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ABSTRACT

INVESTIGATION OF THE EFFECTS OF NF-sB ON OTA
INDUCED APOPTOSIS IN HK-2 CELL LINE

Ocharoxin A (OTA) is a mycotoxin produced by certain species of Aspergillus and Peni-
cillium genera of fungi. OTA was shown to be carcinogenic, genotoxic, immunotoxic
by many studies and main suspected causative agent for Balkan Endemic Nephropathy.
OTA induces oxidative stress, causes cell cycle arrest and deregulates various signaling
pathways. There is no study relating the NFxB activity and apoptosis upon OTA
treatment. In this study, we have shown that OTA induces canonical NF-xB pathway
in HK-2 cells. OTA mediates nuclear translocation of p65 subunit of NF-xB as well
as NF-xB-driven gene expression. Moreover, We observed that, when NF-xB pathway
was inhibited by Bay11-7085 OTA-induced Erkl-2 phosphorylation was diminished.
Our results suggest that NF-xB inhibition also abate Erk1-2 mediated apoptosis upon
OTA treatment. Finally, we have generated K310R-RelA HK-2 cell line expressing
dominant-negative form of p65 subunit of NF-xB. Prolonged OTA exposure of these
cells decreased Erkl1-2 phosphorylation compared to control cells. However, the sup-
pression of OTA-induced apoptotic cell death observed with chemical inhibition of
NF-£B could not be achieved with this stable cell line. In conclusion, our results shed
light on another major pathway affected by OTA and disclose one of the missing steps
in OTA mode of action and relate it with foreknown effects of OTA, Erk1-2 phospho-

rylation and induction of apoptosis.



OZET

OKRATOKSIN A GUDUMLU APOPTOZDA NF-B’°NIN
ETKILERININ HK-2 HUCRE HATTINDA INCELENMESI

Okratoksin A (OTA) mantarlarin Aspergillus ve Penicillium cinsinin belirli tiirleri
tarafindan tiretilen bir mikotoksindir. OTA nin karsinojenik, genotoksik ve immiinotoksik
etkileri bircok calisma ile gosterilmistir ve Balkan Endemik Nefropatinin ana sebep-
lerinden biri oldugu diigiiniilmektedir. OTA’nin oksidatif strese neden olmak, hiicre
boliinme dongiisiinii durdurmak ve ¢esitli sinyal yolaklarini bozmak gibi etkileri vardir.
Su ana kadar OTA kaynakli NF-xB aktivitesi ile apoptozu iligkilendiren bir ¢aligma
mevcut degildir. Mevcut projede OTAnin HK-2 hiicrelerinde standart NF-£B yolaginin
aktive olmasina neden oldugu gosterilmigtir. OTA p65’in g¢ekirdege gegisini ve p65
tarafindan ifade ettirilen genlerin translasyonunu arttirmaktadir. Buna ek olarak NF-
kB yolagi inhibitorii olan Bay11-7085’in OTA ile birlikte verildiginde OTA tarafindan
arttirilmakta olan Erk1-2 fosforilasyonunu azaltmaktadir. Sonuglarimiz Erk1-2 araciligi
ile aktive olan apoptozun da Bay11-7085 verildiginde azaldigini goster- mektedir. Son
olarak dominant-negatif etkiye sahip K310R-RelA mutant proteinini siirekli bir gekilde
ifade eden HK-2 hiicre hatt1 tiretilmigtir. Bu hiicrelere uzun siireli OTA muamelesinde
Erk1-2 fosforilasyonunun kontrol hiicrelerine oranla azaldigi goz- lemlenmistir. Ancak,
apoptotik hiicre 6liimiinii engellemede etkisi simrh kalmigtir. Ozet olarak sonuclarimiz
OTA tarafindan etkilenen bir sinyal yolagini daha ortaya gikarmig ve OTA’nin etki
mekanizmasinda bilinmeyen bir basamaga daha 11k tutmustur ve 6nceden bilinmekte

olan Erk1-2 fosforilasyonu ve apoptoz ile baglati kurulmustur.
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1. INTRODUCTION

Mycotoxins as food contaminants have been widely studied since they are known
to cause various diseases, especially cancer. Mycotoxins are secondary metabolites
produced by fungi and classified as abiotic hazards due to their risks when being eaten,
breathed or in skin contact. Mycotoxins enter food chain through fungi contaminated
foods and feeds that are directly consumed by humans and animals. After digestion,

mycotoxins can accumulate in different organs or tissues [1].

Ochratoxin A (OTA) is a mycotoxin mainly produced by fungal species Peni-
cillium verrucosum, Aspergillus ochraceus and Aspergillus carbonarius . OTA can
contaminate wide range of foods like grapes, wine, grain products, legumes, coffee,
cacao, spices, dried fruits etc. Moreover, OTA contaminated animal feed causes OTA
to accumulate in blood serum, kidney and liver of animals [2]. Similarly medicinal
plants and herbal teas were reported to be contaminated with OTA. Between 50-100%
of the tested human blood serums, kidneys and human milk were found to contain
OTA [3]. Although found in trace amounts, with its high stability and wide range food

contamination, humankind continuously exposed to OTA [2].

OTA was shown to increase kidney adenoma and carcinoma in rats and male mice.
Moreover, it was found to increase liver tumor growth in mice [4,5]. In humans, it’s
thought to be associated with Balkan Endemic Nephropathy (BEN) and urinary system
tumors [6]. Based on the animal studies showing nephropathic, nephrocarcinogenic and
immunotoxic effects of OTA | International Agency for Research on Cancer (IARC)

announced OTA as a possible human carcinogen type 2B [5].

There are different proposed models on how OTA elicits its carcinogenicity. In
one hand, it is proposed that OTA and/or its metabolites are genotoxic and binds
DNA covalently, thereby, promoting carcinogenesis. On the other hand, it has been

proposed that OTA shows its carcinogenic effect by epigenetic mechanisms to trigger



tumor formation as a non-genotoxic carcinogen [7-10]. Among epigenetic mechanisms
DNA damage caused by oxidative stress, mitochondrial function abnormalities, evasion
of apoptosis, inhibition of macromolecule synthesis and reprogramming of signal trans-
duction pathways have been proposed [11-15]. Despite intense studies, OTA’s mode

of action in carcinogenesis yet to be discovered.

1.1. Ochrotoxin A (OTA)

OTA was first isolated in 1965 from Aspergillus ochraceus Wilh and defined
as a toxic metabolite. In the same year, ochratoxin B (OTB) and ochratoxin C
(OTC), analogs of OTA, were also discovered. OTA consists of L-S-phenylalanine
group connected to a dihydroisocoumarin (7-carboxy-5-chloro-8-hydroxy-3,4-dihydro-
3R-methylisocoumarin) molecule with a peptide bond. OTA is the most toxic form
amongst all forms of ochratoxins. Hydrolysis of OTA results in Ochratoxin « and
phenylalanine [16]. Chemical structure of OTA and its resulting metabolites shown in
Figure 1.2. Ochratoxin « is a dihydroisocoumarin molecule with chlorine molecule and

it is the most common OTA metabolite in all species tested [17].

OTA is an highly stable molecule, therefore, known food processing techniques
are not able to degrade OTA. It was reported that 250°C for 6 minutes needed for
degradation of 50% of OTA [18]. Besides, 3R-epimers of OTA which was induced
with heat was detected. Roasted coffee and human blood serum also has 3S-epimer of
OTA [19]. Biological half-life of OTA differ from species to species where 42 minutes in

fish , 510 hours in monkeys and 840 hours in human,based on one volunteer male [20].

1.1.1. Absorbtion, Metabolism and Excretion of OTA

As a weak organic acid, OTA’s pKa varies between 4.2 and 7.3 owing to carboxyl
and phenolic groups present in its structure, respectively. This acidic residues mediates

absorption of OTA [21]. Full form of OTA has lipophilic character while hydrolized
forms have hydrophilic properties [22].
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Figure 1.1. Chemical structure of OTA and its hydrolysis products (Adopted from
Altiokka et.al., 2009)

OTA is absorbed through all gastro-intestinal track but mainly on small intestine
and carried to the kidneys. Ninety-nine percent of OTA binds to serum proteins espe-
cially albumin. By this way, its biological half-life in humans is extended. While the
organic anion transporter (OAT) proteins facilitate the disposal of OTA from kidney
tubules, again OAT and H"-dipeptide transporter proteins help re-absorbtion of OTA
back to nephron tubules [23]. These transporters cause accumulation of OTA in kid-
neys [24]. Therefore, kidney is thought to be the main target organ for OTA, although,

its presence was shown in liver, muscles and fat tissues as well [17].

1.1.2. Toxicity of OTA

A study by National Institutes of Health, National Toxicology Program demon-
strated that OTA is a nephrotoxic substance and a renal carcinogen in rats [25]. Later,
it was shown that even smallest concentrations of OTA can induce kidney tumors in
rats [26]. It has been reported that male mice is more susceptible to OTA, however,

the presence of breast fibroadenoma in female mice was detected as well [26, 27].



Due to kidney being the primary target, nephropathy and urinary system cancers
were linked to OTA. In animals, it has also been shown that OTA intake was directly
correlated with testicle cancer. Moreover, teratogenic, genotoxic, carcinogenic and

immunotoxic effects of OTA were suggested based on other animal studies [1].

In witro experiments with Vero [28], NRK-52ELLC-PK1 [29], V79 [30], OK cell
lines and primary cell cultures [31] strongly indicates that OTA is a cytotoxic agent

and results in triggering proliferative responses .

1.1.3. Possible Mechanisms Mediating OTA Toxicity

In literature, the mechanisms that have been proposed to explain direct or indi-
rect OTA-mediated toxicity are; inhibition of macro-molecule synthesis, DNA adduct

formation, lipid peroxidation, oxidative damage and mitochondrial dysfunction [22].

The gross effects of OTA on animals have been widely studied. On the other hand,
to understand the effects at the cellular and molecular levels, cell culture studies are
beneficial. Studies using cell lines from different species, primary cell cultures illustrate
that response to OTA varies among different cell types; while some cells are resistant

to OTA toxicity, some others are affected by much lower concentrations of OTA.

