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Abstract

EFFECTS OF DEPLETION OF CHRNAS5 AND/OR TP53, AND
TRANSIENT AND STABLE OVEREXPRESSION OF WILDTYPE OR
MUTANT TP53 ON EXPRESSION OF DLK1-MEG3 LOCUS IN MCF7

CELLS

Burcin irem Arici
MSc. in Molecular Biology and Genetics
Supervisor : Ozlen Konu Karakayal
Co-advisor : Onur Cizmecioglu

September 2022

The expression of CHRNAS has a prominent role in lung cancer and nicotine addiction.
Besides, depletion of CHRNAS has been identified as being tumour suppressive in breast
cancer. Moreover, CHRNAS depletion causes increases in CDKNI1A expression,
downregulates the 14932.31 miRNAs and decreases DLK1 expression. This thesis examined
the effects of CHRNADS and/or TP53 downregulation, as well as TP53 overexpression, on the
expression of the DLK1-DIO3 region. My findings demonstrated that CHRNAS depletion
decreased the expression of the protein-coding DLK1 and the non-protein coding MEG3 genes
in this locus in the presence or absence of TP53. Since these two genes have a vital role in
tumour suppression and tumorigenesis, this provided more evidence for the importance of
CHRNAJS in the modulation of expression in this locus in breast cancer. Since there is a relation
between CHRNADS and TP53 induction, the expression of one of the main TP53 regulators,

MDM2, was also studied. Accordingly, it was found that combining CHRNAGS depletion with



TP53 depletion caused a significant decrease in expression in both the MDM2 and MDM2
sequestering elements, PDLIM7 and CDH18. Additionally, the effects of both wild-type and
mutant TP53 expression levels on DLK1-MEG3 locus and CHRNAS were investigated in
stable MCF7 breast cancer cells that we have generated. | have found that even if CHRNAS
depletion induced p53 expression, TP53 overexpression did not have CHRNAS5-inducing
effects regardless of the functionality of TP53. However, wild-type TP53 overexpressing
MCF7 cells behaved differently than mutant TP53 overexpressing cells in their DLK1
expression levels. Future research should clarify the effects of CHRNADS depletion on DLK1-

MEGS3 region for a given TP53 mutation status.

Keywords: Breast cancer, cholinergic receptors, CHRNADS, 14g31.32 miRNA cluster, RNAI:,
TP53 signalling, stable cell line, DLK1-MEGS3 region
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CHRNAS5 VE/VEYA TP53 DEPLESYONU VE DOGAL TiP VE YANLIS
ANLAMLI MUTANT TP53°UN GECICI VE STABIL ASIRI
IFADESININ MCF7 HUCRELERINDE DLK1-MEG3 LOKUS

IFADESINE ETKILERI
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CHRNAS ifadesi akciger kanseri ve nikotin bagimliliginda 6nemli bir role sahiptir. Bunun yan1
sira, CHRNAS deplesyonu meme kanserinde tumor baskilayici 6zlleklikleri ile tanimlanmistir.
Ayrica CHRNAS deplesyonunun CDKNI1A gen ifadesini arttirdigi ve 14q32.31 lokusunda
bulunan miRNA’lar1 ve DLK1 geninin ifade miktarni diisiirdiigli goriilmistiir. Bu ¢alismada
CHRNAS tek basina ya da p53 ile birlikte siRNA ile ifadesi azaltildiginda ya da wildtype veya
mutant p53 overexpresyonu sonucunda DLK1-DIO lokusunda yarattigi degisimler
arastirilmistir. Bulgularim, CHRNAS tiikenmesinin, TP53 varliginda veya yoklugunda bu
lokusta protein kodlayan DLK1 ve protein kodlamayan MEG3 genlerinin ifadesini azalttigini
gosterdi. Bu iki gen, tiimdr baskilanmasi ve timdr olusumunda hayati bir role sahip oldugu icin
bu bulgu, meme kanserinde bu lokustaki gen ifadesinin modiilasyonunda CHRNAS5'in 6nemine
daha fazla kanit sagladi. CHRNAS ve TP53 indiiksiyonu arasinda bir iligki oldugundan, ana

TP53 diizenleyicilerinden biri olan MDM2'nin ifadesi de incelenmistir. Daha sonra, CHRNAS



tilkkenmesinin TP53 tiikenmesi ile birlestirilmesinin, hem MDM2 hem de MDM?2 ayirma
elemanlari, PDLIM7 ve CDH18'de ifadesinde 6nemli bir azalmaya neden oldugu bulundu. Ek
olarak, iirettigimiz stabil MCF7 meme kanseri hiicre hatlarinda hem vahsi tip hem de mutant
TP53 ifade seviyelerinin DLK1-MEG3 lokusu ve CHRNAS iizerindeki etkileri arastirildi.
CHRNAS tliikenmesi p53 ifadesini indiiklese bile, TP53 asir1 ifadesinin, TP53'lin
islevselliginden bagimsiz olarak CHRNAS5 indiikleyici etkilere sahip olmadigi bulundu.
Bununla birlikte, vahsi tip TP53 asir1 ifade eden MCF7 hiicrelerinin, DLK1 ifade seviyeleri
mutant TP53 asir1 ifade eden hiicrelerden farkli bulundu. Gelecekteki ¢alismalar, belirli bir
TP53 mutasyon durumu i¢in CHRNAS tiikenmesinin DLK1-MEG3 lokusundaki etkilerini

netlestirmelidir.

Anahtar kelimeler: Meme kanseri, kolinerjik reseptorler, CHRNAS, 14931.32 miRNA
grubu, RNAI, TP53 sinyal yolagi, kararli gen ifadesine sahip (stabil) hiicre hatt1, DLK1-

MEGS3 lokusu
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Chapter 1

1. Introduction

1.1. Cancer

Cancer is a main nomenclature describing a disease which occurs when the cells initiate to
divide abnormally and uncontrollably, with a potential for metastasis and invasion. The ability
to invade and metastasise into other tissues can be considered to classify cancer cells into two
major groups: malignant (cancerous) tumours and benign (noncancerous) tumours (Sarkar et
al., 2013). According to a published article in 2000, cancer's six fundamental characteristics
are escaping from apoptosis, tissue invasion & metastasis, limitless cell division, inducing
angiogenesis, insensitivity to growth suppression, and self-maintaining growth signals
(Hanahan & Weinberg, 2000). Thanks to a more comprehensive understanding of the
complexity, differential progression of cancer and the importance of the tumour
microenvironment (TME), two hallmarks and two enabling characteristics parameters were
added; avoiding immune destruction, deregulation of energy metabolism, genome instability

& mutation and inflammation induced by a tumour (Hanahan & Weinberg, 2011).

Recently, these parameters have been improved, and additional characteristics were proposed.
Phenotypic plasticity and disrupted differentiation are listed as hallmarks, and non-mutational
epigenetic reprogramming and microbiome are depicted as new enabling characteristics of

cancer (Hanahan, 2022).



Despite novel and successful approaches and evolving research in cancer treatments, as a
subgroup of noncommunicable diseases, cancer is one of the primary causes of death for
approximately 10M people globally in 2020 (Sung et al., 2021). Aggressive and complex
characteristics with accompanying high fatality reveal the significance of understanding

carcinogenesis.

1.1.1. Breast Cancer

According to the last version of the GLOBOCAN (Global Cancer Observatory: CANCER
TODAY) report, breast cancer had the highest incidence rate at 11.7% for both genders.
Furthermore, it showed the highest mortality rate at 15.5% and the highest ASR (Age-
Standardized Rate) score at 47.8 in females of all ages as the most diagnosed cancer type among
all other cancer types in 2020 (Sung et al., 2021). In Turkey, the incidence rate is 23.9%, which
is still the most observed type of cancer in females. The 15.1% mortality rate makes female
breast cancer the leading cause of death due to cancer, among other cancers in women.
Furthermore, a highly expected increase in global numbers of new breast cancer cases was
established from 2.26M to 3.19M between 2020 and 2040 in light of information from the
Global Cancer Observatory: Cancer Tomorrow data visualisation tool, as depicted in Figure
1-1 (Ferlay et al., 2020). Considering the high mortality rate and the possible increase in the
number of patients, it can be stated that more advanced therapeutic approaches and a better

understanding of breast cancer progression are necessary.
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Figure 1-1. Estimated number of newly diagnosed patients between 2020-2040 in females of

all ages worldwide according to Cancer Tomorrow.

(The image used in Figure 1-1 was not required copyright permission to reproduce. It was
obtained from Ferlay J, Laversanne M, Ervik M, Lam F, Colombet M, Mery L, Pifieros M,
Znaor A, Soerjomataram |, Bray F (2020). Global Cancer Observatory: Cancer Tomorrow.
Lyon, France: International Agency for Research on Cancer. Available from:

https://gco.iarc.fr/tomorrow, accessed September 5, 2022.)

1.1.2.  Subtypes of Breast Cancer

Breast cancer provides dramatic phenotypic and genotypic diversity. Due to its heterogeneous
structure, breast cancer is studied according to the characterisation of its subtypes to determine
the most promising therapeutic approach and predict the potential prognosis of the tumour
(Skibinski & Kuperwasser, 2015). Different classification methods have been used, and new

approaches continue to be added.


https://gco.iarc.fr/tomorrow

Histological classification of breast cancer has been studied for years and divided breast cancer
into two groups invasive and in situ carcinoma. These also have two major subtypes ductal and
lobular carcinomas. The most frequently diagnosed subtype of breast cancer is invasive ductal
carcinoma (IDC), ~80% of the breast cancer patients, followed by invasive lobular carcinoma
(ILC), with a rate of ~10% (Du et al., 2018; Weigelt et al., 2008; Zhao, 2021). ILC differentiate
from IDC with also molecular characteristics. E-Cadherin, CDH1 and PTEN loss is observed
with strongly induced AKT signalling in ILC. In contrast, low AKT levels with intact cell
adhesion morphology are observed in IDCs. Additionally, FOXA1 mutations in ILC and
GATA3 mutations in IDC separate them in the regulation of ER activity (Barroso-Sousa &

Metzger-Filho, 2016; Ciriello et al., 2015).

In addition to the histological and functional classification of breast cancer, molecular
characterisation was proposed for examining the phenotypic diversity on gene expression level
or finding a more promising prognostic approach considering this complexity (Perou et al.,
2000). By this contribution, breast cancer is characterised as Luminal A & Luminal, Her2+,
Basal Like, Claudin-Low and Normal Like Breast Cancers. Certain immunohistochemical
(IHC) markers were used to identify molecular subgroups of breast cancer. Used markers are
oestrogen receptor (ER), human epidermal growth factor 2 (HERZ2), progesterone receptor (PR)

and Ki67 expression status (Perou et al., 2000; Serlie et al., 2001).

The most diagnosed breast cancer subtype, among others, is Luminal A, which has positive
oestrogen receptor expression status (ER+) with the lower expression of cell proliferative and
prognostic marker, Ki67; therefore, it exhibits a lower growth rate and a better prognosis (Ahn
et al., 2015; LI et al., 2015; Yersal, 2014). PR expression can be commonly observed in both

types of luminal breast cancer; however, there is PR- Luminal B breast cancer.



Unlike the Luminal A cluster, the Luminal B subgroup also has HER2 expression
characteristics (HER2+) and higher proliferation-related gene expression than Luminal A since
HER?2 is one of the prognostic markers, which causes the more aggressive cancer type with

worse prognosis and higher growth rate (Li et al., 2016; Loi et al., 2009).

HER2-enriched (HER2+) breast cancers do not have ER or PR expression, whereas these
express increased levels of HER2 with other growth factor receptor-related genes. It leads to a
poor prognosis with aggressive characteristics, although it shows successful results of HER2

targeting therapeutic approaches (Cancer Genome Atlas Network, 2012; Slamon et al., 1987).

Basal-like, also called triple-negative breast cancer (TNBC), is characterised according to lack
of ER, PR and HER2 expressions, yet it highly expresses basal markers. Consequently, it is
unsuitable for these IHC markers, and mainly DNA damage-inducing approaches are tried due
to high TP53 and BRCAL/2 mutations (Gelmon et al., 2012; Lehmann et al., 2011). TNBC is

a poorly prognosed, aggressive and highly metastatic breast cancer subtype (Dent et al., 2007).

Claudin-low breast cancers were firstly considered a subcluster of TNBCs due to expressing
low luminal differentiation and proliferation genes. In contrast, it has enhanced expression of
epithelial-to-mesenchymal transition (EMT) genes which may cause therapeutic resistance and
worse prognosis (Pommier et al., 2020; Prat et al., 2010). Recent research hypothesises it is
another intrinsic subtype of breast cancer due to its low genomic instability and heterogeneous

proliferative gene expression pattern among subtypes (Fougner et al., 2020).



Normal-like breast cancers have the same IHC marker expression profile as the Luminal A
subtype but have high similarity with the normal breast tissue gene expression profile;

therefore, it may not be included in the breast cancer subtyping (Dai et al., 2015).

1.2.  TP53 Signalling

TP53 is a gene encoding tumour suppressor and transcription factor p53 protein, mostly
mentioned as the "guardian of the genome™ due to its major role in DNA damage response
(DDR) (Lane, 1992). TP53 has remained one of the most studied genes in cancer for decades
since its crucial function in several biological responses especially inducing apoptosis, DNA
repair, cell cycle arrest, senescence, activation of oncogenes, changes in metabolism and

mitophagy (Levine, 2020).
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Figure 1-2. General overview of activation, regulation, and the response of p53.



(The image used in Figure 1-2 was not required copyright permission to reproduce. It was
obtained from Hernandez Borrero, L. J., & El-Deiry, W. S. (2021). Tumour suppressor p53:
Biology, signalling pathways, and therapeutic targeting. Biochimica et biophysica acta.

Reviews on cancer, 1876(1), 188556. https://doi.org/10.1016/j.bbcan.2021.188556)

P53 regulation is maintained by various post-translational modifications (PTMs) depending on
presenting under normal homeostatic or stress-induced conditions. P53 is regularly degraded
by MDM2/MDMX, which is an E3 ubiquitin ligase induced by wild-type p53. P53 stability is
regulated under non-stressed conditions via a negative feedback loop, and in this way, p53
expression is kept at a low level (Barak et al., 1993; Kubbutat et al., 1997) (Figure 1-2). As
another upstream regulator, ARF, or pl4, inhibits ubiquitin ligase activity of MDM2 or
prevents MDM2-p53 duplex formation, and leads to p53 activation and stabilisation under
cellular stress conditions, specifically oncogenic stress (Llanos et al., 2001; Midgley et al.,

2000).

1.2.1. Downstream Effects of TP53

As a response to any stress conditions, i.e., DNA damage, oxidative stress, hypoxia, and

activation of an oncogene, p53 is stabilized by various mechanisms.

Cell cycle arrest is the most considered effect of p53 activation, among other responses.
Phosphorylation of p53 on Ser20 and Serl5 residues occurred in response to stress factors,
especially DDR proteins (Appella & Anderson, 2001). This p53 phosphorylation on Ser20 or
ARF leads to the separation of the MDM2-p53 complex, and elevated p53 expression induces
p21-RB1 signalling. P53 induces transcription of Cyclin-dependent kinase inhibitor 1A
(CDKN1A), p21 protein-encoding gene (He et al., 2005). Inhibition of G1/S phase mediators,

CDKa4/6, by p21 causes hypo-phosphorylation of RB protein, thus inhibiting dissociation of


https://doi.org/10.1016/j.bbcan.2021.188556

RB-E2F complex and transcription of cell cycle progression genes targeted by E2F, so it causes
cell cycle arrest at the G1 phase (Giacinti & Giordano, 2006). Inhibition of DNA replication
and G2/M arrest can be modulated by p53 by interaction with PCNA and 14-3-3¢ and

translational modifications (Hermeking et al., 1997).

Following the cell cycle arrest, p53 initiates and regulates the DNA repair mechanism of the
specific region and prevents the accumulation of oncogenic mutated genome by limiting the
proliferation of the cell with cell cycle arrests. When DNA damage is maintainable for the
DNA repair mechanism, p53 induces DNA repair mechanisms at the end of the cell cycle arrest
by activating target genes of proper DNA repair mechanism according to the type of DNA

damage (Williams & Schumacher, 2016).

If the genomic instability or the cellular stress is not sustainable for repair mechanisms, p53
can activate senescence or apoptosis. Thus, senescence and ageing are crucial roles of p53. P53
acetylation promoted by RAS and NORE1A/HIPK2 complex can lead to cellular senescence

(Donninger et al., 2015; Rufini et al., 2013).

After p53 activation due to stress stimuli, p53 can induce apoptosis directly via activating
transcription of PUMA and NOXA, which belong to pro-apoptotic BH3-only members of the
BCL-2 protein family. PUMA and NOXA can inhibit pro-survival BCL-2 proteins (Happo et
al., 2010). P53 can indirectly induce apoptosis by inducing miR34a expression, which reduces
the BCL-2 level (YYamakuchi et al., 2008) and induce the genes encoding FAS and DR5,

causing sensitisation to death receptor ligands (Sheikh & Fornace, 2000).



1.2.2. Turnover and stability of MDM2 in Senescence After Growth

Arrest

Since one of the main focuses in this study is the regulation of TP53 through CHRNAS
depletion and its effects and leadings, MDM2 was also considered one of the critical points as
its role in TP53 regulation, being one of the two main upstream elements and also having

crucial effects on senescence.

CDK4 inhibition in Rb-positive cells can lead to senescence via the reduction of
phosphorylated Rb in some liposarcoma cells independent of TP53 action (Kovatcheva et al.,
2015). The authors had shown that when unphosphorylated Rb accumulated, this acted like a
CDK4 inhibitor through deciding between quiescence and senescence as a cell fate.
Interestingly in this study, MDM2 expression together with Cyclin A and ARF were reduced
with unphosphorylated Rb accumulation or CDK4 inhibitor Palbociclib (PD0332991). More
interestingly, they have found that the ability of MDMZ2 reduction to induce senescence derived
from MDM2’s E3 ligase activity and via TP53 binding domain based on testing MDM2
mutants and MDM2 knockdown was capable of inducing senescence in PD0332991
unresponsive cells and not treated PD0332991 untreated responsive cells. Another intriguing
aspect of this study and MDM2’s ability to induce is that it could be TP53-independent because
E3 ligase activity and not p53 binding ability is the main culprit behind senescence induced by
MDM2 loss. This study also has led to the identification of the mechanisms that gave rise to
the downregulation of MDM2, whether it is transcriptional, translational or posttranslational.
The authors have demonstrated that MDM2 became unstable via autoubiquitination but not by
HAUSP/USP7 yet via ATRX, a chromatin remodeler; this mechanism of senescence is known

as SAGA (senescence after growth arrest) (Kovatcheva et al., 2017).



Among dozens of proteins that interact with MDMZ2, only some of which are p53-dependent
(Riley & Lozano, 2012). A recent study that knocked down selected genes from this list
demonstrated that PDLIM7 and CDH18 were also involved in SAGA (Klein et al., 2018). In
this study, quiescent cells that did go through senescence upon PD0332991 treatment became
senescent upon knockdown of PDLIM7, suggesting that PDLIM7 was stabilizing MDM2,
whose degradation was necessary for SAGA to occur. Interestingly, they also found that
PDLIM7 was sequestered in cytoplasmic foci where there were CDH18 and, unlike knockdown
of PDLIM7, knockdown of CDH18 prevented PD033299 induced senescence. The authors
demonstrated and concluded that CDH18 sequestered PDLIM7 in cytoplasmic foci, and its
absence led to higher rates of MDM2 turnover, hence senescence. Understandably, cells with

low levels of CDH18 exhibited a poorer prognosis.

