein involved in cell-to-cell adhesion and tight junctions (2).This
type is enriched in cells showing tumor initiating cells or cancer stem cell properties
(13,14), with epithelial-mesenchymal transition (EMT) signature (15). Clustering
analysis on human breast tumors as well as normal breast samples reveals that
claudin-low type and basal-like subtypes have shared gene expression patterns (16).
They both show low expression profile for ESR1, HER2, GATA3 and luminal
keratins 8 and 18 (2). The major discrepancy separating basal-like from claudin-low
subtype is that the former shows high expression of cell-to-cell adhesion molecules
such as occludin, cingulin, E-cadherin. On the other hand, gene clusters concerning
immune response and infiltration show high expression profile in claudin-low
subtype. Nonetheless, whether origin of highly expressed CXCL2 and interleukin 6
is claudin-low tumor cells or immune cells in the tumor vicinity are still disputable
(2). These cells express vimentin highly (17) and show alteration of cell surface
markers towards stem cell-like signature CD44*/CD24" phenotype (17).

Basal-like breast cancer cells generally show mutations of tumor suppressor
genes BRCA1 and BRCAZ2 (18,19), which have roles in double-strand DNA repair
mechanisms. Such mutations not only increase the propensity to breast cancer, but
also raise the sensitivity of tumor cells to ionizing radiation. Despite the fact that
chemotherapy and radiotherapy centered treatment modalities as well as usage of
estrogen antagonists (such as tamoxifen) and inhibition of signal transduction (such
as trastuzumab) aids in clinical and pathological remission of the disease, there is

still a high probability for recurrence which may be due to the cancer stem cells.



2.2. Breast Cancer Stem cells

Cancer stem cells (CSCs), being a minute sub-group of cells in primary tumor
mass, have unlimited proliferation and differentiation capacities (3). These cells’
self-renewal and differentiation properties are provided via pathways like Wnt, TGF-
B, STAT, Hippo-YAP/TAZ (3). These must be tightly regulated to preserve stemness
of normal stem cells that are critical in physiological processes like embryogenesis
and regulation of crypt cells in intestine. However, these pathways are deregulated in
cancer (3). CSCs show high expression of ABC transporters such as ABCG2 drug
extrusion transporter (20) and have tightly regulated DNA damage response
pathways (21); hence, they are resistant to both chemotherapy and radiation.
Recurrence of cancer has been attributed to these CSCs in the patients undergone

chemotherapy or radiotherapy (21) (Figure 2.2.).

Drugs that kill Tumor loses ability to  ...and tumor
CSC-Targeted  tumorstemcells  generate new cells...  degenerates
Cancer
Therapy

)
e > @ @ _'&
Therapy

Drugs that kill ...but not cancer Tumor shrinks,
tumor cells... stem cells but grows back

Figure 2.2. Possible outcomes for traditional or CSC targeted cancer therapies
(109).

In breast cancer, CSCs (or tumor initiating cells) are regarded to be
responsible for resistance against conventional therapy and recurrence of the disease
(22). Breast CSCs’ surface markers (CD44"9"/CD24'o%Wneg/ A DH1*) are prevalently
utilized for identification of these cells (23,24). Breast cancer initiating cells are
generally isolated by the help of ESAP®/CD44"9"/CD24'°""e9/|_jneage™d /ALDH1MI"
cell surface markers (25). Distinct tumor initiating cell sub-populations could be

present within the same tumor. These cells are capable of establishing tumors,



promoting tumor growth and providing continuity of tumor when they are inoculated
to immunodeficient mice in variable dilutions (25-27). They not only show
anchorage-independent growth by creating mammo-spheres in vitro, but also they
evade anoikis (28,29). Salinomycin, which hinders mammo-sphere formation by
inhibiting STAT3 activation and resulting in decreasing expression levels for
stemness markers (i.e. Nanog and Oct4) in cancer cells, is used to target CSCs (30).
Furthermore, CD44"9"/CD24'°""3 preast CSC population is also sensitized to
anoikis by this antibiotic (30).

In comparison to more differentiated cell types, transcription factors Zinc
finger E-box-binding homeobox 2 (ZEB2) and twist family bHLH transcription
factor 2 (TWIST2), having roles in epithelial-to-mesenchymal transition (EMT),
show higher expression levels in breast CSCs and in CD49f"9"/EpCAM™ mammary
stem cells (31,32). EpCAM is widely utilized to detect circulating tumor cells,
however this approach is not suitable for isolating CSCs in claudin-low cell lines due
to their deficiency in EpCAM (31). A study investigated the transcriptional profiles
of 51 breast cancer cell lines in concordance with 145 primary breast tumors (32).
They found that 9 cell lines (including MDA-MB-231), previously known as basal-
B, actually show the properties of claudin-low type, by having >90% CD44"d"/
CD24'"""eg fynctional CSCs and low expression profile of claudin 3-4-7 cell
adhesion molecules (32). Therefore one could conclude that distribution of CD44"9"/

CD24'"""ed cell population can be heterogeneous in different cell lines.
2.2.1. CDA44hish/CD24'owineg hreast cancer stem cells

The markers of stemness attributed to breast CSCs are basically CD44,
CD24, CD133, ABCG2, ALDH1, EpCAM (23,27). Even though CD44 and CD24
are heterogeneously expressed (CD44M"/CD24'°%nes  CD447/CD24" and CD44
/CD24* cells), most of the studies accept CD44"9/CD24'""e9 cells as responsible
for poor prognosis and aggressiveness in triple-negative breast cancer. Moreover,
these cells are able to differentiate into “conventional” tumor cells, as well as initiate
metastasis to distant sites such as bones (33) and brain (34).

Wang et al (35) showed that a certain percentage of CD44M"/CD24!ow/neg
cells of breast CSC phenotype is enriched in MDA-MB-231 (93.25%) and SUM1315



(59.91%) cell lines, whereas MCF-7 and SUM1419 cell lines have low presence of
these cells, %0.05 and %2.33 respectively. Sheridan and colleagues also agreed that
different breast cancer cell lines have different CD44"9/CD24'°""¢3 proportion, by
scanning CD44 and CD24 presence in 13 breast cancer cell lines (36). According to
their results, MDA-MB-231 cell line is enriched with CD44M9"/CD24'oWnes gb-
population (85+5%) and shows the lowest proportion for CD447/CD24" (2%),
whereas MDA-MB-468 cell line shows the lowest proportion (3+1%) for
CD44M9"/CD24'°%"d and highest proportion for CD44*/CD24* (90+6%) (36). On the
other hand, HCC38 cell line has 80% CD49f"9"/EpCAM™ mammary stem cells (37).
It is proposed that the greater proportion of CD44"9"/CD24 '°%/neg ce|ls provide these

tumors with higher resistance to radiation therapy.
2.3. Radiation therapy in cancer

Radiation therapy is a cytotoxic therapy with a high efficacy for the treatment
of solid tumors (38). Local delivery of an optimal dose of radiation is a major
concern to minimize dose-dependent toxicity on tumor neighboring healthy cells or
tissues. Therefore, host tissue and adjacent tumor tissue should be strictly separated.
There is a common misconception that curative success of the radiation therapy
depends on the delivery of high radiation doses to the tumor site. Independent of the
high dose of radiation delivered, the presence of radioresistant CSCs and tumor-
related hypoxia and oncogenic mutations such as EGFR and K-RAS genes may
decrease the efficacy of radiotherapy. Radiation modifies tumor microenvironment
so that it may facilitate immune cell infiltration and drug penetration into the tumor
bulk (38).

Cellular homeostasis is associated with the maintenance of genome stability
(39) and cells lose their genomic integrity by radiotherapy. Upon exposure to
ionizing radiation, the cells have two options: they either halt their cell cycle to repair
mutations, or proceed proliferation process with irreparable mutations accumulating
in the cell, risking apoptosis (39,40). Double-strand breaks inflicted by radiotherapy
are repaired through either non-homologous end joining (NHEJ) DNA repair
mechanism (41,42) or homologous recombination (HR) (Figure 2.3.) (43). The

former is more error-prone, because DNA double-strand break ends are directly
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ligated, irrespective of homologous sister chromatids (40,41,43,44). Radiotherapy
may not be effective if the cells have tightly-regulated DNA damage repair
mechanisms such as ataxia telangiectasia mutated - ataxia telangiectasia and Rad3-
related protein (ATM-ATR) pathway, yYH2AX, PARP-1, BRCAL and other damage
response proteins (38). By activation of cell cycle checkpoints, ATM and ATR
protect the genomic integrity of cells. Even though ATM is activated via DNA
double strand breaks and functions through Chk2 activation, ATR is activated by
single-stranded DNA damage caused by stalled replication fork and functions
through Chk1 (44). On the other hand, high levels of phosphorylated p-ATM, p-
Chk1, p-Chk2, PARP1 aids in radioresistance. Inhibition of these damage response
proteins leads the cells to be more sensitive to radiation (45). Furthermore,
radiosensitivity of cancer cells depends on the cell cycle phase, as cells in late S
phase are much resistant to radiation-dependent DNA damage, due to the HR repair
mechanism, as far as gamma and X-ray radiation is concerned (38).
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Figure 2.3. DNA repair mechanisms in response to radiation. A) Non homologous
end-joining NHEJ, B) Homologous Recombination. (Adopted from:
Biochemistry, Genetics and Molecular Biology "Protein Phosphorylation
in Human Health", ISBN 978-953-51-0737-8) (110).

Radiation therapy modalities for breast cancer are external beam radiotherapy
(EBRT), brachytherapy (BRT) or intraoperative radiation (IORT) (46). EBRT is the
most frequently used radiotherapy technique, in which a linear accelerator (Linac)
directs radiation with a high energy X-rays to the tumor region (46). Brachytherapy
is used after lumpectomy and this method utilizes small pieces of radioactive seeds,
which are temporarily inserted into the tumor vicinity with the aid of multiple
catheters or balloon-shaped catheters. These seeds emit a certain dose of radiation to
the neighboring tissue, in a shorter duration than EBR (46). In the temporary
brachytherapy radiation source would be removed after high dose source of
radioactive material is applied to the tumor region. On the other hand, in the
permanent brachytherapy radioactive seeds are implanted into the tumorigenic region

and they emit a continuous dose of radiation.
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2.3.1. Effect of radiation on breast cancer cells

Even though germline mutations can enrich genetic diversity, such variations
in DNA sequences can be dangerous for somatic cells. Somatic cells have tightly
regulated protective mechanisms against genomic changes (21). Genomic stability is
challenged by DNA damage, which can be from both endogenous, e.g. single strand
breaks, depurinations, oxidative damage, and exogenous, e.g. ionizing radiation, UV
radiation, chemical mutagens (39). With the aid of several repair mechanisms
specialized for different DNA damage types, the cells manage to protect their
genomic integrity (47). Nevertheless, the type of the damage, as well as accumulated
mutations can direct the cell to go into programmed cell death (apoptosis). DNA
damage-induced apoptosis is more common in normal cells and in tumor cells (48).
On the other hand, CSCs have well regulated and prompt DNA damage response
pathways (21,49,50). When both CSCs and cancer cells are exposed to ionizing
radiation, only a small group of these cells (i.e. cancer stem cells) survive and can
reestablish the tumor, whereas abundant number of tumor cells commence to
accumulate irreparable mutations and subsequently die (51). Double-strand breaks
(DSB) has been regarded as the most cytotoxic DNA damage and would trigger cell
cycle checkpoints to decide for cell survival (21). When DSB are inflicted by
ionizing radiation or free radicals, CSCs go into rapid cycle arrest, resulting in an S
phase delay to resolve the problem (21), whereas most of the cancer cells prefer
radioresistant DNA synthesis (52). For DSB, the primary transducer of DNA damage
is ATM. Upon activation, this protein phosphorylates the downstream molecules and
induces ATM-Chk2-Cdc25A DNA damage response pathway (Figure 2.4.) (52,53).
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Figure 2.4. ATM-Chk2-Cdc25A DNA damage response pathway (Modified from
Falck et al, Nature 2001; 842-47) (52).

2.3.2. The role of ATM in radiosensitivity

ATM belongs to phosphatidylinositol 3-kinase-related kinase family and is a
370 kDa serine-threonine kinase (54). It is found in the cytoplasm as an inactive
homodimer or forms heteromultimer. When DNA damage by ionizing radiation
occurs, with the assistance of Mrell-Rad50-Nbsl (MRN) complex, ATM is
recruited upon interaction with Nbsl and converted into its active state by auto-
phosphorylation on serine 1981 residue, which further reveals its catalytic kinase
domain (59, 60). Furthermore, Rad50 aids DNA unwinding by its ATPase activity
(55). Upon activation, ATM phosphorylates Chk2 (Figure 2.4.), then Chk2
phosphorylates Cdc25A, which is further ubiquitinated and destined for degradation
via proteasomes (52). ATM activation upon ionizing radiation leaves Cdk2 in a
multi-phosphorylated “inactive” state, which results in an S-phase delay, so that the
cells are allowed to carry out an efficient DNA repair. On the other hand, if ATM is
functionally impaired, the cells proceed with radioresistant DNA synthesis. Many
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studies have been focused on direct targeting of the ATM signaling pathway or on
important elements downstream of ATM (such as Chk1, Chk2), in order to abolish
the CSCs’ resistance to radiation (56,57). ATM deficiency could result in pleiotropy
accompanied with cerebellar degeneration, immunodeficiency, thymic atrophy, as
well as extreme ionizing radiation sensitivity (58,59). Not only radiation but also
growth factors regulate ATM pathway (60). Gueven et al. showed influence of serum
deprivation on ATM promoter activity which varies according to the type of cell line
used. When cells are serum deprived, 293T (SV40 immortalized fibroblast cell line)
shows an increment, whereas H1299 lung cancer cell line shows a decrement of
ATM expression. One of the possible explanations for ATM/Chk2 activation by
serum deprivation is that cell proliferation in the absence of serum results in
nucleotide pool depletion accompanied with a loss of genomic stability (61).
Therefore, DNA damage response pathway is activated. Furthermore, ATM proximal
promoter region is regulated with methylation of CpG islands in HCT-116 colorectal
tumor cell line, which is accompanied with reduced ATM levels due to epigenetic
silencing and higher radiosensitivity (62). When HCT-116 cells are co-cultured with
5-azacytidine, promoter demethylation occurs and ATM expression levels increase
resulted in decreased radiation sensitivity. Another study by Hu et. al. demonstrated
that microRNA 421, whose abundance correlates with N-myc transcription factor in
neuroblastoma, interferes with ATM expression by targeting the 3’-untranslated
region (3'UTR) of ATM transcripts (63).

