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Abstract

Treatment of colonic cancer with an acquired resistance to chemother-
apeutic agents such as 5-fluorouracil (5-FU) has been posing a ma-
jor challenge in modern medicine. In recent years, small non-coding
RNAs termed microRNAs (miRNAs) were found to act as potent post-
transcriptional regulators and their aberrant expression linked to various
malignancies. Involvement of miRNAs in sustaining a proinflammatory
response via activation of the NF-xB signaling pathway has proven to
be crucial for tumor progression, as well as development of resistance
against 5-FU. In this study, we aim to unravel modulation of NF-xB sig-
naling by miRNAs differentially expressed in colon carcinoma cell lines
non-sensitive and highly sensitive to 5-FU.

Our multi-stage resistant colonic carcinoma model comprised a primary
adenocarcinoma (CCL228), its lymph node metastasis (CCL227), and
three resistant subclones with progressing stages of resistance against
5-FU. miRNAs differentially expressed in 5-FU sensitive

(CCL228, CCL227) and completely insensitive (high resistance pheno-
type) cell lines were determined by conducting microRNA array analysis.
Impact of a selection of non-coding RNA on the NF-xB signaling path-
way were evaluated using a luminescent assay as well as quantitative
real-time PCR measurements. Whether post-transcriptional gene regu-
lation by RNA interference is sufficient to alter the response of resistant

cell lines to 5-FU was determined by cytotoxicity assays.



Our data revealed, that direct targeting of the p65 subunit with p65-siR
is a highly potent way to abrogate NF-xB activation. Reduction in pro-
tein levels of up to 65% compared to the native state was observed. Vi-
ability assays showed, that introduction of p65-siR results in diminished
tolerance to 5-FU. The set of deregulated miRNAs selected for further
analysis included miR-141, a suspected NF-xB suppressor, as well as
miR-375 and miR-125b, which are assumed to possess pro-inflammatory
properties by activating NF-«B signaling. Whilst miR-141 exhibited
suppression of NF-xB, the observed efficiencies were minor. Although
miR-375 was identified as potential stimulator by our miRNA array, it
displayed consistent suppressing properties. For miR-125b, no distinct
modulations could be observed.

In summary, we found small regulatory sequences to be able to efficiently
modulate NF-xB levels in vitro and even suspect them to be capable of
restoring susceptibility of resistant phenotypes to 5-FU. However, care-
ful selection of introduced RNA is a premise, for our data showed that
transfection of single miRNAs alone can not be regarded as reliable and
efficient regulatory mechanism. This also implies, that deregulated miR-
NAs should not be analysed individually when aiming to explain complex

phenotypic behavior.



Introduction

1.1 Colorectal cancer

Cancer is a malignant disease which has developed to one of the greatest challenges
modern medicine has ever faced. According to the International Agency for Re-
search on Cancer, around 9.5 million cancer deaths occurred in 2018 alone, with
additionally 18 million new cases being recorded. The third most abundant cancer
type is colorectal cancer (CRC), accounting to 10.2% of all incident cases worldwide.
Treatment of CRC initially based on 5-fluorouracil (5-FU), a fluorinated pyrimidine
acting as uracil analogue and interfering in nucleoside metabolism, thus leading to
cytotoxicity and cell death [1, 2]. Administration of intravenous fluorouracil doubled
the median survival among patients with metastatic colorectal cancer from an av-
erage of 6 months to 12 months. Actual combination therapies additionally include
another active cytotoxic chemotherapeutic agent such as oxaliplatin or irinotecan,
further prolonging patient lives [1, 3]. The efficacy of fluorouracil-based chemother-
apy has been firmly established, but clinical applications have been greatly limited
due to drug resistance [4]. Nevertheless, 5-FU remains a cornerstone in current
systemic combination therapies, therefore circumvention of resistance is of profound

importance.



1.2 Resistance to 5-FU in colorectal cancer cells

1.2 Resistance to 5-FU in colorectal cancer cells

Current oncological research often focuses on molecular mechanisms causing resis-
tance in order to further understand cancer dynamics and circumvent respective
defenses, ensuring a longer therapeutic success and inherent patient survival rates.
Resistance mechanisms against 5-FU include alterations of drug influx and efflux,
increased expression and mutation of the drug target, as well as increased catabolism
of fluorouracil through overexpression of degrading enzymes [2, 5|. In-depth anal-
ysis of genomic alterations conferring resistance were conducted using expression
profiling of cellular RNA. Recent studies have proven that acquisition of resistances
is a highly complex process which can not be determined by a few key proteins,
but involves more than 300 genes. Furthermore, the dependency on time is an im-
portant aspect when describing drug resistance. Very commonly, different stages of
resistance can be observed, each characterized by unique alterations in expression
patterns. Especially in early stages cells are challenged to adopt to the new con-
ditions, which is reflected by heavy alterations in protein levels. In contrast, the
transition to a high-resistance phenotype affects significantly less genes [6].

Initial resistance acquirement is known to be promoted by inflammatory cell re-
sponses, especially in inflammation-associated cancers such as CRC [7]. It was
shown, that the tumor microenvironment is governed by inflammatory cells actively
secreting mediator molecules such as tumor necrosis factor-a (TNF-«), cytokines,
growth factors and cytokines [8]. These signaling molecules are able to induce spe-
cific cell responses by binding to cell-surface receptors, thereby triggering signaling
cascades ultimately activating transcription factors, which alter gene expression [9].
In particular TNF-« and IL-1 cytokines are major inducers for nuclear factor kappa
B (NF-£B), a transcription factor family essential for inflammation, cell proliferation

and apoptosis [10, 11]. Cancer cells displaying a resistant phenotype to chemother-
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apeutic agents have shown to constitutively activate NF-xB, whereas their mother
cell line displayed no activation at all [12]. Going in accordance with this, numerous
studies have linked elevated NF-xB levels to tumor progression and poor diagnos-
tic outcomes [13, 14, 15, 16]. Vice versa it has been shown, that compounds able
to block NF-xB activation are able of abrogating malignant cell growth [17, 18].
Working with a CRC in vitro model exhibiting different stages of resistance to 5-FU
showed that inhibition of essential steps in the NF-xB signaling pathway can even
lead to restoration of sensitivity to the chemotherapeutic agent [12]. The benefits
of lowering malignant NF-xB levels seem to be manifold, which sparked the interest

in developing new methods to efficiently counter NF-xB overexpression.