1.1.3.1. Inhibition of Macromolecule Synthesis. OTA contains phenylalenine amino

acid (Phe) in its chemical structure. Hence, it has been thought that OTA inhibits
many enzymes that use phenylalenine as a substrate. It was suggested that OTA
can hinder protein synthesis by inhibiting Phe-tRNA synthetase. OTA was shown to
inhibit purified Bacillus subtlis Phe-tRNA synthetase enzyme in vitro [32].

1.1.3.2. Oxidative Stress. Aerobic organism need oxygen to survive. Oxygen tend to

form reactive oxygen species (ROS) like hydroxyl ions and superoxide. In homeostasis,

ROS production and neutralization is in balance, therefore, oxidative stress will not



occur. External factors, however, can derange the balance and cause oxidative stress,
which could damage vital cellular parts and put cell vitality in danger. Accumulation of
ROS causes inevitable oxidation of lipids, proteins and nucleic acids [33]. Increments
in oxidative stress can cause pathological conditions like cancer, neurodegenerative

diseases and aging [34].

1.1.3.3. DNA Adduct Formation. Pfohl-Leszkowicz and her colleagues proposed that

OTA and/or its metabolites are directly binding to DNA by covalent bonds, therefore,
it is genotoxic. They used 3?P-labelling method to visualize DNA adducts. According
to their study, OTA treatment caused DNA adduct formations in both kidney and liver
in mice and rats. These adducts can be subsided in the presence of anti-oxidants by
90% [35]. Another study used tritium labelled OTA and 3*P-labelling method combined
and could not detect adduct formation and concluded that DNA damages are the result

of increased ROS rather than OTA itself [36].

1.1.3.4. Apoptosis. Apoptosis, known as programmed cell death, is an evolutionary

conserved death mechanism that has role in various biological systems from devel-
opment to immune system progression [37]. First, cells shrink then cell nucleus is
condensed, and then cell breaks apart in pieces enclosed by membrane. Activation
of caspase protein family, PARP (poly ADP-Ribose Polymerase) cleavage and DNA

fragmentation are distinct markers for apoptosis [38].

Caspase 3 and caspase 7 are known as effector caspases and essential regulators
of apoptosis. They regulate mitochondrial events, mitochondrial membrane poten-
tial(Adm), release of apoptosis inducing factor(AIF). Moreover, they amplify initiation
signal and promote upcoming cytochrome c release. It has been shown that fragments
of caspase 3 arrange morphological changes, caspase 7 has less role in this process. Role
of caspase 7 in apoptosis is more focused on regulating loss of cell viability. Cleavage

of PARP is also dependent on caspases 3/7 [39].
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Figure 1.2. Mechanism of apoptosis induction (Adopted from Agarwal et al., 2009)

Nuclear protein PARP (116 kDa) specifically cleaved during apoptosis resulting
85 kDa fragment [37]. PARP protein recognizes DNA breaks and gets activated, uses
NAD™ molecule as a donor and form ADP-ribose polymer. Ester bonds on this polymer
added on positively charged amino acids in target proteins which is known as PARy-
lation. Over-activation of PARP in damaged tissue is correlated with mitochondria-
associated cell dead [40]. Liihe et al. have shown that OTA causes upregulation of
some genes belonging apoptotic pathway both in in vivo and in vitro conditions via

microarray analysis (Figure 1.2) [41].

A study on rats also showed that OTA causes a significant increase in apoptotic

cell count from distal and proximal tubular cells in kidneys by using TUNEL (Terminal



deoxynucleotidyl transferase mediated dUTP Nick End Labeling) method. When rats
were fed with OTA contaminated food, the number of apoptotic cells were increased

by five-fold after 10 days, 6.4-fold after 30 days and 12.7-fold after 60 days [12].

1.1.3.5. Effects of OTA on Immunity and Cellular Immune Response. OTA is known

for its cytotoxic and carcinogenic effects. Some studies have also shown the immuno-
toxic effects of OTA. It is not conspicuous whether OTA directly causes immunotoxic-
ity or its acute toxicity leads immunotoxicity. Nevertheless, much lower concentrations

than acute toxicity have been shown to induce immunotoxic effects [42] in mouse model.

Animal studies conducted by different groups have shown immune suppression in
various cell types of immune system by OTA. Low IgG titers in chicks [43], BALB/c
mice [44] indicated T-cell inhibition. Lea et al. have shown B-lymphocyte inability to
synthesize antibody independent from T-cell inhibition [45]. Moreover natural killer
(NK) cells were also affected by OTA lowering the interferon secretion in mice [46].
Besides, OTA can induce pro-inflammatory cytokines IL-6 and IL-8 even from nasal

epithelial cells [47].

1.2. Mitogen-Activated Protein Kinases(MAPKs)

External stimuli received from extracellular signals are perceived and amplified
by MAPKs which could combine multiple signals. Signals that are transduced via
MAPKSs lead to changes either by promoting transcription or physically interacting
with other proteins depending on environmental fluctuations [48]. MAPK pathways are
three-tiered kinase cascades; MAPKKKs (MAPK kinase kinases), MAPKKs (MAPK
kinases), and MAPKs [49]. MAPKSs consist of four conventional families, ERK1/2,
p38, c-Jun N-terminal Kinase(JNK) and ERKS5, first three being the most studied
ones. Non-conventional ones are ERK3/4, ERK7/8 and Nemo-like Kinase(NLK) [50].

For tumorogenesis, six critical parameters have to be altered; cell proliferation

independent of extra/intracellular signalling, ability to escape apoptosis, reduced ef-



fectiveness of growth suppressors, spreading, ability to generate extra veins vessels for

increased nutritional needs and finally metastasis [51].

1.2.1. MEK/ERK Signalling Pathway

Activated Raf (which is a MAPKKK) phosphorylates MEK1 and MEK2 from
their specific serine residues and activates them. Three different isoform of Raf are
responsible for MEK1/2 phosphorylation. B-Raf is the most prominent kinase, A-Raf
is rather weak kinase and only activates MEK1. c-Raf uniformly phosphorylate MEK1
and MEK2. Activated ERKs (Extracellular-signal Regulated Kinases) phoshphorylate
various targets having roles in proliferation, migration, angiogenesis, survival, chro-

matin remodelling and apoptosis depending on cell type and stimuli [49].

Prolonged activation of ERK regulates cyclin D1 which has role in cell cycle,
moreover, it represses the activity of genes inhibiting cell proliferation [52]. Contrarily,
Mirza et al., have shown robust ERK activation breaks the cell cycle [53]. Apoptotic
role of ERK1-2 signal is being discovered by recent studies. Notably, apoptotic renal
and neuronal cell deaths were linked to ERK1/2 activation under different stress con-
ditions and toxic substances [54-56]. Moreover, our group has shown that apoptotic

cell death caused by OTA can be mitigated by MEK1/2 inhibitor U0126 [57].

1.3. NF-xB Family and Their Roles in Cellular Signalling

NF-xB transcription factors are elements in cell signalling in response to external
or physiological stimuli which is essential for keeping the homeostasis of cells. These
various stimuli activates NF-xB family and eventually will lead to activation of major
cellular responses like immune response, apoptosis, proliferation, survival, stress re-
sponse and differentiation [58]. NF-xB family consists of five members. As Figure 1.3
demonstrates, they all contain N-terminal Rel-homology domain (RHD) which enables
them to make homo/heterodimers, bind to DNA and localize to the nucleus. This

domain also helps the binding of inhibitory proteins. RelA, RelB and c-Rel have C-
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Figure 1.3. Five members of NF-xB family; RelA(p65), RelB, c-Rel, p100/p52 and
p105/p50 and domains they contain

terminal transcriptional activation domains (TADs). In RelA and c-Rel, TAD consists
of two subdomains. In spite of having resembling structure, these TA domains have
different and non-overlapping functions [59]. Ankyrin repeats found in p105 and p100
are also found in inhibitor of kKB (IxB) family which has a role inhibiting NFxB dimers
that they interact with [60].

NF-xB proteins are considered to be rapid response transcription factors. When
external signal is absent, they are mostly found in cytoplasm paired with Inhibitor kB
(IkB) family (IkBa, IkBj, 1kBe) proteins in inactive state or as a precursor forms of
NFKB1 and NFKB2(p105 and p100, respectively). When activating stimuli received,
IxB proteins are phosphorylated by upstream IKKa/f5 kinases from their conserved
residues. IxkB proteins have DS*GXXS* consensus motif where serines can be phos-
phoylated. This motif allows Skpl-Culin-Rocl/Rbx1/ Hrt-1-F-box (SCF) E3 ubig-
uitin ligase complexes (SCFPT“P) and E2 of Ubc4/5 family bind and ubiquitinylate
[xB proteins [61]; eventually leads to proteosomal degradation and exposure of nuclear

localization signal (NLS) of NF-xB proteins [62] and nuclear translocation(Figure 1.4).
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Signal

IKK Complex

Proteosome

Figure 1.4. Representation of canonical NF-xB pathway activation and nuclear

translocation(Adopted from Tabruyn S.T. et.al., 2008).

1.3.1. Post-translational Regulations of NF-xB

Given the massive number of genes regulated by NF-xB proteins and small num-
ber (only five) of subunits forming a functional NF-xB, different layers of regulation is
expected. Different homo/hetero-dimerizations, recruitment of additional transcription
factors and co-activators, regulation of histone tails near promoter regions in the NF-xB
target genes [63] are the well-known different layers of regulation. Post-translational
modifications (PTM) is another layer for this purpose. p65 (RelA) is the most studied
NF-£B family proteins and has been shown to be a target of many PTM sites.

1.3.1.1. Phosphorylation of p65. p65 has seven serines and three threonines that were

shown to be phosphorylated and dephosphorylated by different kinases and phospho-
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tases, respectively [64]. S276 phosphorylation is the first discovered one. PKAc or
MSK-1 are kinases responsible for this phosphorylation. Phosphorylation lessen the
interaction between N- and C- termini and favors the binding of p300/CBP co-activator
proteins which also has acetyl-transferase property [65]. On the whole, S276 phospho-

rylation enhances its transcriptional activation [66].

S536 phosphorylation is done by IKKs, RSK1 and TBK-1 kinases [67-70] in
response to different stimuli. S536 phosphorylation also increases transcriptional ac-
tivity by enhancing affinity for p300 and reducing the binding to SMRT (a co-repressor)
[71,72]. S468 phosphorylation is done by GSK303, IKKp and IKKe kinases. Binding of
COMMD1-containing E3 ligase complex is promoted, ubiquitynation causes degrada-
tion of p65 thereby decreasing its transcriptional activity [68,73].