There are various and numerous transcription factor binding sites on the
ATM promoter, which contribute to its cooperative radiation response with different
pathways. The transcription factors Spl, Cre, Ets and API, but not Myb and NFI,
have a major effect on the regulation of ATM promoter (60). Another study suggests
that E2F-1 transcription factor has a major impact on the transcriptional regulation of
ATM (64).

There are contradictory data showing disparate radio-sensitivities of cancer
initiating cells and normal cancer cells. In one of such studies, cancer stem cell-rich
MDA-MB-231 and MDA-MB-453 cell lines and corresponding non-stem cell rich
counterparts were compared in terms of their radio sensitivities (65). These cells

were exposed to wide spectrum of radiation, beginning from 1.25 Gy up to 8.75 Gy
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and their survival curves and ATM activation was assessed. In contrast to the
existing literature that CSCs have high ATM expression accompanied with
radioresistance (66), a study reversely asserted that cancer initiating cells show low-
level of ATM expression accompanied with poor DNA damage repair capacity
which ultimately results in high radiosensitivity (65). Although Ropolo et al.
reported the importance of cell cycle stratification on determining sensitivity to
radiation (67), their study also held ATM expression levels responsible for
radiosensitivity, rather than antioxidant levels or cell cycle phases. Many other
studies demonstrated that if the majority of cells are in S phase, they are more
radioresistant, whereas if they are in late G2 or M phases, they are predisposed to
damaging effects of radiation (68).

Ahmed and his colleagues have focused on glioblastoma multiforme, which
iIs among the most aggressive brain cancers. They correlated the inevitable
recurrence of this malignancy to the brain cancer stem cells (69). The brain cancer
stem cells are more radioresistant compared to “conventional” cancer cells in the
tumor bulk. Upregulated expression of ATM, ATR, PARP1 and Chk1 was found in
brain cancer initiating cells. Inhibition of either ATR or Chk1 interferes with the G2-
M cell cycle checkpoint, which forces cells to show modest radiosensitivity.
Radiosensitization emanating from ATM inhibition outweighs and individual
inhibition of PARP, ATR or Chkl separately, because ATM not only has a
significant role at cell cycle checkpoint but also has a modulatory effect on DNA
damage response, unlike other individual proteins. Nevertheless when PARP and
ATR are co-inhibited in brain CSCs, radiosensitivity was enhanced. This study
revealed that combined inhibition of DNA damage response proteins may be
partially efficient to overcome radioresistance, however not as efficient as inhibition
of ATM.

2.4. Glucocorticoid-induced tumor necrosis factor receptor (GITR) and
its ligand (GITRL)

Tumor Necrosis Factor Superfamily Member 18 (TNFSF18) and Tumor
Necrosis Factor Receptor Superfamily Member 18 (TNFRSF18), namely GITRL and
GITR, are members of tumor necrosis factor receptor (TNFR) superfamily (70).
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Most of the TNFR family members have a major role in T cell regulation, after initial
activation of T cells through T cell receptor (TCR) and CD28-B7 engagement (71).
Some members of this superfamily are GITR, 4-1BB (CD137), CD27, HVEM, CD30
and OX40 (CD134), and they all show co-stimulatory effects on T cells. TNFR
family is categorized into three groups: i. receptors carrying death domain (DD), ii.
decoy receptors (DR), and iii. TNF receptor-associated factor (TRAF)-binding
receptors (72-74). DD-carrying TNFRs (i.e. TNFR1, FAS, DR3) could induce
canonical caspase pathways by DD-carrying signaling intermediates directly,
resulting in apoptosis. Even though TRAF binding receptors (such as TNFR2) are
deficient of DDs, they are specialized to recruit TRAF proteins by their special 4-6
amino acid long SXXE motifs (75).

Table 2.2. TNFR and TNFR ligand family members (Drug News Perspect 2002,
15(8):4831SSN0214-0934 Copyright 2002 Tumor Necrosis Factor
Family Ligands and Receptors in the Immune System: Targets for Future
Pharmaceuticals by Francis Ka-Ming Chan and Michael J. Lenardo)
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Figure 2.5. TNFR ligand family structure (Adopted from Watts et al, Annu. Rev
Immunol 2005 23:23-68) (71).

Human GITR (also known as TNFRSF18, AITR, CD357) is designated as
h(GITR), is a type | transmembrane protein consisting of 241 amino acids (76).
Murine GITR (m(GITR)), which is aIRM 228 amino acid long protein, shows
approximately 60% sequence similarity to h(GITR) (77). Human GITR locus is on
chromosome 1, on which OX40 and 4-1BB genes assemble together (76). GITR is
specifically activated by its ligand GITRL (also known as TNFSF18, AITRL) which
is a 177 amino acid transmembrane protein in mouse (76). As receptor h(GITRL)
locates on chromosome 1, on which FasL and OX40L genes are clustered together
(76,78,79). No binding is observed between h(GITRL) and m(GITR), or vice versa
(80). GITR is known to be constitutively expressed on the surface of FoxP3*
regulatory T (Treg) cells (81,82). Expression of GITR is regulated through a FoxP3-
associated signaling cascade (83). In memory and naive T cells, GITR expression is
limited, but upon T cell activation, GITR expression is upregulated (84). In T cells,
GITR expression is influenced by Nuclear Factor kappa B (NF-xB) (RelA is the
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major transducer, with p50 and cRel moderate effects) and nuclear factor of
activated T cells (NFAT), mutually (85). Even though NF-kB upregulates GITR
expression, NFAT has a suppressive effect. NFAT and NF-xB acts reciprocally to
decide on the biological outcomes in T cells upon TCR activation. Moreover,
interleukin (IL)-15 has a major impact on upregulated GITR levels on CD8" memory
T cells in bone marrow, by enhancing T cell survival (86). These results suggest that
one of the pathways induced by GITR-GITRL interaction is through NF-«xB.

Signaling through GITR results in positive regulation of Jun N-terminal
kinases (JNK), mitogen-activated protein kinase (MAPK), extracellular signal—
regulated kinases (Erk) and NF-kB pathways, enhances cytokine secretion and T cell
survival (87). As mentioned previously, GITR belongs to TRAF-binding receptors
and recruits TRAF2/5 complex further to activate T cell survival by upregulation of
anti-apoptotic protein Bcl-XL (88). All stimulatory TNFR family members recruit
TRAF2 in their signaling complex, with affinities for other TRAF molecules.
Binding of TRAF2 and TRAF5 results in NF-kB activation (89), which releases it
from the inhibitor protein IkBa via degradation. This circumstance further
upregulates cellular inhibitors of apoptosis (clAP1 and clAP2), c-Flip and anti-
apoptotic molecule Bcl-XL. Some studies suggest that GITR interacts with TRAF1,
yet this engagement could be dispensable, as TRAF1” T cells do not show
dysregulated NF-«B pathway upon GITR activation (88). When GITR-GITRL
engagement occurs on Treg cells, NF-kB pathway and JNK becomes activated. JNK
phosphorylation can annul suppressive functions of Tregs (90). Besides having a role
in cell proliferation, the GITR-GITRL engagement may also result in apoptosis.
GITR itself does not carry a death domain (DD), albeit it is suggested that it aids
apoptosis via SIVA pathway (91).
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Figure 2.6. GITR signaling through SIVA and NF-«xB (111).

Interaction of pro-apoptotic protein SIVA-I and cytoplasmic tail of GITR has
been documented (92). SIVA-I differs from alternative splice form SIVA-II by
having a DD (93). To induce apoptosis, SIVA directly binds to anti-apoptotic protein
Bcl-XL to inhibit its pro-survival function, rather than activating its own DD. This
condition makes cells more sensitive to UV radiation induced apoptosis (92). A wide
assortment of DNA damaging agents such as alkylating agents (methyl
methanesulfonate) and UV light activate ATR and ATM, however the latter one is
activated primarily by irradiation (IR) (94). If cells have upregulated SIVA
expression, it is followed by cell shrinkage, caspase activity (initiator caspase 8/9 and
effector caspase 3) and translocation of phosphatidylserine onto the cell surface as an
early marker of apoptosis (93). Cytochrome c release as well as Bid activation
reveals that SIVA pathway triggers mitochondrial-dependent apoptosis pathways
(93). Rather than DD homology region (DDHR), C-terminus and N-terminus, which
are shared between SIVA-I and SIVA-II, have a significant role in SIVA-related
apoptosis (93).
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2.4.1. Distribution of GITR and GITRL expression

When GITRL expression in cancer cell lines is compared, TIME and HUVEC
TERT2 (endothelial cell lines), EFO-21 (breast cancer cell line) cell lines are
enriched with GITRL expression (Figure 2.7A); whereas there is almost no
expression in normal human tissues, apart from the minute expression levels seen in
esophagus and cerebral cortex (Figure 2.7B).
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Figure 2.7.GITRL RNA expression in A) Cancer cell lines, B) Normal human
tissues (Adopted from Human Protein Atlas) (112).

As far as GITR expression is considered, SCLC-21H and RPMI-8226 cell
lines are enriched with GITR (Figure 2.8 B) and there is a high protein level of GITR

in female tissues as well as in bone marrow and immune system (Figure 2.8. A).
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Figure 2.8. GITR expression in A) Normal human tissues, B) Cancer cell lines
(Adopted from Human Protein Atlas) (113).

2.4.2. Immunological aspects of GITR-GITRL interaction

Functional consequences of GITR-GITRL interaction among tumor cells and
immune cells depend on the cell type. Tumor cells show constitutive expression of
GITRL in several cell lines or human colon and rectum tumor tissues, together with
repressed expression of costimulatory CD40 and CD54 molecules (95). GITR
signaling in tumor cells also results in increased expression of immunosuppressive
molecule TGF-B (95). Despite expression at low levels, NK cells have constitutive
expression of GITR on their surface, and this expression is enhanced when cells are
activated upon simultaneously exposure to IL-2 and IL-15 (95,96). Even though NK
cell cytotoxicity is increased with IL-15 pretreatment, tumor cell-expressed GITRL
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abrogates NK cell function by impeding IFN-y release. Therefore, cytotoxicity of NK
cells against tumor cells is prevented. Baltz et al. (95) demonstrated that IFN-y
release from NK cells can be increased by anti-GITR mAb, since it blocks the
GITRL expressed on HCT116 (colon), LX1 (lung), NCCIT (germ cell) tumor cells.
Hanabuchi and colleagues reported contradictory results for the effect of GITRL on
NK cells. Their study claims that plasmacytoid dendritic cells (pDC) stimulated upon
viral infection show high level of GITRL expression (96) and elevated GITRL levels
fortify cytotoxicity and IFN-y production of NK cells. This was observed when type
I interferons were present; therefore, the presence of GITRL only is not sufficient to
activate NK cells. In addition to GITRL, extra stimuli from IFN-a, IL-2 and NKG2D

are required to activate NK cells (96).
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Figure 2.9. Outcomes of signaling via GITR and GITRL in different cell types (114).

Several studies suggest that GITR stimulation with agonist antibodies result
in the activation of matrix metalloproteinase-9 (MMP-9) and pro-inflammatory
cytokines such as TNF-a (97). Moreover, there are studies showing the function of
GITR in leukocyte adhesion and migration (98). By utilizing trans-well migration
assays, GITRL-GITR-Fc binding is shown to result in STAT1 phosphorylation
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followed by upregulation of intracellular adhesion molecule (ICAM-I) and vascular
cell adhesion molecule (VCAM-I). GITR™ splenocytes show impaired adhesion to
endothelium, but this impairment could be reverted by functional GITR-Fc. When
GITR-Fc binds to GITRL on endothelial surface, reverse signaling occurs and
splenocytes recover their adherence (98). Besides splenocytes, GITRL has been
suggested to have an effect on macrophage egress (99). However, whether
upregulated VCAM-1 and ICAM-I has a role in this egress (99), or altered expression
of chemokines and cytokines show ancillary effect for macrophages’ mobility is still
disputable.

Plasmacytoid dendritic cells (pDCs) has high surface GITRL expression and
upon reverse signaling, NF-xB pathway activates, aiding in immunosuppression
through Indoleamine-pyrrole 2,3-dioxygenase (IDO) (100).

When we examine the importance of GITR and GITRL in the context of B
cells, even though GITR/L expression increases upon B cell activation, no change in
the serum immunoglobulin (Ig) levels or B cell development was noted (101).
Nevertheless, it has a major effect on marginal zone B cells and follicular B cell
accumulation, but it does not interfere with antibody response of B cells (humoral
immunity).

In CD4" and CD8" T cells, GITR engagement with GITRL is indispensable
for cell proliferation and survival accompanied with augmented IL-2, IFN-y and
CD25 levels.
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3. MATERIALS AND METHODS

This thesis study was performed at Hacettepe University Cancer Institute,
Department of Basic Oncology Laboratories and in Ege University, Faculty of
Pharmacy, Department of Pharmacology through February 2016 - June 2017. The
procedures were submitted to the approval of the Non-interventional Clinical
Research Ethics Board at Hacettepe University (Doc. Nr.:16969557-404).