1.3 The NF-xB signaling pathway

The NF-xB family is composed of five member proteins: Rel (c-Rel), RelA (p65),
RelB, NFxB1 (p50) and NFxB2 (p52). These proteins form heterodimeric com-
plexes which are abundant in the cell cytoplasm of every cell but reside in a latent
state. This idle mode is mediated through interaction with inhibitory proteins be-
longing to the IxB protein family. Abrogation of the latent state requires activation
of NF-kB through an activational signaling cascade. The two evolutionary most
conserved pathways known to stimulate NF-xB are the so-called canonical and the
non-canonical pathways. The first one, also known as classical pathway, is induced
through external stimuli such as TNF-«, IL-1, or genotoxic agents. Upon stimula-
tion, IxB molecules are phosphorylated by the IxB kinase complex (IKK), which
results in their proteasomal degradation. The now free RelA:p50 dimers are able
to translocate into the nucleus, where they bind target gene sequences and enhance
their transcription. The non-canonical pathway is activated by a more restricted set

of signaling molecules, but works similar to its classical equivalent. It is initiated by
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the NF-xB-inducing kinase (NIK) which activates IKK, leading to the degradation
of the RelB inhibitor p100. Subsequently, formation of RelB:p52 complexes are able
to alter gene expression [19]. When speaking about NF-xB as transcription factor,
mostly the complexes RelA:p50 or RelB:p52 are referred to, due to them being the
active part capable of translocating into the nucleus. Both pathways thus rely on
sequentially activated kinases phosphorylating NF-xB inhibitory molecules. For the
canonical pathway, this has been demonstrated by the inability of mutants which
can not phosphorylate 1B, to activate NF-xB [20]. Another mechanism required for
optimal induction of NF-xB target genes requires phosphorylation of NF-xB sub-
units, for expample of p65. Phospho-p65 has been shown to enable optimal binding
of the NF-xB complex to DNA [21].

The complexity and sequential stages of the NF-xB signaling cascade enables nu-
merous regulatory mechanisms to tightly control NF-xB activation. A total of 154
positive and 88 negative modulators of NF-xB signaling have been described so far.
This allows for layers of control within the system, making this pathway remarkably
robust [22]. Nevertheless, several key regulatory systems have been identified, lead-
ing to the development of inhibitory agents abrogating NF-xB activation. Some of

these will be discussed below.

1.3.1 IxkBa super-repressors

Inspired by the inability of IxkBa mutants to activate NF-xB led to therapeutic ap-
proaches using non-degradable kB protein, so called IkBa super-repressors. This
variant of the NF-xB inhibtory protein 1xB shows mutations in two serine residues,
preventing phosphorylation by IKKa. Subsequently, the protein can not get de-
graded by the proteasome, which sustains its inhibitory potential. The adenoviral
delivery of IkBa super-repressors to chemoresistant tumors in mice, sensitizes the

cells to undergo apoptosis under treatment with TNF-q, leading to tumor regression
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23],

1.3.2 IKK inhibitors

Instead of directly stabilizing the NF-xB inhibitor as in the case of [kBa super-
repressors, also the kinase marking IxB as degradable target can be inhibited. Ther-
apeutic agents targeting the catalytic subunit of IKK (IKK/) have been shown to
cause apoptosis of cancer cells in vitro and in vivo. Compounds of such kind mostly
act as competitive inhibitors of the active site, inhibiting subsequent IxBa phospho-

rylation [24, 25].

1.3.3 Proteasome inhibitors

It is currently well understood that the proteasome pathway plays a critical role
in the formation and activation of different NF-xB complexes. One of the first ap-
proved drugs for treatment of multiple myeloma, a disease heavily dependent on
NF-kB activation, was the proteasome inhibitor bortezomib [26]. Although borte-
zomib lacked clinical evidence in the treatment of solid tumors, similar compounds
have displayed growth arrest and apoptosis of glioblastoma multiforme in preclinical
models [27]. In recent years, a number of different drugs targeting the proteasome
pathway have emerged and extensively studied, exhibiting promising results in terms
of efficacy. Comparing direct targeting of the proteasome to approaches modulating
precursors upstream, such as IKKfS or IxB, renders inhibition of the proteasome

activity significantly more potent [28].

Although all classes of agents described above have been proven efficient down-
regulators of the RelA:p50 complex, drug specificity is an unmatched problem. The
integrity of the proteasome, for example, is vital to normal cell function in any tissue.

Drugs targeting this pathway often show numerous side effects, such as gastrointesti-
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nal symptoms, anemia, thrombocytopenia, fatigue, and peripheral neuropathy in the
case of bortezomib [29]. Additionally, inhibiting NF-xB for a prolonged period of
time might be not be feasible due to its importance in maintenance of host cell
defense. This is corroborated by the observation, that mutant mice expressing the

IkBa super-repressors are more prone to suffer from bacterial infections [30].

The potential of NF-xkB as therapeutic target has been intensely studied, giving
rise to a broad number of agents modulating different key players in the signaling
chain. However, few of these substances proceed to a clinical setting, due to fre-
quently observed unspecificity and toxicity.

Over the past years, microRNA have risen to popularity due to their potent gene
regulating abilities. They have proven to be highly specific, dramatically reducing
unwanted off-target toxicities. Therefore, they have gained attention as potential

novel therapeutic agent, also in the context of NF-xB modulation.

1.4 microRNA

MicroRNAs (miRNAs, miRs) are a subfamily of non-coding regulatory RNA with
a size of 18-22 nt, involved in post-transcriptional silencing of genes. They are
initially transcribed by RNA polyermase II or RNA polyermase III, as a long pri-
mary transcript (pri-miRNA). This transcript is further cleaved in the nucleus by
the Drosha-DGCRS8 complex and exported to the cytoplasm in form of the hairpin-
shaped pre-miRNA. The last cleaving step by the endoribonuclease protein called
Dicer produces miRNA of appropriate length. The mature miRNA is incorporated
in the RNA-induced silencing complex (RISC), formed by members of the argonaute
protein family. In this complex it acts as specificity conferring element, due to its

ability to bind to partially complementary sites in the 3’ untranslated region (3’
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UTR) of messenger RNA (mRNA). Binding to target mRNA results in impair-
ment of further translation by inhibiting translation initiation, as well as decreasing
mRNA levels through cleavage [31, 32, 33]. During the past decade, they have
received increasing attention due to their ability to selectively target and inhibit

mRNA transcripts and therefore alter gene expression post-transcriptionally [34].

1.4.1 microRNAs in cancer

Today, miRNAs are known to play an important role in regulation of all biological
pathways, functioning in feedback mechanisms to maintain normal cellular responses
to extracellular stimuli. This has led to emerging evidence of the pivotal role miRNA
play in malignancies, particularly cancer. De-regulation of a small subset of miR-
NAs can affect expression patterns of several hundred mRNAs, promoting cellular
instability [32, 35]. Sequencing data obtained from a variety of cancer tissue samples
has confirmed, that abnormal miRNA expression is highly abundant and suspected
to be essential for cancer progression [36].