Other phosphorylation sites S205, S281, S311, S529, T254, T435 and T505 were
relatively less studied and certain details of their phosphorylation mechanisms still
remain unclear. In short; S205 and S281 phosphorylations were shown to be activated
by LPS treatment affecting transcription of target genes [74]. S311 has comparable
mode of action with S276 and S536 by recruiting p300 and increasing transcriptional
activity [75]. T435 and T505 phosphorylations have negative effect on p65 activity on
target genes [76,77).

1.3.1.2. Acetylation of p65. Seven lysine residues (K122, K123, K218, K221, K310,

K314 and K315) were found to be acetylated mostly by p300/CBP complex and some-
times PCAF [78]. Acetylations on K218 and K221 increase DNA binding ability of
p65. In addition, K218 acetylation hinders IxB binding sites thereby inhibiting nu-
clear export of p65 [79]. K122 and K123 acetylation were shown to inhibit p65 to bind
xB binding site [80]. Buerki et al., have shown that K314 and K315 acetylation does
not seem to affect p65 conformation, however, affects transcription of specific sets of

genes upon TNF-a stimulation [81].
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Chen et al., claimed that K310 acetylation does not affect DNA binding abil-
ity and proved by showing acetylation deficient K310R mutant p65’s ability to bind
DNA probe in electrophoretic mobility shift assay(EMSA). However, inability to get
acetylated by p300/CBP sharply decreased NF-xB-dependent gene expression shown
by luciferase assay [79)].

1.3.1.3. Methylation of p65. Set9 is the methyltransferase that is responsible most

of the methylation on p65. K314 and K315 are methylated by Set9 and result in
ubiquitylation and degredation [82]. On the other hand, methylation on K37 results

in activation/repression of specific subset of NF-xB target genes [83].

1.3.2. NF-xB in Apoptosis

Earlier in the discovery of NF-xB, it was thought that NF-xB is an antiapoptotic
protein, however, later studies found that in some cases it can drive cells to programmed

cell death(PCD). p65 stands in the middle of the cross-roads, determining the cell fate.

Canonical pathway starts with binding of TNF-a to TNFR. This can initiate
multiple downstream pathways depending on adaptor proteins recruited to the cell
membrane. One of them is binding of TNFR-associated Death Domain (TRADD) to
TNFR followed by recruitment of RIP1 and TNFR-associated factor 2 (TRAF2). IKK
is phosphorylated by this complex leading NF-xB activation and expression of anti-
apoptotic proteins, like FLICE/caspase8 inhibitor protein (c-FLIP). c-FLIP inhibits the
activity of caspase 8 which is another survival pathway activated by TNFR/TRADD
complex protecting the cell from apoptotic route [84]. Other TNFR-downstream path-
way starts with RIP1 recruitment to TNFR without TRADDs presence. RIP1 increases
ROS production and activates JNK cascade [85] and from there cells undergo apop-
tosis or necrosis determined by cells metabolic state, however, the mechanism is still

unclear [86].

Although generally accepted as a survival factor, in some cases NF-xB acts as a
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proapoptotic factor. Kirsteen et al., have shown that UV-C treatment and some chem-
ical reagents increased NF-xB activation while decreased the mRNAs of NF-xB target
antiapoptotic genes like Bel-xL, X-IAP, and A20 [87], which illustrates the proapoptotic
side of NF-kB. Moreover, the expressions of proapoptotic genes like Fas [88], FasL [89],
DR4 and DR5 [90] are also controlled by NF-£B.
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2. HYPOTHESIS AND PURPOSE

Because OTA is a mycotoxin found in human food and animal feed, continuous
exposure results in various dysregulations at the organismal and cellular levels that
were described in the introduction section. Nonetheless, the mode of action(s) for
OTA cytotoxicity and carcinogenicity are not fully elucidated. In addition, OTA is
also known for its immunotoxic properties [43,45,46], improper NF-xB activation is
an important indicator of immunotoxicity and, in fact, some groups have shown phos-
phorylation and translocation of NF-kB to the nucleus during immune cell toxicity
induced by OTA [91-93]. However, there are no study relating NF-xB activation to
OTA-induced apoptosis since NF-£B is generally known as pro-survival factor. Never-
theless, recent studies have demonstrated that some chemical agents display pro-death

properties through NF-xB activation as mentioned in section 1.3.2.

We hypothesized that OTA may cause improper NF-xB activation and apoptotic
cell death during the treatment. Furthermore, we expected inhibition of NF-xB could
reduce or abolish the apoptotic cell death upon OTA treatment. In order to verify our

hypothesis following aims were established.

e in vitro investigation of the effects of OTA on NFxB pathway activation in HK-2

human kidney proximal tubular epithelial cells.

e in vitro investigation of relationship between NF-xB and other OTA-induced

signaling pathways

e Examining the effects of NF-xB inhibition on apoptosis.
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3. MATERIALS

3.1. Cell Culture

Unless it is documented otherwise in the tables, all of the chemicals and cell
culture reagents were ordered from Sigma-Aldrich (USA) and Gibco, Fisher Scientific
(USA), respectively. All disposable plasticwares were ordered from TPP (Switzerland)
and CAPP (Denmark).

Table 3.1: Cell Culture Solutions.

DMSO Sigma-Aldrich, USA
Dulbecco’s Modified Eagle’s
Medium/Nutrient F-12 Ham

Fetal Bovine Serum (FBS) Gibco, Fisher Scientic, USA

PAN, Germany

Lipofectamine 2000 Invitrogen, USA
Opti-MEM Gibco, Fisher Scientic, USA
Penicillin/Streptomycin (100X) | Gibco, Fisher Scientic, USA
Trypsin-EDTA
(0.5 mM EDTA, 0.025% Trypsin)

Gibco, Fisher Scientic, USA

Table 3.2: Cell Lines.

Cell Line Provider
Human Kidney 2 (HK-2) Cells ATCC #CRL2190
K310R-RelA Human Kidney 2 | MTCRL- Obtained from ATCC #CRL2190
Stable Cells by K310R-RelA Stable Transduction




Table 3.2.

Cell Lines (cont.).

Cell Line

Provider

GFP-RelA Human Kidney 2
Stable cells

MTCRL-Obtained from
ATCC #CRL2190 by
GFP-RelA Stable Transduction

HeLa Cells

Kindly provided by
Cemalettin Bekpen, PhD,
Max Planck Institute for

Evolutionary Biology

3.2. Plasmids and Primers
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Plasmids T7-RelA-K310R (no:23250) and GFP-RelA (n0:23255) were ordered

from Addgene. psPAX2 lentiviral packaging vector, pPCMV-VSV-G lentiviral envelope

vector and pBVIx NF-xB reporter vector were gifted from AKIL Laboratory (Prof.

Nesrin Ozéren).



Table 3.3: Plasmids.

Construct

Origin

Backbone

T7-RelA-K310R

Addgene #23250

pEv3s

GFP-RelA

Addgene #22122

pEGFP-C1

psPAX2

Addgene #12260

psPAX2

pCMV-VSV-G

Addgene #8454

NA

pBVIx

AKIL Laboratories

NA

pRL-TK-Renilla

Promega # AF025846.2

pRL

Table 3.4: Primers for RT-qPCR.

Primer 1D

Sequence (5’-3’)

Application

B-ACTIN-F

TCCTGGGCATGGAGTCCTGT

RT-qPCR

B-ACTIN-R

TCTGCTGGAAGGTGGACAGC

RT-qPCR

K310Rgateway-F

ATGGCTAGCATGACTGGTGGACAGC

Cloning

K310Rgateway-R

TTAGGAGCTGATCTGACTCAGCAG

Cloning

17
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Primers for RT-qPCR were designed on exon-exon junctions of the genes to elimi-
nate genomic DNA amplifications by using GenScript primer design for Real-time PCR
tool (USA). Designed primers were ordered from Macrogen (South Korea).

3.3. General Kits, Enzymes and Chemicals

Table 3.5: Kits and Enzymes.

Name Supplier
Caspase 3/7 Assay Promega, USA
cDNA Synthesis Kit Bio-Rad, USA
Complete Mini Protease Inhibitor Cocktail Roche, Switzerland
DC Protein Quantification Assay Bio-Rad, USA
2-Log DNA Ladder NEB, UK
ECL-Sirius Advansta, USA
NucleoBond™ Xtra Midi Plus Macherey-Nagel, Germany
PageRuler Prestained Protein Ladder Thermo, USA
PhosStop Phosphatase Inhibitor Coctail Roche, Switzerland
PVDF Midi RTA Transfer Kit Bio-Rad, USA
Q5 High-Fidelity DNA Polymerase NEB, UK
Restriction Endonucleases Thermo, USA
RNA Extraction Kit Zymo, USA
SensiFast Sybr Bioline, UK
T4 DNA Ligase NEB, UK
XTT Cell Viability Assay Roche, Germany
Dual-Luciferase Assay Promega, USA

All the chemicals were ordered from the companies indicated in the table.



Table 3.6: Chemicals.

Chemical

Supplier

Acetic Acid

Merck, USA

Acrylamide

AppliChem, Germany

Agarose

Sigma-Aldrich, USA

Ammonium Persulfate (APS)

Sigma-Aldrich, USA

Ampicillin Roche, Switzerland
Ampicillin Fluka, USA
APS AppliChem, Germany
B-Mercaptoethanol Merck, USA
Boric Acid Sigma-Aldrich, USA
Bromophenol Blue Fluka, USA

Calcium chloride dehydrate

AppliChem, Germany

D-Glucose Sigma-Aldrich, USA
DAPI AppliChem, Germany
EDTA AppliChem, Germany

Ethanol Merck, USA

Ethidium Bromide

Sigma-Aldrich, USA

Glycerol Sigma-Aldrich, USA
Glycine Applichem, Germany
HEPES Sigma-Aldrich, USA
Kanamycin Emsure, Germany
LB Broth Caisson Laboratories, USA
LB-Agar Sigma-Aldrich, USA
Methanol Merck, USA

Ochratoxin A

Sigma-Aldrich, USA

Paraformaldehyde

Sigma-Aldrich, USA

Phosphate Saline Buffer (PBS)

MPBio, USA

Sodium Chloride (NaCl)

Fisher Scientific, USA
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Table 3.6. Chemicals (cont.).