3.1. Materials

The chemicals and biological materials used in this study and their suppliers
are listed: DMEM High Glucose, RPMI 1640, Penicillin-Streptomycin solution,
Trypsin-EDTA (Biological Industries, Israel); DMEM Low Glucose (Lonza, Basel,
Switzerland); L-Glutamine, (200Mm), Fetal Bovine Serum (FBS) (Biowest, Nuaillé,
France); polyvinylidene difluoride (PVDF) transfer membrane, PageRuler™ Plus
Prestained Protein Ladder, Pierce™ ECL Western Blotting Substrate, SuperSignal™
West Femto Maximum Sensitivity Substrate, ANTP mix (25mM), 6x DNA loading
dye, DNasel enzyme, Oligo(dT).s primer, 5x reaction buffer, Reverse Transcriptase,
Ribonuclease inhibitor, 50 bp DNA ladder (Thermo Scientific, Rockford, USA);
Halt™ protease inhibitor cocktail (PIC), Pierce RIPA Buffer, Pierce™ BCA Protein
Assay Kit (BCA Reagent A, BCA Reagent B), DreamTag DNA polymerase, 10x
DreamTaq Buffer (Thermo Fisher Scientific, USA); Bovine serum albumin (BSA),
beta-mercaptoethanol, Sodium dodecyl sulfate (SDS), Trizma Base, Trypan Blue
(Sigma-Aldrich, US); T4 DNA ligase, Kpnl-High Fidelity and Bgl-Il restriction
enzymes, CutSmart Buffer and NEBuffer 3.1, NEB® 5-alpha competent E. coli-High
Efficiency, T4 DNA ligase buffer (10x) (New England BioLabs, Ipswich,
Massachusetts, USA); 10x Dulbecco's Calcium-Magnesium free phosphate-buffered
saline (DPBS) solution (Gibco, ThermoFisher, Paisley, UK); Western Blotting
Buffers and Reagents (Resolver A, Resolver B, APS, TEMED, Stacker A, Stacker
B), SsoAdvanced™ Universal SYBR® Green Supermix (Bio-Rad, Hercules,
California, USA); anti-polyspecies Beta-actin primary antibody, ATM (D2E2) rabbit
mAb #2873 (Cell Signaling Tech, Danvers, Massachusetts, USA); recombinant
human GITR Ligand/TNFSF18 (CHO-expressed) Protein, Human GITR/TNFRSF18
APC-conjugated Antibody (Monoclonal Mouse 1gG1 Clone # 110416), human GITR
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Ligand/TNFSF18 PE-conjugated antibody (Monoclonal Mouse 1gGl Clone #
109101 (R&D Systems, Minneapolis, USA); serological pipettes (Costar, USA); cell
strainers (Corning, USA); Mouse anti-human phospho-ATM (S1981) primary
antibody (Affymetrix eBioscience, USA); pGL3-Basic vector, pRL-TK vector,
pGL3-Promoter vector, Luciferase Assay Reagent Il (LAR I1), Stop&Glo® Reagent
(Promega, Madison, Wisconsin, USA); pCMV6-GFP vector (OriGene, Rockville,
Maryland, USA); Cell wash (BD Biochemicals, USA); anti rabbit polyclonal
secondary antibody (Dako, Glostrup, Denmark); resuspension buffer R, Buffer E,
carboxyfluorescein succinimidyl ester (CFSE) (Invitrogen, Carlsbad, California,
USA); primer oligonucleotides (Sentegen Biotech, Ankara, Turkey); Ampicillin
(GeneMark, Taichung City, Taiwan); T25 flask (SPL Life Sciences, Korea); T75
flask, 6-well plates (Sarstedt, Niimbrecht, Germany); 15 ml conical centrifuge tubes
(Kirgen, Haikou, Hainan, China); 50 ml tubes, 96-well plates flat bottom (Orange
Scientific, Belgium); phosphate buffered saline (PBS) tablets (Advansta, California,
USA); Glycine crystalline (Merck, Darmstadt, Germany); horse radish peroxidase
(HRP) conjugated goat anti-mouse secondary antibody (Dako, Glostrup, Denmark);
FACS flow, Bacto-yeast Extract, Bacto-tryptone (BD, San Jose, CA, USA); Bacto-
agar (Difco Laboratories, Detroit, Michigan, USA); 10x DNasel buffer, 1 kb DNA
ladder gene ruler (Fermentas, USA); Agarose (BioShop, Burlington, Canada);
Ethanol 96%  (AppliChem, Germany); DRAQ7 (BioLegend, USA);
Ethylenediaminetetraacetic acid (EDTA), Calyculin A, sodium fluoride (NaF),
phenylmethylsulfonyl fluoride (PMSF), cell scrapers, glycerol, skimmed milk
powder, Ethidium Bromide (EtBr), NaCl, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, DMF/SDS, plastic pasteur pipettes, DNase/RNase-free
ddH20, Diethyl pyrocarbonate (DEPC), reverse transcriptase enzyme, plastique 2ml
syringe, Tween 20, Boric acid

3.2. Buffers and Solutions

Heat-inactivated fetal bovine serum (FBS): FBS was thawed at 4°C,
subsequently it was incubated at 56°C water bath for 20 minutes for heat
inactivation. Heat-inactivated serum aliquots (approximately 40 ml) were prepared
and stored at -20°C.
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Complete Roswell Park Memorial Institute (RPMI)-1640 medium: Heat-
inactivated FBS (55 ml, 10% final concentration), penicillin-streptomycin (5.5 ml,
1% final concentration) and L-glutamine (5.5 ml, 1% final concentration) were
sequentially added into 500 ml RPMI-1640 medium. The complete culture media
were kept at 4°C. For serum reduction experiments, FBS final concentration was
used as 1%.

Complete Dulbecco’'s Modified Eagle’s medium (DMEM): Heat-
inactivated FBS (55 ml, 10% final concentration), 5.5 ml penicillin-streptomycin
(1% final concentration) and 5.5 ml L-glutamine (1% final concentration) were
sequentially added into 500 ml DMEM (low glucose or high glucose where
appropriate). The complete culture media were stored at 4°C. For serum reduction
experiments FBS was used at 1% final concentration.

Phosphate-buffered saline (PBS) solution: PBS solution (1x) for cell
culture experiments were prepared by dissolving one 10x PBS tablet in 500 ml
double-distilled water (ddH20). Then the solution was sterilized by autoclaving.

Trypan blue solution: By dissolving 40 mg trypan blue powder in 99.8 ml
1x PBS, 0.4% trypan blue solution was prepared. Then, the solution was filtered
through a 0.22 um sterile filter.

PBS-Tween (PBS-T) buffer: PBS solution (1x) and 500 uL Tween-20 were
mixed (v:v 1:1000) to obtain PBS-T buffer for Western-Blot experiments.

Transfer buffer: Tris (7.24 gr, 0.12 M final concentration) and glycine (36
gr, 0.96 M final concentration) was added into 500 ml ddH20O in order to obtain 5x
transfer buffer. Then, by mixing 300 ml ddH20O, 100 ml methanol and 100 ml 5x
transfer buffer (v:viv 3:1:1), 1x transfer buffer was freshly prepared for each
experiment.

Running buffer: Tris (7.5 gr, 0.124 M final concentration), glycine (36 gr,
0.96 M final concentration) and sodium dodecyl sulfate (SDS) (2.5 gr, 0.02 M final
concentration) was added into 500 ml ddH20O to prepare 10x running buffer. Then, by
mixing 450 ml ddH20 with 50 ml 10x running buffer (v:v 9:1), 1x running buffer
was freshly prepared.

Western resolver gel: Resolver A solution (3 ml), resolver B solution (3 ml),
30 uL 10% Ammonium Persulfate (APS), 3 uL tetramethylethylenediamine
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(TEMED) were mixed to obtain a complete resolver solution for one western
resolver gel.

Western stacker gel: Stacker A solution (1 ml), Stacker B solution (1 ml),
10 uL 10% APS, 2 uL TEMED were mixed to prepare a stacker solution for one
western stacker gel.

Skimmed milk powder in PBS-T: Skimmed milk powder (5 gr) was
dissolved in 100 ml PBS-T to acquire a 5% milk PBS-T solution. The mixture was
mixed with a magnetic stirrer.

Luria-Bertani (LB) Broth: Bacto-yeast extract (2 gr, 0.5% w/v), Bacto-
tryptone (4 gr, 1% wi/v) and NaCl (4 gr, 1% wi/v) were dissolved in 400 ml ddH>O
and afterwards the mixture was sterilized by autoclaving.

Luria-Bertani (LB) Agar: Bacto-yeast extract (2.5 gr, 0.5% w/v), Bacto-
tryptone (5 gr, 1% w/v), NaCl (5 gr, 1% w/v), Bacto agar (7.5 gr, 1.5% w/v) were
added into 500 ml ddH.O and afterwards the mixture was sterilized by autoclaving.

Recombinant GITRL protein: Recombinant human (rh)GITR
Ligand/TNFSF18 (CHO-expressed) protein (25 pg) was commercially obtained in
freeze-dried form and reconstituted at 100 pg/mL in sterile PBS containing 0.1%
bovine serum albumin (BSA). Working solution aliquotes (50 pg/ml) of recombinant
GITRL were prepared and stored at -80°C.

Tris-Borate-EDTA (TBE) buffer: TBE buffer (10x) was prepared by
mixing Tris (108 gr, 1.1 M final concentration), Boric acid (55 gr, 1.1 M final
concentration), EDTA (7.5 gr, 0.03 M final concentration) in 800 ml ddH.O, then pH
was adjusted to 8.

EBC Lysis Buffer for protein extraction: Protease inhibitor cocktail (40
uL) (PIC), EDTA (4 uL, 0.005 M final concentration), Calyculin A (0.4 uL, 0.05 uM
final concentration), NaF (16 pL, 0.02 M final concentration), PMSF (2 pL) and
RIPA buffer (337,6 uL) were mixed to obtain lysis buffer enough for preparing one

lysate.
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Table 3.1. EBC lysis buffer components and final concentration.

Components ( for 10 lysis) Volume Final concentration
Protease inhibitor cocktail 400 uL 10% viv

EDTA (0.5 M) 40 pL 1% viv, 5 mM
Calyculin A (50 uM) 4 uL 0.1% v/v, 0.05 uM
NaF (0.5 M) 160 pL 4% vlv, 20 mM
PMSF 20 uL 0.5% viv

RIPA buffer 3376 pL

MTT solution: MTT powder was weighed as 5 mg/ml and dissolved in PBS.

Lysis buffer for MTT assay: Dimethylformamide (DMF) (100%) was
diluted with ddH>O to 45%. Sodium dodecyl sulfate (SDS) (23 gr, 0.8 M final
concentration) was dissolved in 100 ml 45% DMF.

CFSE: CFSE powder (50 pg) was dissolved in 18 pl sterile DMSO, in order
to obtain 5mM stock solution and aliquots were stored at -80°C.

3.3. Cell culture

Luminal (MCF-7, BT-474, SK-BR-3) and triple-negative basal-like (MDA-
MB-231, HCC-38, MDA-MB-468) breast cancer cell lines were commercially
obtained (ATCC, LGC Promochem, Rockville, MD, USA). These cell lines were
grown in culture media containing 10% or 1% FBS (for serum reduction
experiments), 1% L-glutamine and 1% penicillin-streptomycin. Depending on the
cell type, DMEM low- or high-glucose or RPMI-1640 culture media were utilized
(Table 3.2.).

Table 3.2. Culture media and subculture ratios for basal-like and luminal breast
cancer cell lines

Cell line Culture media Sub-cultivation ratio
MDA-MB-231 DMEM 1:10
HCC38 RPMI-1640 1:2
MDA-MB-468 DMEM 15
MCF-7 DMEM 1:3
BT-474 DMEM 1:3
SK-BR-3 RPMI-1640 1:2
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The cell lines were passaged when they reached approximately to 70-80%
confluency. Firstly, the medium was aspirated and the cells were washed with 1x
PBS to discard any remaining FBS. Then, the cells were treated with 10x Trypsin-
EDTA (300 pul for T25 flask, 600 ul for T75 flask) and incubated for 3-4 minutes at
37°C. By gentle tapping, cells were lifted from flasks and they were suspended in 10
ml of appropriate complete culture media. The cells were kept in an incubator
(Thermo Scientific, Hera Cell 150i, USA) at 37°C with 5% CO2 and 96-98%
humidity.

3.3.1. Cell counting

Suspended cells (10 pl) were mixed with 0.4% trypan blue solution (10 pl),
then the mixture was transferred to the Fuchs-Rosenthal Counting Chamber (Hausser
Scientific, USA) placing under the coverslip. The mixture was transferred via
capillary action. Then, four out of sixteen squares divided by bold grids were chosen
under a light microscope; and then, the cells falling inside of these squares were
counted. Unstained cells were counted to determine the number of viable cells. The
distance between the counting chamber and the coverslip is 0.1 mm, and the size of
the chamber is 0.1 mm x 0.1 mm (celeromics, Fuchs-Rosenthal Chamber Formulae,
UK). Moreover, the side of each sixteen square corresponds to 1 mm.
Correspondingly, total cell count in 1 ml was determined with respect to the formula

below (Formula 3.1).

Area=1mmx1mm=1mm?

Volume =1 mm2x0.1 mm =0.1 mm?3 (3.1)

_ Total cell count x 10* o
Cell concentration = x Dilution factor

Number of counted squares

3.4. Treatment with ionizing radiation

Depending on the experiment, the cells were seeded as 2x10° or 4x10° per
T25 flask, in a culture media containing 10% FBS (complete medium) or 1% FBS

(serum reduction). After seeding (24 hours), the cells were exposed to 5 Gy or 10 Gy
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ionizing radiation with 6 MV X-ray photons at the Department of Radiation
Oncology, Hacettepe University Cancer Institute, by an Elekta Synergy® Platform.
Immediately after the radiation, the cells were transferred to the incubator for

recovery incubation.
3.5. Determination of the amount of viable cells by MTT assay

HCC38 breast cancer cells were seeded into flat-bottom 96-well plates (6x10*
or 3x10* cells/well) in 100 pL complete RPMI-1640 media. After 16 hours of
incubation at 37°C in 5% CO> incubator, media were aspirated from the wells, then
control and 5, 20 or 80 ng/ml recombinant GITRL protein (rGITRL) in 100 uL total
volume was distributed into wells. In one experimental setup, the incubation was
terminated after 72 hours. In another setup, following the initial 72 hours of
incubation the cells were exposed to 5 Gy ionizing radiation; then, culture media
with or without 5, 20 or 80 ng/ml rGITRL were refreshed. These cells were left for
another round of 72 hours of incubation. The experimental setup is illustrated in

Figure 3.1.

... : ~ ... +Medium
o | A: o refreshment
+/- rGITRL G rGITRL

72 howrs ' "2 howrs ‘

Analysis Analysis

Figure 3.1. Experimental setup for determination of HCC38 cells’ viability by MTT
or flow cytometric viability assay with/without GITRL and ionizing
radiation.

At the end of incubation periods, for measuring the amount of viable cells, 25
puL MTT (5 mg/ml) was added into the wells. The plates were incubated at 37°C, % 5
CO; for 4 hours. At the end of incubation, 80 uL. DMF/SDS lysis solution was added
into wells and followed by another incubation period at 37°C, for 12 hours. Optical

density (OD) values were measured at 570 nm by spectrophotometric analysis
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(Molecular Devices, Spectra Max Plus 384, Sunnyvale, California, USA). Results
were calculated as by using the (Formula 3.2.)