The underlying mechanisms leading to dysregulation of miRNA in malignancies are
of diverse nature. A frequently observed cause are genomic alterations, mainly am-
plification, deletion or translocation of genes coding for miRNAs. Genes located in
regions that are amplified in cancer frequently function as oncogenes, whereas do-
mains deleted confer tumor suppressing functions. Furthermore, miRNA expression
is tightly regulated by transcription factors such as ¢-Myc and pb3. It has been
shown, that the tumor suppressor p53 performs its apoptotic function through di-
rectly binding to promotor regions of several miRNAs involved in the apoptotic cell
response. p53 is one of the most commonly mutated genes in human cancer, hinting
at the impact transcription factor dysregulation can have on miRNA expression.
Also miRNA biogenesis is a complex task involving several key enzymes. Modula-

tion of any processing enzyme might lead to unnatural miRNA levels, resulting in
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a malignant phenotype [37, 38].

It is currently well established, that this subfamily of non-coding regulatory RNA
can function as either oncogene or tumor suppressor, depending on the circum-
stances. To further describe their impact on tumor formation, their functions can
be analyzed with respect to the hallmarks of cancer. These hallmarks, as proposed
by Hanahan and Weinberg, aim to rationalize the complexity of cancer progression
by classifying six biological capabilities acquired during development of neoplasms
[39]. miRNA have been shown to be involved in several of them, including sus-
taining of proliferative signaling, evading growth suppressors, resisting cell death,
inducing angiogenesis, and activating invasion and metastasis [37]. Irrespective of
their function, analysis of miRNA expression profiles provides a fingerprint, allowing
for classification of different tumor characteristics, such as tissue type, aggression
and response to therapy. This raises the hope, that miRNA circulating in the blood
stream provide a potential source of biomarkers and profiling techniques can be uti-
lized for patient prognosis and prediction of clinical response [35, 40].

The nature of miRNA allowing for regulation of several target genes, poses a chal-
lenge when aiming to uncover their complex roles in malignancies. Although much
effort has been put into studying miRNAs, our knowledge of their full potential is
still limited. However, their importance as regulatory elements and their impact on
cancer formation has led to novel treatment approaches focusing on dysregulated
miRNA, with the aim to restore their native functions. Overexpressed oncogenic
miRNAs are targeted by small-interfering RNA (siRNA), selectively lowering ma-
lignant levels. These siRNA transcripts are commonly termed anti-miRs. Lost
tumor-suppressor functions can be reintroduced by transfecting synthetic miRNA,
so-called miR-mimetics [41]. With the first patent for applications using miRNA
being granted in 2008, the number of filed patents has exploded over the last
decade to a total of more than 2000 in the year 2017. Development of miRNA-

10
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targeted therapeutics is ongoing, with several anti-miR or miR-mimetics having
already reached clinical trials, also in the form of combinational approaches using
conventional chemotherapy agents. Limitations and drawbacks of this novel treat-
ments are accurate delivery of the RNA sequences to target cells, dose-dependent
toxicity, and biosafety [42, 43]. Regardless, RNA-based therapeutics will potentially
overcome these obstacles, entering clinical settings as next generation drug with the

ability to contribute to the future of medicine.

1.4.2 microRNA and the NF-xB signaling pathway

The physiological roles of miRNA include regulation of cell proliferation, inflamma-
tion and apoptosis, functions also known to be controlled by NF-xB. This has led to
various studies identifying miRNA targets in the NF-xB signaling cascade, as well as
linking them to cancer formation and progression [44]. In this section, connections
between miRNA and the NF-£B signaling pathway will be discussed.

Very commonly, miRNA do not target the transcription factor complex itself, but
proteins upstream in the signaling cascade. They have been shown to already be in-
volved in the regulation of tumor necrosis factor receptor-associated factor (TRAF),
a key protein in cellular signal transduction upon receptor binding. By targeting
TRAF6, miR-146 is able to suppress subsequent NF-xB activation [45]. Another
potent way of modulating NF-xB is by directly targeting [xkBa. In prostate cancer
cells, NF-xB is chronically activated by hyper-expression of miR-30e*. This miRNA
drives cancer cell proliferation and tumor growth through suppression of 1xB, result-
ing in elevated levels of free NF-xkB ready to translocate into the nucleus [46]. An
example of a positive feedback loop activating NF-xB by indirectly acting on 1xB is
miR-125b. It represses TNF-induced protein 3 (TNFAIP3), an enzyme possessing
deubiquitinase activity which actively removes degradation tags from [xB, therefore

limiting NF-xB activation upon bacterial infections [47].

11
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But not only do miRNA interfere in the NF-xB signaling pathway, also the vice versa
regulation of miRNA levels by the transcription factor is possible. Genes coding for
miRNA possess NF-kB binding sites in the promotor region, enabling enhanced
transcription rates upon pro-inflammatory stimuli. This mechanism indirectly links
NF-xB activity to other cellular pathways, which are primarily regulated by miRNA
[48].

Recently, a growing number of reports confirm that aberrant expression of miRNA
targeting parts of the NF-xB signaling cascade can be linked to cancer phenotypes
showing resistance to various chemotherapeutic treatments. The causes for mul-
tidrug resistance (MDR), as mostly acquired after an initial round of treatment,
are diverse and not yet fully understood. However, differentially expressed miRNA
involved in regulation of genes crucial for the resistant phenotype, are frequently
observed to be dysregulated [49]. Supporting this theory, miRNA have been demon-
strated to be able to even resensitizes resistant cell lines to chemotherapeutic agents.
Using a colon carcinoma model with acquired resistance to 5-FU, Zhao and co-
workers have demonstrated miR-15b-5p overexpression to promote apoptosis and
reverse chemoresistance. miR-15b-5p is a key tumor suppressor miRNA, which is
globally decreases in CRC tissue. It acts by promoting apoptosis through negatively
regulating IKK-a, thus preventing IxB phosphorylation and subsequent NF-xB ac-
tivation [50].

This study, amongst many others, raise the hope that targeting miRNA responsible
for deregulation of the NF-xB pathway is a promising strategy for the treatment
of malignant diseases. Several miRNA antagonists (anti-miR) have demonstrated a
strong potential to downregulate endogenous miRNA targets [51]. In a lung carci-
noma model, inhibition of the overexpressed miR-223 by anti-miR-223 resulted in
significantly reduced cell viability and invasiveness. Detailed analysis of the under-

lying mechanism revealed a decrease in expression levels of phosphorylated NF-xB

12
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(p-NF-xB), as well as p-IKK«a/f and p-1xB. Addition of a synthetic NF-xB inhibitor
further enhanced the inhibitory effects of anti-miR-223 on cell invasion [52]. Upregu-
lated miR-21 expression has been identified as crucial for colon carcinoma formation
and progression. Transient transfection of antisense oligonucleotides against miR-21
efficiently decreased relative expression of miR-21 in an in wvitro colon model, ac-
companied by impaired cell proliferation, clone formation, invasion and migration
[53, 54]. Not only targeted degradation of selective oncogenic miRNAs can have a
favorable therapeutic effect, also synthetic miRNAs can be applied to restore loss
of function in malignant tissue, so-called miRNA mimetics [36]. Introduction of
miRNA mimetics was shown to be able to increase target protein expression to up
to 50%. An example of their potency are miR-141 mimetics, which are able to en-
hance resistance to cisplatin in an ovarian carcinoma model while also activating
the NF-xB signaling pathway [55, 56].