Accordingly, one can summarize that the downregulation of MDM2 is critical for SAGA to
occur. In the quiescent state, the stability of MDM2 is regulated by PDLIM7 and CDH18,
which interact in the cytoplasmic foci leaving MDM2 unprotected and auto-ubiquitinated and
hence allowing the occurrence of senescence in cells in growth arrest by CDK4/6 inhibitors.
This suggests that downregulation of PDLIM7 and upregulation of CDH18 may be needed for
maintaining MDM2 downregulation, and this can happen in the absence of TP53.

However, in MCF7 cells, these interactions or expression levels of the MDM2-PDLIM7-
CDH18 axis have not been studied and whether the depletion of TP53 by siRNA could lead to
MDM2 and/or MDM2’s partners that play roles in MDM2 stability and induction of SAGA.
Moreover, it is not known whether siRNA against CHRNAS that leads to growth

arrest/quiescence can function as a CDK4/K inhibitor and modulate MDM2 levels.
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1.2.3. Mutations of TP53

Besides being one of the most studied genes, TP53 is also the most frequently mutated gene in
cancer, accounting for over 50% of all cancers and 30% of breast cancers (Bouaoun et al.,
2016; Duffy et al., 2018). The most p53 mutations, 73%, are missense, point mutations located
on the DNA-binding domain (DBB) and referred to as hotspots since these high frequently
mutated locations (Bouaoun et al., 2016). Mutant p53 status leads to downregulation or even
inhibition of downstream responses of p53, i.e., DNA repair, cell cycle arrest, autophagy and
apoptosis. Even in the presence of wild-type p53 with mutant p53, the dominant negative effect
can compensate for the wild-type. Due to the mutations in DBD, mutant p53 is not able to bind

most elements (Figure 1-3).
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Figure 1-3. Differentiated effects of wild-type and mutant p53 regulation in cancer. Wild-type
p53 function as a tumour suppressor, whereas mutant p53 leads to metastasis and resistance
against therapy. Upregulated genes and responses are coloured green, and down-regulated

responses and genes are coloured red.
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(The image used in Figure 1-3 was not required copyright permission to reproduce. It was
obtained from Hernandez Borrero, L. J., & El-Deiry, W. S. (2021). Tumour suppressor p53:
Biology, signalling pathways, and therapeutic targeting. Biochimica et biophysica acta.

Reviews on cancer, 1876(1), 188556. https://doi.org/10.1016/j.bbcan.2021.188556)

P53 mutations are mainly separated into two main classes depending on their structural and
functional properties: the conformational mutants, e.g., R175H and R249S, and the contact site
mutations, e.g., R248W and R273H. The conformational mutations change the structure of a
protein by folding compared to wild-type structure, while the contact site mutation has only a
small change on locus at the site where wild-type p53 binds to DNA and prevents binding (Cho
etal., 1994; Hainaut & Pfeifer, 2016; Rolley et al., 1995). R175H, 248W and R273H missense,

dominant-negative mutations were studied in this thesis in addition to wild-type TP53.
1.3.  MicroRNAs

MicroRNAs (miRNAs) are endogenously expressed, non-coding RNAs consisting of
approximately 22 bp and regulate gene expressions canonically by binding mRNAs via
recognition at their 3’untranslated region (UTR). miRNAs have crucial roles in numerous
biological processes, i.e., cancer, cell differentiation and apoptosis, proliferation, drug
resistance and EMT processes (Hayashita et al., 2005a, 2005b; Kim et al., 2022; Matsubara et

al., 2007; McManus, 2003; Peng & Croce, 2016; Tagawa et al., 2007; B. Zhang et al., 2007).

1.4. DLK1-DIO3 Region
DLKZ1-DIO3 region is located at 14g32 and harbours three paternally expressed genes, which

are Delta-Like Ligand 1 (DLK1), Retrotransposon Gag-Like 1 (RTL1) and lodothyronine
deiodinase 3 (DIO3), and maternally expressed non-coding Maternally Expressed Gene 3 & 8

and anti-RTL1 genes in addition to 54 miRNAs (Figure 1-4) In this study, we focused on the
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MEG3 and DLK1 expression patterns; besides miRNAs on this locus, expression of these
genes are regulated by imprinting control regions via hypermethylation and hypomethylation,

respectively (Enterina et al., 2017).
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Figure 1-4. Localisation of miRNAs on DLK1-DIO3 region on human chromosome 14q32.
The localisation is shown by using Human Genome Assembly GRCh38.p12. Localisation is
depicted on maternal (MAT) and paternal (PAT) alleles, and genes are illustrated as rectangles
and coloured according to their expression pattern. Blue: protein-coding paternally expressed

genes, green: maternally expressed non-coding genes and grey: repressed genes.

(The image used in Figure 1-4 was not required copyright permission to reproduce. It was
obtained from Baulina, N., Osmak, G., Kiselev, I., Popova, E., Boyko, A., Kulakova, O., &
Favorova, O. (2019). MiRNAs from DLK1-DIO3 Imprinted Locus at 14932 are Associated
with Multiple Sclerosis: Gender-Specific Expression and Regulation of Receptor Tyrosine

Kinases Signaling. Cells, 8(2), 133. https://doi.org/10.3390/cells8020133)

Delta-Like 1 homolog (DLK1) is a paternally expressed trans-membrane protein which belongs

to Epidermal Growth Factor-Like (EGF-like) family and a non-canonical Notch signalling
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ligand, as it has a similar sequence and structure to Delta Ligand 1 (DLL1) which is a canonical
Notch ligand. DLK1 includes six repeated EGF-Like motifs except for the conserved Delta-
Serrate-LAG-2 (DSL) domain. DSL is a conserved sequence found in canonical Notch ligands
and necessary for the trans-activation and cis-inhibition of the Notch receptors (Cordle et al.,
2008; Gubina et al., 1999; Laborda, 2000). Two types of DLK1 isoforms are found in humans,
membrane-bound (MB) and full-length cleavable (FL) isoforms, which have different
functions such as large cleavable isoform can inhibit the cell differentiation in adipocytes but
not the MB isoform (Mei et al., 2002). Previous studies showed that DLK1 is highly expressed
in several types of tissues during foetal development, and this expression pattern is limited to
a few progenitor cells after birth; this is one of the reasons why DLK1 is also named Foetal
Antigen 1 (FAL1) (Tornehave et al., 1993). On the other hand, high expression of DLK1 is
observed in many types of cancers, i.e., breast, liver, lung, ovary, pancreas, and colon (C.-C.
Huang et al., 2019; J. Huang et al., 2007; Nishina, 2012; Takagi et al., 2021; Tanimizu et al.,
2004; Yanai et al., 2010). DLK1 functions as a proliferation and cell differentiation inhibitor,
whereas it can enhance cell proliferation in specific cancer types in low dosage. It is shown
that DLK1 expression inhibits NOTCH1 and ERK1/2 MAPK signalling in TNBC, and it leads
to cell invasion and cell proliferation at the low level of DLK1 overexpression; however, at a
higher level of DLK1 overexpression, it decreases both cell proliferation and invasion (M. L.
Nueda et al., 2017). Expression of DLK1 leads to tumour growth, worse survival and prognosis,
metastases, and increased cell proliferation, and is associated with EMT phenotype (C.-C.
Huang et al., 2019; Jin et al., 2008; Takagi et al., 2021) also oppositely leads decreased cell
proliferation, cell growth, and migration (Jin et al., 2008; Lee et al., 2016; M. L. Nueda et al.,
2017) in different cancer types. Hence, in the most general manner, its upregulated expression

might be considered a biomarker and a potential therapeutic target in different types of cancers,
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and it is certain that DLK1 expression indeed inhibits differentiation and dysregulates

proliferation in cancer.

Human maternally expressed gene 3 (MEG3) is a long-noncoding RNA and a tumour
suppressor gene; it regulates the numerous tumour suppressor and oncogenes, including p53,
RB, MYC, and TGF-beta (Ghafouri-Fard & Taheri, 2019). MEG3 regulates p53 expression
level by decreasing MDM2 expression. (Zhou et al., 2007) It is shown that p53 activation
required MEG3 expression by inducing MEG3 expression and its five isoforms. This functional
p53 protein accumulation occurred and was not due to stress response on the cells since deletion
of constructed MEG3 expression, which excluded the promoter region, did not show p53
accumulation in the cells. This accumulation without p21 expression was seen only with
decreasing MDM2 levels, not with ARF-induced cells. Hence, MEG3 affects MDM2.
Although MEG3 induced p53 activation led to an increase in GDF15 expression, which is a
tumour suppressor, TGF-beta family member and p53 target gene (Wilson et al., 2003), by
inducing GDF15-p53 binding, p21-p53 binding could not be seen in MEG3 induced cells. It is
also shown that the expected cell proliferation effect of MEG3 could also occur p53-
independently since MEG3 can induce GDF15 by binding its promoter. According to these,
MEG3 induces the p53 expression level by repressing the MDM2 expression level. It leads to
favourable binding with GDF15 over p21, so it inhibits cell proliferation and makes MEG3

considered a tumour suppressive gene (Du et al., 2018; Weigelt et al., 2008; Zhao, 2021).

Another study reveals the effects of MEG3 expression on the TGF-beta pathway (Mondal et
al., 2015). In this study, the formation of RNA-DNA triplex structure was suggested as how
MEG3 downregulates its target genes belonging to the TGF-beta pathway, including TGFB2,

TGFBR1 & 2 and SMAD2. MEG3 functions to guide H3K27me3 mediator PRC2 (Cao et al.,
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2002) by directly interacting with it. Due to the well-known function of the TGF-beta pathway
on cell invasion, the effects of MEG3 downregulation were examined. In addition to significant
activation of TGF-beta pathway genes, a significant amount of invasion was observed on BT-
549 invasive ductal tumour cells. Additionally, repressed cell invasion was observed through
MEG3 overexpression on the MDA-MB-231 cell line. Also, a different study showed that
MEG3 also regulate EMT through PRC2 recruitment and TGF-beta induction as a novel

function (Terashima et al., 2017).

1.5.  Aims and Rationale
In this thesis, | aimed to discover whether the downregulation of the 14932 DLK1-DIO3

imprinted region by CHRNAGS depletion is modulated by different treatments such as the
presence of mimics from 14932 miRNAs and presence or absence of wild-type TP53 and
mutant protein. This region has been implicated in embryonic development, carcinogenesis,
and the interaction with CHRNADS has not been interrogated in detail in the literature. My main
aim is to confirm siRNA CHRNAJ5 treatment downregulates DLK1 and MEG3 loci within the
DIk1-Dio3 region using gPCR and whether this downregulation is rescuable with the treatment
with siRNA CHRNAGS in the presence or absence of a) 14g32.31 miRNA mimics; b) TP53
SiRNA treatment. | also teste if the transient and stable overexpression vectors of TP53
expression affected DLK1, MEG3 and CHRNAJS expression
In more detail, | have the following original aims:
1.  Effects of 14932.31 miRNA mimics on DLK1-MEG3 downregulation in the presence
of SIRNA CHRNAS.
a. Do miR-495-3p and/or miR-376¢-3p mimic treatments rescue the DLK1 and/or
MEG3 downregulation observed in CHRNAS depletion?
b. Are CHRNADS siRNA modulated targets of the above-mentioned miRNAS rescued in

the presence of the mimics using in silico and gPCR validation assays?
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2.  Effects of TP53 siRNA treatment on DLK1-MEG3 downregulation in the presence of
SIRNA CHRNADb.
a. Is DLK1-MEG3 downregulation by siRNA CHRNADS dependent on the presence or
absence of TP53 in MCF7 cells?
b. Does TP53 WT transient overexpression influence DLK1-MEG3 expression
c. Does TP53 mutant overexpression influence DLK1-MEG3 expression?
3. Do TP53 wild-type and mutant overexpressing stable MCF7 cells behave differently

than empty vector overexpressing cells with respect to DLK1-MEG3 modulation?
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Chapter 2

2. Materials & Methods

2.1. Materials
2.1.1. Chemicals, Reagents and Kits

All chemicals, reagents and kits used were grouped and listed under the headings. Titles were
determined according to the experimental procedure type and the study for which materials

were used.

2.1.1.1. Cell Culture Solutions

The reagents and chemicals used for cell culture and maintenance were listed in Table 2-1 with

their companies and catalogue numbers.

Table 2-1. List of materials used for mammalian cell culture and maintenance.

Product Name Company & Country Catalogue Number

Dulbecco's Modified Eagle Medium
(DMEM) Low Glucose, without L- Biowest, France L0064
Glutamine, with Sodium Pyruvate

DMEM, with 1.0g/l Glucose and Sodium

Pyruvate, without L-Glutamine, without PAN-Biotech, Germany P04-001159
Phenol Red
Dimethyl Sulfoxide (DMSO) AppliChem, Germany A3672

Fetal Bovine Serum (FBS), European

Grade, Heat Inactivated Biological Industries, USA 04-127-1A
L-Glutamine, 200 mM Cegrogen Biotech, Germany K0100-670
3-(4,5-Dimethylthiazol-2-yl)-2,5- Thermo Fisher Scientific, M6494
Diphenyltetrazolium Bromide (MTT) USA
MEM Non-Essential Amino Acid (NEAA) PAN-Biotech, Germany P08-32100

100X, without L-Glutamine
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Penicillin/Streptomycin, 100x Cegrogen Biotech, Germany P0100-790
Trypsin-EDTA Biological Industries, USA 03-051-5B

Puromycin Sigma-Aldrich, Germany P8833

Dodecyl Sulphate Sodium Salt (SDS) EMD Millipore, USA 822050

2.1.1.2. Transfection Reagents and Nucleic Acids

The reagents and oligonucleotides used for siRNA transfection and stable and transient

transfection of plasmids were listed in Table 2-2.

Table 2-2. List of transient transfection reagents, oligonucleotides, and plasmids.

siRNAs and Transfection Reagents

Product Name Company, Country Catalogue Number

All-Star Negative Control siRNA Qiagen, Germany S103650318

Hs_CHRNAGS5_5 FlexiTube siRNA Qiagen, Germany S103051111
Hs_TP53_7 FlexiTube siRNA Qiagen, Germany S102623747
HiPerfect Transfection Reagent Qiagen, Germany 301705

Plasmids and Transfection & Transduction Reagents

Product Name Company, Country Catalogue Number

pCMV-Neo-Bam Addgene, USA #16440
pCMV-Neo-Bam-TP53 WT Addgene, USA #16434
pCMV-Neo-Bam-TP53 R175H Addgene, USA #16436
pCMV-Neo-Bam-TP53 R248W Addgene, USA #16437
pCMV-Neo-Bam-TP53 R273H Addgene, USA #16439
pBabe-puro * Addgene, USA #1764
pCMV-VSV-G * Addgene, USA #8454
Gag/Pol * Addgene, USA #14887
Lipofectamine™ 2000 Transfection Thermo Fisher Scientific, 11668027

19



Reagent USA
Lipofectamine™ 3000 Transfection Thermo Fisher Scientific, L.3000008
Reagent USA
Opti-MEM™ I Reduced Serum Medium | 1 orme FIsfer Seientrfic, 31085062
Polybrene Infection / Transfection Reagent EMD Millipore, USA TR-1003-G
Amicon® Ultra-15 Centrifugal Filter Unit EMD Millipore, USA UFC9010

The plasmids that were marked (*) were kind gifts from Asst. Prof. Onur Cizmecioglu.

2.1.1.3. RNA & Protein Isolation Kits and Chemicals

The Kits, chemicals, and reagents explicitly used for RNA and/or protein isolation and

quantification were listed in Table 2-3 with companies and catalogue numbers, as categorised

according to the type of oligonucleotide.

Table 2-3. List of reagents and Kits used for isolating RNA and protein and measuring RNA

and protein expression levels.

RNA Isolation and Quantification Assays

Product Name

Company, Country

Catalogue Number

AccuGENE™ Molecular Biology Water Lonza, Switzerland BE51200

QIAzol Lysis Reagent Qiagen, Germany 79306

RNeasy Mini Kit Qiagen, Germany 74104

Chloroform Sigma-Aldrich, Germany 24216

2-Propanol Sigma-Aldrich, Germany 24137

Ethanol Sigma-Aldrich, Germany 32221

Sodium Acetate Carlo Erba Reagents, Italy 366207

RevertAid First Strand cDNA Synthesis Kit | "o/ Fioner Seientific, K1622
LightCycler®™ 480 SYBR Green | Master Roche, Switzerland 4887352001
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LightCycler® 480 Multiwell Plate 96,
White

Roche, Switzerland

4729692001

Protein Isolation and Quantification Assays

Product Name

Company, Country

Catalogue Num

ber

Nonidet™ P 40 (NP-40) Substitute

Sigma-Aldrich, Germany

74385

Sodium Chloride (NaCl)

Isolab, Turkey

969.033.100

Trizma® Base

Sigma-Aldrich, Germany

T1503

Dodecyl Sulfate Sodium Salt (SDS)

EMD Millipore, USA

822050

cOmplete, EDTA-Free Protease Inhibitor
Cocktail

Roche, Switzerland

11873580001

PhosSTOP Easypack Phosphatase Inhibitor
Coctail Tablets

Roche, Switzerland

4906845001

Pierce™ BCA Protein Assay Kit

Thermo Fisher Scientific,
USA

23227

2-mercaptoethanol

Sigma-Aldrich, Germany

M3148

4x Laemmli Sample Buffer

Bio-Rad, USA

1610747

Ammonium Persulfate (APS)

Carlo Erba Reagents, Italy

420627

N, N, N’, N’- Tetramethyl ethylenediamine
(TEMED)

EMD Millipore, USA

110732

TGX Stain-Free™ FastCast™ Acrylamide
Kit, 10%

Bio-Rad, USA

1610183

PageRuler Prestained Protein Ladder

Thermo Fisher Scientific,
USA

26616

PVDF Western Blotting Membranes

Roche, Switzerland

03010040001

Methanol

Sigma-Aldrich, Germany

24229

Ponceau S Solution

Sigma-Aldrich, Germany

P-7170

Albumin Bovine Modified Cohn Fraction
V,pH 7.0

Serva, Germany

SE1194301

6-Aminocaproic Acid

Sigma-Aldrich, Germany

A2504

Tween® 20

Serva, Germany

39796.51

Amersham ECL Prime Western Blotting
Detection Reagent

Cytiva, USA

RPN2232

Glycine

BioShop, Canada

GLNO001

21



2.1.1.4. Bacteria Culture, Cloning and Plasmid Isolation Kits and Reagents

The reagents used for bacteria culture preparation, cloning and plasmid isolation were given in

Table 2-4 with the information of the companies and catalogue numbers.

Table 2-4. Reagents and kits used for bacteria culture, cloning and plasmid isolation.