Average OD from the sample treated with rGITRL*100/ Average OD from the control sample (3.2.)
3.6. Western Blot analysis
3.6.1. Lysate preperation and protein quantification:

Breast cancer cells (2x10° and 4x10° cells) treated with ionizing radiation (5
Gy and 10 Gy) as well as the control group (no ionizing radiation) was lysed with
EBC lysis buffer. Briefly, 1 or 24 or 48 hours after the treatment with ionizing
radiation, the flasks were kept on ice for 5 minutes. Then, culture media were
aspirated with a pasteur pipette and the cells were washed twice with cold PBS. After
PBS removal, 400 uL lysis buffer was added into each T25 flask and the flasks were
shaked on ice for 15 minutes with an orbital shaker (KS 260 Basic, IKA, Germany).
The cells were scraped from culture flasks and lysed, with the aid of a cell scraper.
Then, the flasks on ice were shaken again for 15 minutes. Scraping was carried out
one more time, subsequently the cell lysates were collected into previously cooled
1.5 ml tubes. They were centrifuged (4°C) with a refrigerated centrifuge (Eppendorf
Refrigerated Microcentrifuge, Model 5417R) at 12.500 rpm for 15 minutes.
Supernatants were collected without disrupting pellets and protein lysates were
stored at -80°C until further use.

Protein samples were quantified with colorimetric bicinchoninic acid assay
(BCA assay) (Thermo Fisher Scientific, USA). RA reagent (200 pL) was mixed with
RB reagent (4 pL) in (v:v, 50:1) ratio to prepare a master mix. With respect to
protein sample number, a master mix comprising of the RA and RB reagents was
prepared. The mixture was thoroughly inverted several times, until color alteration
was observed. Standards (2 mg/ml, 1.5 mg/ml, 1 mg/ml, 0.75 mg/ml, 0.5 mg/ml, 0.25
mg/ml, 0.125 mg/ml, 0.025 mg/ml) were prepared in serial dilutions, and mixed with
the BCA master mix to acquire a standard curve, in order to find the concentration of
unknown proteins. In 96-well plate, 200 uL RA and RB mixture was distributed to
each well. After this, 25 pL protein lysate sample whose OD value is unknown, as

well as albumin standards with known concentration was added into the wells,
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sequentially. Previously prepared EBC lysis buffer (25 uL) and RA and RB mixture
(200 pL) were also added into separate wells for blank reading. The plate was shaken
for 30 seconds for proper mixing of protein samples and BCA master mix. Then the
plate was kept at 37°C incubator (WTC Binder) for 30 minutes. The absorbance at
562 nm, were measured by spectrophotometry (Molecular Devices, Spectra Max
Plus 384, Sunnyvale, California, USA).

3.6.2. SDS-PAGE and membrane blotting

Protein lysates (50 pg) was separated with sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). SDS mixture comprises of SDS, B-
mercaptoethanol and glycerol. SDS mixture treated lysates were kept at 95°C for 5
minutes for denaturation (Dri-Block® Heaters DB-2D, Techne, Minneapolis, USA).
For polyacrylamide gel, resolver solution (Section 3.2.) was prepared and 4500 pl
from the mixture was poured in between vertical electrophoresis glass plates with
integrated spacers. Before the stacker gel preparation, for a straight interface between
the resolver and stacker gel, ddH20 was poured onto the interface. After resolver gel
was polymerized, stacker solution (Section 3.2.) was prepared and filled to the top.
Subsequently, plastic comb was inserted immediately and the gel was left for
polymerization. SDS mixture-treated lysates were loaded onto the gel, with the aid of
a sample loading guide to locate the wells. Equal amounts of protein were loaded
into the wells. For tracing the separation of the bands, for determining approximate
size of the proteins and observing the transfer of proteins from the gel onto the PVDF

membrane, pre-stained protein ladder (4 pl) was used as a marker.
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Figure 3.2. PageRuler™ Prestained Protein Ladder (10 kDA to 250 kDA) as a
protein marker (Thermo Scientific, Rockford, USA).

The lysates were run at 50 V, for 250 minutes to detect B-actin protein;
whereas they were run at 60 V, at 4°C room overnight for detection of ATM
proteins. Subsequently, proteins were transferred to polyvinylidene difluoride
membrane (PVDF) (Thermo Scientific, USA). When the electrophoresis was
completed, the gel was gently separated from the glass plates soaked in ddH20.

The membrane was rinsed with methanol, in order to create pores for protein
transfer. The PVDF membrane was taken out with a forceps from the methanol.
Filter papers, PVDF membrane as well as the gel were shaked orbitally in 1x
Transfer buffer (Section 3.2.). For semi-dry transfer, thick filter paper, western gel,
PVDF membrane and again thick filter paper were stacked from top to the bottom in
the given order. For wet transfer, foam pads, thin filter paper, western gel, PVDF
membrane, thin filter paper and foam pads were stacked from anode to cathode in the
given order, in gel holder cassettes. Then these cassettes were put into plate
electrodes, in the Mini Trans-Blot® Cell system (BioRad, USA), which was
completely filled with 1x Transfer buffer. Beta-actin was semi-dry transferred at 25
V for 30 minutes (Thermo Scientific Pierce, fast semi-dry blotter); whereas p-ATM
and total ATM were transferred at 340 mA for 135 minutes with a Mini Trans-Blot®
Cell system (BioRad, USA). The gel was transferred to the PVDF membrane with
wet transfer to observe p-ATM and total ATM proteins.
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3.6.3. Antibody incubations and chemiluminescence imaging

Membranes were blocked for one hour with 5% skimmed milk powder or 5%
bovine serum albumin (BSA) dissolved in PBS-T buffer. Then, they were rinsed
three-times in PBS-T and soaked in primary antibody solution in PBS-T. Purified
Mouse anti-human phospho-ATM (S1981 Affymetrix eBioscience) primary antibody
was diluted in PBS-T (1/1000). The membrane was kept with this antibody for
overnight at 4°C. On the other hand, polyclonal anti-p-actin (D6A8, Cell Signaling)
primary antibody was diluted in PBS-T (1/2500) and the membrane was incubated
with it overnight at 4°C. Rabbit anti-human ATM mAb (D2E2 Cell Signaling Tech)
was diluted in PBS-T (1/1000) and the membrane was treated with the antibody
overnight at 4 °C. Antibodies not bound to membrane were removed with three times
PBST washing. Ultimately, the membranes were incubated with horse radish
peroxidase (HRP)-conjugated goat anti-mouse secondary antibody (1/2500 dilution,
1.5 hour at RT) or anti-rabbit polyclonal secondary antibody (1/2500 dilution, 1 hour
at RT) (Dako, Glostrup, Denmark). Antibody binding was observed by preoxidation
of ECL substrate (Thermo Scientific, USA). Optical densitometry analysis was
carried out via a Kodak Gel Logic 1500 imaging system (Carestream Health,
Rochester, New York, USA). Every phosphorylated ATM and total ATM optical
density (OD) was normalized to corresponding B-actin values.

3.7. Flow cytometry

Expression of GITR and GITRL on the surface of the breast cancer cells was
determined before or after ionizing radiation (5 Gy or 10 Gy). For flow cytometry
analysis, breast cancer cells (2x108 cells/ flask) were collected with a cell-scraper
from cell culture flasks and filtered through 40 pum cell strainers (Corning, USA).
Then, the cells were labeled with PE-conjugated anti-human GITRL antibody
(Monoclonal Mouse IgG1, Clone #109101, R&D Systems, Minneapolis, USA) or
APC-conjugated human GITR antibody (Monoclonal Mouse 1gG1 Clone # 110416,
R&D Systems, Minneapolis, USA). After unbound antibodies were removed by
washing with cell wash (BD, USA), the samples were analyzed on a FACSAria 1l
cell sorter (Becton-Dickinson, San Jose, CA, USA). The percentage of positively
stained cells was evaluated in comparison to proper isotype control antibody staining
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(PE or APC conjugated polyclonal mouse 1gG1 isotype control). Where appropriate,
mean fluorescence intensity (MFI) values were also obtained.

3.7.1. Flow cytometric cell proliferation analysis

After the breast cancer cells (HCC38) were counted with a hemocytometer
(Fuchs-Rosenthal counting chamber, Hausser Scientific, Horsham, PA, USA), these
cells were suspended in serum-free medium (1x10° cells/ml) in a 50 ml tube. Then,
the cells were labeled with CFSE (final concentration, 1 uM). After the sample was
vortexed gently, the sample was put into previously heated (37°C) water bath (GFL,
Burgwedel, Germany) and incubated for 15 minutes. The tube was filled to the brim
with complete RPMI. Subsequently, it was incubated on ice for another 5 minutes.
Following centrifugation (4°C) at 1800 rpm for 5 minutes, supernatant was
discarded. This washing step was repeated one more time. Then, the cells were
resuspended with complete RPMI-1640 and seeded into 6-well culture plates at
5x10° cells/well and incubated until they adhered to the culture plates. Next, they
were treated with 5, 20 or 80 ng/ml of GITRL protein (R&D Systems, USA) in
complete RPMI-1640 containing 1% or 10% FBS. After 72 hours, the cells were
exposed to 5 Gy ionizing radiation and incubated for another 72 hours after the
culture media containing the same concentrations of rGITRL were refreshed (Figure
3.1). When the incubation period was completed, the cells’ proliferation was
assessed with the dilution of CFSE intensity. The analyses were performed on a flow
cytometer (FACSAria-1l, Becton-Dickinson, San Jose, CA, USA). Every cell
subpopulation with a decreased CFSE intensity is accepted as a division cycle
(Formula 3.3.).

Change in proliferation %= 100- ((MFI from experimental group - (3.3)
MFI from control group)/ MFI from control group)x 100 o

3.7.2. Analysis of cell viability by flow cytometry

After the breast cancer cells were cultured in the presence of rGITRL (5, 20
or 80 ng/ml), they were incubated with 150 uL trypsin/EDTA for 4 minutes, then 3

ml of complete RPMI-1640 was added onto the cells and collected in flow tubes.
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Then, these cells were filtered through cell strainers with 40 um pores and
centrifuged at 1800 rpm for 5 minutes, and supernatant was discarded. Cell Wash
solution (100 uL) (BD, USA) was added into each flow tube, and the samples were
mixed gently. DRAQ7 (1 uL, 300 uM/ml) cell viability tracer dye was added at room
temperature. Then, the samples were incubated in dark for 5 minutes. Viable and
dead cells were determined by flow cytometry analysis, where cells stained with
DRAQ?7 were indicating cell death. Analyses were carried out on a FACSAria Il
flow cytometer (Becton-Dickinson, San Jose, CA, USA).

3.8. Molecular techniques
3.8.1. RNA isolation

RNA isolation was carried out with QIAamp® RNA Blood Mini Kit
(QIAGEN, Maryland, MD, USA). The cell culture medium of 2x10° breast cancer
cells was discarded from the flasks and the cells were washed with 1x PBS. After
PBS removal, 450 pL RLT Buffer containing 4.5 pL beta-mercaptoethanol (%1 v/v)
was added onto the cells. The flasks were vortexed for 2-3 minutes to detach and lyse
the cells. Then, they were collected with a sterile pasteur pipette into 15 ml tubes and
450 puL 70% ethanol was added into the tubes. The resulting mixture (600 ul) was
transferred to the QlAamp spin columns. After centrifugation of the columns at
10.000 rpm for 20 seconds (4°C), flow-through was discarded. The same procedure
was repeated for the remaining samples until all of the lysate mixture was passed
through the spin columns. Then, 700 pnL. RW1 Wash Buffer was added into the
columns and centrifuged at 10.000 rpm for 20 seconds (4°C). Then, 500 uL Buffer-
RPE, which was supplemented with absolute ethanol was added and the columns
were centrifuged at 10.000 rpm for 20 seconds. This step was repeated by adding 500
uL Buffer-RPE and centrifugation at 13.000 rpm for 4 minutes (4°C). Then, the
collection tubes were replaced with new ones and the columns were centrifuged at
13.000 rpm for 1 minutes to dry the filter. Then, the columns were placed on diethyl
pyrocarbonate (DEPC) treated 1.5 ml tubes. RNA was eluted with 30 pL
DNase/RNase free ddH.O by pipetting it directly onto the column membranes and
centrifuging them at 10.000 rpm for 1 minute. The total RNA samples were stored at
-80°C.
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3.8.2. Removal of DNA from RNA samples

DNAse treatment was carried out with RNA Clean&Concentrator kit (Zymo,
Irvine, CA, USA). Briefly, a mixture containing the components (Table 3.3.) was
prepared in DEPC-treated 1.5 ml tubes. This mixture was incubated at 37°C water
bath for 40 minutes. Two volumes of RNA Binding Buffer were added to the RNA
samples and mixed gently. Then, 150 uL absolute ethanol was added to the mixture
before it was transferred into the Zymo-Spin™ IC columns. They were centrifuged at
13.000 rpm for 1 minute. Then, the flow-through in the collection tubes was
discarded. RNA Prep Buffer (400 uL) was added to the columns and centrifuged at
13.000 rpm for 1 minute. The flow-through in the collection tubes was discarded
again. RNA Wash Buffer (800 uL) was added to the columns and centrifuged at
13.000 rpm for 30 seconds. After flow through-was discarded, the previous wash
step was repeated with 400 uL RNA Wash Buffer at 13.000 rpm for 30 seconds.
Zymo-Spin™ IC columns were centrifuged at 13.000 rpm for 2 minutes for drying
the membrane. Then, they were placed on DEPC-treated 1.5 ml tubes, 20 pL
RNase/DNase-free ddH>O was added directly onto the column matrix and after 1
minute incubation, the columns were centrifuged at 11.000rpm for 30 seconds.
Eluted RNA samples were stored at -80°C until they were used. Any leftover DNA
was checked with B-actin PCR wherein the DNA samples were directly used

(Section 3.8.5). This protocol was repeated until all DNA was wiped out.

Table 3.3. DNAse treatment components and their working concentrations

Reaction component Volume Final concentration
RNA sample (<5ug) 20 uL

10X DNasel Buffer SuL 1x
RNase free DNase 45 uL

RNase-DNase free ddH20 20 uL

Total volume 50 uL
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3.8.3. Quantitation of RNA

Concentration and quality of isolated RNA were determined via optical
density (OD) measurements at 260 nm and 280 nm wavelengths
spectrophotometrically (NanoDrop ND-1000, USA). RNA quality was judged with
Axeor2s0 and Aozeorzo ratios. Accepted range regarding purity was 1.8 to 2.0 for both
absorbance ratios.