Up to today, therapeutics focusing on miRNAs were able to selectively target parts
of the NF-kB signaling cascade and have antagonistic effects on cancer progression
and tumor formation. Especially their potential to resensitize cells with acquired
resistances to common chemotherapeutic agents, makes them a valuable supplement
to conventional treatments. Combinational therapies of such kind have already en-

tered preclinical stages and could redefine state-of-the-art treatments [57].

13
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1.5 Aims of this thesis

Summarizing above mentioned literature, miRNAs have been demonstrated to be
involved in formation and progression of various types of cancer, also through reg-
ulation of the NF-xB signaling pathway. NF-xB activation has been identified as
tumor promoting factor, as well as major player in cellular resistance mechanisms
against chemotherapeutics.

The aim of this study was to investigate the impact of several selected miRNAs on
NF-xB regulation. A number of miRNAs are differentially expressed in a colon car-
cinoma model with differing stages of resistance against the chemotherapeutic agent
5-FU. We hypothesized, that miRNA highly abundant in cells being unresponsive to
5-FU have tumor promoting functions, whereas miRNA present in chemotherapy-
sensitive cell lines could pose as potential tumor suppressors.

Following research questions have been formulated:

e Do miRNA overexpressed in a cell line highly resistant to 5-FU stimulate NF-

kB expression in naive colon carcinoma cells?

e Can miRNA overexpressed in cell lines sensitive to 5-FU lower malignant NF-

kB levels in resistant cells?

— If yes, are introduction of these miRNA-mimetic sufficient to reverse

chemoresistance?

14



Methodology

2.1 Culturing cells

For assessing the impact of specific miRNA on the NF-xB signaling pathway in a
cancer model showing resistance to 5-FU, a multi-stage resistant colonic carcinoma
model system was used. It comprised the mother cell lines CCL228 (also known
as SW480), which is a primary adenocarcinoma, and its lymph node metastasis
CCL227 (SW620). Both cell lines were obtained from the American Type Cul-
ture Collection (ATCC). Additionally, three subclones with an increasing resistance
to the chemotherapeutic agent 5-fluorouracil (5-FU) were produced from cell line
CCL227 (see table 2.1). From these, resistant subclones with identical generation

time have been selected to eliminate cell cycle effects from the cellular models.

Table 2.1: Concentration of 5-FU in cell culture medium.

Cell line Resistance against 5-FU
CCL228 0 uM
CCL227 0 M
CCL227 + 5 uM 5-FU (low resistance) 5 uM
CCL227 + 25 uM 5-FU (intermediate resistance) 25 uM
CCL227 + 125 uM 5-FU (high resistance) 125 uM

All cell lines were cultivated in T75 flasks with RPMI 1640 media supplemented
with Glutamax-1 (Gibco) and 10% exosome-free fetal calf serum (FCS) (Sigma) at

15
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37 °C in a humidified atmosphere of 5% COy and 95% air. Exosome-free FCS was
obtained by sequential high-speed and ultracentrifugation steps, followed by sterile
filtration. To ensure cell viability and avoid overgrowth, cell lines were passaged two
times a week in sterile environment, when cell confluency had reached approximately
80%. Therefore, supernatant media was discarded and cells washed with equivalent
volume of 1x DPBS (Gibco) before being detached with 1x Accutase (Sigma). Cells
were resuspended in RPMI 1640 + 10% FCS (exosome-free) and centrifuged at 287xg
for 5 minutes. The pellet was dissolved in media and a specific volume transferred
back into the cultivation flask, depending on the growth rate of corresponding cell
line. By addition of media the final cultivation volume of 10 mL was reached.
The resistant subclones were further supplemented with 5-FU from a 60 nM stock
solution (5-FU dissolved in 0.9% NaCl) in order to ensure a final concentration of 5

uM, 25 uM or 125 M in the cultivation media.
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2.2 Assessment of NF-xB levels using a reporter

system

2.2.1 Cignal Reporter Assay

In order to monitor changes in the expression of genetic elements, firefly luciferase
assays have proven to be reliable, sensitive and easy to use systems. Therefore, the
QIAGEN Cignal Report Assay has been chosen to assess up- and downregulation
of the transcriptional factor NF-xB. This assay consists of combinations of two
different luciferases and GFP under the control of variously active promotors or
enhancing elements. This ensures reproducible and interpretable results. Below,

each combination is depicted and its purpose explained.

2.2.1.1 Positive control

The Cignal Positive Control (abbreviated as Cignal Positive or positive Cignal)
encodes the Firefly and Renilla luciferase, as well as Monster-GFP, all under the
control of a constitutively active CMV promotor (figure 2.1). The positive control
helps optimizing the transfection conditions and provides a visual control of trans-
fection efficiency through GFP. Hence it was included in every experiment. Each of
the three elements are present as individual construct and transfected as a mixture,

with a ratio of 40:1:1 (firefly : Renilla : GFP).

1\ CMV immodiate early H Firefly Luc
[ sz |- Renillatue | ————

]| GV immadiate oarty H MGFP S

Figure 2.1: Cignal Dual Luciferase System - elements included in positive control
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2.2 Assessment of NF-xB levels using a reporter system

2.2.1.2 Reporter construct

The transfection mix simply abbreviated as ,,Cignal” are the reporter constructs
used to measure NF-skB activity (ratio firefly : Renilla = 40 : 1). Besides an
inducible promotor element featuring four NF-xB binding sites controlling the ex-
pression of Firefly luciferase, Renilla is expressed constitutively (figure 2.2). This
allows for normalization of the firefly signals in respect to Renilla, compensating
differences in transfection efficiencies. Normalization is performed by calculating

the ratio of firefly signal to Renilla signal for each replica (2.1).