Chemical

Supplier

Sodium Deoxycholate

Sigma-Aldrich, USA

Sodium Dodecyl Sulfate (SDS)

AppliChem, Germany

Sodium Hydroxide

Sigma-Aldrich, USA

TEMED Sigma-Aldrich, USA
Tris-Base AppliChem, Germany
Tris-HCI AppliChem, Germany
Triton X-100 AppliChem, Germany
Tween 20 Sigma-Aldrich, USA
Bay11-7085 Sellekchem, USA

3.4. Western Blot Buffers and Antibodies
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After preparation of the buffers, they were stored in aliquots if necessary. RIPA

buffer was supplemented with protease inhibitor cocktail and phosphatase inhibitor

cocktail before use.

Table 3.7: Western Blot Solutions and Buffers.

Solution/Buffer Content
150 mM NaCl
1% NP40
RIPA Buffer 0.5% Sodiumdeoxycolate

0.1% SDS
50 mM Tris pH 7.4




Table 3.7. Western Blot Solutions and Buffers (cont.).

Solution/Buffer

Content

4XProtein Loading Dye

200mM TrisHCI pH 6.8
8% (w/v) SDS
40% (w/v) 100% Glycerol
4% (w/v) -mercaptoethanol
50 mM EDTA
0.08% (w/v) Bromophenol Blue

12% Resolving Gel

375 mM TrisHC1 pH 8.8
0.1% (w/v) SDS
Acrylamide:Bisacrylamide (12% w/v)
0.05% (w/v) APS
0.005% (w/v) TEMED

4% Stacking Gel

0.125 mM TrisHCI pH 6.8
0.1% (w/v) SDS
Acrylamide:Bisacrylamide (4% w/v)
0.05% (w/v) APS
0.0075% (w/v) TEMED

10X SDS Running Buffer

1% (w/v) SDS
1% (w/v) Tris Base
14.4% (w/v) Glycine

1X Tris Buffered Saline
with Tween-20 (TBS-T)

50 mM TrisHCI pH 7.4
150 mM NaCl
9%0.05 Tween-20

Western Blot

Blocking Solution

5% (w/v) skim milk powder
TBS-T

1% Antibody Solution

5% (w/v) BSA
0.02% (w/v) Sodium Azide
TBS-T

21



Table 3.7. Western Blot Solutions and Buffers (cont.).

Solution/Buffer Content
5% (w/v) skim milk
TBS-T’

2°d Antibody Solution

Table 3.8: Antibodies.

Antibody Source Supplier | Dilution
ACTIN (D6AS8) | Cell Signalling Technologies, USA | Rabbit 1:1000
AKT (pan) - . .
Cell Signalling Technologies, USA | Rabbit 1:1000
(C67TET)
IKBa Cell Signalling Technologies, USA | Rabbit 1:1000
Mouse IgG, . ) ) )
Cell Signalling Technologies, USA | Rabbit 1:3000
HRP
p-AKT (S473) . | |
Cell Signalling Technologies, USA | Rabbit 1:1000
(D9E)
p-p44/p42 - . :
Cell Signalling Technologies, USA | Rabbit 1:1000
(T202/Y204)
BID Cell Signalling Technologies, USA | Rabbit 1:1000
p44/42
(Erk1/2) Cell Signalling Technologies, USA | Rabbit 1:1000
(137F5)
SP1 Santa Cruz Biotechnologies, USA | Rabbit 1:1000
p65 Cell Signalling Technologies, USA | Rabbit 1:1000
Rabbit IgG Cell Signalling Technologies, USA | Rabbit 1:3000
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4. METHODS

4.1. Cell Lines and Cell Culture

HK-2 (Human kidney 2) cell line was isolated from adult human kidney, prox-
imal tubules. Cells were immortalized by transducing E6/E7 genes of Human Papil-
loma Virus (HPV 16) [94]. HK-2 cells obtained from ATCC (American Type Culture
Collection), were grown in Dulbecco’s Modified Eagle Medium/Nutrient Mixture F-
12 (DMEM/F-12) including 10% fetal bovine serum (FBS), 100 U/ml penicillin and
100pg/ml streptomycin. Cells were maintained in an incubator at 37 °C with 5% COsx.

4.2. OTA and Inhibitors

OTA was dissolved in ethanol at 10mM final concentration. Stock OTA solution
was aliquoted and stored at -80 °C. Cells were treated with 0.1% v/v ethanol as vehicle
control. The treatments were performed in 5% FBS containing DMEM/F-12 medium.
Inhibition of certain pathways that are activated upon OTA treatment were achieved
by specific inhibitors of key proteins in given pathways. MEK inhibitor, U0126, and
IKK inhibitor, Bay11-7085, were used for the inhibition of MEK/ERK1-2 pathway and
canonical NF-kB pathway, respectively. U0126 (10 mM) and Bay11-7085 (7.5mM) were
dissolved in DMSO and stored at -20 °C. Cells were seeded in to culture plates (for 96-
well plates 8x10% cells/100u] medium, for 24-well plates 5x10* cells/500u] medium, for
12-well plates 1x10° cells/ml, for 6-well plates 2.25x10° cells/2ml medium, for 60mm
plates 7.5x10° cell/3ml medium, for 100mm plates 2.5x10° cells /8ml medium, for
150mm plates 6x10° cells/17ml medium). Twenty-four hours after seeding, growing
medium was replaced with 5% FBS containing assay medium. Cells were treated
with OTA (10pM unless stated otherwise) alone or in combination with the inhibitors.
Inhibitor treatments (10 pM U0126, 7.5uM Bay11-7085) were performed 1 hour prior
to OTA exposure. Cells were treated with 0.1% v/v ethanol or 0.1% v/v ethanol+

0.1% v/v DMSO as vehicle control of OTA alone or combined treatments respectively.
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4.3. Cell Viability Analysis

Cell Proliferation Kit II (XTT analysis) (Roche) was used to determine the ef-
fects of OTA and inhibitors on HK-2 cell viability. Basis of the analysis was degra-
dation of yellow-colored tetrazolium salt XTT (sodium 3’-[1-(phenylaminocarbonyl)-
3,4-tetrazolium]-bis (4-methoxy-6-nitro) benzene sulfonic acid hydrate) by the dehy-
drogenase enzyme in the mitochondria of living cells resulting soluble orange-colored
formazan that can be detected by microplate reader. Kit was used as recommended
by the manufacturer. Briefly, cells (8x103) were seeded in to 96-well plate and treated
with OTA and the inhibitors for 24 hours. After incubation, freshly prepared XTT
solution (50ul/well) was added in to the wells and plates were incubated at 37°C, 5%
COs environment. After 4 hours of incubation, optical density (OD) values were de-
tected at 490nm and 655nm wavelengths by microplate reader. Average OD values
at 655nm of 3 technical replicas were subtracted from average OD values at 490nm of
the same technical replicas and experimental results were acquired. Cell viability was

calculated as percentage as given in the equation 4.1.

SampleVal
CellViability = CZZﬁ fzvi ZZZ‘Z x 100 (4.1)

4.4. Cell Apoptosis Assay

Caspase-Glo®3/7 Assay (Promega) is an assay measuring the activity of caspase-
3 and caspase-7 by taking advantage of luminescent substrate. These two enzymes are
member of caspase family and have very important roles in driving mammalian cells to
apoptosis. Substrate provided in the kit contains DEVD (Asp-GluVal-Asp) tetrapep-
tide and it has luminogenic property. Addition of Caspase-Glo® 3/7 Reagent causes
cell lysis. Active caspases degrade luminogenic substrates and free aminoluciferin.
Luciferase enzyme propagate luminescence signal by using the free aminoluciferin as

substrate (Figure 4.1) HK-2 cells were seeded on solid bottom white 96-well plate and
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treated with OTA and inhibitors for various time points. After the treatments, 100l
Caspase-Glo® 3/7 Reagent was added in to each well and 96-well plate was incubated
at room temperature for 30 minutes. After the incubation luminescent signals were

detected by luminometer.
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Figure 4.1. Principle of apoptosis analysis
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4.5. Transformation and Plasmid Isolation

Competent Escherichia coli strains DH5a and Stbl3 were used in transformation.
Fifty ng DNA constructs and competent cells were mixed and incubated on ice for 30
minutes. Then bacteria was subjected to heat shock at 42 °C for 90 seconds. Bacteria
was incubated on ice again for 5 minutes which was followed by addition of 900u] LB
(Luria-Bertani) medium. Bacteria was incubated on thermal-shaker at 37 °C for 1
hour. One-hundred pl of transformed culture was spread on LB-agar plates that has
convenient antibiotics. Culture plates were incubated overnight at 37 °C. Following
day, formed colonies were picked up with sterile tip and seeded in to 5ml LB media
containing proper antibiotics and incubated overnight at 37 °C by shaking. Plasmid
isolation was performed by using CTAB method or commercial mini-prep plasmid
isolation kit (Machery-Nagel NucleoBond® Xtra Mini kit). Isolated plasmids were cut
with proper restriction enzymes for analytic digestion. Uncut and digested plasmids
were run on agarose gel for the confirmation of the successful cloning. Bacteria culture

was supplemented with 8% glycerol and stored at -80 °C. In order to isolate plasmids
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from stock bacteria, starter bacteria from glycerol stock were picked up with the help
of a sterile tip and inoculated in to LB medium. The culture was incubated at 37°C
for 16 hours by shaking. Plasmids were isolated from culture and concentration of the
plasmids was detected by NanoDrop (Thermo Scientific) spectrophotometer. Plasmids

were stored at -20 °C.

4.6. Electrophoretic Mobility Shift Assay (EMSA)

4.6.1. Obtaining Nuclear Extracts

Cells were exposed to 10 uM OTA at different time-points (1, 3, 6, 12 and 24
hours) and nuclear extracts were obtained. To achieve that, cells in 100mm plates
were washed with bml 1x PBS twice and gently scraped from the plates in 1ml PBS.
Collected cells were centrifuged at 300g for 2 minutes. Supernatant was discarded.
Pellet was resuspended with 400 ul cytosolic lysis buffer (10 mM HEPES pH 7.9, 10
mM KCl, 0.4%v/v NP40, 0.2 mM EDTA, protease inhibitor cocktail (Roche)) and
incubated on ice for 15 minutes by shaking. After the incubation cell lysates were
centrifuged at 3000g and 4 °C for 3 minutes. Supernatant was saved as cytosolic
extract and pellet was resuspended in 200 pl nuclear lysis buffer (20 mM HEPES pH
7.9, 0.4 M NaCl, 10% v/v Glycerol, 1 mM EDTA, protease inhibitor cocktail (Roche))
then sonicated with 40% power 2 cycles for 10 seconds. Lysate was centrifuged at

15,000g and 4 °C for 5 minutes and supernatant was saved as nuclear extract.