3.8.4. Reverse transcription

The reverse transcription reaction was performed to convert mRNA to
complementary DNA (cDNA). cDNA synthesis was carried out with Fermentas
RevertAid First Strand cDNA Synthesis Kit (Fermentas, Lithuania). The reaction
was performed on a thermal cycler (Thermo Scientific, Arktik Thermal Cycler,
USA). The procedure was done according to the manufacturer’s instructions (Table

3.4). Resulting cDNA samples were kept at -20°C.

Table 3.4. Components and steps of reverse transcription reaction from RNA
samples to prepare cDNA.

Reaction Component Volume Final
concentration

Oligo (dT)isprimer (0.5 pg/ pL) 1uL 0.025 pg/ uL
RNA sample varies depending on conc. 1pug
ddH20 to 11 uL with RNA
Incubation At 65°C for 5 minutes
5x reaction buffer 4 uL 1x
Ribonuclease inhibitor (20 U/pL ) 1ul 1 U/uL
dNTP mix (10 mM) 2 uL 1mM
Reverse transcriptase (200 U/ pL) 1uL 10 U/ pL
Total volume 20 uL
Incubation At 42°C for 60 minutes

At 70°C for 10 minutes
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3.8.5. Polymerase chain reaction (PCR)

PCRs were performed to amplify GITR, GITRL, ATM and B-actin (as a

housekeeping control) transcripts that were converted to cDNA (Section 3.8.4).

Forward and reverse primer oligonucleotides specifically designed to bound these

transcripts are listed in Table 3.5. ANTP mixture stock (10 mM) was diluted to 2 mM

before use. For negative control, ddH.O instead of cDNA was used in the reaction

mixture. The components of PCR are listed in Table 3.6. By mixing components

without cDNA, a master mix was prepared and 49 pl of the mixture was distributed

into PCR microtubes. Then, 1 pl of cDNA was added and mixed by pipetting, gently.

Table 3.5. Forward and Reverse Primers used for PCR reactions.

Gene name | Forward primer Reverse primer

ATM 5-CATTGCACTTCCGTCAGCAA 5-CAAGGCTGCGCTTACACATC
GITRL 5-AGAGATCATCCTGGAAGCTGTGG | 5-AGCCATACAGGGCTCCTTAGC
GITR 5-TCCTGCTTGGGACGGGAACGGA 5'-ACACATGCAGTCCCACTCGGA
B-actin 5-CTGGAACGGTGAAGGTGACA 5-AAGGGACTTCCTGTAACAATGCA

Table 3.6. Components and their final concentration in PCR reactions.

Components Volume Final concentration
DreamTaq Buffer (10x) 5uL 1x
dNTP (2 mM) 5uL 0.2mM
ddH-0 36.8 uL
DreamTaq DNA polymerase (5U/ pL) 0.2 uL 0.02 U/ uL
Forward-primer (5 pM) 1puL 0.1 uM
Reverse-primer (5 pM) 1uL 0.1 uM
cDNA (1pg) 1puL 0.02 pg/ pl
Total volume 50 uL

PCR tubes were placed in a thermal cycler (Arktik Thermal Cycler, Thermo

Scientific, USA) and after 35 cycle amplification by using the conditions listed in

Table 3.7 below, PCR reactions were completed. Products were kept at +4°C until

electrophoresis.
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Table 3.7. Steps,time and temperatures of a PCR reaction.

Step Time Temperature
Pre-denaturation 5 minutes 95°C

Denaturation 30 seconds 95°C ™)

Annealing 30 seconds 60°C ¢= 35cycles |
Extension 30 seconds 72°C

Final extension 10 minutes 72°C

3.8.6. Semi-quantitative real-time PCR

Expression levels of GITR, GITRL and ATM genes were examined by real-
time reverse transcriptase PCR (RT-PCR). B-actin gene expression level was used as
housekeeping control in order to standardize sample inputs. Data obtained from the
samples exposed to ionizing radiation was normalized to that of obtained from
control untreated cells. Real-time PCR reactions were performed by using
SsoAdvanced™ Universal SYBR® Green Supermix (BioRad, California, USA) on a
Bio-Rad® CFX Connect Real-time thermal cycler. The difference between the
samples for a specific gene was semi-quantitatively assessed by 2- 22t method using
the (Formula 3.4.).

(Ct Exp target gene - Ct Control target gene) — (Ct Exp housekeeping gene (3.4)

- Ct Control housekeeping gene)

In addition, the RT-PCR products were also run on 2% agarose gel
electrophoresis (Section 3.8.7) and high resolution melting curve (HRM) analysis
were done to verify product purity.

3.8.7. Agarose gel electrophoresis

Agarose (4 gr) was put in an erlenmeyer flask containing 200 ml 1x TBE
buffer to prepare 2% agarose gel solution, then the mixture was heated in a
microvawe oven until brief boil for complete dissolving of agarose. After a partial-

cooling period, ethidium bromide (10 mg/ml, 10 ul) was added into the solution and
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mixed, and poured into the gel tray. A comb was placed into the gel to form sample
wells. After it was completely solidified, the comb was removed and gel tray was
inserted into electrophoresis tank to be covered with 1x TBE buffer. Then, 20 uL of
PCR products were mixed with 4 uLL 6x DNA loading dye and loaded into the wells
created previously by a comb. DNA size marker was loaded into one of the wells. To
prepare the DNA size marker (50 bp or 1 kb), 1 uL of 6x loading dye, 1uL DNA
ladder and 4 pL ddH>O were mixed throughouly. Electrophoresis was run at 120 V
and the bands were observed and photographed under UV light with a Kodak Gel
Logic 1500 Molecular Imaging System (Carestream Health, Rochester, NY, USA)

GeneRuler 1 kb DNA Ladder

bp

bp ng/0.5pg %
10000 3 §
= oo t
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600 000 30 6
500 30 6
450 3000 70 14
_O0 )
350 2000 0
300 — 1500
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50

0.5 pg/lane, B cm length gel
1XTAE, 7 ¥/cm, 45 min

Figure 3.3. Molecular weights of 50 bp and 1kb DNA ladder.

3.9. Molecular cloning
3.9.1. Cloning of human ATM gene promoter into pGL3-Basic vector

ATM promoter sequence was amplified with designed primers, forward 5’
GAGTGAGGTACCCGTATTGCGTGGAGGATGGAG 3 and reverse 5’
CTCACTAGATCTCAGCGACTTAGCGTTTGCGG 3’. These primers contained

regions (underlined) which are recognized and digested by Kpnl and Bglll restriction
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enymes. To amplify ATM promoter region, a polymerase chain reaction (PCR) was
set up. PCR conditions were as follows: a pre-denaturation step for 5 minutes at
95°C followed by 38 cycles of denaturation for 30 seconds at 95°C, annealing for 30
seconds at 60°C, and final extension for 10 minutes at 72°C. PCR products were
separated on 2% agarose gel electrophoresis and visualized under UV light. PCR
products were purified with AbsoGene Gel/PCR purification Kit, before the
restriction digestion. Briefly, 6 volumes from Solution A were added to PCR
products, to discard primers, dNTPs, polymerase, buffers and any remaining
contaminants. Then, samples were mixed by vortexing. Absolute ethanol (200 pl)
was added and samples were mixed thoroughly. Then, the mixture was transferred to
the spin columns inserted in the collection tubes. Samples were centrifuged at 8000
rpm for 1 minute and flow-through was removed. Solution WA (500 ul) was added
into spin columns and samples were centrifuged at 10.000xg for 1 minute. After
flow-through was discarded, the spin columns were reinserted into new collection
tubes to centrifuge samples at 14.000 rpm for 30 seconds. Afterwards, spin columns
were transferred into 1.5 ml tubes and Solution E (35 pl) was added to the middle of
spin columns without touching. After 3 minutes incubation at room temperature,
samples were centrifuged at 14.000 rpm for 1 minute to obtain purified PCR product.
If the DNA was isolated from the agarose gel, DNA band was cut from the agarose
gel, under the UV light. Then gel pieces in a tube were weighed and 4 volumes of
Solution A was added into them. Gel pieces with Solution A were mixed via pulse-
vortexing at least 20 times. They were incubated at 60°C until the gel piece was
totally melted. Subsequently, gel modifier (15 pl) was added and samples were
mixed at least 20 times, by pulse-vortexing. The mixtures were transferred to the spin
columns.

Samples were centrifuged at 10.000xg for 1 minute and flow-through was
discarded. Solution WA (500 pl) was added into spin columns and samples were
centrifuged at 10.000xg for 1 minute. After flow-through was removed, the spin
columns were reinserted into new collection tubes to centrifuge them at 14.000 rpm
for 30 seconds. Afterwards, spin columns were transferred into 1.5 ml tubes and

Solution E or ddH2O (35 pl) was added to the middle of spin columns without



43

touching. After 3 minutes incubation at room temperature, samples were centrifuged
at 14.000 rpm for 1 minute to acquire purified DNA.

The restriction digestion and purification steps were performed sequentially
as buffers for restriction enzymes (CutSmart Buffer for Kpnl-HF and NEBuffer 3.1
for Bglll) are not compatible with each other and the enzymes are not suitable for
heat inactivation. Then, by using Kpnl-HF (New England BioLabs Inc.), both
amplified ATM promoter region as well as pGL3-Basic-Luciferase plasmid were
digested overnight at 37 °C, on an orbital shaker. Subsequently, Kpnl-HF digested
products were purified with AbsoGene Gel/PCR purification Kit and digested with
Bglll enzyme at 37 °C on an orbital shaker overnight. Afterwards, double-digested
ATM PCR product (called “insert DNA”) and double-digested pGL3-Basic (vector
DNA) were purified by using AbsoGene Gel/PCR purification Kit.

Synthetic poly(A)
signal / transcriptional
pause site

(for background
reduction)
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Sacl 11
Miul 15
Nhel 21
Smal 28
Xhol 32
Balll 36
Hindlll |53
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Narl 121
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SV40 late
poly(A) signal
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Figure 3.4. pGL3-Basic Vector Map (Promega, Madison, Wisconsin, USA).
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Table 3.8. Components and working concentrations of ATM PCR product
digestion with Kpnl restriction endonuclease for cloning.

Components Volume Final
concentration
ATM PCR product (insert) (180.6 ng/ pL) 4 uL 14.448 ng/ uL.
10x restriction enzyme CutSmart® NEBuffer 5uL 1x
Kpnl-HF restriction enzyme (20.000 units/ml) 1 pL 0.4 units/puL
ddH:0O 40 puL
Total volume 50 uL

Table 3.9. Components and working concentrations of Kpnl digested ATM PCR
product digestion with Bglll restriction endonuclease for cloning.

Components Volume Final
concentration

Kpnl digested-purified ATM promoter PCR 7 pL 14.224 ng/ uL.

product (insert) (101.6 ng/ pL)

10x restriction enzyme NEBuffer 3.1 5uL 1x

Bglll restriction enzyme (10.000 units/ml) 1 puL 0.2 units/ uL

ddH.0 37 uL

Total volume 50 uL

Table 3.10. Components and working concentrations of pGL3 Basic vector
digestion with Kpnl restriction endonuclease for cloning.

Components Volume Final
concentration

pGL3-Basic (vector) (435.41 ng/ nL) 1.5 uL 13.06 ng/ uL

10x restriction enzyme CutSmart® NEBuffer 5uL 1x

Kpnl-HF restriction enzyme (20.000 units/ml) 1.5 uL 0.6 units/ pL.

ddH.0 42 uL

Total volume

50 uL
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Table 3.11. Components and working concentrations of Kpnl digested pGL3 basic
vector digestion with Bglll restriction endonuclease for cloning.

Components Volume Final
concentration

Kpnl digested-purified pGL3 Basic (vector) 10 4L 13 ng/ L

(65 ng/ pL)

10x restriction enzyme NEBuffer 3.1 5uL 1x

Bglll restriction enzyme (10.000 units/ml) 1.5 uL 0.3 units/ pL

ddH:0O 33.5uL

Total volume 50 uL

After sequential digestion and purification (with AbsoGene Gel/PCR
purification kit), double digested pGL3-Basic vector was purified from the gel to
exclude uncut and improperly cut DNA. The gel was cut under UV light and the slice
was put in 1.5 ml tubes comprising of 4 volumes of Solution A. By using 2 puL. T4
DNA ligase buffer (1x) and T4 DNA ligase enzyme (20 U/uL) (New England
BioLabs, Inc.), pGL3-Basic and ATM promoter region were ligated to each other, at
1:3 vector to insert ratio (Table 3.12).