Bacteria Culture, Cloning and Plasmid Isolation

Product Name Company, Country Catalogue Number
NaCl Isolab, Turkey 969.033.100
Bio-Tryptone BioShop, Canada TRP402
Yeast Extract BioShop, Canada YEX401
Agar Sigma-Aldrich, Germany 05039
Ampicillin Sodium Salt Sigma-Aldrich, Germany A9518
Glycerol, 85% Isolab, Turkey 927.023
NEB® Stabl;?f?(i%it;;liE. coli (High NEB, USA C30401
EcoRI-HF® NEB, USA R3101
BamHI-HF® NEB, USA R3136
Ncol-HF® NEB, USA R3193
Shrimp Alkaline Phosphatase (rSAP) NEB, USA MO0371
T4 DNA Ligase NEB, USA M0202
Trizma® Base Sigma-Aldrich, Germany T1503
EDTA Disodium Salt AppliChem, Germany A2937
Glacial Acetic Acid Sigma-Aldrich, Germany 27225
Agarose, Biomax Prona, Spain HS-8000
Ethidium Bromide (EtBr) Thermo Fisher Scientific, 17898
USA
Monarch® DNA Gel Extraction Kit NEB, USA T1020
PureLink™ Rnase A (20 mg/mL) Thermo Fiarge'& Scientific, 12091021

22



GeneRuler 1 kb DNA Ladder with 6x Thermo Fisher Scientific, SM0311
TriTrack DNA Loading Dye USA
PureLink™ HiPure Plasmid Midiprep Kit Thermo Fisher Scientific,
USA K210004
NucleoBond Xtra Midi Plus kit for
Transfection-Grade Plasmid DNA Macherey-Nagel, Germany 740412

The competent cells were marked (*) were a kind gift from Asst. Onur Cizmecioglu.

2.1.2. gPCR Primers

The sequences of forward and reverse primer pairs used for gPCR experiments were listed in

Table 2-5, with each pair's amplicon product size.

Table 2-5. List of primers used in gPCR experiments.

Gene ID

Primer Sequences

CHRNAS5

F:5- AGATGGAACCCTGATGACTATGGT -3
R:5- AAACGTCCATCTGCATTATCAAAC -3'

MDM2

F:5-TCTTGGCCTGGGTTACATGG -3’
R: 5’- CTCCACTGACCAAACACGGA -3’

PDLIM7

F:5- ATGTGCCCCTCTCCATTTCC -3’
R: 5- GATGTGTGTGAGGCTACCCG -3’

CDH18

F: 5°- CACCACAGCTCCATCAAGGT -3
R: 5- TGGAGTGCAGCTTTCCAACA -3’

CCND1

F:5- CTGCGAAGTGGAAACCATCC -3°
R:5-GCACTTCTGTTCCTCGCAGA -3'

CDKN1A

F:5-GTCACTGTCTTGTACCCTTGTG -3’
R: 5’- CGGCGTTTGGAGTGGTAGAA -3’

TP53

F:5-CCTCCTCAGCATCTTATCCGAGT -3
R: 5 - GTAGTGGATGGTGGTACAGTCAG -3’

MEG3

F: 5- CTGAATCACCAAAGGCACGC -3’
R: 5- GTGGGAAGGGACTGACCTGT -3°

DLK1

F: 5- GTACTCGGGAAAGGACTGCC -3’
R: 5- CTCGCAGAAATTGCCTGAGA -3'

PRSS23

F: 5- CAACGACTCCACTTCAGCCA -3
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R:5- ATTGCCTGGTCGGTCATTGT -3’

RASGRP1 (Shu et al., 2021)

F: 5°- TGGAAACCTGTGTCGAAGTAAC -3’
R: 5- ACTCCTCCATAGTGTCTGTCAAG -3’

TGFRB2 (Xu et al., 2020)

F: 5'- ACTGCCCATCCACTGAGACAT -3'
R: 5’- CCATACAGCCACACAGACTTCC -3’

METTL7A

F: 5- GGGTGACCTGTATTGACCCC -3°
R: 5’- TGAAATAGAAAGCCCCTCCCG -3’

MAP1B

F: 5°- GTTGGAAGGAAAGGCTCAGT -3’
R:5-CTTGCTGTTTCTCATGGGTC -3’

MKI67

F: 5'- GTGTCAAGAGGTGTGCAGAA -3'
R:5-GCCTTACTTACAGAATTCAC -3'

VIM

F:5-CGTCACCTTCGTGAATACCA -3
R: 5'- CCAGAGGGAGTGAATCCAGA -3'

CXCL12

F: 5'- GCCAACGTCAAGCATCTCAAA -3
R:5-TTCTTCAGCCGGGCTACAAT -3'

FAS

F: 5- AATAAACTGCACCCGGACCC -3
R:5'- AGAAGACAAAGCCACCCCAA -3

CDC6

F: 5'- AGTCAGATGTCAAAAGCCAGACT -3'
R: 5- TTGGCTCAAGGTCATCCTGTTA -3'

STONZ2

F: 5- GGCTGACTCAACTGACAATTCC -3'
R:5- AAACGAGCAGAGGTCACTGG -3'

FOSL2

F: 5'- GGCCCAGTGTGCAAGATTAGCC -3'
R: 5-TTTCACCACTACAGCGCCCACC -3

TPT1

F: 5'- GATCGCGGACGGGTTGT -3'
R: 5- TTCAGCGGAGGCATTTCC -3'

2.1.3. Antibody List

The primary and secondary antibodies used for the western blot experiment were listed in

Table 2-6 with the information of companies, catalogue numbers and working dilutions of each

antibody.

Table 2-6. List of antibodies used in Western Blot.

Product Name

Company Catalogue Number Dilution

CHRNAS5

Abcam ab259859 1:2000

24



p53 Santa Cruz sc-126 1:1000

p21 ** BD Biosciences 554228 1:1000

CCND1 ** Cell Signalling 2922S 1:1000

PLK1 ** Invitrogen PA5-28023 1:1000

IREla ** Cell Signalling 3294S 1:1000
Beta-Actin ** MP Biomedicals 691001 1:5000
GAPDH ** Santa Cruz SC-47724 1:5000
Anti-rabbit IgG, HRP-linked Cell Signalling #7074 1:10000
Anti-mouse 19gG, HRP-linked Cell Signalling #7076 1:10000

The antibodies were marked (**) were kind gifts from Prof. Dr Ozgiir Sahin.

2.1.4. Prepared Solutions and Recipes

The list of prepared solutions and buffers and their recipes were indicated in Table 2-7;

solutions and buffers were categorised according to the experimental process they used.

Table 2-7. List of prepared buffers and solutions used in this thesis.

Western Blot

Solutions and Buffers

Components

24 g of Trizma® Base and 88 g of NaCl dissolved in 900 ml of ddH.O.

TBS (10x) After adjusting pH to 7.6 with HCI, the volume was completed to 1 litre
using ddH-0O
TBS-T (Tween 20) 100 ml of 10X TBS and 2 ml of Tween20 into 900 ml of ddH.O

(0.2%) (1x)

Pl (25x) 2 tablets of cOmplete, EDTA-Free were dissolved in 840 pl ddH,O

PhosStop(20x)

2 tablets of PhosSTOP Easypack Phosphatase Inhibitor Cocktail Tablets
were dissolved in 1 ml ddH;0

75 ul of 2M NaCl, 10 pl of NP-40, 50 ul of 1M Tris-HCI, pH: 8.0, 10 pl of

RIPA Buffer (1 ml) 10% SDS, 40 pl of 25X PI, 40 pl of 20X PhosSTOP and the volume was

completed to 1 ml with ddH.O

10% APS 0.5 g of Ammonium persulfate (APS) dissolved in 5 ml of ddH.O
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SDS Loading Dye (4x)

100 ul of 2-mercaptoethanol added into 900 ul of 4x Laemmli Sample
Buffer

Running buffer (10x)

30.3 g Trizma® Base, 144 g of Glycine, 10.08 g of SDS dissolved in
ddH20 up to 1 litre

Anode | Buffer

18.15 g of Trizma® Base and 100 ml of 100% Methanol prepared into
ddH0 as 500 ml of the final volume

Anode |1l Buffer

1.5 g of Trizma® Base and 100 ml of 100% Methanol prepared into
ddH0 as 500 ml of the final volume

Cathode Buffer

2.62 g of 6-aminocaproic acid and 100 ml of 100% Methanol prepared
into ddH-O as 500 ml of the final volume

Blocking solution (5%)

5 g of BSA or milk powder dissolved into 100 ml of 1x TBS-T (0.2%)

Mild Stripping Buffer

1.5 g of Glycine, 0.1 g of SDS, 1 ml of Tween 20 dissolved in 50 ml of
ddH-0, adjusted to 2.2 pH with HCI, and completed up to 100 ml with
ddH,0

MTT Cell Viability Assay

Solution/Buffer

Components

MTT (12 mM) 5 mg of MTT dissolved into 1 ml of 1xPBS
SDS-HCI Solution 1 g of SDS and 8 ul of HCI dissolved in 10 ml of ddH2O
(0.01 M)
Mini Prep
Solution/Buffer Components

TENS Lysis Buffer

0.5 ml of 1 M Tri-HCI (pH: 7.5), 0.1 ml of 0.5M EDTA, 1 ml of 5M
NaOH and 2.5 ml of 10% SDS dissolved in ddH,0 as 50 ml of the final
volume

3M Potassium Acetate,
pH: 7.5

29.5 g of Potassium Acetate dissolved in 80 ml of ddH0, then adjusted to
7.5 pH with glacial acetic acid, and completed to 100 ml with ddH,O

DNA & RNA Isolation

Solution/Buffer

Components

TAE Buffer (50x)

121 g of Trizma® Base, 50 ml of 0.5M EDTA and 28.55 ml of glacial
acetic acid dissolved in 300 ml of ddH0O; adjusted to 8.5 pH via glacial
acetic acid if required, and then completed to 500 ml with ddH.O

3 M Sodium Acetate,
pH: 5.2

24.61 g of Sodium Acetate (anhydrous) in 80 ml ddH-0O, then adjusted to
5.2 pH by adding glacial acetic acid, then completed to 100 ml with
ddH,0

Agarose Gel (1%)

1 g of agarose into 100 ml of 1x TAE Buffer and the solution was boiled
in a microwave until it became clear. After cooling down, 5 pul of EtBr
added
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Bacteria Culture

Solution/Buffer

Components

Luria-Bertani (LB)

5 g of Tryptone, 5 g of NaCl and 2.5 g of Yeast Extract dissolved in 500

Broth ml of dH-O and autoclaved
5 g of Tryptone, 5 g of NaCl, 2.5 g of Yeast Extract and 7.5 g of agar
LB Agar dissolved in 500 ml of dH»O and autoclaved; if required, ampicillin was

added at 100 ug/ml concentration

Ampicillin (1000x)

500 mg of Ampicillin Sodium Salt dissolved in 5 ml ddH:O, filtered with

a 0.22 um filter

50% Glycerol

88.2 ml of 85% Glycerol diluted with ddH-O up to 150 ml, then
autoclaved for sterilisation

2.1.5. Laboratory Equipment

The laboratory equipment that was used to conduct experiments was listed in Table 2-8; the

company of each equipment was specified.

Table 2-8. List of equipment used.

Instrument Name

Company, Country

NanoDrop ND-1000

Thermo Fisher Scientific, USA

PCR Thermal Cycler 2720

Applied Biosystems, USA

LightCycler® 96 Instrument

Roche, Switzerland

Synergy HT Microplate Reader

Biotek, USA

Amersham™ |mager 600

GE Healthcare Life Sciences, USA

DIC Microscope, DMi8

Leica, Germany

Biological Safety Cabinet

NuAire, USA

Air-Jacketed Automatic CO; Incubator

NuAire, USA
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2.2. Methods

2.2.1. Bacteria Culture

This study mainly used bacteria cultures to produce overexpression plasmids to generate a

transient or stable expression of TP53 wild-type and missense mutants by transforming competent cells.

2.2.1.1. LB Broth & LB Agar Plate Preparation and Bacteria Growth

For the growth of the bacteria culture, LB Broth media were prepared. NaCl (Isolab,
969.033.100), yeast extract (BioShop, YEX401) and Tryptone (BioShop, TRP402) were mixed
into ddH-0 as described in Table 2-7 and autoclaved for sterilisation. If required, ampicillin
(Sigma-Aldrich, #A9518) was added as 100 pg/ml of final concentration after the media were
cooled down. It was stored at four °C for up to 4 weeks if it contained ampicillin; otherwise, it

might be stored for more than 2 months.

LB agar plates were prepared with and without 100 ug/ml of ampicillin for colony selection
and competent cell preparation, respectively. As mentioned in Table 2-7, NaCl, Tryptone,
yeast extract and additionally agar (Sigma-Aldrich, #05039) were autoclaved with ddH2O.
When the solution was cooled down, ampicillin was added if required. LB agar solution was
distributed into Petri dishes in a sterile environment and left near the flame until it hardened

and cooled. Plates were sealed with parafilm and stored upside down at 4°C for up to 4 weeks.

2.2.1.2.  Cell Culture Grade Plasmid Isolation of TP53 Expressing Plasmids

Stab agar cultures of pCMV-Neo-Bam (Addgene, #16440), pCMV-Neo-Bam TP53 WT
(Addgene, #16434), pCMV-Neo-Bam TP53 R175H (Addgene, #16436), pCMV-Neo-Bam
TP53 R248W (Addgene, # 16437), pCMV-Neo-Bam TP53 R273H (Addgene, #16439)

plasmids ordered from Addgene were streaked to LB agar with ampicillin plate. After the
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overnight incubation at 37°C, a single colony was selected for each plasmid, and each selected
colony was grown into 8 ml LB Broth with ampicillin media for 8 hours at 37°C into a shaker
with 220 rpm as a starter culture. Starter culture was diluted with a 1:1000 ratio into 100 ml

LB Broth with ampicillin and left for overnight culture in a shaker at 37°C with 220 rpm.

100 ml overnight cultured bacteria were transferred into 50 ml falcons and centrifuged at 4000
g for 15 minutes at 4°C. NucleoBond Xtra Midi Plus kit for Transfection-Grade Plasmid DNA
(MN, #740412) was used to isolate plasmids. According to the manufacturer’s manual,
plasmids were eluted into the TRIS Buffer; purity and concentration of the plasmids were
measured with NanoDrop and stored at -20°C. In the following experiments, i.e., sequencing

and transfection, plasmids were precipitated and dissolved into nuclease-free water.

According to Cold Spring Harbor (CSH) Protocols, DNA precipitation was performed to
precipitate plasmids from the TRIS buffer. (Green & Sambrook, 2016) One-third of the plasmids
in the TRIS buffer were separated for precipitation. 3M sodium acetate was added by adjusting
the final concentration to 0.3M and left for overnight incubation at -20°C. Exactly twice the
volumes of ice-cold ethanol were introduced and maintained on ice for 20 minutes. Plasmids
were centrifuged at 13000 rpm for 10 minutes at 4°C. After the centrifugation step, the
supernatant was discarded carefully and then obtained pellet was washed with ice-cold 70%
ethanol. The samples were centrifuged again for 5 minutes at 4 °C at 13000 rpm. As a final
step, the pellet was resuspended into nuclease-free water, and plasmids measured with
NanoDrop for concentration and purity were kept at -20°C.

2.2.1.3.  Cloning of Plasmids for Stable Transfection

Since the ordered plasmids expressing wild-type and mutant TP53 gene were only mammalian

expression type plasmids and unsuitable for viral transfection protocol, the backbone was
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changed by cloning. For cloning, the new backbone was determined as pBabe-puro (Addgene,
#1764), which has mammalian expression and retroviral type plasmid features. Insert of the
pCMV-Neo-Bam plasmids were excised at their cloning site according to the manufacturer's
protocol, and ligation was performed with the new backbone and extracted insert for viral

transfection.

2.2.1.3.1. Excision of Inserts

According to cloning information, insert of mutant TP53 expression plasmids were excised at
their cloning side. BamHI-HF (NEB, #R3136) enzyme was used for pPCMV-Neo-Bam TP53
WT and pCMV-Neo-Bam TP53 R248W, with 1.8 kb fragment yielding, while EcoRI-HF
(NEB, R3101) enzyme was used for both pCMV-Neo-Bam TP53 R175H and R273H plasmids
with 1.3 kb yielding. For restriction enzyme reaction of each type of plasmid, two reaction
solutions were prepared: one for excision of the new backbone (pBabe-puro) and one for
excision of the plasmid with insert. 3 ug DNA (pBabe-puro or mutant TP53 gene expressed
plasmid), 5 pul rCutSmart, 1 ul restriction enzyme, either EcoRI or BamHI according to plasmid
type, and the volume was completed to 50 ul with nuclease-free water on ice. The mixture was
incubated at 37°C for 3 hours. After 3-hour digestion, 2 ul of rSAP (Shrimp Alkaline
Phosphatase) (NEB, M0731) was added to dephosphorylate the 5' and 3’-ends of the plasmid
of the new backbone; mixtures were incubated for 30 minutes at 37°C. At the end of the
incubation, to inactivate restriction enzymes, another incubation step was applied for 20

minutes at 65°C.

2.2.1.3.2.  Gel Extraction and Ligation

At the end of excision, restricted products were loaded into 1% agarose gel with EtBr to verify
the enzyme restriction. GeneRuler 1 kb was used as a ladder, and restricted plasmids and non-

restricted plasmids, as restriction enzyme control, were loaded with 6x TriTrack DNA loading
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dye (Thermo Fisher Scientific, SM0311). The agarose gel was run for 1 hour at 100 volts. After
gel imaging under the UV light, the bands of insert and backbone were cut from agarose gel.
By using Monarch® DNA Gel Extraction Kit, agarose was melted, and DNA fragments were

isolated from the agarose by following the manufacturer's manual.

In the following step, the required amount of backbone and insert plasmids for ligation were
calculated by considering the length of insert DNA, the length of vector DNA and the mass of

vector DNA by using the NEBioCalculator Online Tool (https://nebiocalculator.neb.com) (Eq.

1).

Equation 1. The formula of NEBioCalculator Tool, Ligation Calculator, to find the required
mass insert for DNA ligation with T4 DNA ligase.

Insert Molar Insert Length
X Mass of Vector (g) X

Required Mass Insert(g) =

Vector Molar Vector Length

According to Ligation Calculator, the required insert DNA mass was determined with the 1:3
ratio to the molar of vector DNA (backbone), pBabe-puro (5.1 kb) and the insert, and the
determined mass of plasmids used for ligation with T4 DNA Ligase (NEB, M0202) as provided

on Table 2-9.

Table 2-9. The amount of plasmids used for ligation was determined by using

NEBioCalculator.

Restricted Insert Type Amount of Insert Amount of Vector
TP53 WT (1.8 kb) 95.29 ng 90 ng
TP53 R175H (1.3 kb) 68.82 ng 90 ng
TP53 R248W (1.8 kb) 95.29 ng 90 ng
TP53 R273H (1.3 kb) 68.82 ng 90 ng

31


https://nebiocalculator.neb.com/#!/ligation

Ligation reaction for the defined amount of insert and vector was prepared as 20 ul of the final
volume; therefore, 2 ul of T4 DNA Ligate Buffer (10x) and 1ul of T4 DNA Ligase were added,
and the volume was fulfilled with nuclease-free water up to 20 ul, then incubated at room
temperature overnight and run on the 1% agarose gel to check whether ligation was achieved

or not. Restriction products were used as controls.