Signal(firefly) [LU]
Signal(Renilla) [LU]

ratio = (2.1)

Tandem repeats  TATA bex
of TREs '

FireflyLue |

— | g | U Renillalue

Figure 2.2: Cignal Dual Luciferase System - elements included in reporter

2.2.1.3 Negative control

,,Negative Cignal” is the negative control provided in the reporter kit and contains
the firefly luciferase without a control element (only TATA box) and Renilla under a
CMYV promotor (ratio 40 : 1) (figure 2.3). It is mainly used to determine background

reporter activities and quantify unspecific effects that may occur.
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TATA box

L
- Fireflylue  ————

| cmmewer | 1 Renillabue |

Figure 2.3: Cignal Dual Luciferase System - elements included in negative control

2.2.2 Optimization of transfection conditions

The sensitivity of reporter systems can be greatly increased by high transfection
efficiencies. Optimal transfection conditions are very cell line specific, therefore the
default transfection protocol suggested by the manufacturer was modified accord-
ingly. Parameters such as cell count and incubation time were varied in preliminary

experiments to maximize transfection success.

2.2.2.1 Determination of the optimal cell count

Cell line CCL227 was seeded in a fresh flask and grown to 70% confluency. The
cell suspension obtained after detaching of cells was centrifuged and resuspended in
fresh RPMI media (0% FCS). Cell densities were estimated by counting the cells
using a Brker-Trk counting chamber and diluted in order to obtain the final well

concentrations depicted in table 2.2.

Table 2.2: Summary of cell counts used to optimize transfection

number of cells per well [cells/well]

1 x 10%
2 x 10%
4 x 10*
6 x 104
8 x 104
10 x 10*
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2.2 Assessment of NF-xB levels using a reporter system

Without variation in procedure, volume of transfection reagent or volume of
plasmid solution (for more detail see section 2.2.3), these six different cell counts
were evaluated. As seen in figure 2.4, signals deriving from the firefly luciferase
(green line) and Renilla luciferase (purple line) correlate very well, eliminating the
fear of potential unspecific interactions, especially when using higher cell concentra-
tions. Cell counts below 4 x 10* do not result in a sufficiently high luciferase signal.
Numbers higher than 8 x 10* show a decline in luminescent signal, indicating a lack
of either transfection reagent or plasmid solution. Taking into account the original
protocol by QIAGEN and visual analysis of cell densities, a cell count of 4 x 10*

cells per well was chosen for further experiments.

FF
1200 { -&- R

1000 - -~ S

800 A /7

600 A /

400 - /

200 A 4

20000 40000 60000 80000 100000
Figure 2.4: Assessment luminescent signal using various cell counts in CCL227. The

green dashed line corresponds to the firefly signal (FF), whereas the purple dashed
line derives from Renilla signals (R).
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2.2 Assessment of NF-xB levels using a reporter system

2.2.2.2 Variation of incubation time

Following reverse transfection of cells, the manufacturer suggests an incubation pe-
riod of 24-48 hours at 37°C in a humidified atmosphere of 5% CO, and 95% air.
Subsequently, measurement of luminescent signals can be conducted. To investigate
the influence of varying incubation times on signal intensities, the high resistance
cell line was transfected with reporter and negative siR (for more details see section
2.2.3) were divided into three plates and incubated for 24 hours, 48 hours and 72
hours. Figure 2.5 shows, that maximum intensities for each luciferase ( green: firefly
luciferase, purple: Renilla luciferase), as well as their calculated ratio (grey dashed),

were obtained upon incubation for 24 hours.

0.4

A FF
1000 - % \\ —A- R
~ —»% - ratio

800 - ™~ - 0.3
600 - N
\ 0.2
400 - N

\ - 0.1
200 A h

Luminescent signal [LU]
”
Relative luminescent signal

01, : — 0.0

24 48 72
time [h]

Figure 2.5: Dependency of luminescent signal on incubation time in cell line CCL227.
Three different time spans were assessed, including 24 hours incubation time, 48
hours and 72 hours. The green line corresponds to the raw firefly signal, purple to
the Renilla luciferase and the grey line is the calculated ratio firefly / Renilla.

21



2.2 Assessment of NF-xB levels using a reporter system

Time spans exceeding the 24 hour mark show a steady decrease in signal. Ad-
ditionally notable here is the rather minor change in the ratio when compared to
the raw signals, as seen around 72 hours. Although signals of both luciferases drop
significantly, the ratio does not resemble this. This hints at the robustness of eval-
uating the ratio of two signals rather than their individual intensities. In summary,
this preliminary experiment suggests an incubation time of 24 hours prior to mea-

surement.

2.2.2.3 NF-x£B induction using IL-1«

Recombinant interleukin-1 (IL-1) « and § are known to be potent activators of cy-
tosolic NF-kB and can therefore directly be linked to be a mediator of inflammatory
reactions [58]. Previous work has shown, that stimulation in rat glioma cells using
IL-1 in the micromolar range induces a significant raise in NF-xB expression after
only 20 minutes, lasting up to 24 hours [59]. In an attempt to increase NF-xB
baseline activities in CRC cells, they were stimulated for 4 hours using different
concentrations of IL-1a (purchased from Thermo Fisher; cat. no. 50114MNAE25).

For further details and results please see section 3.3.

2.2.3 Transfection of Cignal Dual-Luciferase Reporter As-
say and siRNA /miRNA

Cells were transfected using a transfection mixture consisting of Cignal reporter
plasmid (QIAGEN), specific RNA (QIAGEN, AMBION) and Attractene transfec-
tion reagent (QIAGEN), all diluted in serum-free RPMI Medium 1640 supplemented
with GlutaMAX™™ (Gibco).

Table 2.3 displays the per well components needed for each transfection without
extra amount compensating for pippeting errors. For the nucleic acid mix, 11.4

puL of RPMI media (0% FCS) was added to a polystyrene tube, along with 100 ng
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(= 1 pL) of reporter plasmid (Cignal positive control, Cignal reporter or Cignal
negative control), as well as 2 pmol (= 0.1 pL of a 20 uM stock solution) of RNA
(sequence-specific miRNA /siRNA or negative control siRNA). The final nucleic acid
mix should have a total volume of 12.5 pL. The Attractene mix was prepared by
dispersing 0.6 puL of well mixed Attractene transfection reagent in 11.9 pul. of RPMI
media (0% FCS). After mixing gently by pipetting an incubation time of 5 minutes
was started. Subsequently, 12.5 ul. of Attractene mix was added to each of the
tubes containing 12.5 uL diltued nucleic acids, which results in an equal amount of
transfection reagent and nucleic acids (1:1 ratio). Mixing must be done very gently
in order not to impede complex formation. Therefore, gentle tapping against the
tube while combining, as well as very slow up and down pippeting is advised. To
allow complex formation to occur, the mixture is incubated for 20 minutes at room
temperature. Meanwhile, a cell suspension of 8 x 10° cells/mL in RPMI media (0%
FCS) was prepared. After the incubation period, reverse transfection was carried
out by adding 25 uL of transfection mix into appropriate wells of a white polystyrene
plate (Thermo Scientific Nunc F96 MicroWell White Polystyrene Plate), followed
by addition of 50 uL of diluted cell suspension. The final volume of 75 ul per wells
contained a total of 4 x 10* cells. The plate was incubated for 24 hours at 37°C in
a humidified atmosphere of 5% CO, and 95% air.
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Table 2.3: Total components of transfection mixture needed, on a per well basis,
for each condition to be tested. No extra amounts compensating pipetting errors
included.