Table 3.12. Components for pGL3-Basic and ATM promoter region ligation reaction

Components Volume Final concentration
T4 DNA Ligase Buffer (10x) 2 uL 1x
Vector DNA (4787 bp), 15.95 ng/ pL. 3.1ulL Total 50 ng (2.5 ng/ uL)
Insert DNA (900 bp), 65.5 ng/ nLL 0.5 uL Total 30 ng (1.64 ng/ pL)
Nuclease free ddH.O 13.4 uL
T4 DNA Ligase (400 units/ pL) 1 uL 20U/ uL
Total volume 20 uL

The ligation reaction was incubated at room temperature for 15 minutes. Heat
inactivation was carried out at 65°C for 10 minutes. The resulting recombinant
plasmid products were heat-shock transformed into chemically competent E. Coli
(NEB® 5-a Competent E. coli (New England BiolLabs, Ipswich, Massachusetts,
USA). For transformation, frozen competent E. coli cell stock was thawed on ice for

10 minutes. Then, plasmid DNA (1 pg- 100 ng) was gently added onto the cells. The
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plasmid DNA and competent bacteria mixture was flicked gently 4 to 5 times. Then,
the mixture was incubated on ice for 30 minutes. Cells were heat-shock transformed
at 42°C for 30 seconds in a dry-block and placed on ice for 5 minutes. SOC medium
(950 pl) was added onto the mixture and the tube was shaken at 37°C for 60 minutes
for bacterial growth. For transformant selection, LB agar plates supplemented with
Ampicillin (100 pg/ml) were warmed to 37°C before spreading the transformed
bacteria. Following an overnight incubation at 37°C, transformed colonies were
picked with a sterile loop and inoculated to 15 ml falcon tubes containing 3ml
ampicillin (100 pg/ml) enriched LB broths. After 16-18 hoursof incubation at 37°C,
plasmids were isolated from cells via MiniPrep (Wizard® Plus Minipreps DNA
Purification Sys, Promega) as described in Section 3.9.2. Afterwards, isolated
plasmids were re-cut with Kpnl restriction enzyme and digests were resolved with

agarose gel electrophoresis and visualized under UV light.
3.9.2 MiniPrep Plasmid Isolation

Plasmid isolation from the transformed bacteria was carried out with Wizard®
Plus Minipreps DNA Purification System (Promega, Madison, Wisconsin, USA).
Briefly, 3 ml of bacteria culture was transferred into 1.5ml tubes. Samples were
centrifuged at 10.000g for 2 minutes. After supernatant was removed, same
procedure was repeated for the remaining sample, until all bacteria were pelleted.
The tubes were drained for any remaining broth from the bacteria pellet. Then, 200
uL Resuspension Solution was added into all samples and by gentle pipetting, the
pellets were resuspended. Cell Lysis Solution (200 puL) was added and the tubes were
inverted 4 or 5 times until turbidity disappeared. Neutralization Solution (200 uL)
was added and the tubes were inverted 4 times. Lysates were centrifuged at 10.000g
for 5-10 minutes. Wizard® Minicolumns were inserted into new 1.5 ml tubes.
Syringe barrels (2 ml) without pistons were assembled to the openings of
Minicolumns. Resin solution (1 ml) was pipetted into each syringe barrel-Mini
column assembly. Then, the lysates were added onto the resin. By inserting the
pistons, the resin-lysate mixtures were pushed through the Minicolumn membranes.
When all of the samples were completely passed through the Minicolumns, the barrel

and piston were removed gently. Then, new barrels and Minicolumns were
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reassembled and 2 ml Wash Solution (supplemented with ethanol) was added into
each barrel. The Wash Solution was pushed through the Minicolumns. After the
syringes were discarded, the Minicolumns were placed on 1.5 ml tubes. To dry the
Minicolumn membranes, they were centrifuged at 10.000g for 2 minutes. Then, they
were transferred to 1.5 ml tubes and 50 pLL DNase&RNase-free ddH>O was added
onto the Minicolumns and incubated for at least 1 minute. Following centrifugation
at 10.000xg for 20 seconds, plasmid DNA was eluted. The plasmid DNA was
quantified and kept at -20°C.

3.9.3 Electroporation

Electroporation studies were performed at Ege University, Medical Faculty
Department of Pharmacology. Neon® Transfection Device (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) and Neon™ Transfection System 10 pL
Kit was used in these experiments.

The culture media were aspirated from the breast cancer cell culture plates
and the cells were washed with 1x PBS. The cells were detached from the culture
plates with Trypsin/EDTA. After cell counting, they were centrifuged at 1000 rpm
for 5 minutes at room temperature. Following the supernatant removal with an
aspirator, PBS (4 ml) was added onto the cells, mixed gently and centrifuged for
washing. After PBS supernatant was discarded, the cell pellet was dissolved in
Resuspension Buffer R (Invitrogen, Carlsbad, California, USA). Electroporation was
performed with 10 uL Neon® Tips and for every electroporation reaction 10 uL
Resuspension Buffer R was used. Firstly, for every electroporation reaction 500 ng of
plasmid was transferred to a 1.5 ml tube, subsequently the cells that were suspended
in the resuspension buffer was added on the top of the plasmid solution. Then, tubes
were flipped to mix. Neon®Tube was filled with 3ml Buffer E and electroporation
was performed in Neon® Tips specialized with gold plated electrode. Optimization
experiments for MDA-MB-231, HCC38 and MDA-MB-468 were carried out in 24-
well plates. To clarify, 1x10° cells/well were transfected with pCMV6-AC-GFP
plasmid (0.5 pg) (OriGene, Rockville, Maryland, USA) using 10 ul Neon® Tips.
Following the electroporation, the cells were kept in complete media with 20% FBS
and L-glutamine without antibiotics for 24 hours in an 37°C incubator. Transfection
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efficiency was measured by counting pCMV6-GFP plasmid transfected cells under
fluorescence microscope (IX71, Olympus) compared to untransfected cells.
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Figure 3.5. pPCMV6-AC-GFP Vector Map (OriGene, Rockville, Maryland, USA).

Table 3.13. Optimal electroporation conditions (Voltage, Pulse width, Pulse
number) for MDA-MB-231, HCC-38 and MDA-MB-468 breast cancer

cell lines.
Cell line Voltage (V) Pulse width (ms) Pulse number
MDA-MB-231 1100 V 20 ms 3 pulses
HCC-38 1100 V 20 ms 2 pulses
MDA-MB-468 1300 V or 20 ms or 3 pulses or
1400 V 20 ms 2 pulses

3.9.4. Luciferase reporter assay

Breast cancer cells were co-transfected with pATM-GL3 reporter and pRL-
TK-Renilla control plasmid; pGL3 Basic and pRL-TK control plasmid; pGL3
Promoter and pRL-TK-Renilla vectors simultaneously and separately (Figure 3.4, 3.6
and 3.7). pRL-TK-Renilla vector has been used to quantify the success of gene
transfer and expression whereas pGL3-Promoter vector contains a promiscuous

promoter that serves as a positive control.
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Figure 3.7. pRL-TK Vector Map (Promega, Madison, Wisconsin, USA).

Table 3.14. Amount of plasmids wused in Luciferase assay transfections
experimental design.

Co-transfection

Control plasmid (25 ng)

Reporter plasmid (475 ng)

1 pRL-TK pGL3 Basic (empty vector)
2 pRL-TK pAMT-GL3
3 pRL-TK pGL3 promoter
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After transfection (24 h), the cells were exposed to 5 Gy ionizing radiation.
The cells that were not exposed to radiation were used as a control group. Then,
protein lysates were collected by treating cells with 100 uL, 1x Passive Lysis Buffer
(PLB) per well of 24-well culture plates. Lusiferase assay was measured with Dual-
Luciferase® Reporter Assay System (Promega, Madison, Wisconsin, USA). Firefly
luciferase signal was measured with the addition of 100 pL Luciferase Assay
Reagent Il (LARII). After luminescence was measured, the reaction was ceased with
100 pL Stop & Glo® Reagent and Renilla Luciferase measurement was carried out
concomitantly (Thermo Scientific Varioskan® Flash,) and for every sample firefly
luciferase activity was normalized to Renilla Luciferase activity. Results were

reported as relative light unit (RLU) (Formula 3.5).

Relative light unit (RLU)= RLU from Firefly luciferase/ RLU from (3.5.)

Renilla luciferase

3.10. Statistical Analysis

All data were obtained from at least three independent experiments. Student’s
paired or unpaired t-test or ANOVA and Chi-square tests were used to show the
statistical differences. When P values were found as <0.05, the differences were
accepted as statistically significant. Throughout these statistical analysis, standard
deviation (SD) or standard error of the mean (SEM) were used.
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4. RESULTS
4.1. Analysis of ATM activity in basal-like breast cancer cell lines

4.1.1 ATM expression and phosphorylation in basal-like breast cancer

cells

In the basal-like breast cancer cell lines (MDA-MB-231, HCC-38, and MDA-
MB-468), ATM levels and induction of ATM phosphorylation in response to 5 Gy
and 10 Gy ionizing radiation were analyzed. All breast cancer cell lines had a
minimal basal p-ATM level; nevertheless, showed a distinctive increase in active p-
ATM (S1981) levels when analyzed 1-hour after the treatment with ionizing
radiation (Figure 4.1A and C). The 5 Gy ionizing radiation was enough to induce a
prominent ATM phosphorylation upon whereas, for MDA-MB-231 cell line, 10 Gy
was much effective to induce a significant increase in ATM phosphorylation (Figure
4.1A and C). A trend of increase in pATM/ B-actin densitometric ratios, right along
with the increased radiation dose was observed (Figure 4.1C). Since 5 Gy irradiation
was active in inducing p-ATM, this radiation dose was selected to be used in further

experiments.
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Figure 4.1 Basal-like breast cancer cell lines show increased ATM phosphorylation
at 5 Gy ionizing radiation. A) MDA-MB-231, HCC38, and MDA-MB-
468 breast cancer cell lines were exposed to 5 Gy and 10 Gy ionizing
radiation, control group (Ctrl.) received no ionizing radiation. Cell
lysates were prepared 1 hour after ionizing radiation and analyses were
performed with Western Blot. Bands are representative of three
independent experiments from cells treated on separate days. The
expression levels of (A) total ATM (tATM) and (B) phospho-ATM (p-
ATM, S1981) was semi-quantitatively analyzed by calculating the ratio
of their optical density (OD) values relative to that of B-actin. (*P<0.05,
**P<0.01; MB-231, MDA-MB-231; MB-468, MDA-MB-468)
When total ATM levels were examined, all basal-like breast cancer cell lines
show no qualitatively significant change with ionizing radiation. MDA-MB-231 and
HCC38 cell lines which are of “the basal type B showed higher levels of total ATM

protein than that of “basal type A” MDA-MB-468 (Figure 4.1A and B).
4.1.2 The change in ATM protein expression in response to X-radiation

In order to determine if ATM expression was affected long after the ionizing
radiation treatment in basal-like breast cancer cells, both mRNA and protein
expression levels were evaluated 24 and/or 48 hours after 5 Gy X-irradiation. Since
ATM expression regulation has been reported to depend on the presence of serum,

the cells were also maintained in culture media with reduced serum (1%). When the
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MRNA levels of ATM were analyzed, no significant change between the control and
the 5 Gy irradiated cells was observed (Table 4.1). For MDA-MB-231 cells, a slight
reduction was evidenced both in complete and reduced serum culture conditions.
Non-significant fluctuations were observed in ATM mRNA levels in other cell lines.
Therefore, X-irradiation only had a slight influence on ATM expression in the basal-
like breast cancer cell lines studied. Furthermore, there was no discrepancy regarding
ATM expression levels in normal serum culture conditions, when basal-like breast
cancer cell lines (MDA-MB-231, HCC38, and MDA-MB-468) and luminal type
breast cancer cell lines (MCF-7, BT-474, and SK-BR-3) were compared (Table 4.2).

Table 4.1. 222t values for ATM expression in serum deprivation (1% FBS) and
in complete media (10% FBS) conditions, 24 hours after irradiation.
(MB231, MDA-MB-231; MB-468, MDA-MB-468). Analyses were
performed with relative quantitative real-time RT-PCR.
Serum MDA-MB-231 HCC38 MDA-MB-468
concentration in
culture 10% 1% 10% 1% 10% 1%
Control 1 1 1 1 1 1
5 Gy 0872212 |0.6598 |1.62160 | 0.82359 |0.82 2.54
10 Gy 0.985532 1.39448 1.23
Table 4.2. ATM/B-actin ratios for ATM expression in basal-like and luminal

breast cancer cell lines were calculated by using Ct values obtained
with relative quantitative real-time RT-PCR. (MB231, MDA-MB-231;
MB-468, MDA-MB-468).

ATM/B-actin

MB-231 1,80082
HCC38 1,74275
MB-468 1,82829
MCF-7 1,65742
BT-474 1,77514
SK-BR-3 1,66749
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ATM protein levels were assayed 24 and 48 hours post-ionizing radiation. All
breast cancer cell lines showed various extents of increase in ATM levels especially
48h post-ionizing radiation. MDA-MB-231 cell line showed the most notable
increase in ATM levels, whereas HCC38 and MDA-MB-468 cell lines showed

minimal increment for ATM protein.
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Figure 4.2 Total ATM protein levels in basal-like breast cancer cell lines 24h and
48h post-X-irradiation. MDA-MB-231, HCC38 and MDA-MB-468 breast
cancer cell lines were exposed to 5 Gy ionizing radiation, control group
(Ctrl.) received no ionizing radiation. Cell lysates were prepared 24 and
48 hours after ionizing radiation and analyses were performed with
Western Blot. A) Bands are representative of three independent
experiments from cells treated on separate days. B) The expression levels
of total ATM were semi-quantitatively analyzed by calculating the ratio
of their optical density (OD) values relative to that of B-actin. (*P<0.05,
**pP<0.01; MB-231, MDA-MB-231; MB-468, MDA-MB-468)

4.1.3 Cloning of ATM promoter into pGL3-Basic vector

The primer oligonucleotides designed to amplify DNA insert for cloning of
ATM gene promoter region and to carry restriction sites for Kpnl and Balll
endonucleases were successfully used in the PCRs. Following optimization of the
reactions, ATM promoter bands localized between 750 bp and 1000 bp, which was
consistent with the expected 913 bp ATM amplicon size, were obtained (Figure 4.3.).
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Figure 4.3. ATM promoter region (-860, +53) to be used processed as insert DNA
was amplified with PCR. In agarose gel electrophoresis, DNA ladder
(1kb) was run in the first lane whereas ATM PCR products can be seen
in the other two lanes.

Following sequential endonuclease digestion and purification steps of
amplified ATM promoter region (insert DNA) and pGL3-Basic vector, ligation
reaction and heat-shock transformation into competent bacteria were performed. The
ampicillin resistant colonies emerged on LB agar plates (Figure 4.4). Although the
negative control (comprised of ddH-0 instead of insert DNA) had background colony
formation (which includes uncut and self-ligated plasmids) (Figure 4.4A), the plates
containing ATM promoter insert ligation reaction displayed numerous colonies
(Figure 4.4 B).
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Figure 4.4.The ampicillin resistant E. coli colonies following heat-shock
transformation for the cloning of ATM promoter into pGL3-Basic vector.
Following ligation reaction between the vector and ATM promoter insert
DNA at 1:3 ratio (for the negative control dH20O was used insetad of
insert DNA), heat-shock transformation into competent DH5-a E. coli
strain was done and the bacteria were spread onto LB agar plates
supplemented with ampicillin. Colony formation was observed
approximately after 18 hours. A) The negative control plate showed
minimal number of colonies as a background, B) The agar plate had
numerous colonies potentially containing pGL3-Basic vector ligated to
the insert DNA.