2.2.1.3.3.  Transformation

NEB® Stable Competent E. coli competent cells (NEB, C30401) were used for plasmid
transformation of ligation products that express TP53 wild-type or missense mutants and viral
packaging and envelope genes expressing plasmids separately, pPCMV-VSV-G (Addgene,

#8454) and Gag/Pol (Addgene, #14887), respectively.

Competent cells stored at -80°C were incubated for approximately 5 minutes on ice to be
thawed. 5 ul of ligation product and control were added to cells, mixed gently without pipetting,
and incubated on ice for 30 minutes. Tubes were incubated at 42°C for 30 seconds, and tubes
were placed on ice to cool down for approximately 10 minutes. 800 ul of LB Broth were added,
and competent cells were incubated at 37°C for 1 hour in a shaker with 220 rpm. Following the
incubation, tubes were centrifuged for 5 minutes at 1500 rpm, approximately 750 ul of
supernatant were discarded, and the pellet was dissolved with the remaining LB Broth.
Competent cells were streaked into LB agar plates with ampicillin and left in 37°C-incubator
for overnight. At least 10 colonies were selected, and each was grown into 5 ml of LB Broth

media with ampicillin at 37°C for overnight on a shaker with 220 rpm for plasmid isolation.

The same procedure was followed for transforming viral packaging and envelope plasmids to

clone the plasmids for viral transfection protocol.
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0.5 ml of overnight incubated bacteria cultures were used to make glycerol stocks to store the
transformed bacteria for long-term stable storage and plasmids isolation according to colony
screening results. Glycerol was diluted to 50% with dH>O and autoclaved for sterilisation. 500
ul of 50% glycerol was gently added to 500 ul of overnight culture in tubes under aseptic
conditions, and the final concentration of glycerol was adjusted to 25%. Glycerol stocks were

snap frozen with liquid nitrogen, then stored at -80°C for long-term storage.

2.2.1.3.4.  Plasmid Isolation with Mini-Prep without Kit Protocol

After overnight growth of each colony, 1.5 ml of bacteria culture was transferred into tubes
and spun down for 5 minutes. Supernatants were discarded entirely, and the pellet was
resuspended with 100 ul of TE buffer with 10 pl/ml RNase A. 300 ul of TENS Buffer was
added. Samples were vortexed for ~5 seconds until they became sticky. To stop the reaction,
150 pul of 3M Potassium Acetate (KoAc) were added, vortexed for 5 seconds and then,
centrifuged at 5000 rpm for 10 minutes. The supernatant of samples was transferred into fresh
tubes carefully, mixed with 900 ul of pre-cooled 100% ethanol and centrifuged at 13000 rpm
for 5 minutes at 4°C to precipitate plasmids. The supernatant was replaced with 70% ethanol
and centrifuged. After the supernatant was removed, pellets were left to air-dry for
approximately 30 minutes. When thoroughly dried, they were resuspended into 40-50 ul of
nuclease-free water, depending on the pellet size. After measuring of concentration and purity

of samples on NanoDrop, plasmids were used for colony screening and stored at -20°C.

2.2.1.3.5.  Colony Screening and Selection

Since the 5' and 3' cloning sites of each TP53 expressing plasmid were the same, conforming
to the direction of the insert had to be controlled in addition to controlling for ligation.
Therefore, a specific restriction enzyme was selected using Benchling: Cloud-based platform

(https://www.benchling.com/). Two main criteria were considered during the selection; (1) the
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enzyme could cut the target plasmids in the insert, and the backbone, and (2) the enzyme cutting
could give cut products with different and distinguishable sizes on agarose gel when ligation
was not achieved or was achieved for both insert direction. After all possible enzymes listed
by their cut sites and product sizes, Ncol-HI (NEB, R3193) was selected for colony screening
and in silico restriction cut results were obtained for each ligation product with both forward

and reverse the direction of the inserts into the backbone from Bechling.

1000 ng plasmid from each colony was used for a restriction enzyme reaction. 0.5 ul Ncol-HF
enzyme, 3 pl rCutSmart buffer and nuclease-free water to fulfil the final volume up to 30 pl
were used with plasmids to prepare the restriction enzyme reaction. The restriction solutions
were incubated at 37°C for up to 3 hours. To inactivate enzyme functionality, solutions were
also incubated at 80°C for 20 minutes. Digestion products were run on 1% agarose gel, as
positive control pCMV-Neo-Bam plasmids were used for each type of insert since the pattern

of these plasmids with Ncol-HF enzyme cut was known.

2.2.1.3.6. Cell Culture Grade Plasmid Isolation of Cloned Plasmids and Viral

Packaging and Envelope Genes Expressing Plasmids with Midi-Prep Kit

According to the colony screening procedure, glycerol stocks of the selected colony were
thawed into ice, streaked into LB agar plates containing ampicillin, and incubated overnight at
37°C. A single colony was selected from overnight incubated plates and grown into 8 ml LB
Broth with ampicillin as a starter culture for 8 hours at 37°C in a shaker with 220 rpm. Starter
culture was diluted 1:1000 into 50 ml of LB Broth medium containing ampicillin for high copy
number plasmids. The volume of LB Broth medium was increased to 100 ml for low-copy
number plasmids with the same dilution rate. The culture was grown overnight at 37°C and
220 rpm. Incubated cultures were transferred into 50 ml falcons, and plasmids were isolated

according to the manufacturer's instructions of PureLink™ HiPure Plasmid DNA Purification
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Kits (Thermo Fisher Scientific, K2100). After the elution and precipitation step, pellets were
resuspended into 40 ul of nuclease-free water; their purity and concentrations were obtained

by NanoDrop and then stored at -20°C for long-term storage.

Plasmids were cut with BamHI or Ncol enzyme and run on 1% agarose gel to confirm whether

these samples contained any additional DNA contamination.

2.2.2. Cell Culture Maintenance & Handling

2.2.2.1. Thawing Procedure

For the thawing procedure, frozen cell lines were taken from main cell stocks, which are kept
in liquid nitrogen tanks, into 2 ml-cryovials, and each vial was thawed via the water bath at
37°C until at least half of the tube was melted. The remaining frozen sample was melted by
adding warmed complete DMEM, supplemented with 10% FBS, 2% L-Glutamine, 1% sodium
pyruvate, 1% non-essential amino acids and without penicillin-streptomycin, up to 5 ml. After
mixing DMEM with cells, the mixture was taken into 15 ml falcons and centrifuged at 1500
rpm for 5 minutes. The supernatant was removed, and the remaining pellet was resolved into
3-4 ml of new complete DMEM with a 5 ml final volume and transferred into the T25 flask.
After overnight incubation at the incubator at 37°C with 5% CO2, flasks were examined under

the microscope and maintained at the incubator for the following procedures.

2.2.2.2. Passaging of Mammalian Cell Culture

When the confluency of the cell lines reached 80-90%, old media was removed, dish/flask was
washed with 1xPBS, and 0.5 or 1 ml of 1xTrypsin-EDTA was added into T25 and T75 flasks
or 10 cm dishes, respectively. Following the 3-5 minutes of incubation, media was added to
twice the volume of trypsin to stop the activity of trypsin, and detached cells were collected

into falcons. Precipitated cells centrifugated at 1500 rpm for 5 minutes were dissolved into
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fresh complete DMEM with 1% penicillin/streptomycin. Resuspension was divided into a new

flask, with the dilution determined according to the growth rate of each cell line.

2.2.2.3.  Cell Seeding

According to the type of cell line and multi-well plate, the required numbers of cells per well
for main transfection procedures were indicated in Table 2-10. After cells were detached from
the flask/plate surface with 1xTrypsin-EDTA, they were counted via a haemocytometer at least

three times and seeded into multi-well plates.

Table 2-10. The number of cells seeded for in vitro studies for each type of cell line.

Cell Line 96-well 24-well 12-well 6-well
MCF7 2,000 50,000 100,000 200,000
MDA-MB-231 2,000 - 100,000 200,000
HEK?293 - - - 200,000

2.2.2.4. Freezing Cells

To preserve the main stock of the mammalian cell lines, cells were frozen in their early
passages and stored in nitrogen tanks. Cell lines collected with 1xTrypsin-EDTA were
centrifuged at 1500 rpm for 5 minutes, and the pellet was resuspended with freezing media
prepared as 90% FBS and 10% DMSO. Resuspension was split into 2 ml-cryovials as
approximately 1 million cells per vial. Cryovials were placed into Nalgene® Mr Frosty to
provide the 1°C/minute cooling rate and stored overnight at -80°C. After the overnight

incubation, cryovials were placed in liquid nitrogen tanks for long-term storage.
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2.2.3. MTT Analysis for Cell Viability and Toxicity Detection of

Overexpression Plasmids with or without siRNA

The required number of cells were seeded per well in 96-well plates as described in Table 2-
10. The day after cell seeding, old media was removed, and transfection was performed with
Lipofectamine 2000 or HiPerfect according to the type of oligonucleotide. After 72-hour
treatment, the MTT experiment was applied according to the manufacturer's instructions. 5 mg
of MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) was dissolved
entirely into 1 ml of 1xPBS and filtered by using 0.22 um filter. It was mixed with 10 ml of
complete DMEM phenol red-free since phenol red might interfere with the absorbance values
of the reads. Old media was replaced with the phenol red-free DMEM and MTT mixture as
110 pul per well. As a result, it became 100 pul of DMEM and 10 pl of MTT per well. After 4-
hour incubation of MTT in the incubator, freshly prepared 10 ml of 0.01 M HCI with 1 gram
of SDS solution added as 100 pl to each well and left for 16-18-hour incubation in the
incubator. The absorbance values of the MTT experiment were obtained using the Microplate

Spectrometer at 570 nm wavelength. Experiments were performed as 5 replicates for each

group.

2.2.4. Transient Transfection of TP53 Overexpression Plasmids

Transient transfection for overexpression of TP53 wild-type and mutant gene expression was
performed in the MCF7 cell line using Lipofectamine 2000 transfection reagent (Thermo
Fisher Scientific, 11668). In a previous study, optimal plasmid transfection amounts were
determined by Bircan Coban as 1 pg of plasmid and 2 pl of Lipofectamine 2000 by using
pEGFP vector. Two different aspects were tried to find the optimal amount of TP53
overexpression plasmid. Firstly, different concentrations of plasmids were determined as 250

ng/ml, 500 ng/ml, and 1000 ng/ml. Since a high toxicity effect was observed on MTT results,

37



concentrations were changed to the amount of plasmids proportional to the seeded cell number.
The amount of the plasmids were used as 500 ng, 1000 ng, and 2000 ng for 200,000 seeded
cells per well in a 6-well plate. It was comparatively decreased by considering cell number

with other components, i.e., Opti-MEM 1| and Lipofectamine 2000 reagents.

A transfection procedure was performed the day after 200,000 cells-seeding per well on 6
wells. As the first step, old media was replenished with 1.5 ml of fresh complete DMEM
without penicillin/streptomycin. The required amount of plasmid was mixed with 250 pl of
Opti-MEM | medium (Thermo Fisher Scientific, 31985062) in a tube, and 2 ul of
Lipofectamine 2000 was diluted in 250 ul of Opti-MEM I in another tube for each well, then
incubated for 5 minutes at room temperature. The diluted DNA mixture was added into
Lipofectamine 2000 mixture drop by drop and slowly to allow the DNA-lipid complex
formation and left for 20-minute incubation. DNA-lipid mixture was added to cells as 500 ul
per well and incubated for 72 hours. At the end of the treatment, the effects of the transfection
were checked by MTT assay, western blot and/or qPCR experiments, and 1000 ng plasmid was

decided as an optimal dosage for transient transfection protocol.

2.2.5. Transfection of sSIRNA and Mimics

MCF7 and MDA-MB-231 cell lines were used for siRNA or miRNA mimic transfection by
using HiPerfect (Qiagen, 301704) in this study. To downregulate CHRNADS and wild-type and
mutant TP53 gene expression, SIRNA CHRNAS5 (siCHRNAS) (Qiagen, SI103051111) and
SIRNA TP53 (siTP53) (Qiagen, S102623747) were used with All-Star Negative Control SiRNA
(Qiagen, S103650318). Syn-hsa-miR-495-3p miScript miRNA Mimic was used for the mimic

transfection on the MCF7 cell line.
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Cells were seeded according to Table 2-10. On the following cell seeding day, transfection

mixtures for oligonucleotides were prepared as described in Table 2-11.

Table 2-11. siRNA/miRNA Mimic transfection conditions per well according to types of cell

culture multi-well plates.

Type of Cell Number Vqlume of For 10 nM For 10 n_M_miRNA
Plate HiPerfect SiRNA Mimics
6-well 200,000 6 ul 1 ul 1 ul
12-well 100,000 3 ul 0.5 ul 0.5 ul

96-well 2,000 0.6 ul 0.1 ul 0.1 ul

When combination treatments were applied, an equal amount of negative control scrambled
SiIRNA, scRNA or siControl, were added to individual treatment groups; therefore, SCRNA was
used to equalise the total concentration of oligonucleotide molecules for every group in the
experimental setup. For each group required volume of oligonucleotides was mixed in tubes,
and HiPerfect transfection reagent was added and mixed through pipetting. After a brief
vortexing step, tubes were spun down and incubated for 10 minutes to allow the transfection
complex formation at room temperature under the hood. Meanwhile, old media was changed
with fresh complete DMEM, then incubated transfection complex was added drop by drop, and
the plate was gently swirled to provide uniform distribution of transfection mixture into wells.
Cells were incubated for 72 hours, and effects of the transfection were checked by MTT assay,

western blot and/or qPCR experiments at the end of the treatment.

2.2.6. siRNA Dual Transfection with Lipofectamine 2000 on MCF7 Cell
Line
To observe the effect of TP53 mutant overexpression with CHRNAS downregulation through

RNAI, the dual transfection procedure was applied using Lipofectamine 2000 according to the

39



manufacturer's protocol. MCF7 cells were seeded in a 96-well plate as described numbers, and
the day after the cell seeding, a transfection procedure was applied. SCRNA and siRNA
CHRNAS were used for RNAI treatment, pPCMV-Neo-Bam, (Empty vector, EV), pCMV-Neo-
Bam TP53 WT, pCMV-Neo-Bam TP53 R175H, pCMV-Neo-Bam TP53 R248W and pCMV-
Neo-Bam TP53 R273H plasmids were used for overexpression treatment; also, each
overexpression group was combined with RNAI reagents. While siRNA concentration was
kept constant, two different plasmid amounts were used, 5 ng and 10 ng per well. In this
experimental setup, EV and scRNA transfected groups were used as a negative control. The
total amount of siRNA and plasmids were equalled by adding scRNA and EV to individual

treatment groups.

Following the manufacturer's protocol, previously determined amounts of RNAIi and TP53
wild-type and mutant gene-expressing plasmids were given to MCF7 cells. MCF7 cells were
seeded in a 96-well plate as 2000 cells per well. The next day, similar to the transient
transfection protocol in section 2.2.4, for each well, RNAI and plasmids were diluted into 50
ul of Opti-MEM 1 in a tube, and 0.2 pul of Lipofectamine 2000 was diluted in another tube, then
incubated for 5 minutes. DNA-RNAIi complex was added drop by drop to Lipofectamine 2000
dilution mixture and incubated for 20 minutes at room temperature. Then, the DNA &RNAI-
lipid complex was distributed to cells and left for 72-hour of treatment. The MTT protocol was

applied to verify the effects of the treatment at the end of the treatment.
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2.2.7. Generation of Stable Expression MCF7 Cell Line by Retrovirus
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Figure 2-1. Workflow of stable MCF7 cell line generation. Generated on diagrams.net.

Since the low efficiency of the siRNA dual transfection experiment, it was decided to generate

stable TP53 WT, TP53 R175H, TP53 R248W or TP53 R273H gene expressing MCF7 cell line

to investigate the relationship between CHRNA5 and TP53. Among the other methods,

retroviral transfection was considered the most promising approach. Accordingly, retroviruses

encapsulated in the interested overexpression plasmid were produced in the HEK293

packaging cell line; these viruses were concentrated and used for transduction on the target

breast cancer cell line, MCF7 (Figure 2-1).
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2.2.7.1. Kill Curve Generation with Selection Antibiotic & Crystal Violet
Staining

To determine the dosage of the puromycin as a positive selection marker for the transduced
MCF7 cell line, the dosage range was identified as between 0 - 3 pg/ml of puromycin,
according to both manufacturer directions and literature. MCF7 cells were seeded as 50,000
cells per well into a 24-well plate with 0.5 ml complete DMEM with penicillin/streptomycin.
After 24-hour incubation, cells were treated with puromycin as 2 replicates for each dosage.
Cells were observed for 10 days, and media with puromycin were changed every two days. At
the end of the 10 days, cells were fixed with 4% PFA (paraformaldehyde), and 0.5% crystal

violet stain was used to stain the remaining cells in wells.

4% PFA was prepared as a fixative reagent. 20g f PFA powder was added to 400 ml of heated
1xPBS to approximately 60°C while stirring under the ventilated chemical hood. The pH of
the solution was slowly raised by adding 1IN NaOH dropwise to dissolve the PFA powder
completely. When the solution became clear, it was cooled down, pH was adjusted to 6.9-7,

and the solution was stored at -20°C as aliquots.

0.5 % crystal violet stain was freshly prepared as 0.5% crystal violet powder and 25%
methanol into ddH20. 10% acetic acid into ddH2O was used as a destaining solution of crystal

violet staining.

At the end of the 10-day selection, old media were discarded, and wells were washed with 1x
PBS. Under the ventilated chemical hood, 500 ul of 4% PFA was added to wells on a shaker
and incubated for 20 minutes at room temperature. 4%PFA solution in each well was discarded,

wells were washed with 1x PBS 3 times, and 0.5% of crystal violet stain was added as 500 pul
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per well and incubated for 15 minutes at room temperature. The stain was discarded, an
excessive amount of crystal violet stain was washed with ddH-O, and the plate was left for air-
dry overnight at room temperature in the dark. After the incubation, a plate image was taken
by scanning, and 250 ul of staining solution was added to each well and incubated for 15
minutes. Destained solutions from each well was transformed into 96-well plates, 1:100 diluted
into 100 pul of ddH>0, as triplicates and the reads were obtained at 590 nm wavelength by using

the microplate reader.