4.6.2. 3’ End Labelling of the DNA Probes with Biotin

To obtain specific NF-kB-RelA protein binding probe, complementary single
strand oligos were ordered from Macrogen (Korea) with sense 5-AGT TGA GGG
GAC TTT CCC AGG CA-3’and anti-sense 5'-GCC TGG GAA AGT CCC CTC AAC
TA-3’ sequences with one extra adenine nucleotide at 3’-ends. Then, both single strand
oligos were mixed together in NEB 2.0 buffer and incubated at 95 °C for 2 minutes.

Probes were cooled down slowly to room temperature. Obtained double strand-probes
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were labelled with “3" End Labeling Kit” (Thermo Scientific, Catalog No:89818) as

recommended by the manufacturer.

4.6.3. Preparing DN A-Protein Complexes

Previously isolated nuclear protein amounts were quantified with commercial
DC™ protein assay. Five pg protein was mixed with FastDigest Green Buffer (NEB),
1uM salmon sperm DNA, 100 fmol biotin labelled probes or 2pmol unlabeled probes
as control samples in given order. After addition of unlabeled and labelled probes,
samples were incubated at RT for 20 minutes. Then protein-probe complexes were
loaded on 5% native polyacrylamide gel and run in 0.5X TBE buffer at 100 V for 30

minutes.

4.6.4. Blotting and Crosslinking of Complexes

Complexes in the gel were transferred to positively charged nylon membrane by
using Bio-Rad semi-dry blotting device with 3.55mA /cm? current for 30 minutes. Mem-
brane containing samples was exposed to 120 mjoule/cm? UV light for cross-linking
of samples. Membrane was blocked in blocking solution (3% BSA in TBST) for 15
minutes. After blocking, membrane was incubated in Streptavidin-HRP (1:300 v/v)
containing blocking solution for 30 minutes and washed with TBST for 5 minutes
which was repeated four times. Visualization of the membrane was performed with
SynGene G:BOX Chemi XRQ by using WesternBright™ Sirius chemiluminescent de-

tection reagent (Advansta).

4.7. Preparing the Cell Lysates and Western Blot Analysis

Cells were seeded in cell culture plates and treated with OTA and/or inhibitors
as described previously in section 4.2. After the treatments, the medium was aspi-
rated, cells were washed with PBS and lysed with RIPA buffer (50 mM Tris-HC] pH
8.0, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM PMSF).
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One tablet of PhosSTOP phosphatase inhibitor cocktail (Roche) and 1 tablet cOmplete
EDTA-free protease inhibitor cocktail (Roche) were added to every 10ml of RIPA buffer
freshly. Cells were lysed in RIPA buffer by incubating on ice for 15 minutes. Lysates
were homogenized with the help of 26 gauge syringe and centrifuged at 14000g for 15
minutes at 4 °C. Supernatants were transferred to micro-centrifuge tubes and protein
concentrations were measured by using BCA Protein Assay (Thermo Scientific). Equal
concetrations of protein lysates were mixed with 4X loading dye (200 mM Tris-HC1 pH
6.8, 8% SDS, 40% glycerol, 572 mM S-Mercaptoethanol,mM EDTA, 0.08% bromophe-
nol blue) for loading into SDS-polyacrylamide gels. Protein samples were heated at 95
°C for 5 minutes for denaturation. Ten % polyacrylamide gels with 4% stacking were
prepared and placed into tanks filled with 1X SDS Running Buffer(% 1 SDS, 250 mM
Tris, 1.92 M glycine). Samples were loaded on the gels and run at 100V until samples
reach resolving gels and 120V afterwards for 1-1.5 hours. When electrophoresis was
completed, proteins separated according to their sizes were transferred to the PVDF
membrane. Transfer was performed by using Bio-Rad Trans-Blot Turbo device with
its own commercially available buffer. Blocking was done with 5% w/v skim milk pow-
der in TBS-T (TBS-T: 50 mM TrisHCI pH 7.4, 150 mM NaCl, 0.1% Tween—20) for
one hour after the transfer. The membranes were rinsed with TBS-T, 3 times for 5
minutes after blocking. Primary antibody solutions were prepared in 5% BSA w/v in
TBS-T solution according to manufacturer’s instructions. Membranes were incubated
on shaker at 4 °C overnight. Membranes were washed with three times for five minutes
after primary antibody incubation and incubated with 1:2500 diluted secondary anti-
bodies (anti-Mouse IgG HRP-linked or anti-Rabbit IgG HRP-linked antibody) (CST)
according to the origin of primary antibody for one hour. Membranes were washed with
TBS-T three times for five minutes after secondary antibody incubation. Samples were
visualized by using WesternBright ECL-HRP substrate or WesternBright Sirius-HRP
substrate in SynGene G:BOX Chemi XRQ. Changes in protein levels were analyzed
with imageJ (NIH) program.
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4.8. Virus Production and Transduction

HEK-293FT cells (7.5 x 10%) were seeded in to 100mm plate one day before
transfection. Cells were transfected with 3 ug of psPAX2 lentiviral packaging vector,
1 pug of pCMV-VSV-G lentiviral envelope vector and 4 ug of lentiviral vector that
contains gene of interest by calcium-phosphate transfection method. Two days after
the transfection, medium of HEK-293FT cells that contains virus was collected and
filtered with 0.45um filter and divided in to aliquots which was stored at -80 °C for

later usage.

Previously collected 1 ml virus containing medium was mixed with 1 ml fresh
medium and 8 pg/ml polybrene to transduce one well of the 6-well culture plate.
Eight hours after the addition of the viruses, virus containing medium was replaced
with fresh medium. Two days later, infected cells were sorted out either by puromycin
treatment or cell sorter depending on the gene they are carrying, puromycin resistance

or GFP respectively.

4.9. Detecting NF-xB Transcriptional Activation by Luciferase Assay

HK-2 cells (1x10°) were seeded on 12-well plates the day before transfection. Cells
were co-transfected with two constructs pBVIx, which contains 6x NFxB binding sites
in the upstream of firefly luciferase gene, and pRL-TK construct, which has constitu-
tively active TK promoter upstream of Renilla luciferase gene, simultaneously. pGL3
control construct used instead of pBVIx as a positive control. Twenty-four hours after
the transfection, cells were treated with OTA for different time periods. Cells were
lysed with 100ul 1x passive lysis buffer which was supplied by the kit and plates were
incubated at -20 °C for better lysis by freeze-thawing. Cell lysates were thawed on ice
and 50ul of sample was transferred to solid-white bottom 96-well plates. FiftyX Stop
Glo® reagent was diluted with Stop Glo® buffer to 1x. Fifty yul luciferase assay reagent
mix was added on each well and quickly placed in VersaMax plate reader (Molecular

Devices, USA) and luminescence signals were detected. Then 50ul Stop Glo® reagent
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mix was added on each well and luminescent signals were detected one more time.
Second measurements were used for normalization of firefly luciferase measurements.

Obtained ratio provided us NF-xB promoter driven gene expression levels.

4.10. Cloning of NFxB Constructs to Lentiviral Backbones

T7-RelA-K310R(23250) and GFP-RelA (23255) plasmids were ordered from Ad-
dgene (UK). GFP-RelA insert and pLenti-III-HA lentiviral backbone plasmid were
digested with Nhel and Xbal (NEB,UK) restriction enzymes. Cut backbone and in-
serts were ligated with T4-DNA ligase (NEB, UK) and transformed into E. coli Stbl3
competent cells as described in 4.5. Formed colonies were selected and verified with
colony PCR by using primers 5-AAA GGT ACC ATG GCT AGC ATG ACT GG -3’ as
forward and 5’-TTT TCT AGA TTA GTC GAC GGA TGC CAG-3’ as reverse. Posi-
tive colonies were grown in liquid LB and plasmids were isolated using Macherey-Nagel

NucleoBond® Xtra Midi kit as described in section 4.5.

In order to transfer K310R-RelA insert into lentiviral vector, gateway cloning
method was used. K310R primers with gateway recombination sites (5-GGG GAC
AAC TTT GTA CAA AAA AGT TGA TAT GGC TAG CAT GAC TGG TGG ACA
GC -3’ as forward primer, 5-GGG GAC AAC TTT GTA CAA GAA AGT TGT TTA
GGA GCT GAT CTG ACT CAG CAG -3’ as reverse primer) were used to amplify
target gene by using T7-K310R RelA (Plasmid 23250) as template. PCR product was
run on agarose gel and corresponding band was excised and purified from the gel using
MN Gel Extraction Kit. In order to transfer product to the Gateway™ pDONR™?221
Vector, 75ng gel extraction product, 75ng pDONR221 and 1ul BP clonase II enzyme
were mixed and ddH5O added up to 5ul. The mixture was incubated at room tem-
perature overnight. After that, Proteinase K (0.5ul) was added to the mix and the
mixture was incubated further at 37 °C for 15 minutes to stop enzymatic reaction.
E.coli Stbl3 competent cells were transformed with gateway ligation mix and grown
on kanamycin containing LB plate at 37 °C for 16 hours. Plasmids were isolated from

grown colonies on LB plates. Seventy-five ng of pDONR221 with the gene of interest,
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75ng pLVPT and 1ul LR clonase II enzyme were mixed in 5ul total volume and the mix
was incubated at room temperature overnight. To stop enzymatic reaction, the mix
was treated with Proteinase K (0.5ul) at 37 °C for 15 minutes. E. coli Stbl3 competent
cells were transformed with the mix and grown in kanamycin containing LB plate at
37 °C overnight. Plasmids were isolated from grown colonies and digested with BsrGI

restriction enzyme to confirm the successful gateway cloning.

4.11. Preparing HK-2 Stable Cell Lines

Cells were transduced as described in section 4.8 with the viruses containing
the plasmid constructs prepared in section 4.10. GFP-RelA construct has puromycin
resistance gene which allows us to expand the colonies that survive upon puromycin

treatment. Non-transduced cells are eliminated with puromycin exposure.