After the colony formation, 7 colonies were chosen from different plates to
isolate plasmids. Then, plasmid DNA was digested with Kpnl restriction enzyme in
order to verify whether or not the insert region was cloned successfully. Insertion of
913 bp ATM promoter sequence into 4818 bp pGL3-Basic vector results in 5731 bp
long recombinant construct. Upon single digestion with Kpnl, 6 out of 7 colonies
were potentially positive for the insert (Figure 4.5). The pGL3-basic vector that was

carrying the ATM promoter sequence was named as “pATM-GL3”.
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Figure 4.5. The presence of ATM promoter cloned into the pGL3-Basic vector was
initially characterized by digestion with restriction endonuclease Kpnl.
Following the digestion reaction, the products were run on agarose gel.
The first lane and last lane show 1kb DNA ladder, the other lanes show
the plasmids isolated from different colonies. Please note that the
digested plasmid in the 9™ lane the pGL3-Basic vector was run as a
control whereas the plasmid from “colony #3” (lane 4) is a background
isolated from the plate with bacteria transformed ATM promoter insert
ligation reaction.

4.1.4. Optimization of electroporation for basal-like breast cancer cells

Before MDA-MB-231, HCC38 and MDA-MB-468 cell lines were transfected
with pATM-GL3, optimal electroporation conditions were determined with pCMV6-
AC-GFP reporter plasmid. After a wide assortment of trials, 1100 V, 20 ms, 3 pulses;
1100 V, 20 ms, 2 pulses; 1300 V, 20 ms, 3 pulses (or 1400 V, 20 ms, 2 pulses) were
chosen as optimal transfection parameters for MDA-MB-231, HCC38 and MDA-
MB-468, respectively (Figure 4.6A, B, C).
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Figure 4.6. Basal-like breast cancer cell lines transfected with pCMV6-AC-GFP
plasmid. Neon® Transfection Device (Thermo Fisher Scientific,
Waltham, Massachusetts, USA) and Neon™ Transfection System 10 pL
Kit was used for electroporation. The gene transfer efficiency into (A)
MDA-MB-231, (B) HCC38 and (C) MDA-MB-468 cells was determined
by GFP fluorescence microscopy.
4.1.5. Regulation of the ATM promoter activity in response to X-

radiation

To further test the role of X-radiation in induction of ATM expression, the
minimal ATM promoter region (-860, +53) pATM-GL3 firefly luciferase reporter
construct was transfected into HCC38 cell line as a representative basal-like breast
cancer cell line. In order to normalize the reporter activity and to minimize the assay
heterogeneity due to different transfection efficiencies, co-transfections were
performed by using a constitutive reporter construct harboring renilla luciferase gene
(pRL-TK). Relative light unit (RLU) values were calculated by taking the ratio of
firefly luciferase activity to renilla luciferase activity. Signals derived from the

pGL3-Basic without a specific promoter was used as negative control. pGL3-
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Promoter vector carrying firefly luciferase gene under the control of CMV promoter
was transfected as positive control. RLU values revealing ATM promoter activity
were determined in the absence or presence of X-radiation (5 Gy). Early response
and late response of ATM promoter to X-radiation exposure was observed measuring
RLUs 3 hours and 24 hours after irradiation, respectively.

In general, the negative control experiments with promterless pGL-3-basic
vector showed only minimal reporter activity. In the absence of irradiation, ATM
promoter activity of obtained from pATM-GL3 was very high and compatible that of
the positive control pGL3-Promoter vector (RLU from HCC38 transfected with
pATM-GL3 vs pGL-3-Promoter, mean range 34.46-34.16 vs 38.01-42.57), (Figure
4.7A). Three hours after irradiation, the ATM promoter activity tended to display a
minimal increase. Intriguingly, RLUs from pGL3-Promoter positive control showed
a distinctive increase (control RLU, 38.01; 3h post-irradiation 54.26, an increase
about 42%) (Figure 4.7A). At 24h post-irradiation, positive control promoter activity
was still significantly enhanced (by ~66%); on the other hand, ATM promoter
activity was abrogated when compared to non-irradiated control HCC3 cells basal
ATM promoter activity (Figure 4.7B). There was no significant change in negative
control upon irradiation (Figure 4.7).
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Figure 4.7. ATM promoter activity in HCC38 cell line before and after (A) 3h
and (B) 24h X-radiation. HCC38 basal-like breast cancer cell line was
co-transfected with pRL-TK (as an internal transfection normalization
control) and pGL3-Basic (negative control), or pATM-GL3 or pGL3-
Promoter (positive control) plasmids. After 24 hours of transfection, the
cells were exposed to 5 Gy ionizing radiation or remained untreated for 3
or 24 hours. RLU values derived from the Firefly luciferase:Renilla
luciferase signals were used to determine promoter activities. (*P<0.05,
**P<(.01).
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4.2. GITR and GITRL expression in basal-like breast cancer cell lines
and the effect of X-radiation

4.2.1 GITR and GITRL mRNA levels in basal-like breast cancer cells in

response to X-radiation

The presence of GITR and GITRL expression was investigated in basal-like
breast cancer cell lines before and after 5 Gy or 10 Gy irradiation. Under control
conditions (no irradiation), GITRL gene expression was observed in MDA-MB-231
and MDA-MB-468, but not in HCC38 cell line. In contrast, GITR expression was
only observed in HCC38 cell line, however it was not detected in MDA-MB-231 and
MDA-MB-468 cell lines (Figure 4.8.). Twenty-four hours after ionizing radiation, no
significant change in the level of GITR and GITRL was observed in any of cell lines
(Table 4.3). Regardless to X-radiation treatments, GITR expression was highest in
HCC38 cell line (as also noted from lower C; values), whereas GITRL expression
was relatively higher in MDA-MB-231 and MDA-MB-468 cell lines than in HCC38
(Table 4.3).

MDA-MB-231 HCC38 MDA-MB-468
Ctrl. 5Gy 10Gy Ctrl. 5Gy 10Gy Ctrl. 5Gy 10Gy NTC

GITRL 122bp

B-actin 140bp

Figure 4.8. GITR and GITRL expression in basal-like breast cancer cell lines and the
effect of X-radiation. MDA-MB-231, HCC38, and MDA-MB-468 breast
cancer cell lines were exposed to 5 Gy or 10 Gy ionizing radiation
whereas control group (Ctrl.) received no radiation. Total RNA isolation
was performed 24 hours after ionizing radiation and the presence of
GITR and GITRL mRNA was determined with RT-PCR. Amplified PCR
products were segregated on 2% agarose gel electrophoresis. The size of
GITRL, GITR and B-actin genes is 122 bp, 107 bp and 140 bp,
respectively.
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Table 4.3. ACt (GITR or GITRL Ct — B-actin Ct) values for GITR and GITRL
expression in control conditions of 24 hours after X-irradiation (5 Gy and
10 Gy) was determined by relative quantitative real-time RT-PCR.

Control
5 Gy
10 Gy

Control
5 Gy
10 Gy

MB-231

HCC38

MB-468

17,79066

20,44352

16,45381

17,468502

20,7351

16,04083|GITRL

17,330207

20,37822

17,64066

20,462156

7,908706

21,90885

19,098094

7,649386

21,23848| GITR

18,289356

8,114909

20,17608

4.2.2. Determination of GITR and GITRL surface protein expression in
X-irradiated HCC38 cell line

Since HCC38 was the only cell line studied to have GITR gene expression,

surface protein levels of this receptor and its ligand was further examined by flow

cytometry. A large percentage of HCC38 was GITR". However, the surface GITR

levels tend to decrease in response to irradiation, especially at 10 Gy (Figure 4.9 A

and B). There was almost no detectable GITRL surface protein and exposure to

radiation did not induce its expression (Figure 4.9 A).
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Figure 4.9. GITR and GITRL surface protein expression in HCC38 cell line. The
expression of GITR and GITRL on the surface of HCC38 was
determined before or 48h after ionizing radiation (5 Gy or 10 Gy) by
flow cytometry. A) Representative histograms out of 3 independent
experiments are given. B) The percentages of GITR" in control or
irradiated HCC38 cells are plotted. (*P<0.05, **P<0.01).



63

4.2.3 The effect of GITR stimulation and ionizing radiation on HCC38

cells’ viability and proliferation

To examine the effect of GITR stimulation on HCC38 viability and
proliferation, these cells were treated with increasing amounts (5, 20, 80, and/or 160
ng/ml) of soluble recombinant GITRL protein (rGITRL) protein. Following an initial
3 days of incubation the media containing the rGITRL were refreshed the cells were
incubated for another 3 days. For the experiments with irradiation, following the
initial 3 days of incubation, the cells were irradiated (5 Gy) and the media containing
the rGITRL were refreshed. Then, the cells were incubated for another 3 days. At the
end of 6-day-long incubation period the cell viability (DRAQ7 staining),
proliferation (CFSE assay) and total amount of viable cells (MTT assay) was
assessed.

Initially, a possible negative effect of serum reduction together with GITR
induction on the HCC38 cells’ viability was tested. The even at the highest
concentration of rGITRL (80 ng/ml), in the complete medium or in the serum
deprivation conditions the cell viability was not significantly hampered (Figure
4.10).
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Figure 4.10. Viability of HCC38 cells showed no significant alteration in cells
treated with rGITRL either in 1% and 10% FBS condition. A) HCC38
cells were treated 5, 20, or 80 ng/ml rGITRL was cultured for 6 days;
where, following an initial 3 days of incubation the media containing
the rGITRL were refreshed the cells were incubated for another 3 days.
At the end of 6-day-long incubation period the cell viability was
assessed by DRAQ?7 staining and read on flow cytometry. B)
Representative flow cytometry histograms of control and 80 ng/ml
rGITRL-treated HCC38 cells are shown.

Next, HCC38 cells treated with increasing concentrations of rGITRL protein
in complete medium or in FBS-reduced medium were exposed to 5 Gy ionizing
radiation. MTT results showed that there is a significant difference regarding the
amount of viable cells between the cells treated with ionizing radiation and the
control cells (Figure 4.11A). Independent from the rGITRL dose applied and culture
media conditions, HCC38 cells treated with radiation had contained compatible
amounts of viable cells to that of control (no rGITRL added) cells (Figure 4.11A).

MTT assay is based on measurement of metabolic activity in mitochondria

and has been used as an indirect test to gather information on both cell viability and
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proliferation of the cells (i.e. total amount of metabolically active cells). Therefore,
for being more explicit, the proliferation activity of HCC38 cells under different
conditions was also separately analyzed. There was no difference between control
and rGITRL and/or X-irradiated cells proliferation (Figure 4.11 C). On the other
hand, when cell death was also separately assayed, a trend of viability attenuation in
the cells exposed to both rGITRL and 5 Gy ionizing radiation was observed (Figure
4.11 D). Especially, at 80 ng/ml rGITRL concentration the cumulative effect of
GITR stimulation with ionizing radiation reached to a level of statistical significance
(Figure 4.11 D and E).
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Figure 4.11. Amount of viable cells, proliferation and cell death in HCC38 cells
exposed to irradiation and rGITRL. HCC38 cells were treated with
increasing amounts (5, 20, 80, and/or 160 ng/ml) of rGITRL. Following
an initial 3 days of incubation, the cells were irradiated (5 Gy) and the
media containing the rGITRL were refreshed. Then, the cells were
incubated for another 3 days. At the end of 6-day-long incubation
period (A) total amount of metabolically active viable cells (MTT
assay), (B) OD results (MTT assay) (C) cell proliferation (CFSE assay),
and (D) cell viability (DRAQ7 staining) was assessed. E)
Representative flow cytometry histograms of control and 80 ng/ml
rGITRL-treated HCC38 cells are shown. (*P<0.05).
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5. DISCUSSION

In this study, we performed analyses in order to verify radiation
responsiveness of triple-negative breast cancer cell lines named MDA-MB-231,
HCC38 and MDA-MB-468. While mRNA levels of ATM was determined both in
luminal and basal-like breast cancer cell lines, change in ATM phosphorylation,
protein levels of ATM and promoter activity were determined in basal-like breast
cancer cell lines, upon radiation exposure. For this aim, a reporter plasmid with ATM
promoter region was designed. In basal-like breast cancer cell lines, GITR and
GITRL expression changes upon X-radiation (5 Gy and 10 Gy) was investigated.
Furthermore, GITR" HCC38 cells were treated with recombinant GITRL protein, in
order to examine its effect with/without ionizing radiation. ATM expression was
constitutive both in luminal and basal-like breast cancer cell lines and total protein
levels were inclined to increase, upon radiation. Our results revealed that HCC38
GITR" cancer cells’ stimulation with its correspondent ligand may increase radiation
sensitivity.

Although immunotherapy, especially the removal of checkpoint inhibition is
a novel therapeutic modality, immune modulation and radiation therapy against triple
negative breast cancer cells is yet to be extensively studied. GITR-GITRL interaction
has been well elucidated from immunological aspects, we know that this interaction
result in direct apoptotic effect for immune cells (92). There are several trials
targeting GITR molecule in inoperable Stage Ill or Stage IV malignant melanoma
and other solid tumor malignancies (102).

In this thesis study, our first aim was to study the cytotoxic effect of radiation
on typical triple negative breast cancer cell lines (MDA-MB-231, HCC38 and MDA-
MB-468) and to investigate change in ATM activity with 6 MV X-ray photons. Our
second aim was to examine whether or not these cells regulate GITR and GITRL, in
the absence and presence of X-radiation. We further investigated any possible
cumulative effect of GITR stimulation and ionizing radiation on basal-like breast
cancer cells (HCC38) to correlate to any immune modulatory effect.