2.2.7.2. Transfection on HEK?293 Cell Line & Virus Collection

HEK?293 cells were seeded into a 6-well plate as 200,000 cells per well, and 4 wells were used
for virus collection of each type of stable line. The day after cell seeding, the old medium was
replenished with 1.75 ml of fresh complete DMEM. Plasmids containing envelope gene (VSV-
G) and packaging genes (viral Gag/Pol) were co-transfected with LTR containing TP53 wild-
type or mutant genes gene expressing plasmids (pBabe-puro TP53 WT or R175H or R248W
or R273H) through Lipofectamine 3000 transfection reagent (Thermo Fisher Scientific,
L3000008). In total, 2.5 pug of TP53 wild-type or mutant gene expressing pBabe-puro, pCMV-
VSV-G and Gag/Pol and pBabe-puro plasmids were diluted for each well according to a 2:1:1
ratio in Opti-MEM |, then 5 pul of P3000 reagent was added; the volume was completed to 125
ul with Opti-MEM 1. Accordingly, 1.25 ug of pBabe-puro TP53 WT or mutant, 0.625 ug of
pPCMV-VSV-G and 0.625 ng of Gag/Pol plasmids were used per well. In another tube, 3.75 ul
of Lipofectamine 3000 transfection reagent was diluted in 125 pl of Opti-MEM 1 for each well.
The DNA-lipid complex was mixed with Lipofectamine 3000 dilution drop by drop, incubated
for 10-15 minutes under the cell culture hood, and 250 ul of solution per well was distributed

to wells gently.
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24 hours after the treatment, the medium was changed to 1.5 ml of new complete DMEM and
incubated for 24 more hours in the incubator. Media was collected twice over 24 hours periods
into 50 ml falcon, wrapped with aluminium foil and kept at 4°C. After each collection, the
media was changed to 1.5 ml fresh media. Collected media from 4 wells was filtered with a
0.45um filter to eliminate any remaining HEK293 cells in the media and concentrated with
Amicon® Ultra-15 centrifugal filter unit by centrifuging at 5000 rpm for 20 minutes at 4°C up

to 1 week.

2.2.7.3. Transduction on MCF7 Cell Line

MCF7 cells were seeded as 50.000 cells per well into a 6-well plate for transduction with
Polybrene infection/transfection reagent (EMD Millipore, TR-1003-G). One well was used for
transduction, and another well was used as a control, containing only polybrene into DMEM.
The day after cell seeding, 2 ml of media was replenished, and approximately 200 ul of
concentrated media was added into the transduction well. 2 pul of polybrene was added into
both control and transduction groups as 10 pg/ml final concentration and incubated for 24
hours. 24 hours later, the media was replaced with new complete media, and cells were

incubated into fresh media for 48 hours.

At the end of the incubation, 1 pg/ml puromycin was used for selection of control and treatment
wells, and it was changed every 2 days until all endogenous cells died in the control group.
When all the control group cells died, the transduction group was passaged into a T25 flask to

grow into complete DMEM with 1pg/ml puromycin.
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2.2.8. Total Protein Extraction and Quantification

2.2.8.1. Total Protein Extraction

RIPA lysis buffered prepared as described in Table 2-7 freshly. For protein isolation, dead
cells were collected with media and first 1xPBS-wash. Collected dead cells were centrifuged
at 5000 rpm for 5 minutes, and cell pellets were dissolved into RIPA buffer. Cells were
rewashed with cold 1x PBS, then scraped with freshly prepared RIPA lysis buffer, and
collected into 1.5 ml tubes. Every group's collected dead cells were combined with its scraped
cells, and these were incubated on ice with vortexing every 5 minutes for 30 minutes. Cell
lysates were centrifuged at 13000 rpm for 15 minutes, and then supernatants, which contains
proteins, were transferred into new tubes. Collected proteins were stored at -80°C against

degradation for long-term storage.

2.2.8.2. BCA Analysis and Protein Quantification

Quantification of isolated protein concentrations were performed by using Pierce™ BCA
Protein Assay Kit (Thermo Fisher Scientific, 23227) according to the Kit's protocol with
triplicates of each experimental group. A standard curve was plotted as a linear regression
graph according to "y = ax + b" equation, where y refers to absorbance values, and x refers to
the concentration of each sample. In addition to the main formula, concentrations of each

sample were found by multiplying with 12.5, which is a dilution factor of the samples.

According to BCA results, 10 pg protein from each sample was transferred into tubes, and a
1:4 total volume of 4x Laemmli sample buffer was added (Bio-Rad, 1610747). Each sample's
final volume and concentrations were equalised by adding RIPA lysis buffer. Samples were

denatured at 95°C for 5 minutes and stored at -20°C if required.
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2.2.8.3. SDS-Page and Western Blot & Mild Stripping Protocol

10% SDS page was prepared by using TGX Stain-Free™ FastCast™ Acrylamide Kit (Bio-
Rad, 1610183) according to the manufacturer's protocol. Samples were loaded as 10 pg unless
otherwise stated, and 2 ul of PageRuler prestained protein ladder (Thermo Fisher Scientific,
26616) was loaded into the gel. It was placed in a running buffer, described in Table 2-7, at 80
volts; after the loaded samples passed from the stacking gel to the resolver gel, the voltage was
increased to 120 volts. After the running step, proteins were transferred from the gel to PVDF
(polyvinylidene difluoride) western blotting membranes (Roche, 03010040001) by semi-dry
transfer method for 55 minutes at 25 volts and up to 1.3 amps. Also, transfer buffers used

during this procedure were listed in Table 2-7.

Following the transfer, the membrane was stained with Ponceau S solution (Sigma-Aldrich, P-
7170) on a shaker for 5 minutes and rinsed with dH2O to remove the excessive Ponceau S
solution. The membrane was blocked by using 5% BSA in 0.2% TBS-T for 60 minutes at room
temperature and left for overnight incubation at 4°C on a rotator into the primary antibody
solution. Primary antibodies utilised in this study were given in Table 2-6 including working
dilutions. The next day, incubated membrane was washed three times with 1x TBS-T for 10
minutes and incubated with 1:5000 diluted secondary antibodies for 60 minutes in room
temperature. When the incubation period finished, it was washed 3 times with 1x TBS-T for
10 minutes. Protein detection was perfomed by using Amersham ECL Prime Western Blotting

Detection Reagent (Cytiva, RPN2232) on Amersham Imager 600.

To detect more than one protein having similar sizes in one membrane, a mild stripping
protocol was performed to remove previously visualised antibodies. Freshly prepared mild

stripping buffer was used according to Table 2-7. The membrane was incubated twice with
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mild stripping buffer for 10 minutes at room temperature on a shaker. It was washed twice with
1x TBS for 5 minutes and with 1x TBS-T 2 times; each wash step took 10 minutes. After the
washing steps, the membrane was blocked and incubated with primary, then secondary

antibodies, as described above.

GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) or beta-Actin proteins were used as
loading control proteins to normalise the level of the proteins to check whether the amount of

the loaded proteins was the same in the gel.

2.2.8.4.  ImageJ Analysis of Western Blot Results

To represent the quantification of the western blot results, densitometry of bands was measured
using ImageJ (version 1.53a) programme. The image taken by Amersham Imager 600 was
uploaded to ImageJ, and the image type was turned to an 8-bit scale. After, the bands belonging
to a specific primary antibody were linearised horizontally. The line of the bands was selected
by a rectangular, area of the bands was plotted, and the percentage for these areas was

calculated. These percentages were used for relative expression analysis of protein expressions.

Percentages from densitometry measurement were transformed to the logarithm of the values
to base 2 and normalised to each sample's GAPDH value through subtraction. Next, the values
were normalised to the mean of the biological replicates of the control group, and obtained

values were used for statistical analysis; results were represented as relative expressions.
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2.2.9. Total RNA Isolation and Quantification

2.2.9.1. Total RNA Isolation

For total RNA isolation, pellets were collected by detaching with 1x Trypsin-EDTA and
washed twice with ice-cold 1x PBS. Collected cells were centrifuged at 1500 rpm for 5 minutes

between each step. After snap-freezing with liquid nitrogen, cell pellets could be kept at -80°C.

Total RNA isolation of MCF7 cells treated with 10 nM siCHRNAJS and/or 10 nM siTP53 was
performed on ice with RNeasy Mini Kit (Qiagen, 74104) by following the kit's protocol. RNA
was eluted into 40 p of nuclease-free water at the elution step. After the concentration and

purity measurements with NanoDrop, samples were stored at -80°C.

Differently from the kit protocol, total RNA isolation of optimisation experiments, SiRNA
and/or overexpression plasmid transfected samples were performed using QIAzol Lysis
Reagent (Qiagen, 79306). Cell pellets were thawed and dissolved with 0.7 ml of QlAzol on
ice. After the homogenisation, 140 ul of chloroform was added, tubes were mixed by pipetting
and inverting several times, and left for 5-minute incubation at room temperature. Tubes were
centrifuged at 13000 rpm for 17 minutes at 4°C, and the mixture became separated into three
distinct phases, pink-coloured, white-cloudy and colourless aqueous, from bottom to top. The
upper aqueous phase was taken cautiously by not contaminating the cloudy interphase and
mixed with 500 ul of 100% filtered isopropanol by inverting the tubes five times. Tubes were
incubated for 10 minutes at room temperature, then centrifuged at 13000 rpm for 12 minutes
at 4°C. After discarding the supernatant, 1 ml of 75% ethanol, filtered with a 0.22 pum filter,
was added, and tubes were centrifuged for 8 minutes at 8000 rpm at 4°C. After discarding the
supernatant, 1 ml of 100% filtered ethanol was added, and samples were centrifuged at 8000

rpm for 8 minutes at 4°C. Tubes were left to air-dry under the ventilating chemical hood at an

48



upside-down position. Dried samples were resuspended into 30-40 ul of nuclease-free water,
and concentrations and the purity of the sample were measured using NanoDrop. RNA samples

could be stored at -80°C.

2.2.9.2. cDNA Synthesis

For the cDNA synthesis of isolated total MRNA or RNA, RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, K1622) was used with 800 ng of RNA for each
sample, according to the manufacturer's protocol. 800 ng of RNA volume was completed to 11
ul with nuclease-free water, and 1 ul of Oligo (dT)1s primer was added. 4 ul of 5x Reaction
Buffer, 1 ul of RiboLock RNase Inhibitor (R1), 2 pl of 10 mM dNTP Mix and 1ul of RevertAid
M-MuLV RT (RT) were mixed in this order for each sample. After gently mixing and brief
centrifuging, samples were incubated at 42°C for 60 minutes, and then the reaction ceased by
incubating at 70°C for 5 minutes. To perform qPCR experiments, 1:20 diluted cDNA samples

were used, and the main stocks of cDNAs were stored at -80°C.

2.2.9.3. gPCR Primer Design

Gene-specific forward and reverse primers, used to check gene expression levels, were
designed by using the Primer-BLAST Tool of the National Center for Biotechnology
Information (NCBI) (Ye etal., 2012). Primer parameters were changed to 1°C for Max melting
temperature (Tm) difference, 60°C for optimal Tm, and maximum product size was limited to
200 bp. In addition to these criteria, GC content (ideally around 50-60%) and mismatch scores
were checked. All primers with at least one predicted product were eliminated due to non-

specific binding.

After primers were designed, these were controlled by using the Oligo Analyzer Tool of IDT

(Integrated DNA Technologies) (https://eu.idtdna.com/pages/tools/oligoanalyzer) for self- or
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heterodimerisation or hairpin structure generation. AG score of each designed primer pair was
checked whether it was > -5.0 kcal.mol™. Lastly, primers were examined using the In-Silico
PCR Tool of the University of California Santa Cruz (UCSC) Genomics Institute

(https://genome.ucsc.edu/cgi-bin/hgPcr). GRCh38/hg38 human genome assembly was used.

2.2.9.4. gPCR Experiment & Analysis

Gene expression analysis on mRNA level was observed using a gPCR experiment with

LightCycler®™ 96 Instrument. LightCycler® 480 SYBR Green | Master (Roche, 4887352001)

was used to prepare the qPCR reaction. The gPCR reaction mixture was prepared as a final

volume of 8 ul per well; according to this, 5 ul of LightCycler® 480 SYBR Green | Master, 1

ul of the forward primer (10 uM), 1 ul of the reverse primer (10 uM) and 1 pl of nuclease-free
water were mixed. 1:10 primer dilutions were used for the master mix. After the master mix
was distributed to wells as 8 pul per well, 2 pl of 1:20 diluted cDNA was added to each well,
and the final volume became 10 ul per well; then, the plate was sealed. If primers were diluted
at a 1:10 ratio instead of 1:20, nuclease-free water in the master mix was increased to 2 pl per
well, and cDNA was added as 1 pl to keep both final volume and the concentrations constant.
The qPCR plate was centrifuged at 1500 rpm for 2 minutes, and the experiment was started on
LightCycler® 96 Instrument with optimal annealing temperature of each primer pair. The
experimental steps, conditions, and the number of cycles of each step were described in Table
2-12. gPCR experiment was planned as two technical replicates of two biological replicates for
each sample. To control any oligonucleotide contamination, the negative control group did not
contain any cDNA but nuclease-free water. TPT1 (Tumor Protein, Translationally Controlled

1) gene was used for housekeeping gene normalisation as a reference gene.
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Table 2-12. Reaction conditions of qPCR to detect gene expression levels.

Step Hold Temperatures (°C) Time Number of Cycle

Pre-Incubation 95 5 min 1
95 10 sec

Amplification 58-60 20 sec 45-50
72 20 sec
95 5sec

Melting Curve 55 1 min 1
95 Acquisition per 5°C

Cooling 40 30 sec 1

gPCR measurements were obtained by using "Abs Quan (Absolute Quantification) analysis as

Cr (Cycle threshold) or Cq (Quantification cycle) by using LightCycler® 96 System

programme. Melting curves and melting peaks graphs were used to detect any contamination.

Relative expression levels of the genes were calculated according to the AACt method or Livak
method. (Livak & Schmittgen, 2001) According to this, mean C values of technical replicates of
sample groups were subtracted from mean Cr values of technical replicates of the control group
and -ACr values were obtained. 22%r values were used for normalisation with the TPT1 gene,
the housekeeping gene, by subtraction. As a result, 22; values were transformed to
logarithmic values to base 2 and used for statistical analysis.

2.2.10. Statistical Analysis

All presented statistical analyses were performed using GraphPad Prism 9.0 programme in this
study. Western blot results with two sample groups were analysed with Student’s t-test.
Experiments comparing multiple sample groups, gPCR, western blot and MTT, and One-way

or Two-Way ANOVA analysis were used, followed by Tukey multiple comparison method.
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Chapter 3

3. Results

3.1. Confirmation of Downregulation of DLK1 and MEG3
Expression in siRNA CHRNAS5 Transfected MCF7 Cell
Line
In previous studies from our lab, the downregulation of CHRNAS expression at both mRNA
and protein levels was achieved by treatments of three different sSiRNAs targeting CHRNAS
(SICHRNADS) (Koker et al., 2018). To demonstrate that the cDNAs obtained in previous
experiments were still a high quality, | have remeasured the level of CHRNAS5 mRNA in 10nM
scrambled siRNA, and siRNA CHRNAS5 (sil or siCHRNAS) treated MCF7 cells and
confirmed around 3-fold (log2FC) reduction in expression (Figure 3-1A). Based on the
GSE89333 dataset that we performed (Cingir-Koker et al., 2018), it was shown that several
genes in the DLK1-DIO3 imprinted region were downregulated when treated with siRNA
CHRNADS5 in MCF7 cells (Table 3-1). DLK1 and MEG3 were significantly reduced and hence
these genes were selected for further study. In the present thesis, | have confirmed by gPCR

that DLK1 (Figure 3-1B) and MEG3 expression (Figure 3-1C) were downregulated in

response to sSiCHRNAJS treatment.
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Figure 3-1. gPCR analysis of relative mRNA expression levels of CHRNAS and DLK1 genes
using MCF7 cell line treated with 10 nM siRNA CHRNADS5 (siCHRNAJS) or control scrambled
SiRNA for 3 days. CHRNA5 (A), DLK1 (B), and MEG3 (C) gene expressions upon
SiICHRNAGS treatments. Data were represented in a log2FC format, and error bars were
determined according to Mean AACT+SD (n=5). TPT1 gene is used as a loading control. The
student’s t-test was applied to analyse the data. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-
value < 0.0001)

3.2. Effects of 14932.31 miRNA Mimic Treatments on the DLK1

and MEG3 Expression Levels

Previously Sahika Cingir-Koker (Bilkent University PhD Thesis, 2019), Said Tiryaki (Bilkent
University MS Thesis, 2020) and Ayse G. Keskus (Bilkent University PhD Thesis, 2021) have
performed mRNA microarray experiments with MCF7 cells treated with 14932.31 miRNAs,
which are miR-376c¢-3p, miR-409-3p and miR-495-3p mimics, in the presence of siRNA
CHRNADS or control siRNA followed by independent sets of experiments of the similar designs
for validation purposes. 14g32.31 miRNAs are located in the same imprinted region where
DLK1 and MEG3 are found and expressed from the same maternal allele in which MEG3 is

transcribed (Rocha et al., 2008). Accordingly, my hypothesis to test was that DLK1 and MEG3
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might be increased in expression in the presence of either of these mimics. I first extracted the

DLK1 and MEG3 microarray expression values (Table 3-1).

Table 3-1. Gene expression values as log2FC values of DLK1 and MEG3 genes for the miR-
495-3p and/or SICHRNADS treated MCF7 cells.

+ -+

2 2 2 | o |28 2 2

| o Ei P w |29l 2 | © |26 Z s | 23
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DLK1 | 2.14555 | 4.92E-07 | 0.000325 | -0.227 | 0.256 | -0.483 | -2.056 | 0.097 | 2.152 | 3.26795 | 1.31988 | 1.94807

MEG3 | 0.28858 | 0.041626 | 0.133368 | NA NA NA -0.466 | 0.359 | 0.825 | 0.30295 | 0.13474 | 0.16821

Accordingly, DLK1 was significantly highly downregulated, while MEG3 was mildly
downregulated by CHRNADS siRNA treatment. On the other hand, in the presence of miR-495-
3p, DLK1 became stable or negligibly upregulated, although when miR-495-3p mimic
combined with CHRNAS5 siRNA, the downregulation in the DLK1 levels observed by
CHRNAS5 siRNA alone was reverted entirely. This rescue/reversion was not seen in the
presence of mimic 376a. Interestingly mimic of miR-409 alone resulted in a further decrease
in the DLK1 levels, and when combined with CHRNAS siRNA, the reduction in the DLK1
levels observed in response to CHRNADS depletion became more in magnitude and significant.
In order to test these interesting findings, | performed qPCR analyses in cDNA panels

previously used by Ayse G. Keskus, Sahika Cingir Koker in their thesis (Figure 3-2).
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Figure 3-2. Effects of 14932.31 miRNAs on DLK1 and MEG3 gene expressions. log2FC
values for CHRNAGS (A), DLK1 (B) and MEG3 (C) in the presence of miR-495 in the presence
of sSiRNA CHRNADS or control siRNA. logzFC values for CHRNAS (D), DLK1 (E) and MEG3
(F) in the presence of miR-376 with SIRNA CHRNAS or control siRNA. (*: p-value < 0.05,

**: p-value <0.01 and ****: p-value < 0.0001)

According to gPCR experiments on SiCHRNADS and miR-495 treated MCF7 cell line, the effect
of 10 nM CHRNADS depletion is seen on CHRNADS expression level (Figure 3-2A), and miR-
495-3p alone has also significantly decreased DLK1 (Figure 3-2B) and non-significantly
decreased MEG3 (Figure 3-2C) around 1.5-2 fold. The combination of sSiCHRNAS and miR-
495-3p treatment shows a similar decreasing trend with the SICHRNAS 10 nM group on DLK1

and MEG3.
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In addition to miR-495 & siCHRNAS5 combinations, a decrease in CHRNAS could not be

observed on miR-376 only samples (Figure 3-2D).