K310R-RelA construct has GFP reporter but doesn’t have puromycin resistance
gene. Therefore, after transduction, cells were expanded and sorted out with SH800S

Cell Sorter (Sony, Japan) according to GFP signal produced by the construct.

4.12. Statistical Analysis

To analyze our experiments Graphpad Prism 6 and Stata 15 softwares were used.
Data was shown as avarage + standart deviations. Comparisons were made with
multiple t-test or ANOVA with Bonferroni correction. Significance criteria seek in our

test was p < 0.05. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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5. RESULTS

Previous members of our group have shown that PI3K/AKT and MAPK/Erk1-2
pathways are activated and remain active for at least 24 hours under OTA expo-
sure [57]. They have also shown that these two pathways work in the opposite di-
rections; PISK/Akt promotes survival through receptor tyrosine kinase c-Met while
MAPK/Erk1-2 is connected to apoptosis [57]. Upstream effector(s) are yet to be clar-
ified. Therefore, previous results indicate that activation of c-Met/PI3K/Akt survival
pathway may have roles in carcinogenesis of proximal epithelial cells through suppress-

ing apoptosis initiated by MAPK /Erk1-2 signaling pathway.

Given that OTA is a immunotoxic mycotoxin and knowing that both survival and
proapoptotic pathways are activated, the involvement of NF-xB proteins in determining

the final outcome of the cells response to OTA is a biologically plausible anticipation.

Based on the data obtained by our group and the literature, our hypothesis is that
NF-kB, especially p65 (RelA), is activated when cells exposed to OTA. Subsequently
this activation has a role in cells decision-making processes on apoptotic cell death by

acting on Erk1-2 phosphorylation.

5.1. Detection of OTA-mediated p65 Translocation to the Nucleus

Until now, nuclear translocation of p65 upon exposure to different OTA concen-
trations on several cell lines has been shown [92,93]; however, it has not been confirmed

in human kidney-2 epithelial (HK-2) human proximal tubular cell line.

As a first step to show NF-kB activation by OTA, nuclear translocation of p65
subunit in HK-2 cells was tested. Therefore, cells were treated with ethanol for 24
hours as vehicle control or 10 uM OTA for 1, 3, 6, 12, and 24 hours. Then cell lysates

were fractionated into nuclear and cytoplasmic extracts. The relative levels of proteins
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in each fraction were determined by using Western blot analysis. Cross-contamination
between the fractions was controlled by examining the presence of BID (cytoplasmic
protein) and SP1 (nuclear protein) (Figure 5.1). SP1 and BID bands indicated that the
fractionation process was successful. As expected, OTA promotes nuclear translocation
of p65 in HK-2 cells starting from 1 hour, peaks at 6 and 12 hours and continues until
24 hour which is the last time point we examined. Densitometric analysis was done by
ImageJ and band intensities were quantified (Figure 5.1)

Cytoplasmic Extract Nuclear Extract
r 1 r 1

Time(h) EtOH 1 3 6 12 24 EtOH 1 3 6 12 24

p65 R — — — — —

SP1 S e B o e

BID s —— ——
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Figure 5.1. Nuclear translocation of p65 upon exposure to OTA was assessed by
Western blot. (A) HK-2 cells were treated with 10 uM OTA and EtOH as vehicle for
indicated time periods. Cytoplasmic and nuclear fractions were separated and blotted
with Western blot (B) Densitometric quantification of Western blots is shown. **p <

0.01, ***p < 0.001, ****p < 0.0001
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Figure 5.2. Immunoflourescent imaging of p65 translocation upon OTA exposure. (A)
GFP-p65 HK-2 cells were treated with 10 uM OTA and EtOH as vehicle. Green
signal is emitted from GFP-p65 fusion protein, DAPI stains nucleus and cyan

indicates co-localization (B) Percentage of cells that has high nuclear GFP signal.

In order to verify the results, immunoflourescence imaging method was performed
where GFP-fused p65 was utilized. Cells stably expressing GFP-p65 fusion protein were
seeded on coverslips and treated with 10 uM OTA for 1, 3, 6, 12, 24 hours and EtOH
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used as a vehicle control for 24 hours. Cells were fixed with PFA and stained with
DAPI. Cells expressing considerable amount of GFP were taken into consideration.
High intensity of GFP signal in the nucleus, as evident from the co-localization with
DAPI, counted as p65 translocated cells (Figure 5.2). The ratio of the number of
cells showing nuclear translocation to the number of cells showing no translocation
was calculated and expressed as percentage. Co-localization can be seen as cyan color
(Figure 5.2). Here, we observed that the nuclear translocation of p65 starts at as early
as 1 hour and peaks at 6 hour when nearly 95% cells displaying translocation and then

this percentage regress back to 60% at 12 and 24 hours.

5.2. Detection of DN A Binding Activity of NFxB upon OTA Exposure

In previous section, it was shown that OTA induces p65 nuclear translocation in
both HK-2 and GFP-p65 stable HK-2 cells especially peaking at 6 and 12 hours. Thus,
we decided to examine whether translocated p65 binds to its target DNA sequence.
Biotin labelled DNA probes that contains NFxB-binding sequence were used and elec-
trophoretic mobility shift assay(EMSA) was performed with nuclear lysates from 10 uM
OTA treated HK-2 cells. The results show that OTA exposure increases DNA-binding
activity of p65. The evidence was provided by showing the shift of protein-DNA com-
plex seen on the EMSA blotting (Figure 5.3). It was observed that amount of shift
gradually increase until 12 hour and made a peak, then gradually decreases in accord

with the nuclear translocation of p65.

5.3. NF-xB Dependent Gene Expression upon OTA exposure

We have shown that OTA causes translocation of p65 into nucleus. Furthermore
the DNA-binding activity of NF-xB was also enhanced especially around 12 hour mark.
Therefore, we wondered if this increased DNA-binding is reflected to transcription of
NF-xB target genes. pBVIx plasmid containing six NF-xB-binding sites linked to fire-
fly luciferase reporter gene was co-transfected with pRL-TK-renilla luciferase plasmid

into HK-2 cells. Results from Dual-Luciferase® Reporter Assay indicate that OTA-
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Figure 5.3. DNA-binding of NF-xB upon exposure to OTA evaluated with EMSA
analysis. HK-2 cells were treated with 10 uM OTA and EtOH as vehicle, nuclear
fractions were used as source of NF-xkB in EMSA. Non-labelled probes were used as
specific competitors. TNF-« treated cells nuclear extract was used as positive control

for NF-xB activation

stimulated NF-xB transcriptional activity increased significantly at 12 hours (Figure
5.4). Twenty four hour treatment also seems to increase NF-xB transcriptional activ-
ity even though not significantly. Transfection inefficiency of HK-2 cells may have a

negative role in this result.
5.4. Effect of NF-xB on OTA Induced Erkl-2 Phosphorylation

Previous studies from our group have shown that OTA induces Erkl1-2 mediated
apoptosis [57]. In this study until now, we have shown that OTA also induces NF-
kB mediated gene expression. We were curious about whether these two pathways

cross-talk. Therefore, we checked phosphorylation state of Erk1-2 in the presence of
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Figure 5.4. Transcriptional activity of NF-kB upon OTA exposure. HK-2 cells were
co-transfected with pBVIx and pRL-Renilla constructs as NF-xB activity reporters
and treated with 10 uM OTA. EtOH as vehicle control. The results were expressed as
relative light unit fold change relative to VHC. **p<0.01

Bay11-7085, an irreversible small molecule inhibitor of [kBa phosphorylation, prevent-
ing activation of NF-xB. As seen in the figure 5.5, OTA-mediated Erk1-2 phosphory-
lation was similar in Bay11-7085 treated and non-treated cells until 6** hour and after
that point NF-xB inhibition by Bay11-7085 appeared to reduce OTA-mediated Erk1-2

phosphorylation.

5.5. Cloning of Dominant Negative Form of p65 into Lentiviral Backbone

and Generation of Stable HK-2 Cell Lines

After seeing the effects of NF-xB pathway inhibition by Bay11-7085, we decided

to generate a stable cell line displaying genetic inhibition. Lysine acetylation at 310"
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Figure 5.5. Effects of NF-xB pathway inhibition on OTA-mediated Erk1-2
phosphorylation. (A) Cells were treated with 10uM OTA alone or in combination
with 7.5uM Bay11-7085, 0.1% EtOH and DMSO were used as vehicle control. Erk

phosphorylation evaluated by western blot, S-actin was used as loading control. (B)

Densitometric analysis was done by ImageJ. **p<0.01
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position was shown to have transcriptional activation role. Acetylation deficient mutant
form of p65 at K310 position will bind but would not be able to initiate transcription;
thus, we were expecting a dominant-negative effect on NF-xB activity. For this pur-
pose, we ordered T7-RelA(K310R) acetylation deficient p65 and GFP-RelA constructs
(Addgene plasmid numbers #23250) and #23255, respectively). In order to gener-
ate stable cell line RelA-K310R insert was amplified with PCR (Figure 5.6A) using
primers containing adapter sequences for Gateway cloning as described in methods
section. PCR products were inserted into pDONR vector with BP reaction. In the
figure 5.6B uncut and cut plasmids of six candidate colonies can be seen. After con-
firming entry of the insert, LR reaction was performed and insert was transferred to

the pDEST lentiviral vector (Figure 5.6C).

GFP-RelA and pLENTT plasmids were cut with Nhel and Xbal (Figure 5.7A
and Figure 5.7B, respectively) and ligated with each other. Since these two enzyme
forms compatible sticky ends, colonies that were positive in colony PCR were further
confirmed with analytic digestion with Kpnl and Xbal restriction enzymes results in
nearly 1700 bp fragment when the direction of insert was right(Figure 5.7C). After
obtaining GFP-RelA insert in pLENTI-III-HA plasmid, HEK293 cells were transfected
to confirm our cloning and expression of p65. It can be seen that when membranes
were blotted with anti-p65 antibody non-transfected cells (lanel) have one band near
65 kDa while both GFP-RelA constructs (pEGFPC1 and pLENTT backbones in lanes
2 and 3) have additional band at near 100 kDa that indicates GFP fused p65 protein

which is also confirmed with anti-GFP antibody.