Cignal Clgna% Clg{ﬂ‘(}l Specific Negative Nucleic Attractene .
Renorter Negative  Positive MmiRNA Control Acid Mix Attractene Mixc time
P Control Control siRNA
100  ng
(1.0 uL) 2 pmol 12.5 pL 0.6 puL 12.5 pL
100 ng
(1.0 pL) 2 pmol 125 uL 0.6 pL 12.5 puL
100 ng
(1.0 uL) 2 pmol 125 puL 0.6 pL 125 ul,  24h
100  ng . ]
(1.0 pL) 2 pmol 12.5 pL 0.6 uL 12.5 pL
100 ng
(1.0 pL) 125 uL 0.6 puL 12.5 uL

When aiming for induction using IL-1a, cells were stimulated after the initial
incubation period of 24 hours with differing concentrations of agent and returned to
the incubator for additional 4 hours (see 2.2.2.3). Therefore, in these experiments

measurement of luminescent signal was performed 28 hours after transfection.

2.2.4 Measurement of luminescent signal

Quantitative assessment of luminescent signal produced by cells containing the trans-
fected genes for firefly and Renilla luciferase was carried out using the Dual-Glo®©
Luciferase Assay System (PROMEGA). It is comprised of two reagents, the Dual-
Glo®© Luciferase Reagent which serves as substrate for the firefly luciferase and the
Dual-Glo®© Stop & Glo Reagent which quenches the firefly signal and simultaneously
poses as substrate for Renilla.

Dual-Glo®© Luciferase Reagent was aliquoted and stored at -70°C. Upon need, it
was thawed on ice and 75 pL (equal to the total volume in a well) added to each well.
Measurements using a luminometer (integration time of 1000 ms) were conducted
after 10 min at room temperature. For assessment of the Renilla signal, 75 ulL

of freshly prepared Dual-Glo®© Stop & Glo Reagent (substrate diluted 1:100 with
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2.2 Assessment of NF-xB levels using a reporter system

enclosed buffer) was added to each well and measured after an incubation period of

10 min at room temperature. Luminometer settings were not altered for the second

measurement.

Add Dual-Glo® Luciferase
Assay Reagent to the plate.

Incubate at 20-25°C for
10 minutes—2 hours.

Measure firefly luminescence.

Add Dual-Glo® Stop & Glo®
Reagent to the plate.

Incubate at 20-25°C for
10 minutes-2 hours.

Measure Renilla luminescence.

Calculate ratio of firefly:Renilla
luminescence for each well.
Normalize the sample well ratio
to the ratio from a control

(or series of contral) wellis).

Figure 2.6: Schemativ representation of measurement procedure using the Dual-

Glo®© Luciferase Assay
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2.2.5 Normalization of data

Constitutive expression of Renilla luciferase coupled with inducible firefly elements,
allows for normalization of measured signals. This allows for compensation of vary-
ing transfection efficiencies and significantly enhances assay robustness. According
to formula 2.1 (page 18), simple calculation of the ratio between firefly and Renilla
can be used for inter- and intra assay comparison. Outliers were detected using the
Grubbs test with a significance level of a=0.05.

To efficiently compare regulatory effects of transfected RNA, cells transfected
with non-targeting control siR were taken as baseline. It was observed, that base-
lines between experiments differ to a non-negligible amount. To facilitate direct
comparison of cell lines and normalize the natural variations amongst experimental
replicas, the baseline signal was taken as 100% and all other setups expressed in
relation thereof. This way, miRNA suspected to have repressing effects on NF-xB
should deliver values below 100% (100%), whereas miRNA with stimulating abilities

would show percentages above this arbitrary baseline ( 100%).
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2.3 Criteria for mimic-miRNA and siR selection

2.3.1 Anti-RelA-siR

Validation of successful non-coding RNA transfection was established by including
a positive control, ideally exhibiting potent NF-xB regulating abilities. Therefore,
siRNA directly targeting the p65 subunit of NF-xB was chosen, which was purchased
from Ambion (Carlsbad USA; ID# s11914, cat.no.: 4390824). Respective siRNA
targets three of the four known transcript variants of p65 (variant 1, 2 and 4), as
well as additionally two predicted by genomic sequencing. As corresponding non-
targeting negative control, Silencer Select Negative Control No. 1 siRNA was chosen
(Ambion; cat.no.: 4390843). According to the manufacturer, this negative control
does not interfere in gene expression of any known genes, as validated by micro array

analysis.

2.3.2 miR-mimetic

In order to evaluate the impact of specific miRNAs on metabolic pathways, synthetic
miRNA, so-called miR-mimetics, can be transfected into the cell. Numerous different
miRNA have already be identified to play a role in regulating the NF-xB signaling
pathway [60, 61]. The approach for selecting a set of miRNA used in this thesis is
based on the knowledge, that particular genes show a differential expression pattern
depending on the degree of resistance to the chemotherapeutic agent [6]. It was
concluded, this hints at possible divergences in miRNA abundances, which may act
as regulatory elements. To test this hypothesis, a microRNA array was performed
for both native cell lines (CCL228, CCL227) and all their resistant subgroups (low,
intermediate and high resistant). The array was performed by Exiqon (Denmark)

and included 3100 capture probes targeting all microRNAs for human, mouse or rat
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registered in the miRBASE 18.0.

The heat map diagram (figure 2.7) shows the result of a two-way hierarchical
clustering of miRNAs and samples. Colors illustrate the relative expression levels of
miRNAs, with red representing lower and green higher expression in regard to the
reference channel. It is evident, that numerous miRNAs show differing levels in the

primary cancer cell line CCL228, which is also most susceptible to treatment with

5-FU [12].
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Figure 2.7: Heat Map and Unsupervised Hierarchical Clustering. The clustering was

performed on all cell lines (duplicates), and on the top 50 microRNAs with highest
standard deviation.
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The nine top differentially expressed miRNA were obtained by sorting for relative
differences in expression levels of the high resistance phenotype and CCL228 (figure
2.8).
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Figure 2.8: Top nine differentially expressed miRNA in each cell line (yellow:
CCL228, orange: CCL227, red: low resistance, green: intermediate resistance, blue:
high resistance)

Based on the significantly higher expression of NF-£B in resistant subclones com-
pared to their native cell lines, the top differentially expressed miRNA depicted in
figure 2.8 are suspected to play a role in regulation of the canonical /non-canonical
NF-£B signaling pathway [12]. Highly expressed miRNA in the high resistant clones
are therefore considered potential activators of the transcription factor, such as miR-
375 or miR-125b-5p. In case of miR-141-3p or miR-~200c-3p, expression is elevated
in cell line CCL228, suggesting inhibiting capabilities. Going in accordance with
this observation, studies have already shown the NF-xB upregulating capabilities of
miR-125b, which even resulted in an increased resistance to radiotherapy in a na-
sopharyngeal carcinoma [60]. Also the inhibitory effects of miR-141 and miR-200c

have been demonstrated, with the latter being a powerful enhancer of radiosensi-
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tivity and currently in pre-clinical studies [57, 62]. Additionally, deregulation of
respective miRNAs in the blood is believed to be able to serve as a prognostic tool
when identifying breast cancer [63].