The experiment shown in Figure 3-2 is a full set of experiment including combinatorial dosage
of miR-376 and miR-495. Since the difference between miR-495 or miR-376 only samples and
miR-495 & miR-376 combinatorial sample were not significant for CHRNAS5 and MEG3
expression, and to ease the depiction of the data, data analysis of the whole experiment was
shown in Appendix Figure 1A & C. On the other hand, DLK1 expression on miR-495 & miR-
376 samples were significantly decreased than in miR-495-only samples (Appendix Figure

1B).
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Figure 3-3. Western blot analysis of selected proteins on MCF7 cell line siCHRNAS and miR-
495 for 3 days. Effects of SICHRNAS and miR-495 on protein level (A) and densitometry
analysis of CHRNADS (B), p21 (C), Cyclin D1 (D), PLK1 (E) and IRE1a (F) expression levels.
GAPDH was used as a loading control. One-way ANOVA analysis was used with Tukey
multiple comparison analysis. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value <
0.0001)

Effects of CHRNADS depletion and miR-495 induction were also checked on protein level, and
transfection of sSiCHRNAS and miR-495 was performed by Sahika Cingir-Koker. Even though
depletion of CHRNADS was observed on the RNA level, the same effect could not be observed
on the protein expression level when normalized with GAPDH (Figure 3-3B), despite the
downstream effect of p21 and Cyclin D1 expression levels, which increases with CHRNAS
depletion (Figure 3-3C). Significantly increased Cyclin D1 protein expression level with

CHRNAS depletion might indicate the effects of CHRNAS on primary ESR1 targets
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(Shehwana et al., 2021) and induction of cell metastasis and invasion (Fusté et al., 2016)
(Figure 3-3D). According to a previous study performed by Ayse G. Keskus (Bilkent
University, PhD Thesis, 2021), the effect of siCHRNAS was also confirmed with PLK1
expression levels, and IREla expression (Figure 3-3E&F) levels were observed for future

aspects of the project.

Although we have shown a significant decrease in mMRNA level, CHRNAJS protein level upon
exposure to SiCHRNADS could not be observed when normalized to GAPDH loading control;
hence another commonly used reference gene, beta-Actin, was considered as a potential

loading control (Figure 3-4).
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Figure 3-4. Western blot analysis of selected proteins on MCF7 cell line siCHRNAS5 and miR-
495 for 3 days. Effects of siCHRNADS and miR-495 on protein level and densitometry analysis
of CHRNAS (A), p21 (B) and Cyclin D1(C) expression levels. Beta-Actin was used as a
loading control. One-way ANOVA analysis was used with Tukey multiple comparison

analysis. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value < 0.0001)

Even if CHRNADS expression levels decreased upon siCHRNADS treatment, the change was not
significant when multiple tests corrected due to high variability in the control group. However
similar expression pattern could be significantly observed in both Cyclin D1 and p21 protein

expression (Figure 3-3). Statistical result of CHRNAJS expression level was given in Appendix
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Figure 2. | have also confirmed other highly modulated genes from the miRNA microarray

study (Figu
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Figure 3-5. Effects of 14g32.31 miRNAs on selected gene expressions. log2FC values for
METTL7A (A), TGFRB2 (B), RASGRP1 (C) and PRSS23 (D) in the presence of miR-495
with siRNA CHRNAGS or control siRNA. log2FC values for CHRNAS (D), DLK1 (E) and
MEG3 (F) in the presence of miR-376 with sSIRNA CHRNADS or control siRNA. (*: p-value <
0.05, **: p-value < 0.01 and ****: p-value < 0.0001)
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3.3. Effects of TP53 Downregulation via sSiRNA TP53 on DLK1
and MEG3 Expression in the Presence or Absence of

CHRNADS

Previously, Ayse G. Keskus (Bilkent University, PhD Thesis, 2021) has shown that CHRNAS
depletion exhibits effects in TP53-dependent and TP53-independent manners by using an
RNAseq experiment she performed in MCF7 cells. According to limma analysis results
obtained by Ayse G. Keskus, | have extracted the log.FC and significance values between
SiRNA CHRNAGS (siCHRNADS) and control siRNA (scRNA) treated TP53 intact cells; SIRNA
TP53 (siTP53) and control siRNA treated MCF7 cells, and siRNA TP53 and siRNA CHRNAS

and control siRNA treated MCF7 cells (
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Table 3-2). Accordingly, a decrease in DLK1 expression was relatively TP53 independent,
while MEG3 expression was significantly downregulated in the absence/reduction of siTP53.
When siRNA CHRNADS was given in the presence of siRNA against TP53, there was less yet
still significant downregulation of DLK1 that might suggest partial independence. On the other
hand, while in the absence of TP53, sSiRNA CHRNAS reduced the MEG3 levels effectively to
the same degree when compared with intact TP53 levels, but the effect was not additive,
suggesting that SIRNA CHRNAS and siRNA TP53 worked independently and the effects of

siRNA CHRNAJS was inhibitory on MEG3 levels regardless of TP53 status.
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Table 3-2. The log2FC expression values of DLK1 and MEG3 in the sSiRNA CHRNADS,

siRNA TP53 and combination treatments in MCF7 cells in comparison with the control

SIRNA group from RNAseq results.

Gene | SiCHRNAS | sSiCHRNAS | sitpss | SITP93 | SICHRNAS | sICHRNAS —
Symbol logoFC adj. p-val logoFC 22l - —SilfpeE P el -
2 ' ' 2 val. log.FC val.
DLK1 -3.19847 2.47E-09 -0.79807 0.20307 -2.57879 8.11E-07
MEG3 -3.77442 0.000627 -2.51192 | 0.026135 -3.65393 0.000666

Accordingly, I wanted to confirm these findings from RNAseq data using an independent

experiment with the same groups and performed RNA isolation, cDNA synthesis of the same

groups and a qPCR run with DLK1 and MEG3 genes. Before performing these, | wanted to

double-check if I had successfully downregulated CHRNADS and TP53 expression levels and if

the expected changes in the targets of TP53 and known CHRNAGS regulated transcripts were

observed. | found that CHRNAS and TP53 expression were downregulated significantly by the

SiRNA treatments (Figure 3-6A & B). MAP1B, a significantly upregulated gene as shown in

Cingir-Koker et al. 2018 for CHRNAS downregulation regardless of the cell line, was also

upregulated by the SiRNA CHRNAJS in the new experiment while CDKN1A was upregulated

by CHRNAJS and expectedly downregulated by treatment with sSiRNA against TP53 as it is one

of the primary targets of TP53 (Figure 3-6C & D).
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Figure 3-6. The levels of TP53 (A) and CHRNAGS (B) along with CDKN1A (p21) (C) and
MAP1B (D) in the presence of TP53 siRNA, CHRNAGS siRNA, or both TP53 and CHRNAS

siRNAs. Data were represented in a log2FC format, normalized to control, and error bars were

determined according to Mean AACT£SD. TPT1 gene is used as a loading control. One-way

ANOVA analysis was used with Tukey multiple comparison analysis. (*: p-value < 0.05, **:

p-value < 0.01 and ****: p-value < 0.0001)

Next, | tested DLK1 and MEG3 mRNA expression in the presence of SICHRNAD, siTP53, or

both siRNAs and showed that DLK1 was significantly downregulated, as expected by

SICHRNAGS alone. Similarly, in the RNAseq data, siTP53 did not modulate the expression of

DLK1, while in the absence of TP53, siCHRNAS could not downregulate DLK1 as
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significantly as it did when it was given alone (Figure 3-7A). On the other hand, sSiCHRNAS5,

siTP53 or both siRNAs could not lead to the significant down-regulation of MEG3 expression.

although siCHRNAS managed to decrease MEG3 expression level by around 2-fold, and the

presence of combinatorial SIRNAs decreased the expression of MEG3 by approximately 1.5-

fold (Figure 3-7B).
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Figure 3-7. The levels of DLK1 and MEG3 in the presence of TP53 siRNA, CHRNAS siRNA,
or both TP53 and CHRNAJS siRNAs. Data were represented in a log2FC format, normalized to

control, and error bars were determined according to Mean AACT=SD. TPT1 gene is used as

a loading control. One-way ANOVA analysis was used with Tukey multiple comparison

analysis. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value < 0.0001)

3.4. Effects of TP53 Downregulation via siRNA TP53 on

MDM2, CDH18 and PDLIM7 Expression in the Presence

or Absence of CHRNAS

| then analysed the RNAseq data for TP53 regulators such as MDMZ2 and its associated markers

CDH18 and PDLIM7 (Klein et al., 2018) and found that MDM2 was downregulated only in

the combinatorial treatment (Table 3-3).

64



Table 3-3. According to RNAseq data, the expression level changes (log2FC) of TP53
regulators, MDM2, PDLIM7, and CDH18. (Ayse G. Keskus, Bilkent University PhD Thesis).

Bold indicates significance.

Gene | SICHRNA5 | SiCHRNAS |  siTP53 | siTPs3adj. | SICHRNAS— | SICHRNAS
Symbol log2FC adj. p-val log2FC p-val Sl — BIIUTPRE]
‘ ‘ ' log2FC adj. p-val.

CDH18 | 0.294686757 | 0.748074834 | -1.824979897 | 0.116206713 | -4.154728019 | 0.024958523

PDLIM7 | 0.230306549 | 0.595125067 | -0.328657791 | 0.424864307 | -0.527376151 | 0.175845159

MDM2 | -0.258154947 | 0.1962633 | 0.019133614 | 0.931575472 | -1.460713853 | 0.000305894

My aim was then to confirm by gPCR whether MDM2, an inhibitor of TP53, was

downregulated to prevent further loss of TP53 in the presence of sSiCHRNAS and to see whether

there was synergism between CHRNAJS and TP53 siRNAs to regulate TP53 levels as feedback.

| found again that MDM2 was significantly downregulated only in the combinatorial treatment

of SICHRNADS and siTP53 (Figure 3-8A). Similar patterns were seen for PDLIM7 and CDH18;

however, the downregulation in the combinatorial treatment was more significant for these two

when compared with MDM2, which was highly variable (Figure 3-8B & C).
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Figure 3-8. The levels of MDM2 (A), PDLIM7 (B) and CDH18 (C) in the presence of TP53
SiIRNA, CHRNADS siRNA, or both TP53 and CHRNADS siRNAs. Data were represented in a
log2FC format, normalized to control, and error bars were determined according to Mean
AACT+SD. TPT1 gene is used as a loading control. One-way ANOVA analysis was used with
Tukey multiple comparison analysis. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value
<0.0001)

3.5. Effects of TransientTP53 Overexpression on MCF7 Cell
Line

Since previously shown that siCHRNAS induced TP53 signalling (Cingir Koker, et al., 2018)
and decreased the TP53 inhibitor MDM2 expression level with its associated genes, CDH18

and PDLIM7, there might be a common effect of SICHRNADS depletion and TP53 expression.
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Hence, | have evaluated whether TP53 wild-type or mutant overexpression would also affect
DLK1 and MEG3 gene expression. For this reason, | first amplified and purified pCMV-Neo-
Bam plasmids, which included insert of TP53 WT, TP53 R175H, TP53 R248W or TP53
R273H (Baker et al., 1990), obtained from Addgene (Appendix Figure 3), and after the NGS
results and confirming the mutation status of each plasmids, | tested them in different
concentrations concerning their effects on cell proliferation. | have used MCF7 TP53 and
MDA-MB-231 cancer cell lines for the optimizations, which have endogenously wild-type
TP53 and mutant TP53 R280K expression status, respectively. (The TP53 Database | ISB-

CGC, 2022)

3.5.1. Optimisation Studies for Transient Overexpression of TP53 Wild-

Type and Mutant Plasmids

3.5.1.1. Selection of a TNBC cell line in TP53 siRNA and overexpression

studies

To complement the overexpression studies with additional cell lines, I have tried to silence
TP53 levels in MDA-MB-231, yet the maximum dose studied (50 nM) only reduced half of
the TP53 mRNA (Figure 3-9). | have decided to continue overexpressing TP53 wild-type and
mutant plasmids in the MCF7 cell line and MDA-MB-231 without the initial downregulation

of TP53.
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Figure 3-9. Quantitative Real-Time PCR analysis of relative mRNA expression level of TP53
genes on MDA-231 cell line treated with or without 10, 20 and 50 nM siRNA TP53 (siTP53)
for 3 days. Data is represented in a log2FC format, and error bars are determined according to
Mean AACT+SD. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value < 0.0001)

3.5.1.2.  Amplification, purification, and sequencing of the WT and mutant TP53

vectors

After receiving pPCMV-Neo-Bam TP53 WT, TP53 R175H, TP53 R248W and TP53 R273H
plasmids, they were transformed and purified as described in Materials & Methods. Next-
generation sequencing was used to confirm the mutation status and sequences of the
plasmids. According to sequencing results, | compared the consensus sequences with
expected sequences (Appendix Figure 4-5) and amino acid sequence of the wild-type TP53
insert with the TP53 R175H, R248W and R273H insert sequences to verify the mutation

status (Appendix Figure 9).

3.5.1.3. Effects of transient transfection of TP53 WT and mutant

overexpression vectors on cell viability in breast cancer cell lines

| have exposed MDA-MB-231 and MCF7 cells to different TP53 overexpression vectors over

3 different time points and in different concentrations to optimize the transient transfection.

68



Exposure to different vectors was found to be dose dependent. 1000 ng/ml at 72h was
significantly toxic for all TP53 vectors, including WT; hence it was found to be not useful. On
the other hand, TP53 wild-type overexpression in the presence of a TP53 mutant allele in
MDA-MD-231 cells was inhibitory of cell proliferation at all time points and 500 ng/ml doses.
At 72h, at which the downstream effects of WT overexpression could be more stabilized, only
WT but not the mutants seemed to exhibit cell proliferation inhibitory effects. However, high

variability prevented significance attainment (Figure 3-10).

In a wildtype TP53 cell line MCF7, | optimized the amount of the TP53 overexpression
plasmids in a transient transfection setup using an MTT assay applied on MCF7 treated with
250, 500 and 1000 ng/ml plasmids. Since the transfection efficiency was identified as 1000 ng
on 200.000 cells of MCF7 in a 6-well plate (Bircan Coban, Bilkent MSc Thesis, 2016), the

concentrations were determined proportionally to the volume of the media.

69



TP53 Plasmids on MDA-MB-231 for 24 Hours
According to dosage

200~
= EV
2 WT
= 150
& == R175H
Z 100- R248W
2 = R273H
g 50
0-

250 ng/ml 500 ng/ml 1000 ng/ml

Dosage
B
TP53 Plasmids on MDA-MB-231 for 48 Hours
According to dosage
500+ -
. . Ev
e 400+ WT
2 m R175H
2 3004
E R248W
£ 200 = R273H
3
© 100+
0_
250 ng/ml 500 ng/ml 1000 ng/ml
Dosage
C

TP53 Plasmids on MDA-MB-231 for 72 Hours
According to dosage

200 = EV
2 WT
" 150
: mm R175H
= 100 r T R248W
= Bl R273H
3 so-{lf ] I

:

250 ng/ml 500 ng/ml 1000 ng/ml
Dosage

Figure 3-10. Relative cell viability assay on MDA-MB-231 cell line treated with WT and
mutant TP53 overexpressed vectors at 250, 500 and 1000 ng/ml concentrations over 24h, 48h,
and 72h. Two-way ANOVA analysis was used according to dosage and plasmid type factors
with Tukey multiple comparisons. Data is represented in percentage format, and error bars are
determined according to Mean+SD values. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-

value < 0.0001)
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Figure 3-11. Relative cell viability assay on MCF7 cell line treated with WT and mutant TP53
overexpressed vectors at 250, 500 and 1000 ng/ml concentrations at 24 hours (A), 48 hours (B)
and 72 hours (C). Each treatment was compared with the belonging control group. Two-way
ANOVA analysis was used according to dosage and plasmid type factors with Tukey multiple
comparisons. Data is represented in percentage format, and error bars are determined according

to Mean£SD values. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value < 0.0001)
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In Figure 3-11, WT TP53 overexpression reduced viability in MCF7 cells in all doses at 48h.
At 72-hour, the cytotoxicity was apparent at low doses in all transfections, while WT was more
cytotoxic in others. However, cell numbers were low, and the experiment was repeated with
other dose regimes using 5, 10, and 20 ng plasmid per well as proportional to the cell number
instead of the amount of the plasmids over the volume of media ratio. According to the MTT
assay, from 48-hour of transient transfection, the effect of the mutant TP53 overexpression
could be seen significantly, and the most optimal effect was observed for 10 ng plasmids. The
overexpression of wild-type TP53 resulted in inhibition of cell viability at 5 and 10ng levels at
48 and 72 hours, while R248 and R273 were consistently proliferative at 10 and 20ng doses

(Figure 3-12).
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Figure 3-12. Relative cell viability assay on MCF7 cell line treated with WT and mutant TP53
overexpressed vectors at 5, 10 and 20 ng plasmids for 2000 cells per well at 24 hours (A), 48
hours (B) and 72 hours (C). Two-way ANOVA analysis was used according to dosage and
plasmid type factors with Tukey multiple comparisons. Data is represented in percentage
format, and error bars are determined according to Mean+SD values. (*: p-value < 0.05, **: p-
value <0.01 and ****: p-value <0.0001)
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After the dosage optimization of TP53 overexpression vectors on the 96-well plate, to
confirm the effects on cell viability, | also performed a transient transfection experiment on a
12-well plate to see the effects of plasmids with 500 ng plasmids for 100.000 cells per well
for gPCR measurements of proliferative cell mMRNAs. This was achieved using an
experimental setup in which the mRNA level of WT or mutant TP53 was induced more than
7-fold compared to the control (EV) group (Figure 3-13A). CHRNADS levels were reduced
only in the R273 mutants (Figure 3-13B). | also tested several other mRNAS as markers of
proliferation, i.e., MKI67, and mesenchymal phenotype, i.e., VIM (Figure 3-13C & D). All
the overexpression vectors reduced MKI67 levels suggesting they reduced cell proliferation
to a certain extent. Mesenchymal marker increased in only the R248W transfection group

suggesting the cell proliferation might have slowed down during the EMT transition.
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Figure 3-13. Quantitative Real-Time PCR analysis of relative mRNA expression levels of
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TP53, CHRNADS, MKI167, VIM, DLK1, and MEG3 genes on the MCF7 cells treated with or
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without WT and mutant TP53 overexpression plasmids for 3 days. Data is represented as
Mean AACT+SD. Except for R248W and R273H samples, the experiment was conducted as

2 replicates.