5.6. Effect of p65 Inhibition on OTA Induced Apoptosis

Reduction in OTA-induced Erk1-2 phosphorylation by NF-xB inhibition suggests
that NF-xB might have a pro-apoptotic role in OTA mode of action. Caspase 3/7 assay
and Annexin V staining were used to investigate this hypothesis. Bay11-7085 was given
to cells one hour before OTA for every time point and DMSO + EtOH was used as

vehicle control for Bay11-7085 samples. Annexin V staining shows that Bay11-7085
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Figure 5.6. Cloning of RelA-K310R into pDEST vector. (A) lanes 1 and 2 PCR
amplicons of K310R-RelA. (B) Analytic digestion with BsrGI to test the presence of
insert in pDONR; lanes 1, 3, 5, 7, 9, 11 uncut and lanes 2, 4, 6, 8, 10, 12 includes cut

plasmids from colonies. (C) Analytic digestion with BsrGI to test the presence of

insert in pDEST; lane 1 contains backbone, lanes 2-7 contain plasmids from colonies.

treatment in combination with OTA causes an increase in apoptosis at 3 hour however

it decreases apoptosis in 12" hour (Figure 5.8).

5.6.1. Investigating the Role of NF-xB in OTA-Induced Apoptosis by Cas-

pase 3-7 Assay

In order to illustrate the effects of NF-xB pathway inhibition on apoptosis we
have performed Caspase3/7 assay with samples that were treated with OTA alone or

in combination with Bay11-7085 for indicated time periods. It can be observed that
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Figure 5.7. Cloning of RelA-GFP to pLENTI-III-HA. (A) GFP-RelA plasmid was
digested with Nhel/Xbal; lane 1 cut, lane 2 uncut. (B) pLENTI-III-HA plasmids
with Nhel/Xbal; lane 1 cut, and lane 2 uncut. (C) Validation of cloning; odd lanes
were Kpnl/Xbal digested, even lanes were uncut plasmids. (D) p65 blot; Lane 1, NT;
lane 2, GFP-RelA pEGFPCI; lane3, GFP-RelA in pLENTI transfected cells.

samples treated with only OTA has gradual increase in apoptosis as expected from ear-
lier studies (Figure 5.8). Later time points at 15, 18 and 24*™® hours Bay11-7085 samples
have significant reduction in apoptosis with compared to only OTA samples of corre-
sponding hours (Figure 5.8). This pattern shows similarity to Erk1-2 phosphorylation
upon OTA treatments and reducing effect of Bay11-785 on phosphorylation.
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Figure 5.8. Effects of NF-xB pathway inhibitor Bay11-7085 on OTA-induced
apoptosis in HK-2 cells. HK-2 Cells were treated with 10 pM OTA alone or in
combination with 7.5 uM Bay11-7085 for indicated time periods. Apoptotic activities
were detected with Caspase3-7 assay. Results were normalized to vehicle controls.
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Following this result, we tried caspase 3/7 assay with stable cell lines I generated.
Instead of Bay11-7085 treatment, RelA-K310R stable cell line was used and GFP-
RelA cell line was used as a control group. Two cell lines were treated with 10 M
OTA without NF-xB pathway inhibitor Bay11-7085 at different time points. Unlike
inhibition with Bay11-7085, K310R-RelA dominant negative cell line did not show any

significant difference compared to GFP-RelA cell line (Figure 5.9). Even though the
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expected increase in OTA-mediated apoptosis can be observed in control cells, mutant
form of NF-xB could not accomplish significant reduction in apoptotic cell death as
seen in Figure 5.9. Twenty four hour results are far below expectation in both control

and K310R-RelA cells in terms of apoptotic activity.

4-
oy Bl H«<-2 GFP-RelA
2 Bl=x-2 K310R-RelA
3]

< 3-

M~

-

)

3 2.

Q

(7]

[1+]

o

21

=

-

[

=0

&8

Time (h)

Figure 5.9. Apoptotic effect of OTA on dominant negative p65 expressing
K310R-RelA HK-2 cell line. K310R-RelA and GFP-RelA HK-2 cells were treated
with 10 uM OTA at designated hours. Apoptotic activities were detected with

Caspase3-7 assay. Results were normalized to vehicle controls

5.6.2. Investigation of OTA-induced p65 Dependent Apoptosis by Annexin-
V Staining

For further verification, Annexin-V staining technique was used. Annexin V

has high affinity towards phosphatidylserine (PS) molecules located in outer leaflet of
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apoptotic cell membrane. By utilizing this ability of Annexin V, apoptotic cells can
be identified in a cell population with fluorescent dye conjugated Annexin V. Annexin
V stained cells then analyzed with flow cytometry to identify apoptotic cells. We have
observed a limited increase in apoptotic cells in early time points of OTA treatment
whereas a moderate apoptotic response at later time points (12 hour) was inflicted by
OTA in HK-2 cells. Inhibition of NF-xB pathway with Bay11-7085 increases apoptotic
cell death in the early hours of treatment; however,this increase gradually declines by
time. At 12" hour, only OTA treated apoptotic cell ratio was higher than that of
OTA+Bay11-7085 treated cells (Figure 5.10)

5.7. Effects of OTA on Erk1-2 phosphorylation in K310R-RelA Stable Cell

Line

Since we did not see much difference in caspase 3/7 assay between our stable
cell lines, we decided to check individual cells by visualizing p65 under fluorescent
microscope by the help of GFP-fused protein and also examining the Erk1-2 phospho-
rylation by staining cells with phospho-specific Erk1-2 antibody. Moreover, subcellular

localization of both proteins and relationship between this two was to be observed.

After treatment with 10 uM OTA treatments for 1, 3, 6, 12 and 24 hours, cells
were fixated with PFA and co-stained with anti-p-Erk1-2 and anti-GFP antibodies.
Images were taken with DMi8 fluorescent microscope and quantified with ImageJ soft-
ware (NIH, USA). During quantification two region of interests (ROIs) were deter-
mined; first, nucleus boundaries were defined by DAPI signal and second one being cell
boundaries, defined by GFP signal. Mean signals from 488 and 568 were measured for
both ROIs . Mean of cytoplasmic signal obtained by using equation 5.1

(TotalMean x Total Area) — (Nuclear Mean x Nuclear Area)
Total Area — Nuclear Area

CytoplasmicMean =
(5.1)
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5.7.1. Effects of OTA on p65 Nuclear Localization in HK-2 K310R-RelA
Stable Cells

We quantified the nuclear localization of p65 in individual cells according to their
mean signal intensity by utilizing immunocytochemistry. All images were taken with
same exposure time, Z-stack number and sizes. The control HK-2 GFP-RelA cells show
similar p65 translocation into the nucleus (Figure 5.11A), however, the slight decreases
seen in endogenous nuclear /cytoplasmic ratio of p65 at 12" and 24" hours (Figure 5.1)
were not observed. Nevertheless, the nature of these two different assays could have
caused this small discrepancy. On the other hand, HK-2 K310R-RelA cells have also
shown mildly increasing pattern(Figure 5.11B), but this increase was not statistically

discernible.
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GFP-RelA HK-2 cells exposed to OTA. Upon 10 uM OTA treatment (A) increased

p65 nuclear translocation in HK-2 GFP-RelA cell line and (B) increased p65 nuclear

translocation in HK-2 K310R-RelA cell line. *p<0.05,***p<0.001.
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5.7.2. Effects of OTA on p-Erkl-2 Nuclear Localization in HK-2 K310R-
RelA Stable Cells

Nuclear translocation of p-Erkl-2 was quantified in a manner similar to p65
translocation as described at the beginning of this section. All images were taken with
same exposure time, Z-stack number and sizes. Nuclear and cytoplasmic signals of
p-Erk1-2 were measured and nuclear/cytoplasmic ratio was calculated as a measure of
Erk1-2 translocation. p-Erk1-2 nuclear localization gradually increased in HK-2 GFP-
RelA cells and significant difference is observed at 12" and 24" hours with respect
to control (Figure 5.12A). On the other hand, nuclear/cytoplasmic ratio of pErk1-2 in
K310R-RelA cell line slightly increased at 6™ and 12" hours but declined at 24" hour
(Figure 5.12) displaying a similar pattern with the p-Erk amount when cells co-treated
with Bay11-7085 shown in Figure 5.5.



48

>

2.00 1
1.80 1

1.60 ——————————“_"____i

1.40 1

P-Erk Tanslocation
Nuclear/ cytoplasmic Ratio Normalized

1.20
1.00 HK-2 GFP-RelA
T T T T T T T
0 4 8 12 16 20 24
B hours
2.00+

1.80 1
1.60

R

1.20 1

P-Erk Tanslocation
Nuclear/ cytoplasmic Ratio Normalized

1.00 HK-2-K310R-RelA

T T T T T T T

0 4 8 12 16 20 24
hours

Figure 5.12. Quantification of p-Erk1-2 nuclear localization when K310R-RelA and
GFP-RelA HK-2 cells exposed to OTA. Upon 10 uM OTA treatment (A) p-Erk1-2
nuclear translocation in HK-2 GFP-RelA cell line. (B) p-Erkl1-2 nuclear translocation
in HK-2 K310R-RelA cell line. *p<0.05,***p<0.001.
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5.7.3. Investigation of Individual Cells of HK-2 RelA Stable Cell Line Upon
OTA Treatment

During stable cell line generation cells were sorted with FACS according to GFP
presence. However, every cell has different expression levels because cells were sorted
from mix population. I wanted to investigate if there is an effect of varied expression
level of dominant-negative form of p65 on Erkl-2 phosphorylation. Overall images
resemble signal quantification data obtained in previous sections. Both levels and
nuclear to cytoplasmic ratio of p-Erkl-2 increased. Variation in the expression of
K310R-RelA mutant seems to have effect on Erkl1-2 phosphorylation with compared
to GFP-RelA cell line since in the later time-points some individual cells seem to have

minuscule amount of signal from red channel 568nm.
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Figure 5.10. Effect of NF-xB pathway inhibitor Bay11-7085 on OTA induced
apoptosis in HK-2 cells. Apoptotic cell death detected with Annexin V staining after
cells were treated with 10 uM OTA and 7.5 uM Bay11-7085. Results were normalized

to vehicle controls.
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6. DISCUSSION AND CONCLUSIONS

Ochratoxin A (OTA) is produced by Aspergillus and Penicillium species of fungi
as a secondary metabolite. It contaminates human food and animal feed. As a result of
its lengthy half-life and reabsorbtion, it builds up in kidney in prolonged exposures [20].
Carcinogenesis, tumor formation and kidney injury can ensue from chronic exposure
to OTA [95]. Balkan Endemic Nephropathy(BEN) is also associated with OTA caused
by poor storing conditions of grains [6,95]. OTA has been shown to have genotoxic

and epigenetic effects. Besides, it interferes with numerous signalling pathways [96].