Genomic stability is challenged by DNA damage, which can be from either
endogenous or exogenous origins. In literature, it has been shown that UV radiation,

chemical mutagens or ionizing radiation creates DNA strand breaks which trigger
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ATM activity. Dose and duration of the extrinsic stimuli (i.e. X-radiation) varies
among different cell types on different experimental setups, mostly exploring easily
achievable radiation doses in radiation therapy. Hence, we applied 2 different doses
(5 Gy and 10 Gy) of X-radiation for DNA damage induction for basal-like breast
cancer cell lines in our study, with lowest possible cytotoxicity due to radiation (sub-
optimal radiation dose for cytotoxicity). We observed distinct ATM phosphorylation
at S1981 in all cell lines (MDA-MB-231, HCC38 and MDA-MB-468) with 5 Gy
dose, we have chosen this dose in subsequent experimental setups, rather than 10 Gy.
Kim et. al showed that notable ATM activation was provided in MDA-MB-231 cells
irradiated with 8.75 Gy (65). Our results are in agreement with this study, we found
that 10 Gy of radiation results in higher phosphorylated ATM levels in MDA-MB-
231 cells, than cells irradiated with 5 Gy. Another study investigated that while 6 Gy
was enough to induce ATM phosphorylation in MCF-7 CD44%/CD24 cells, this
radiation dose climbs to 8 Gy in order to induce ATM phosphorylation in MDA-MB-
231 cancer stem cells (50). Since there is no consensus on the treatment modality for
ATM phosphorylation, we have chosen two different radiation doses. We did not
show any prominent change of total ATM levels in our analyses, indicating
activation, rather than a direct transcriptional upregulation of the ATM protein.
MDA-MB-231 and HCC38 cell lines belong to the Basal B sub-type, but
MDA-MB-468 cell line is categorized as Basal A sub-type of triple negative breast
cancers, which is classified closer to the Luminal type, than Basal subtype B.
Intriguingly, we observed lower ATM levels in MDA-MB-468 cell line, which might
be attributed to possible proportion of cancer stem cell phenotype in this cell line. In
one of the studies (35), a high percentage of CD44M9"/CD24'°"d cells of breast CSC
phenotype was shown to be enriched in MDA-MB-231 (93.25%) cell lines (35).
Sheridan and colleagues also agreed that MDA-MB-231 cell line comprised of high
proportion CD44"9h/CD24'°""ed CSC sub-population (85+5%), while containing
lowest proportion for CD447/CD24" (2%) (36). On the contrary, MDA-MB-468 cell
line shows the highest proportion for CD44%/CD24" (90+6%), while showing the
lowest proportion (3£1%) for CD44M"/CD24'°%nes CSCs. HCC38 cell line is
enriched with (80%) CD49f"9"/EpCAM- mammary stem cells. It is proposed that the
greater proportion of CD44"M9"/CD24'°"nes (CSC) cells provide these tumors with
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higher ATM expression and higher resistance to radiation therapy. Our results are in
agreement with this hypothesis. Despite the fact that CSCs percentage is low in
MDA-MB-468 cell line, there is still ATM phosphorylation upon ionizing radiation,
suggesting mammary stem cells also activating their ATM proteins via
phosphorylation upon radiation.

De novo expression of ATM in these cell lines should also be considered with
ionizing radiation, as persistence of DNA damage response could only be supported
with further synthesis of ATM protein in the long term. Therefore, we further
investigated whether or not ATM mRNA expression levels differ in basal-like breast
cancer cell lines. Since regulation of ATM expression has been reported to depend
on the presence of serum, proposing that cell lines cultured with extremely low
serum (0.05% FCS- serum deprivation) for 72 hours, show higher ATM expression
(60). Fang et. al.(103) demonstrated that irradiated fresh skin biopsies show average
three-fold increase in ATM levels with serum-starvation. Although their serum-
starvation conditions are achievable to induce increased ATM expression in vitro, it
is not practical for in vivo models. Therefore, rather than risking cell death, in our
experimental setup, we treated cell lines with 1% FBS containing medium (serum
deprivation) for 48 hours, which shows minimum impact on cell viability. We did
not observe any disparity regarding ATM expression levels, when the cells are
maintained in reduced serum levels (1%). Moreover, when luminal type breast
cancer cell lines (MCF-7, BT-474 and SK-BR-3) and basal-like breast cancer cell
lines (MDA-MB-231, HCC38 and MDA-MB-468) were compared, ATM expression
levels were almost same, hence there is no intrinsic variability on relative ATM
levels among different subclasses of breast cancer cell lines.

Low ATM protein levels were observed in MDA-MB-468 cell line, and as all
tested cell lines expressed close relative ATM transcript levels, we hypothesize that
ATM transcripts may be subjected to a post-transcriptional regulation in MDA-MB-
468 cell line, although we have not tested this hypothesis further. In addition to
breast cancer, diminished ATM protein levels (in spite of higher mRNA transcripts)
was also showed in glioblastoma, colorectal cancer and gastric cancers (104),
however the molecular mechanism is still disputable. Chen and colleagues suggested
that high tumor protein D52 (TPD52) levels interfere with ATM protein levels, so it



70

is a negative regulator for ATM protein. By utilizing GST pull-down assay, they
showed that there is a physical interaction between ATM residues (1-245 and 772-
1102) with TPD52 residues (111-131), which results in reduced ATM protein levels,
without influencing ATM mRNA levels and stability. MDA-MB-468 is one of the
breast cancer cell lines expressing TPD52 highly (105), which may result in down-
regulation of ATM protein levels, without affecting transcript levels, therefore may
explain our observation. Other studies showed that TPD52 protein levels were high
in SK-BR-3 and AU-565 cell lines, BT-474, MCF-7 and MDA-MB-468 cell lines
were also positive for TPD52 protein, however they have not tested other cell lines
we used (i.e. MDA-MB 231 or HCC38), to make a meaningful comparison of post-
transcriptional regulation.

In addition, we should take into consideration that ATM expression is not
only restricted to cancer stem cells, however its expression in CSCs surpasses the
expression levels in normal cancer cells. Therefore we should expect breast cancer
cell lines with high proportion of CSCs (such as MDA-MB-231 and HCC38) to have
a higher ATM expression than cell lines with lower proportion of CSCs (such as
MDA-MB-468), this might explain the observed high ATM expression in basal-like
breast cancer cell lines. If we could have a chance to compare cancer stem cells or
cancer cells with normal-immortalized breast epithelial cells, maybe we could
observe different ATM expression levels. This shows the pitfall in our experimental
design.

We investigated temporal changes in ATM protein levels for 24 and 48 hours
post-ionizing radiation treatment. Starting at 24 hours, but prominent on the 48"
hour, ATM protein levels increased, in comparison to control (untreated) cells. Cells
may prefer to activate available homodimer or heteromultimer ATM proteins via
phosphorylation, rather than inducing de novo transcription, when they were exposed
to irradiation. One may hypothesize that, after 48 hours, cells may prefer to elongate
their DNA damage response, by increasing ATM protein levels in their protein pool
with transcriptional regulation.

In our study ATM promoter region (-860 to +53) was cloned into the pGL3-
Basic luciferase reporter construct forming pATM-GL3 reporter plasmid, in order to

further test the role of X-radiation on induction of ATM transcription. This allows
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direct transcriptional monitoring of ATM promoter region with radiation.
Subsequently, HCC38 cells were transfected with pATM-GL3, basal activity of the
ATM promoter is monitored without treatment. We found that basal ATM promoter
activity in these cells is fairly high, even in the absence of ionizing radiation. This
observation could be attributed to two possible reasons: i) Expression levels of
transcription factors that has consensus binding sequences in the putative ATM
promoter (AP-1, NF-Y, CBF-A, NFkB) might be intrinsically high in HCC38 or
ATM promoter sequence may contain tandem sequences for these trans-acting
factors. This could be tested with further western blot experiments supported with
sequencing. It has been well known that there are assorted transcription factor
binding sites on the ATM promoter. If HCC38 cell line is enriched with transcription
factors named Spl, Cre, Ets and E2F1, this could enhance luciferase expression of
ATM promoter. ii. it has been known that HCC38 cell line is enriched with breast
cancer stem cells (80% CD49f"9"/EpCAM™ mammary stem cells), and these CSCs
highly express ATM to preserve genomic fidelity in case of DNA damage. This
could be the most reasonable explanation for high luciferase signal for the basal
levels of ATM promoter activity in transfected HCC38 cells. Moreover, we know
that total ATM protein levels in HCC38 cells are high even in the absence of
irradiation, so this might explain the observed high basal luciferase activity. Three
hours after irradiation, the ATM promoter activity inclined to show minimal
increase. 24 hours after irradiation, the ATM promoter activity predisposed to show
decrease, this can be attributed to the reduced metabolic activity of the cell.

lonizing radiation exposure on living cells have two possible outcomes for a
cell destiny: i.it creates DNA damage as a direct effect or ii. Radiolysis of cellular
water results in the generation of chemical reactive species (reactive oxygen (ROS)
and nitrogen (RNS) species) that can further damage the cellular components (106).
Therefore, observing changes in amount of metabolically active cells in our findings
would be expected. Upon irradiation JNK was shown to localize into mitochondria
and by phosphorylating Bcl-xl, it initiates apoptosis through mitochondria-mediated
intrinsic pathway. However, JNK is targeted by a MAPK phosphatase (MKP1) after
irradiation, therefore radiation-induced apoptosis is halted in cells (107). Although

cells increase their metabolic activity, they could stay in a quiescent state. Any
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possible hypothesis suggesting this mechanism as an explanation for not observing a
difference in cell proliferation assays after irradiation.

It is noteworthy that RLUs from pGL3-Promoter vector showed a distinctive
increase upon ionizing radiaiton. At 24h post-irradiation, positive control promoter
activity continued to increase significantly (by app. 66%). Activator protein-1 (AP-1)
and specificity protein-1 (Spl) are the well known transcription factors showing
strong binding affinity to the SV40 promoter region (108). Two hexameric GC boxes
(GGGCGG consensus sequences), binding sites for Spl transcription factor, localized
on SV40 promoter region. TFCP2 recognizes certain sites within SV40 late promoter
region. TEA domain family member 1 (TEAD) and transcription factor AP-2a
(TFAP2A) bind to DNA from CCCCAGGC consensus sequences in the SV40
promoter region. It would be better to further check HCC38 cell line for AP-1 and
Spl transcription factor levels, upon ionizing radiation. In overall, we showed that
ATM pathway was induced with 5 Gy and after 48 hours of irradiation there was an
increase of total ATM levels.

We further analyzed GITR and GITRL expression levels in basal-like breast
cancer cell lines, with ionizing radiation. Intriguingly, cell lines with high GITR
levels showed low GITRL expression (HCC38), whereas cell lines with high GITRL
expression showed low GITR levels (MDA-MB-231 and MDA-MB-468). This
observation directs our hypothesis to whether or not GITR-GITRL pair expressed
mutually exclusive on the surface of the tumor cell, due to possible apoptotic
pathways. Then, we considered if GITR® HCC38 cell line is treated with soluble
recombinant GITRL protein, this might trigger possible apoptotic pathways
mentioned previously. Upon X-irradiation, we observed minimal changes for GITR
and GITRL mRNA levels. Nonetheless, GITR surface expression on HCC38 cells
was reduced to 50%, with 10 Gy irradiation dose. Since 10 Gy influenced the cell
viability, we decided to treat cells with 5 Gy in our subsequent experiments. When
HCC38 cells were only treated with r-GITRL, in both 1% and 10% FBS condition
we did not observe any change of variability, right along with the increased GITRL
doses. HCC38 cells treated with both X-radiation and r-GITRL showed reduced
metabolic activity levels as expected. This decrement in metabolic activity did not

alter with the increasing r-GITRL dose. When cells are serum deprived for 6 days,
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cellular quiescence was observed and their viability did not influenced from various
doses of recombinant GITRL. On the other hand, HCC38 cells exposed to irradiation
and treated with 80 ng/ml recombinant GITRL protein, were inclined to trigger
apoptotic pathways.

In conclusion, since ATM promoter activity is high in basal-like breast cancer
cell lines, this created a good gene regulation sequence. We have preliminary data
showing that ATM protein stability may increase with irradiation. Furthermore, we
observed that GITR and GITRL expressions were mutually exclusive in basal-like
breast cancer cell lines (MDA-MB-231, HCC38, MDA-MB-468). We did not
observe any direct effect of recombinant GITRL stimulation on GITR™ HCC38 cells.
However, this data give an idea that both rGITRL and irradiation can show additive
effect on HCC38 cells.
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6. RESULTS & RECOMMENDATIONS

In this study:

Basal-like breast cancer cell lines (MDA-MB-231, HCC38 and MDA-MB-
468) showed increased ATM (S1981) phosphorylation at 5 Gy ionizing radiation.
HCC38 and MDA-MB-468 cell lines showed phosphorylated ATM at 5 Gy, whereas
MDA-MB-231 showed p-ATM levels with 10 Gy X-radiation. All cell lines were
verified as radiation- responsive.

Total-ATM levels did not show any disparity after 1hr and 24hr of X-
radiation. After 48 hours of irradiation, their levels in MDA-MB-231 and HCC38
cell lines increased, to a certain extent.

ATM expression levels in serum deprivation (1% FBS) and in complete
media (10% FBS) conditions were compared and no significant change was
observed.

ATM expression levels were compared between basal-like breast cancer cells
and luminal type (MCF-7, BT-474, SK-BR-3) and there was no difference of
expression patterns.

ATM promoter region was cloned into pGL3-Basic vector with Kpnl and
Bglll restriction enzymes. Then, pATM-GL3 vector was re-digested with Kpnl
endonuclease to verify whether or not the insert region was cloned.

With the aid of pPCMV6-AC-GFP plasmid, optimal transfection conditions
were determined for MDA-MB-231, HCC38 and MDA-MB-468 cell lines. 1100V,
20ms, 3 pulses; 1100V, 20ms, 2 pulses and 1300V, 20ms, 3 pulses were chosen as
optimal transfection parameters for MDA-MB-231, HCC38 and MDA-MB-468,
sequentially.

In Luciferase experiments, while HCC38 transfected with pATM-GL3 and
pGL3-Promoter vectors showed higher ATM promoter activity even in the absence
of irradiation; our negative control pGL3-Basic showed no reporter activity, as
expected.

pGL3 promoter vector showed a distinctive promoter activity, after 24 hours
of irradiation.

The presence of GITR and GITRL and their expression regulation in response

to X-radiation did not alter.
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After 48 hours of irradiation, GITR surface protein levels reduced with 10 Gy
ionizing radiation.

HCC38 GITR" cell lines were stimulated with recombinant GITRL protein
did not show any difference of cell viability and proliferation. But, cells treated with

both X-radiation and r-GITRL showed a predisposition for apoptosis.

Mitochondrial membrane potential assays can be performed in further studies.

Luciferase experiments with pATM-GL3 construct can be performed in other
basal-like breast cancer cell lines and luminal breast cancer cell lines.

Annexin or TUNEL assay can be utilized for cell death measurement, as
alternative assays.

In in vivo tissues expression levels of ATM, GITR and GITRL can be
analyzed.

In animal models, radio-genetic studies combining ATM promoter region

with GITRL gene induction and X-radiation analysis can be carried out.
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