3.5.1.4.  Effects of dual transient transfection of TP53 WT and mutant
overexpression vectors on cell viability in the presence or absence of

CHRNAS siRNA

To address the interaction between overexpression of TP53 levels and CHRNADS depletion, |
performed optimization experiments using SICHRNADS with or without each type of TP53
overexpression vector as a dual transfection procedure. Since the optimal CHRNAJS depletion
effect of SIRNA CHRNADS was observed at 72 hours in previous experiments, | observed the

effect of dual transfection at 48 hours and 72 hours on cell viability.
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Figure 3-14. Relative cell viability assay on MCF7 cell line treated with siRNA CHRNAS5 and
SscCRNA combining with empty vector (EV), TP53 wild-type (WT) TP53 R175H (R175), TP53
R248W (R248W) or TP53 R273H mutant (R273H) overexpression plasmids as a dual
transfection method for two different time periods. 5 ng TP53 wild-type and mutant
overexpression transfection were applied for 48 hours (A) and 72 hours (B), 10 ng TP53 wild-
type and mutant overexpression transfection was applied for 48 hours (C), and 72 hours (D)
with 10 nM scRNA or siCHRNAJS. (*: p-value < 0.05, **: p-value <0.01 and ****: p-value <
0.0001)

To induce CHRNADS depletion with WT or mutant TP53 expression on the MCF7 cell line, a
dual transfection method was applied using Lipofectamine 2000. Even the effect of TP53
overexpression vectors could be seen more in the 72-hour treatment group since the expected
effect of sICHRNAS of the control group (EV) on cell viability could not be observed
significantly; the experiment was not counted as successful. In addition, WT overexpression at

10 ng exhibited unexpected increases in cell viability along with the mutant vectors. Therefore,
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the dual transfection protocol was decided to change into SIRNA CHRNADS transfection on

MCEF7 cell line overexpressing wild type and mutant TP53 stably (Figure 3-14).

3.6. Obtaining WT and Mutant TP53 Stably Overexpressing

MCF7 Cells

In order to observe the TP53 dependency with CHRNAS depletion, stable cell lines were
obtained. To achieve this, MCF7 was chosen as a cell line known to express TP53 WT
endogenously, and viral transfection experiments were performed. Since the original backbone
of the plasmids is not eligible to produce the viral particles, TP53 gene vectors were extracted
from the ordered plasmids and cloned into the pBabe-puro plasmid, which has a retroviral

characteristic (Morgenstern & Land, 1990).

3.6.1. Cloning TP53 overexpressing vectors into the retroviral backbone

According to the protocol of the manufacturer, the vectors were cut with EcoRI and BamHI
restriction enzymes, and after purification, they were cloned into the pBabe-puro backbone.
Since both sides of the vectors were cut with the same enzyme, colony screening was
performed to confirm the direction of the cloning. Ncol enzyme was selected as ligated
plasmids would have the Ncol restriction site both in the vector and outside of the vector; it
would give different patterns on the gel electrophoresis according to the direction of the
insert. The pattern of each plasmid according to the direction of their insert was visualized

using Benchling in silico cloning and digest tools for each plasmid (Figure 3-15).
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Figure 3-15. In silico colony selection experiment design was generated using Benchling for
each plasmid. Each sample is named according to the type of plasmid, type of cloning cites cut
enzyme and ligation possibility, as a reverse or forward. (Benchling [Biology Software].

(2022). Retrieved from https://benchling.com.)

According to the Benchling results used as a reference, cloned plasmids were digested using
the Ncol restriction enzyme and plasmids were run on the gel electrophoresis. For pBabe-puro
TP53 WT, colony 2 gave the band around 1500 bp due to Ncol digestion (Figure 3-16). To

control the enzyme activity, pPCMV-Neo-Bam-TP53 WT was used as a positive control.
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Figure 3-16. pBabe-puro-TP53 WT plasmid screening by Ncol restriction enzyme. Colony 3

was selected, indicated by a red arrow.

For pBabe-TP53 R175H plasmid, colony 3 gave the band around 1000 bp due to Ncol
digestion. (Figure 3-17) In order to control the enzyme cut, pPCMV-Neo-Bam-TP53 R175H

was used as a positive control.
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Figure 3-17. pBabe-puro-TP53 R175H plasmid screening by Ncol restriction enzyme. Colony

3 was selected, indicated by a red arrow.

For the pBabe-TP53 R248W plasmids, the colonies with a band around 1.5 kb were identified as clones
with the correct orientation. These patterns can be seen in colonies 3, 6, 7 and 10 (Figure 3-18). Colony

7 was selected as a pBabe-TP53 R248W plasmid.
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Figure 3-18. pBabe-puro-TP53 R248W plasmid screening by Ncol restriction enzyme. Colony

7 was selected, indicated by a red arrow.

The identifying marker was used to determine the correct direction of TP53 R273H insert into
the pBabe-puro plasmid, having two bands at 500 bp and 1000 bp. Therefore, colonies 3, 4, 5,
6, 7 and 8 were identified as potential plasmids that contained the correctly directed insert.
Since the clearest bands were observed on colony 7, | selected colony 7 as pBabe-T53 R273H

plasmid (Figure 3-19).
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Figure 3-19. pBabe-puro-TP53 R273H plasmid screening by Ncol restriction enzyme. Colony

7 was selected, indicated with a red arrow.

3.6.2. Determining the Optimal Positive Selection Dosage of Puromycin by

Kill Curve on MCF7 Cell Line

Since the selection antibiotic of pBabe-puro in cell culture grade is puromycin, a kill curve was

performed, and three different antibiotic dosages were determined.

MCF7 cells were exposed to different dosages of puromycin for 10 days, and three different
dosages were tested; a low dose of 0.2 pg/ml, which could not kill the cells even after the 10-
day period, and 0.4-0.75 pg/ml since these achieved to kill the 100% of the cells at the end of
the 10 days, optimal dose as 1 pg/ml since at which visual toxicity was obtained after 5-7 days
of antibiotic selection. More than 2 pg/ml and higher doses were classified as high doses since

the effect of the excessive toxicity were observed within the 2-3 days of the section.
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At the end of the antibiotic selection, the 12-well plate was stained using crystal violet to

indicate the cell viability results of the antibiotic selection assay (Figure 3-20).

Figure 3-20. Crystal violet staining of 10-day kill curve generation on MCF7 of puromycin

antibiotic.

3.6.3. Conformation of Stable TP53 Overexpressing on MCF7 Cell Line

at the mRNA and Protein Levels
Stable MCF7 cell lines were generated according to methods mentioned in section 2.2.7. Even
if these cell lines were selected by using puromycin, to confirm whether the TP53 expression

status was successfully increased or not, | investigated the TP53 expression levels on protein

and RNA levels.
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Figure 3-21. Conformation of the TP53 expression levels of stable MCF7 cell lines at protein

(A-B) and RNA (C) levels. (*: p-value < 0.05, **: p-value < 0.01 and ****: p-value < 0.0001)

As depicted in Figure 3-21A, increased p53 expression levels were observed in all of the TP53
transduced lines. According to the gel analysis of western blot results, all mutant p53
expressions on protein level (Figure 3-21B) and TP53 expressions on RNA increased
significantly (Figure 3-21C). Since p53 is degraded continuously via the canonical pathways,
this might explain why the expression level of p53 wild-type did not increase significantly.
Additionally, significantly increased wild-type TP53 expression on RNA supported that the

generation of MCF7 - TP53 WT cell line was achieved.
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3.6.4. MTT Analysis on MCF7 the Stable Cell Lines

After confirming TP53 stable expression, the effect of overexpression on MCF7 cell lines was
observed by MTT cell viability assay to obtain approximate values to compare them if
siCHRNAGS treatment would be applied. Since we found that sSiCHRNAS treatment decreased
the cell viability up to 50% from the previous experiment while comparing the different cell
lines in terms of viability, these values could be used as a piece of background information.
Furthermore, it showed whether TP53 wild-type or mutant stable overexpression would be fatal

for the cells on its own or not.

MTT Cell Viability Assay on

MCF7 Stable Cell Lines
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MCF7 - TP53 WT
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MCF7 - TP53 R273H

Figure 3-22. Cell viability analysis of TP53 stable overexpressed MCF7 cell lines compared

to the EV transduced MCF7 cell line. One-way ANOVA analysis was used with Tukey

multiple comparison analysis. Data are represented in percentage format, and error bars are

determined according to the Mean£SD values. (*: p-value < 0.05, **: p-value <0.01 and ****:

p-value < 0.0001)
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Although the difference in cell viability between MCF7 cell lines and TP53 stably
overexpressed MCF7 cell lines was not dramatically changed, significant increases were
observed in the MCF7 - TP53 WT and MCF7- TP53 R248W cell lines and a significant

decrease was observed in the MCF7 - TP53 R273H cell line (Figure 3-22).

3.6.5. Relation Between TP53 Wild-Type and Mutant Stable

Overexpression and CHRNAS Expression

Since selected TP53 mutants in this study are known dominant negative mutants over wild-
type TP53, and we previously showed that CHRNAS depletion could involve TP53 expression,
I examined CHRNAGS expression levels of these cell lines. This might give an answer to
whether TP53 expression or function could affect CHRNAGS or not. As shown in Figure 3-23,
CHRNAS5 expression levels on TP53 stable overexpressed MCF7 cell lines did not change

significantly, even though a slightly increasing trend could be observed in all.
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Figure 3-23. CHRNADS expression level on TP53 table overexpressed MCF7 cell lines. One-

way ANOVA analysis was used with Tukey multiple comparisons. Data is represented in
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percentage format, and error bars are determined according to Mean+SD values. (*: p-value <

0.05, **: p-value < 0.01 and ****: p-value < 0.0001)

3.6.6. DLK1 and MEG3 Expression Levels on TP53 Stable Expressed

MCF7 Cell Line
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Figure 3-24. CHRNAGS expression level on TP53 table overexpressed MCF7 cell lines. One-
way ANOVA analysis was used with Tukey multiple comparisons. Data is represented in
percentage format, and error bars are determined according to Mean+SD values. (*: p-value <
0.05, **: p-value <0.01 and ****: p-value < 0.0001)

Increasing DLK1 expression level was expected with overexpression of TP53 mutant since
these are DNA-binding domain mutations (Figure 3-24A). As a part of the DLK1-DiO3 locus,
the parallel expression pattern changes were also observed for MEG3. Even if it is not
significant, decreasing the primary functionality of TP53 via the overexpression of TP53
mutants might induce DLK1 and MEG3 expression to induce Notch signalling ligands such as

p21 to induce p53 in cells (Figure 3-24B).
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Chapter 4

4. Conclusion and Discussion

4.1. CHRNADS Depletion Methods
In this study, CHRNAS depletion was performed via siRNA, an RNAI method, and its success

was confirmed our previous study findings, i.e., the downregulation on three isoforms of
CHRNADS with three different sSiRNA (Koker et al., 2018). Although it was a confirmed
methodology, and | have used the most effective SIRNA, not using an additional strategy might

have caused some limitations in this study and should be further explored in the future.

Among these potential strategies of reduction of protein levels, the first method is called the
“auxin-inducible degron (AID) system”, which uses transgenic E3 ubiquitin ligase, SCF (Skpl,
Cullin 1 and F-box), and TIR1 (transport inhibitor response 1) complex to target AID tagged
protein of interest through auxin binding, and it leads rapid protein degradation by the
proteasome (Macdonald et al., 2022). The second potential method is called “trim-away”. It
consists of a three-step application; exogenously induced E3 ubiquitin ligase TRIM21 binding
to an antibody against the protein of interest leads to rapid degradation of the protein of interest
by proteasomal degradation (Clift et al., 2017). Another protein knockdown approach is called
“deGradFP”, using the degradation of GFP-tag fused target protein through poly-ubiquitination
of SCF complex with vhh-GFP4, which is an anti-nanobody for GFP (Caussinus & Affolter,
2016). In addition to the degradation of the protein of interest, functional inhibition of the
protein could be used as a potential approach. Anchor-Away is based on functional inhibition

of nuclear-localized proteins via Rapamycin-dependent treatment, and it is reversible.
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Rapamycin creates a complex between anchor protein fused with FKBP12 and FKBP12-
rapamycin-binding-domain of FRAP (FRB) fused target protein. Due to the displacement of
the target protein from its physiological place, its function is inhibited (Bosch et al., 2020;
Samwer et al., 2017). All of these methods provide an advantage over reducing the mRNA
levels first to reduce the protein since it might be possible that mRNA could not be effectively
reduced or feeds back before protein can be reduced. Future studies should explore these

different options of knocking down or knocking out of the CHRNADS protein levels.

4.2. Depletion of CHRNAS Decreases both DLK1 and MEG3

Expression Levels on RNA Level

In the previous studies performed in our lab, the effects of CHRNAS depletion in the breast
cancer MCF7 cell line were determined as the induction of Gy cell cycle arrest and apoptosis,
decreasing DDR and increased drug sensitivity by CHEK1 inhibition in addition to

downregulation of 14932.31 miRNAs (Koker et al., 2018).

Herein, | aimed to investigate the effect of CHRNAS depletion on the expressions of DLK1
and MEGS3, found in the 14932.31 region, which is located within the DLK-DIO3 region.
DLK1 downregulation through CHRNADS depletion was mentioned in the PhD Thesis of Ayse
G. Keskus. (Bilkent University PhD Thesis, 2021). As a further step from her work, I also
checked the expression level of the MEG3 gene, which is also located in the 14g32 region. |
was able to verify significant downregulation of DLK1 and MEG3 through CHRNAGS depletion
and miR-495 treatment samples. Even if the downregulation of these genes was also observed
in the combination group, we could not be sure that these down-regulation effects are solely
led by miRNA expression since CHRNAS depletion might lead to decreased miR-495 and

miR-376 levels,(Koker, 2018; Tiryaki, 2019) and these miRNAs expression may cause
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CHRNAS downregulation. Therefore, CHRNAS overexpression study should be implied to
verify the reason of this effect. Furthermore, even if DLK1 downregulation was seen also with
miR-495 expression, this effect was not additive or antagonized by each when compared with
the effect on combination groups. On the other hand, miR-376 led to downregulation only in
DLK1 expression level and it was nearly the same with sSiCHRNAS sample group; this might
indicate that miR-376 could target DLK1 gene, which warrants further study. Due to this
possibility, investigating the general downregulation effects of MEG3-DLK1 was considered

more appropriate with the miR-495 miRNAs.

Considering our previous results, and since MEG3 expression regulates p53 expression, it
could be said that the p53 stabilisation observed on the protein level might not the result from
MEGS3 regulation. Especially in sSiCHRNAS downregulation, we saw a highly downregulated
expression pattern of both DLK1 and MEG3, which was shown to be related to carcinoma
tissues and cell lines (Greife et al., 2014). Also, especially the downregulation of MEG3
IncRNA was found to induce cell proliferation, and might be related to poor prognosis, and
even inhibition of mitochondria-mediated apoptosis pathway (Sun et al., 2014; W.-W. Zhang
et al., 2019). These findings show that CHRNAS depletion might cause poor prognostic and
cell proliferative changes which are contradict the previous study. CHRNA depletion may have
different effects in the presence of different gene interactions, e.g., presence of mir-495 mimic,

and other possible interactions and should be studied further.

Oppositely, expression of DLK1 is mainly associated with tumour growth, poor survival and
prognosis, cell invasion and metastases in most cancer types (C.-C. Huang et al., 2019; Jin et
al., 2008; Takagi et al., 2021) despite its complete opposite effects. Therefore, specifically in

luminal A breast cancer, its downregulation by CHRNAGS depletion can be associated with
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reduced chemoresistance and malignancy potentiation as these outcomes remain unclear. Since
DLK1 inhibits Notch signalling (M.-L. Nueda et al., 2006), depletion of DLK1 might be the
result of NOTCH1 activation, which could cause p53 activation, induction of growth arrest and
apoptosis (Duan et al., 2006; Henning et al., 2008; Purow et al., 2008; Qi et al., 2003).
Therefore, investigating downstream elements of the Notch signalling pathway could be vital

for further studies.

Since the effect of CHRNADS depletion on the DLK1-MEG3 locus is cumulative with other
elements such as decreasing miRNA expressions and reduced DNA damage response, there
could be another mechanism which affects the cellular pathways more dominantly than the
DLK1-MEG3 downregulation. To verify this possibility, overexpression of DLK1 and/or
MEG3 could be used so it could be found whether the expression of these proteins variously

affects the outcomes of the CHRNAJS depletion.

4.3. Combination of Both TP53 and CHRNAS Depletion Leads
to Significant Downregulation of MDM2 Regulatory

Mechanism

Our findings indicated that MDM2 levels significantly decreased only in the presence of
siRNAs against CHRNADS and against TP53 in combination but not when given alone. This
synergy is novel and may have implications since MDM2 downregulation is implicated in
SAGA (Kovatcheva et al., 2015). Indeed, CHRNAS siRNA has been shown to induce p53
activity, CDKN1A mRNA and p21 protein levels, so in its absence, we expect TP53 signalling
to be significantly induced, which has been confirmed in our previous study (Cingir-Koker et

al., 2018; Shehwana et al., 2021) and also in this thesis. When CHRNAS siRNA was combined
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with TP53 siRNA, CDKN1A decreased expectedly so did other TP53 targets by RNAseq
(Ayse G. Keskus, PhD Thesis, Bilkent University, 2021). However, this combination also
reduced MDM2 levels, which may not be due to autoregulatory feedback but potentially
activation or feedback of the SAGA pathway, leading to MDM2 auto-ubiquitination; this
hypothesis awaits confirmation by first confirming MDM2 protein levels whether they are also
downregulated as in the case of mRNA shown herein and along with PDLIM7 levels being
downregulated and CDH18 upregulated and/or not changed and still sequestering PDLIM7 in
the cytoplasmic foci (Klein et al., 2018). Moreover, other proteins that are involved in the
regulation of MDM2 mRNA and protein levels should be studied to understand genes other
than PDLIM7 and CDH18 could be involved in the modulation of MDM2 levels when siRNAs
for CHRNAGS and TP53 combined. The synergism observed for MDM2 downregulation in the
presence of these two siRNAs needs to be also tested for phenotypical and molecular
consequences, such as induction of senescence or acquired resistance to senescence.
Accordingly, senescence markers should be studied, such as using beta-Gal activity or
performing bioinformatics analysis of our RNAseq dataset (Ayse G. Keskus, PhD Thesis,
Bilkent University, 2021) to mine for senescence-associated gene signature to find out whether
MDM2 downregulation with siRNA CHRNAS5 and siRNA TP53 combination is also
associated with mRNA markers of senescence from the literature. These are planned in future
studies. Moreover, whether CHRNAS5-TP53 siRNA combination would still lead to reduced
MDM2 levels in the WT and mutant P53 stable MCF7 cell lines can provide answers to whether
dominant negative forms of TP53 mutants behave differently than null or knockdown

phenotypes with or without Palbociclib treatment.

Additionally, since one of the most important outcomes in this research is the stabilisation or

the induction of p53 expression, besides the doxorubicin treatment established in our previous
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study (Koker et al., 2018), exposure to cycloheximide could be used to measure the half-life of
p53 protein on MCF7 cells treated with CHRNAS depletion to verify whether there is a
stabilisation of p53 or not upon these treatments. Since cycloheximide inhibits the protein
biosynthesis, the half-life of the stabilised p53 would be measured longer than non-
phosphorylated or non-stabilised p53, which is called cycloheximide chase assay (Choi et al.,
2010; Kao et al., 2015). This method also may help to understand the effects of CHRNAS
depletion on MDM2 regulation in addition to the CHRNAS depletion effect on p53

stabilisation.