For this thesis, three miRNAs were chosen for more detailed analysis and trans-
fection experiments: the potential downregulating miR-~141-3p, upregulating miR-
375 and miR-125b-5p. All of them were purchased from QIAGEN (miScript miRNA
141/375/125b). As negative control for miRNA transfections, the from the manufac-
turer suggested AllStars Negative Control siRNA (QIAGEN, cat. No. SI03650318),

was used.

2.4 RT-qPCR analysis of cellular p65-mRNA and
different miRNAs

When studying a protein of interest, most conventionally used methods aim to quan-
tify protein levels directly, such as reporter studies or selective staining (immuno-
plotting) [64]. Such methods often neglect splicing patterns or post-transcriptional
regulation mechanisms, for they are purely based on protein abundancy. By ex-
tending the analysis to the transcript level and comparing mRNA levels to effective
protein concentrations, important conclusions regarding regulatory mechanisms can
be drawn. This is especially interesting when artificially altering miRNA levels,
because they exclusively act on the transcriptome, with the potential to repress
translation or even induce mRNA degradation [65]. Examination of transcriptional
levels of p65-mRNA was done by conducting RT-qPCR experiments subsequently to
transfection of miRNAs. Additionally, successful miRNA transfection was validated

using complementary primer sets.
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2.4.1 Transfection of cell lines used for RT-qPCR

Ensuring that cells used for RNA isolation are treated identically to cells used for
luminescent measurement, transfections included a reporter construct and were car-
ried out under identical conditions. The procedure used differed from the protocol
described in section 2.2.3 only in scale. The original manual featuring 4 x 10* cells
per transfection was upscaled in order to work with a total of 2 x 10° cells without
shifting ratios between reagents used. Therefore, all volumina depicted in table 2.3,
were taken 5 fold (see table 2.4). Additionally, the Cignal Positive Control was cho-
sen as reporter construct. By doing so, visual analysis of transfection success using
a fluorescent microscopy was facilitated. The lack of an inducible promotor ele-
ment featuring NF-xB binding sites in the Cignal Positive Control was no concern,
because no luminescent measurements were carried out.

Table 2.4: Transfection setup prior to RNA isolation: total components needed, on
a per well basis, for each condition to be tested. No extra amounts compensating
pipetting errors included.

Cignal C1gna¥ Clggél Specific Negative Nucleic Attractene .
Renorter Negative  Positive MiRNA Control Acid Mix Attractene Mix time
P Control Control siRNA

500 ng

(5.0 pL) 57 pL 9 uL 178.5 pL

500 ng

(5.0 pL) 10 pmol 57 pL 9 pL 1785 uL 24 h

500 ng

(5.0 pL) 10 pmol 57 pL 9 ul 178.5 uL

2.4.2 Isolation of RNA

For RNA isolation, TRI REAGENT (SIGMA, cat.no. T 9424) was used. Before
lysis, the supernatant medium was removed and 200 L. of TRI REAGENT directly
applied on the cells. The cells were lysed immediately, and the resulting suspension
transferred in PP-tubes, which were incubated for 5 minutes at room temperature.

Subsequently, 50 L of chloroform (SIGMA) was added and the tubes vortexed for
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15 seconds. After 15 minutes of incubation at room temperature, the tubes were
centrifuged at 12000 x g for 15 minutes at 4°C. Three phases were visible by then,
the first phase being colorless and watery (RNA phase), the second phase being
whitish (DNA phase) and the bottommost phase being the organic, red colored
protein phase. After transfer of the RNA phase to a fresh PP-tube, 100 uL of
chloroform were added and the sample tilted for 5 minutes. Subsequently, the tubes
were centrifuged with the same settings as before (12000 x g, 15 minutes, 4°C). The
watery phase was then transferred to a new tube. For precipitation of the isolated
RNA 100 uL isopropanol (SIGMA) was added and the resulting solution incubated
for 10 minutes at room temperature, before being centrifuged with the same settings
as before (12000 x g, 15 minutes, 4C). The supernatant was removed and the pellet
washed with 200 pL of 75% ethanol (Emprove). Therefore, the pellet in ethanol was
vortexed well and centrifuged subsequently at 12000 x g and 4°C for 10 minutes.
The supernatant was discarded and the pellet dried at room temperature for 10
minutes. Then, the pellet was dissolved in 10 uL of HoO DEPC.

For further purification, the RNA was precipitated for 72 hours, using a precip-
itation solution (3 M sodium acetate - 1:10 diluted in ethanol absolute pH 5.5).
The sample was substituted with water to 50 uL, 150 uL of precipitation solution
was added (50 pL. = ratio of 1:3) and mixed by pipetting. The tubes were stored
at -20°C and subsequently centrifuged for 30 minutes at 15000 rpm and 4°C, the
resulting pellet dried at room temperature and was resuspended in 10 uL. of DEPC-
H5O. At this point, the concentration of the isolated RNA was measured using the
NanoDrop photometer. The isolated RNA samples were stored at -80°C and were

concentrated enough to be used for a number of RT-qPCR analysis.
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2.4.3 Unspecific cDNA synthesis

The isolated and purified RNA was reversely transcribed to cDNA, using the miS-
cript II RT Kit from QIAGEN (cat.no. 218161). A master mix (MM) according
to table 2.5 was prepared, using the reagents supplied in the Kit. 10 pL. of master
mix sufficed for one sample. 10 ng absolute RNA content of RNA extracted prior
(section 2.4.2) was diluted in 5 pl. RNase-free water (=2 ng/uL) and transferred
into a SoftTube. The master mix was pipetted according to scheme, spun down
briefly and mixed my pipetting. 10 uL of the master mix were then transferred into
each SoftTube already containing 5 uL diluted sample (2 ng/ull) or 5 ul. RNAse-
free HoO (negative control). Subsequently, the tubes were sorted into the Thermo
Hybaid PCR EXPRESS (Thermo Scientific). Program settings for the PCR-run
included a preheating phase of 60 minutes at 37°C, the denaturation step at 95°C
for 5 minutes and subsequent temperature hold at 4°C until the tubes were removed

from the thermocycler. The newly synthesized cDNA was stored at -20°C.