Our group has recently shown that OTA causes sustained activation of MAPK/
Erkl1-2 and PI3K/Akt pathways in Human Kidney-2 (HK-2) cell line [57]. These two
pathways have opposite impact on cell fate. PI3K/Akt pathway enhances survival
response, while MAPK /Erk1-2 pathway increases apoptotic response [97]. OTA me-
diated PI3K activation was shown to act through receptor tyrosine kinase c-Met [57],

however, the upstream effector of Erk1-2 activation has remained to be elucidated.

NF-xB family take roles in various intracellular pathways ranging from immune
response to differentiation [58]. Various mycotoxins like altenariol, aflatoxin By [98]
among with ochratoxin A [99] were shown to have effects on NF-xB pathways. As
mentioned earlier, OTA was shown to increase nuclear translocation of p65 in J774A.1
cell [92] as well as Primary Macaque Kidney (PMK) cells [93]. Rached et al. have also
shown increased Erkl-2 phosphorylation in parallel with NF-xB activation in I[HKE
cells [100].

In this Master’s thesis, it is demonstrated that OTA increases nuclear shuttling
of NF-xB family proteins by Western blottting (Figure 5.1) and florescence imaging
(Figure 5.2) in HK-2 cell line, which was previously demonstrated by Ferrante et al. in
J774A.1 macrophages and Ramyaa et.al. in HepG2 liver epithelial cells [101]. Consider-

ing that NF-kB is an essential modulator of immune response in cells, it was important
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to validate nuclear translocation of NF-xB in our model HK-2 cell line rather than im-
mune cells that can engage NF-xB activation readily. We have used Western blotting
(Figure 5.1) and immunocytochemistry (Figure 5.2) to demonstrate the translocation
of the p65 subunit of NF-xB. Even though, the magnitudes of nuclear/cytoplasmic p65

ratios are different, both assays show a very similar pattern of p65 translocation.

After illustrating nuclear translocation of NF-xB we have decided to check DNA-
binding activity of NF-xB which provides additional validation of nuclear shuttling
in consideration using only nuclear extracts in electrophoretic mobility shift assay
(EMSA). Moreover, nuclear localization does not directly indicate activation of NF-xB.
Acetylation on 221'" lysine residue is crucial to xB-enhancer binding of NF-xB [79].
With no surprise, we observed that the DNA-binding activity of NF-xB increases in
the presence of OTA (Figure 5.3). Peak points of previous figures and Figure 5.3 were
slightly different. This is probably due to the delay between nuclear translocation and
DNA-binding activity.

DNA-binding may not directly translate into NF-xB-driven gene expression as
well. As mentioned in introduction, acetylation of 310th lysine residue affects the
transcriptional activation of p65 [79]. Luciferase assays allowed us to validate NF-xB
driven gene expression. As other groups have shown [102], transfection efficiency of
our model cell line HK-2 was between 30-50% which decreases the sensitivity of the
this assay. We observed a statistically significant increase only at 12" hour, however,
we strongly believe the 24" hour would also increase significantly. Sauvant et al. have
shown at least two fold increase in NF-xB activity at 24 hour of 1 M OTA treatment
by using SEAP assay [99]. Even so, these results illustrate that OTA has a significant
effect on NF-xB activation and NF-xB-driven gene expression starting from twelve

hours.

Our group and others have shown that OTA induces Erk1-2 phosphorylation in
different cell lines in time- and dose-dependent manner [57,100,103]. Sauvant et al.

have shown that if Erk1-2 is inhibited that increased NF-skB activity [99] upon OTA
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exposure, while Jiang et al. claim Erkl-2 inhibition inhibits 1L-18 induced NF-xB
activation [104]. Another group have claimed that NF-xB inhibits Erk1-2 phospho-
rylation, however, they only examined the levels of both proteins in cancer cell lines.
Faghiri et al. have shown that NF-xB inhibition with SN50 downregulates the Erk1-2
phosphorylation when oxidative stress is induced [105] which is a similar case for OTA.
Considering these contradictory data, we proceeded to investigate the effect of NF-xB
inhibition on OTA-induced Erk1-2 phosphorylation. We observed Erk1-2 phosphory-
lation when cells were treated with only OTA as shown previously by our group [57].
However, NF-xB pathway inhibitor Bay11-7085 causes a significant reduction in OTA-
induced Erk1-2 phosphorylation at 12 and 24 hour in OTA treated cells (Figure 5.5).
These results do not directly conflict with indifferences of earlier time-points of lu-
ciferase assay results (Figure 5.4), which demonstrates increased NF-xB-driven gene

expression after 12 hours of OTA treatment.

Following inhibition of NF-xB pathway with small molecule inhibitor Bay11-7085,
we continued on to have genetic inhibition with dominant negative mutation on 310"
lysine of p65 to arginine which blocks acetylation on that site allowing mutant p65
proteins to bind to kKB enhancer site but inhibiting transcriptional activation of target
genes [106]. As mentioned earlier transfection efficiency of HK-2 cells are low, thus
we decided to generate stable cell line expressing mutant K310R-RelA . K310R-RelA
and GFP-RelA constructs were ordered from Addgene (UK) and cloned into lentiviral
vectors as mentioned in section 5.5 (Figure 5.6 and Figure 5.7) for generation of stable

cell lines via transduction.

Ozcan et al. have shown that OTA increases apoptotic cell death and inhibition
of Erk1-2 phosphorylation by MEK inhibitor U0126 mitigates OTA-induced apoptosis
in HK-2 cells [57]. On the contrary, recently another group has shown that OTA alone
did not cause any increment in apoptotic cell death but OTA induced apoptosis in
combination with aflatoxin B in 3D4/21 swine alveolus macrophages demonstrated by
Annexin V/PI staining [?]. We have tested apoptotic feature of OTA in combination
with NF-xkB pathway inhibitor Bay11-7085 by employing Annexin V staining (Figure
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5.10) and Caspase 3/7 assays (Figure 5.8). Inhibition has a modest effect at 12 hour
of OTA exposure but not before that time-point (Figure 5.8) which is consistent with
the reduction of OTA-induced Erk1-2 phosphorylation when cells were co-treated with
Bay11-7085. Moreover, Xu et al. have also shown that OTA provoked apoptosis was
restrained with TLR4 inhibition by siRNA transfection, which is one of the upstream
effectors of p65 activation [107]. In the caspase3/7 assays, we have demonstrated
that NF-xB pathway inhibition with Bay11-7085 causes significant decrease in OTA
induced caspase3/7 activity after 15 hours (Figure 5.8). This discrepancy could arise
from the fact that Annexin V is an early marker of apoptosis as described in the
literature [108] whereas caspase 3 and 7 are effector caspases that are activated in the
later stages of apoptosis [109,110]. Caspase3/7 assays done with K310R-RelA cell line
did not demonstrate any significant difference relative to the control cell line (Figure
5.9). This result presumably originate from the insufficient expression of mutant RelA
protein all across the population. Figure 5.13 reveals the heterogenous expression in

K310R-RelA HK-2 population.

It is known that the NF-xB activation can be analyzed by examining the subcellu-
lar localization of p65 from immunofluorescence images. Either the nuclear/cytoplasmic
ratio or cytoplasmic - nuclear difference of p65 mean signals can be calculated [111].
We have followed the nucler/cytoplasmic mean signal intensity ratio analysis method,
and quantified at least hundred cells in each time point as described with equation 5.1.
Significant increase at every time point except 6'" hour in control cell line GFP-RelA
HK-2 was observed. At 24 hour of treatment (Figure 5.11A), the ratio was around 2.0
which is higher ratio than the TNF-« induction Trask O. used in his experiments as
a positive control [111]. Dominant-negative K310R-RelA HK-2 cell line also demon-
strated increasing ratio, however, the increase was very modest compared to GFP-RelA
HK-2 cells (Figure 5.11B). This result was unexpected, because this mutation is not
expected to affect the nuclear translocation of p65. One probable explanation could be
the fact that known OTA target genes IL-15 [112] and TNF-« [113] are able to create
positive feedback loops with NF-xB [114,115]. It can be speculated that inhibitory
effect of K310R mutation decreased OTA-induced TNF-« and/or IL-13 which in turn
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decreased further NF-xB translocation.

p-Erk1-2 translocation is also quantified as nuclear/cytoplasmic ratio. Gradual
increase in p-Erk translocation was observed in every time point in GFP-RelA HK-2
cells(Figure 5.12A), Ozcan et al. have previously shown OTA-induced Erkl-2 phos-
phorylation [57] but this is the first time that increased nuclear localization of Erk1-2
is demonstrated under OTA exposure. K310R mutation in p65 shows its effect after
6" hour by limiting the increase in p-Erk translocation and decreasing after 12" hour
(Figure 5.12B). This result is in accordance with previous result showing reduction of

OTA-mediated Erk1-2 phosphorylation by Bay11-7085 (Figure 5.5).

In the Figure 5.9, K310R-RelA HK-2 cells were failed to show inhibition in OTA-
induced apoptosis. we assume underlying reason of this is the low expression levels
of dominant-negative form of p65 protein in most cells. Figure 5.13 clearly illustrates
individual expression level differences within the cell population. One striking point is
that prolonged OTA exposure reduced the phosphorylation of Erk1-2 in cells that have
high expression of K310R-RelA while neighbouring cells or conrol cells has distinct and
higher p-Erk signal intensity. This confirms our Western blot analysis in Figure 5.5.
Moreover, this can also explain why Caspase3/7 assay failed to demonstrate inhibition

in apoptosis in K310R-RelA HK-2 cells in Figure 5.9

Altogether these results suggest that NF-xB is activated and translocated to the
nucleus upon OTA exposure. Subsequently, the products of NF-xB-dependent gene
expression supports Erk1-2 phosphorylation in prolonged OTA exposure and enhance
Erk1-2 phosphorylation-dependent apoptosis induction. Inhibition of NF-xB pathway
was able to diminish Erk1-2 phosphorylation and apoptosis.
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