4.4. Effects of Stable Overexpression of Wild Type and Mutant

TP53 on CHRNAS, DLK1 and MEG3 Expressions

To investigate the relation between CHRNAS and TP53, we used stable overexpression models
of TP53 R175H, R248W and R273H mutants, wild-type TP53 and empty backbone plasmids
in MCF7. According to the findings, overexpression of neither wildtype nor mutant TP53
expression does not affect CHRNADS expression at the mRNA level. Since we presented p53
induction on protein level through CHRNAGS depletion in our previous study (Koker et al.,
2018), possible effects of TP53 overexpression were also checked. Independently of the
functionality of TP53, it did not change the CHRNADS expression at the mRNA level. On the
other hand, overexpression of only the wild-type TP53 led to significant downregulation on the
DLK1 expression level, and a similar pattern was seen insignificantly on the MEG3 expression
level as well. This effect could be related to the transcription factor role of p53 (Monti et al.,
2020). Also, both DLK1 and MEG3 expressions were induced in all groups, except the wild-
type, when compared to endogenous MCF7 cells; and since the stable overexpression was
performed via viral transduction, this could have caused cellular stress or might have induced

an immune response (Saez-Cirion & Manel, 2018). As the stable cells | generated came from

93



polyclonal cell selection, this could be considered as a common trait among the all stable MCF7

cells including those of transduced with the empty vector.

4.5.

Future Perspectives

CHRNAS depletion causes general downregulation on the 14932 region, including a
coding and a non-coding gene in addition to 14932.31 miRNAs. For further studies,
14932 knockout via CRISPR/Cas 9 could be used with CHRNADS depletion.

Effects of CHRNADS depletion on 14932 might be a combinatorial effect since even if
the location of miRNAs are the same, they have different targets and downstream
effects. DLK1 and/or the MEG3 overexpression model might be used for further
research with these miRNAs.

Additionally, methylation assays might be helpful in investigating the effect of the
14932 parental imprinting region to understand if methylation plays a role in mediating
CHRNADS5 siRNA and overexpression effects.

The results indicated that DLK1 might be a miR-376 target, hence a luciferase reporter
assay could be used to verify this finding.

It was shown that DLK1 and MEG3 downregulation could be siTP53 independent, or
partially dependent on TP53; needs further study at the protein level.

Because DLK1 is known as a NOTCHL1 inhibitor and Notchl is a downstream target of
CHRNADS5 (Dang et al., 2020; Gonzalez et al., 2015), DLK1 downregulation might be
required to examine this effect comprehensively.

It has been shown that MDMZ2 and its associated proteins were downregulated through
only in the presence of both CHRNAS and TP53 depletion; hence MDM2 auto-

ubiquitinylation might be induced due to Senescence After Growth Arrest pathway

94



(SAGA). Therefore, senescence markers could be studied, and senescence assays such
as beta-galactosidase activity could be measured.

In order to investigate the relation of CHRNAGS depletion with p53 and p21 induction
through cell cycle arrest, Pl staining could be performed. To study the effects of siA5-
siTP53 on CHK1 and DNA damage response, siRNAs and/or overexpression vectors
which are specific for CHK1 and ATM/ATR, can be used. In this way, we can see
whether CHRNAJS has an effect on the DNA repair system or not. As an alternative
way, we can check the localization of ATM/ATR and p53 proteins on the cell. Previous
studies showed that CHRNAGS expression is associated with DDR gene expression
(Cingir-Koker et al., 2018). Therefore, we need depletion and/or overexpression of
CHK1 protein and checking the ATM/ATR localization to explain these findings.

We can use a comet assay to investigate the effects of siA5-siTP53 treatment on DNA
damage. For the effects on apoptosis, we need to perform Annexin V/PI assay or similar
types of procedures.

ARF could also be studied to observe whether there are any other upstream regulations
affected by CHRNADS depletion.

Due to experimental limitations, protein levels and MTT analysis of CHRNADS and/or
TP53 depletion set could not be performed. Examination of protein levels shows
priority, especially the p53 phosphorylation levels.

Effects of CHRNADS depletion on stable cells expressing the different types of TP53
gene mutations should be investigated to observe the p53-dependent effects of
SICHRNADB.

Due to both cell cycle arrest effect and MDM2 down-regulation pattern, CDK4/6
inhibitor Palbociclib could be used to test synergistic effects in the presence and

absence of wild- type p53.
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Besides RNAI assay, other potential methods could be used to decrease more

successfully CHRNAS protein expression levels, such as AID or Trim-Away.

To verify the stabilisation of TP53, treatment with the cycloheximide method could be

used.
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Appendix Figure 1. gPCR validation of miR-495 and miR-376 treatment on MCF7 cell line.
Expression levels of CHRNAGS (A), DLK1 (B) and MEG3 (C). One-way ANOVA analysis was
with Tukey multiple comparison analysis. Data is represented in percentage format, and error

bars are determined according to Mean+SD values. (*:

FxxE p-value < 0.0001)

5 | Tukey's multiple comparisons test
6 sc20vs. sill0

i sc20 vs. sc+miR45

8 sc20 vs. si+miR495

9 sc20vs. si20

5110 vs_ sc+miR45

11 sil0vs. si+miR485

12 sil0vs.si20

13 sc+miR45 vs. si+miR495
14 | sc+miR45 vs. 5i20

15 | si+miR495 vs. 5i20

16

17 Test details

18 sc20vs. sill

19 | sc20vs. sc+miR45

20 | sc20vs. si+miR495

21 | sc20vs. si20

22 | sil0vs. sc+miR45

23 | sil0vs. si+miR495

24 | sil0vs.si20

25 | sc+miR4h vs. si+miR495
26 | sc+miR45 vs. si20

27 | si+miR495 vs. si20

Mean Diff.

05855
0.5519
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-0.03361
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Mean 1
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0.000
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0.000
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SE of diff.
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Appendix Figure 2. Statistical analysis of Figure 3-4A.

Adjusted P Value

0.4069 A-B

04528 AC

0.0503 A-D

0.0710 AE

=0.9999 B-C

0.3528 B-D

0.5003 B-E

0.3153 Cc-D

04511 C-E

0.9951 D-E

n1 n2 q DF
2 2 2730 5
2 2 2574 5
2 2 5.664 ]
2 2 5153 5
2 2 0.1568 5
2 2 2934 5
2 2 2422 5
2 2 3.090 ]
2 2 2579 5
2 2 0.5113 5

p-value < 0.05, **: p-value < 0.01 and
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Appendix Figure 3. Plasmid map of plasmids ordered from Addgene, (A) pCMV-Neo-Bam
TP53 WT, (B) pCMV-Neo-Bam TP53 R175H, (C) pCMV-Neo-Bam R248W, (D) pCMV-
Neo-Bam TP53 R273H.
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#PW_consensus
Sequence ID: Query_511861 Length: 8318 Number of Matches: 1

Range 1: 1 to 8318 Graphics

Score Expect Identities Gaps Strand
15361 bits(8318) 0.0 8318/8318(100%) 0/8318(0%) Plus/Plus
Query 1 GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCC 60
COLERLERRRERR et b e bbb e irind
Sbjct 1 GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCC 60
Query 61 CATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA 120
COLEERERRRERR L e e bbbl
Sbjct 61 CATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA 120
Query 121 ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 180
FOLEELERRLERRE e e e et e e e e e e e eriny
Sbijct 121 ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 180
Query 181 CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATC 240
COLEELERRREERE e et b et e e e iirtitl
Sbjct 181 CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATC 240
Query 241 AAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCT 300

Appendix Figure 4. Consensus sequence similarity score of pCMV-Neo-Bam TP53 WT
plasmid on BLAST tool.

Max Total Query E Per Acc

P53 (Homo sapiens]

Cellular lumor antigen p53 1500 g |HOMO sapiens Homo saplens KT T A (X R
callular tumor antigen p53 isoform g [Homo sapiens| Homo saplens 737 731 8% 00 10000% 354 NP_0012636891

Home sapiens 806 99% 00 BAC167991

callylar tumor antigen p53 isoform [ [Homo sapians) Homo sapiens 422 422 53% 2153 9617% 214

AR RRRAC

111

De tion Scientific N
strip 2 - il Score Scors Cover value  Ident  Len Accession
- v v - - -
—
cellular tumor antigen p53 isoform a [Homo sapiens] Homo sapiens 813 813 99% 00 10000% 393 NP_001119584 1
callular tumor antigen p53 isoform a [Homo saplens] Homo sapiens 813 813 99% 00 10000% 393 NP_0005373

cellular lumor antigen p53 isoform g [Home saplens) Homo saplens 737 737 89% 00 10000% 354 NP_001119590 1
ceflular tumor antigen pS3 isoform ¢ (Home sapiens) Homo sapiens 689 689 86% 00 9765% 346 NP_0011195851
cellular tumor antigen pS3 isoform b [Home sapiens] Homo sapiens 688 688 84% 0.0  100.00% 341 NP_001119586.1
cellular tumor antigen p53 isoform | [Homo sapiens) Homo saplens 612 612 T74% 00 10000% 302 NP_001263625 1
cellular tumor antigen p53 isaform h [Homo sapiens| Homo sapiens 612 612 76% 00 9735% 307 NP 0012636241
caflular tumor antigen p53 isoform d [Home sapiens) Homo sapiens 549 549 66% 00 10000% 261 NP_001119587 1
cellular tumor antigen p53 isolorm j [Homo saplens) Homo sapiens 491 491 59%  3e-180 100.00% 234 NP_001263626.1
cellular tumor antigen p53 isoform e [Homo sapiens| Homo saplens 422 422 50% 2e-153 100.00% 209 NP_001119588.1

1

cellular tumor antigen p53 isoform k [Homo saplens] Homo saplens 365 365 43% 3e-131 10000% 182 NP_001263627 1
cellular tumor antigen pS3 isoform | [Homo sapiens) Homo sapiens 364 364 46% 6e-131 9560% 187 NP_001263628 1

Appendix Figure 5. Comparison of TP53 variants with TP53 WT inserts of the plasmid on

BLAST tool.

99



#P175_consensus
Sequence ID: Query_28841 Length: 7900 Number of Matches: 5

Range 1: 1 to 7900 Graphics ¥ Next Match
Score Expect Identities Gaps Strand
14589 bits(7900) 0.0 7900/7900(100%) 0/7900(0%) Plus/Plus

Query 1 GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCC 60

CCLEREEELEEEEE L LR EEEEEErtrig |
Sbjct 1 GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCC 60

Query 61 CATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA 120

COLEREELELELEER LR LR it
Sbjct 61  CATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA 120

Query 121  ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 180

CLLERCELELEEEEE L L e e Lt
Sbjct 121  ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 180

Query 181  CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATC 240

IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 181  CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATC 240

Query 241  AAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCT 300
COLELLELEEEEEEe et e e e e v et e e e e eeeeennnd

Appendix Figure 6. Consensus sequence similarity score of pPCMV-Neo-Bam TP53 R175H

plasmid on BLAST tool.

#248_consensus
Sequence ID: Query_22753 Length: 8318 Number of Matches: 1

Range 1: 1 to 8318 Graphics

Score Expect Identities Gaps Strand
15361 bits(8318) 0.0 8318/8318(100%) 0/8318(0%) Plus/Plus
Query 1 AATACGCCCGCGTTTCTTCCTTTTeccccaccccaccccccAAGTTCGGGTGAAGGCCCAG 60
FELECLERRREERE e e et bbb e it
Sbjct 1 AATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAG 60
Query 61 GGCTCG(AGCCAACGTCGGGGCGG(AAGCCCTGCCATAGC(ACGGGCCCCGTGGGTTAGG 120
FELEEREERREER e ettt e ee il
Sbjct 61 GGCTCGCAGCCAACGTCGGGGCGGCAAGCCCTGCCATAGCCACGGGCCCCGTGGGTTAGG 120
Query 121 GACGGCGGATCGCGGCCCTCTAGAGAGCTTGGCCCATTGCATACGTTGTATCCATATCAT 180
FELECRERRREERE e e et e et ettt
Sbijct 121 GACGGCGGATCGCGGCCCTCTAGAGAGCTTGGCCCATTGCATACGTTGTATCCATATCAT 180
Query 181 AATATGTACATTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTG 240
CELEEREERREER et e e et e e bbb et ee il
Sbjct 181 AATATGTACATTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTG 240
Query 241 ACTAGTTATTAATAGTAATCAATTA(GGGGTCATTAGTI(‘Zllx clgggﬂ TATGGAGTTC 300

Appendix Figure 7. Consensus sequence similarity score of pPCMV-Neo-Bam TP53 R248W

plasmid on BLAST tool.

100



pCMV-Neo-Bam/p53 R273H
Sequence ID: Query_25697 Length: 7824 Number of Matches: 1

Range 1: 1 to 7824 Graphics

Score Expect Identities Gaps Strand
1444S bits(7824) 0.0 7824/7824(100%) 0/7824(0%) Plus/Plus
Query 1 CTAGAGAGCTTGGCCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATIGC 60
LOCLELERERRELEE e e e e e e e nrrininl
Sbjct 1 CTAGAGAGCTTGGCCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATIC 60
Query 61 GCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAAT 120
COCLELEREERERER e e e e e e rinl
Sbjct 61 GCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTCGACTAGTTATTAATAGTAAT 120
Query 121 CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGG 180
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIIIIIII|
Sbjct 121 AATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGG 180
Query 181 TAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGT 240
COCLELERERELE R e e et e e e e e et
Sbjct 181 TAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGLCCATTCGACGTCAATAATGACGT 240
Query 241 ATGTTCCCATAGTAACGCCAATAGGGACTTTCCAT IGACGICAATGGGTGGAGIAI”ti\c| 300

FRLRRRR e

Appendix Figure 8. Consensus sequence similarity score of pPCMV-Neo-Bam TP53 R273H
plasmid on BLAST tool.
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A p53_WT_NGS_Result (393 aa)
Sequence ID: Query_12447 Length: 394 Number of Matches: 1

Range 1: 1 to 394 Graphics

Score Expect Method Identities Positives Gaps
808 bits(2088) 0.0  Compositional matrix adjust. 392/394(99%) 392/394(99%) 0/394(0%)

Query 1 MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWF TEDPGP 60
MEEPQSDPSVEPPLSQETFSDLWKL LPENNVLSPLPSQAMDDLML SPDDTEQWF TEDPGP
Sbjct 1 MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPODIEQWF TEDPGP 60
Query 61  DEAPRMPEAAPRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 120
DEAPRMPEAAP VAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK
Sbjct 61  DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 120

Query 121 SVICTYSPALNKMECQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTE E 180
C

SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVER CPHHE
Sbjct 121 SVICTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVRRRCPHHE 180

Query 181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVWPYEPPEVGSDCTTIHYNYMCNS 240
RCSDSDGLAPPQHL TRVEGNLRVEYLDDRNTFRHSVVWPYEPPEVGSDCTTIHYNYMCNS
Sbjct 181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVWPYEPPEVGSDCTTIHYNYMCNS 240

Query 241 SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP 300
SCMGGMNRRPTLTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP
Sbjct 241 SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP 300

Query 301 PGSTKRALPNNTSSSPQPKKKPLOGEYF TLQIRGRERF EMFRELNEALELKDAQAGKEPG 360
PGSTKRALPNNTSSSPQPKKKPLDGEYF TLQTRGRERF EMFRELNEAL FLKDAQAGKEPG
Sbjct 301 PGSTKRALPNNTSSSPQPKKKPLDGEYF TLQIRGRERFEMFRELNEALELKDAQAGKEPG 360

Query 361 GSRAHSSHLKSKKGOSTSRHKKLMFKTEGPDSD* 394
GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD*
Sbjct 361 GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD* 394

pS3_WT_NGS_Result (393 aa)
B Sequence ID: Query_7015 Length: 394 Number of Matches: 1

Range 1: 1 to 394 Graphics

Score Expect Method Identities Positives Gaps
811 bits(2094) 0.0  Compositional matrix adjust. 393/394(99%) 393/394(99%) 0/394(0%)

Query 1 MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGP 60
MEEPQSOPSVEPPLSQETFSOLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWF TEDPGP
Sbjct 1 MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGP 60

Query 61  DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 120
DEAPRMPEAAPPVAPAPAAP TPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGF LHSGTAK
Sbjct 61  DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 120

Query 121 SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVVRRCPHHE 189
SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMALYKQSQHMTEVVRRCPHHE
Sbjct 121 SVICTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVVRRCPHHE 180

Query 181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVWWPYEPPEVGSDCTTIHYNYMCNS 240
RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVWPYEPPEVGSDCTTIHYNYMCNS
Sbjct 181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVWWPYEPPEVGSDCTTIHYNYMCNS 240

Query 241 LTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP 300
LTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP
Sbjct 241 LTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP 300

Query 301 PGSTKRALPNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG 360
PGSTKRALPNNTSSSPQPKKKPLDGEYF TLQIRGRERF EMFRELNEALELKDAQAGKEPG
Sbjct 301 PGSTKRALPNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG 360

Query 361 GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD* 394
GSRAHSSHLKSKKGQS TSRHKKLMFKTEGPDSD*
Sbjct 361 GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD* 394

C p53_WT_NGS_Result (393 aa)
Sequence ID: Query_39193 Length: 394 Number of Matches: 1

Range 1: 1 to 394 Graphics

Score Expect Method Tdentities Positives Gaps
807 bits(2084) 0.0  Compositional matrix adjust. 391/394(99%) 391/394(99%) 0/394(0%)

Query 1  MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDTEQWFTEDPGP 60
MEEPQSDPSVEPPLSQETF SDLWKLLPENNVLSPLPSQAMDDLML SPDDIEQWF TEDPGP
Sbjct 1 MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGP 60

Query 61  DEAPRMPEAAPRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 120
DEAPRMPEAAP VAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGF LHSGTAK
Sbjct 61  DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 120

Query 121 SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVVRRCPHHE 180
SVICTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMALYKQSQHMTEVVRRCPHHE
Sbjct 121 SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVVRRCPHHE 180

Query 181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNS 240
RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVWWPYEPPEVGSDCTTIHYNYMCNS
Sbjct 181 RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVWWPYEPPEVGSDCTTIHYNYMCNS 240

H ICPGRDRRTEEENLRKKGEPHHELP 300
VR

Query 241 SCMGGMNRRPILTIITLEDSSGNLLGRNSI
SCMGGMNRRPILTIITLEDSSGNLLGRNS
Sbjct 241 SCMGGMNRRPILTIITLEDSSGNLLGRNS

V VCRCPGRDRRTEEENLRKKGEPHHELP
VCJCPGRDRRTEEENLRKKGEPHHELP 300

Query 301 PGSTKRALSNNISSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG 360
PGSTKRAL NNIFSSSPQPKKKPLDGEYF TLQIRGRERF EMFRELNEALELKDAQAGKEPG
Sbjct 301 PGSTKRALPNNISSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG 360

Query 361 GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD* 394
GSRAHSSHLKSKKGQS TSRHKKLMFKTEGPDSD*
Sbjct 361 GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD* 394

Appendix Figure 9. Comparison of the amino acid sequence of TP53 WT insert with TP53
R175H (A), R248W (B) and R273H (C) inserts to verify the mutation status on the BLAST

tool.
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TP53 Plasmids on MDA-MB-231
According to dosage
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Appendix Figure 10. Whole data of relative cell viability assay on MDA-MB-231 cell line
treated with WT and mutant TP53 overexpressed vectors at different concentrations over 24h,
48h, and 72h. Data is represented in percentage format, and error bars are determined according

to Mean£SD values.
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Appendix Figure 11. Gel electrophoresis result of pBabe-puro (EV) and pBabe-puro TP53
wild-type (WT), R175H mutant (R175H), R248W mutant (R248W) and R273H mutant

(R273H) plasmids with Ncol restriction digestion enzyme.
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