Table 2.5: ¢cDNA master mix scheme. Displayed volumina are depicted per sample.
No extra amounts compensating pipetting errors included.

reagent concentration uL/tube

miScript HiFlex Buffer 5x 3
miScript Nucleics Mix 10x 1.5
RNase-free water - 4

miScript Reverse Transcriptase Mix - 1.5

10 pL MM
+ 5 pL RNA sample (2 ng/uL) or H,O
total reaction volume 15 pL

2.4.4 Reverse transcription - quantitative PCR (RT-qPCR)

Reverse transcription (RT) followed by polymerase chain reaction (PCR) has been
the golden standard for mRNA quantification for many years [66].

The simple, but very sensitive detection method used bases on the binding ca-
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pacity of SYBR Green I fluorescent dye to the minor groove of the newly synthesized
double-stranded DNA. By using designed primers to specifically enrich the construct
of interest and measuring increasing fluorescence levels over time, originally present

mRNA levels can be deduced [67].

2.4.4.1 RT-qPCR primers

In order to facilitate quantification of p65-mRNA, two different primer pairs were
used, both acquired from QIAGEN (QuantiTect Primer Assay, product no. 249900).
The Hs_ RELA_1_SG QuantiTect Primer Assay (abbrv. RelAl, cat. no. QT01007370),
as well as the Hs_ RELA_2_SG QuantiTect Primer Assay (abbrv. RelA2, cat. no.
QT02324308) detect four, and therefore all known transcripts of RelA. The difference
between those primers is the length of amplified construct, with RelAl exhibiting a
final transcript length of 107 nt, and RelA2 of 136 nt. Due to the increased length of
RelA2, six of the seven exons (number according to Ensembl Transcript) are ampli-
fied, which can be related to a very good overall coverage of the p65 gene, including
all known, as well as most splicing variants predicted by next-generation sequencing.

A potent validation of transfection success is quantification of transfected con-
structs using qPCR. In this work, efficient miRNA transfection was confirmed us-
ing cells transfected with miR-375 mimetics and primers specific for cellular ma-
ture miR-375 (QIAGEN, miScript Universal Primer, product no. 218300, cat. no.
MS00031829).

The mathematical model chosen to describe data obtained from each qPCR
experiment, calls for normalization using a reference gene, to ensure robust results
[68]. This endogenous standard should not be affected by regulatory mechanisms,
to ensure stable expression. As so-called "housekeeping gene”, RNUA48, also known
as SNORDA48 (small nucleolar RNA, C/D box 48) was used. Primers were acquired
from QIAGEN (miRCURY LNA miRNA PCR Assay, product no. 339306, cat. no.
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YP00203903).

2.4.4.2 RT-qPCR sample preparation

qPCR experiments were conducted using the QIAGEN miScript SYBR Green PCR
Kit (cat. no. 218073). This kit consists of the QuantiTect SYBR Green PCR
Master Mix and the miScript Universal Primer, which is a reverse primer that allows
detection of miRNAs in combination with one of the primers described in section
2.4.4.1. In case of aiming to detect RelA levels, the miScript Universal Primer does
not have to be added, because both primers, forward and reverse, are included in
the QuantiTect Primer Assay. All experiments were carried out as quadruple assay
to be able to run statistical tests, providing confidential results. The instrument of
choice for real-time cycling was the Rotor-Gene Q (QIAGEN).

Firstly, synthesized cDNA prepared according to 2.4.3 was diluted 1:100 using
RNase-free water (1 uL cDNA + 99 ul. RNase-free water). Depending on the to
total number of samples, the amount of master mix needed was calculated including
additional extra to account for any pipetting errors. Volumes per tube are depicted

in table 2.6.

Table 2.6: qPCR master mix scheme. Displayed volumina are depicted per sample.
No extra amounts compensating pipetting errors included.

reagent conc. uL/tube

QuantiTect SYBR Green PCR Master Mix 2x 5
miScript Universal Primer* 10x 1
miScript Primer Assay 10x 1

RNase-free water - 1.67

8.67 uL MM
+ 1.33 uL ¢cDNA (1:100) or H,O
total reaction volume 10 pL

* added only when using miR-375 or RNU48 primers

The Rotor-Gene Q loading block was precooled at 4°C and equipped with strip
tubes (QIAGEN, cat. no. 981103). 1.33 pL of sample cDNA was pipetted on the
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wall of each tube (for negative control: 1.33 ul. RNase-free water). Subsequently,
8.67 pL of respective master mix was added, dragging the droplet down whilst
pipetting. The tubes were closed off with fitting caps and loaded into the rotor disc.
Empty slots were filled up with empty tubes/old samples to prevent imbalance.

Program setting of the Rotor-Gene Q were as follows:
e Hold: 15 min - 95°C
e Cycling:

— Denaturing: 15 sec 94°C
— Annealing: 30 sec 55°C

— Extension: 30 sec 70°C (+ " Acquire for Green,, )
e Cycle number: 40
o Melt:

— Ramp from 50°C to 99°C
— Hold for 90 sec on the first step

— Hold for 5 sec on the next steps (+ ” Acquire for Green,, )

2.4.4.3 RT-qPCR data analysis

For data analysis the provided Rotor-Gene Q Software 2.3.1.49 was used. It features
three output formats, the quantification curve, amplification rate, and melt curve,
which will be discussed shortly. Each output consists of a graphical visualization
and a detailed table, summarizing results for each sample.

Figure 2.9 is an exemplary result of a quantification curve after normalization
and slope correction. The red horizontal line indicates the arbitrary chosen threshold

value of 0.02. The threshold fluorescence is defined as the point, at which measured
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fluorescence rises considerably above the background signal. This reduces the chance
of mistaking noise as measurement and therefore avoid overfitting of data. The cycle
at which the fluorescent signal crosses the threshold is called ” crossing point” (CP) or
"cycle threshold” (CT). The later the sample exceeds the defined threshold (rising
CT), the less specific RNA is present. This in turn, possibly corresponds to low
gene expression. Therefore, the cycle threshold serves as base for all subsequent
analysis steps with various mathematical models. It is noteworthy, that some lines
do not cross the threshold. Samples corresponding to those lines derive from tubes
containing old samples, which were merely used as counterweights and can hence be
ignored.

Measured samples are color-coded, with one line referring to a distinct sample.
Samples exhibiting CTs around 20 cycles derive from tubes containing amplified

housekeeping gene RNUA4S8, indicating a higher amount of cDNA relative t