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Abstract

Colorectal cancer (CRC) is one of the leading causes of cancer related death
worldwide. Despite substantial progress in understanding the molecular mechanisms
and treatment of CRC in the last years, the overall survival rate of CRC patients has
not improved significantly. Therefore, it is of great importance to find novel molecular
factors that can predict the progression and prognosis in colorectal cancer patients

as well as to discover new molecules that can act as therapeutic targets.

In recent years long non coding RNAs (IncRNAs) have moved into the focus of
research. They play a pivotal role in the regulation of various cell processes and have
been associated with the development and progression of different cancer types.
This knowledge makes them suitable as biomarkers for cancer diagnosis and

prognosis.

In this thesis we investigated the biological function of a novel IncRNA LINC1 in CRC
cell lines in vitro and in vivo. For this purpose, we performed loss of function
experiments in a panel of CRC cell lines to evaluate the impact of LINC1 on

proliferation, migration, apoptosis, cell cycle, stemness in vitro and in vivo.



Zusammenfassung

Kolorektalkarzinom (CRC) ist eine der fuhrenden, todlichen Ursachen von Krebs
weltweit. Trotz erheblicher Fortschritte im Bereich der molekularen Mechanismen und
in der Behandlung von CRC hat sich die Uberlebensrate von Patienten in den letzten
Jahren nicht wesentlich verbessert. Daher ist es von grol3em Interesse, neue
molekulare Faktoren zu finden, welche die Progression und Prognose bei
Dickdarmkrebspatienten verbessern und weitere Moleklile zu finde welche als
therapeutisches Ziel eingesetzt werden konnen. Lange nicht kodierende RNAs
(IncRNAs) sind in den letzten Jahren in den Fokus der Forschung gertckt. Sie
spielen eine zentrale Rolle bei der Regulierung verschiedener Zellprozesse und
werden mit dem Fortschreiten und der Entwicklung verschiedener Krebsarten
assoziiert. Dadurch machen sich IncRNAs zu einem geeigneten Biomarker fur die
Krebs Diagnose und Prognose. In dieser Arbeit untersuchen wir die biologische
Funktion einer neuartigen INcCRNA LINC1 in CRC Zelllinien in vitro und in vivo. Der
Effekt von LINC1 knockdown wurde auf Proliferation, Migration, Apoptose, Zellzyklus
und Stammzellfahigkeit hin untersucht.

Vi
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1 Introduction

1.1 Epidemiology and risk factors

Colorectal cancer (CRC) is among the leading causes of cancer related mortality
worldwide. It is the third most common cancer diagnosed in men and females and
represents the most frequent cancer of the digestive system. In 2016, about 63670
females and 70820 men were diagnosed with CRC (1). Sex, age, hereditary and
personal history are independent risk factors for CRC. The incidence increases
around the age of 40 years (2). In addition to age, also the personal history of CRC or
inflammatory bowel disease (IBD) cannot be modified (3). The chronic inflammation
found in IBD often produces atypical cell growth known as dysplasia. Despite
dysplastic cells are not yet malignant, they have more chances of becoming
anaplastic and developing into a tumor (4). Other risk factors can be reduced by
implementing modest lifecycle changes in terms of dietary and physical activity habits
(5). Another important risk factor is related to a sedentary lifestyle such as obesity
(6). Moreover, smoking and alcohol consumption have also been shown to increase
the chances of suffering from CRC by up to 10,8% due to the high content in
carcinogenesis such as nicotine, the metabolites of which can easily reach the
intestine and generate polyps (7, 8). About 75% of all new cases of CRC occur in
people with no predisposition factors which are considered to be at average risk of
CRC. Hereditary nonpolyposis colon cancer (HNPCC), also known as Lynch
syndrome, accounts for about 5% of new cases of CRC each year and people with
family adenomatous polyposis (FAP) for approximately 1% of new cases (2). Lifetime
risk of developing CRC is double among those with first degree relative having CRC,

and the risk increases 4-fold if the diagnosis is set before the age of 45 years (4).

1.2 Mechanisms of carcinogenesis

CRC can emerge from one or a combination of three different mechanisms,
especially chromosomal instability (CIN)’ﬁ:pG island methylator phenotype (CIMP)



and microsatellite instability (MSI). The classical CIN pathway starts with the
acquisition of mutations in the adenomatous polyposis coli (APC), ensured by the
mutational activation of oncogene KRAS and the inactivation of the tumor suppressor
gene, TP53 (9). The major player in CIN tumors are aneuploidy and loss of
heterozygosity (LOH), which not only constitute most of the sporadic tumors (85%)
but also involve familial adenomatous polyposis cases associated with germline
mutation in the APC gene (10). The CIMP pathway is described by promotor
hypermethylation of various tumor suppressor genes such as MGMT and MLH1. This
hypermethylation often is associated with BRAF mutation and microsatellite instability
(11). The MSI pathway affects the inactivation of genetic alteration in short repeated
sequences. This activation is a hallmark condition in familial Lynch syndrome (LS)

and occurs in CRC in DNA mismatch repair (MMR) genes (12).

1.3 Treatment regimes

In the past few years the survival rates of individuals with colorectal cancer have
increased substantially, possibly as a result of early diagnosis and improved
treatment. Despite significant information about risk factors exists, about 75% of
diagnosis remain unclear in patients with no apparent risk factors other than older
age (13). The 5 year survival rates after surgical resection for patients with localized
disease has dramatically improved. However more than half of all patients diagnosed
with CRC finally develop recurrence of their disease and metastasis (13, 14). For
patients with metastatic CRC there have been several changes in treatment over the
past years. For example, incorporation of new chemotherapeutic drugs, the
introduction of novel targeting agents such as inhibitors of angiogenesis and
epidermal growth factor receptor signaling which improved survival time of metastatic
CRC (mCRC) patient (15).

1.4 Chemotherapeutic drugs
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The antimetabolite 5-fluorouracil (5-FU) is the most studied drug in CRC (16). 5-FU is
extensively used in the treatment of cancers including breast, CRC, head and neck
(17, 18). However, the response rates for 5-FU based chemotherapy as a first line
treatment for advanced CRC cancer are only 10-15% (19). 5-FU combined with new
cytotoxic drugs such as oxaliplatin and irinotecan have improved the response rates
to 40-50% (20, 21). Moreover, novel biological agents such as the monoclonal
antibodies cetuximab and bevacizumab have shown additional benefits in patients

with metastatic disease (22, 23).

1.5 EGFR targeted therapy

EGFR is a member of the ErbB family of the human epidermal factor receptors and is
relevant in colorectal cancer because expression or up-regulation of the EGFR gene
occurs in 60 to 80% of cases (24-26). The signalling pathway of EGFR controls cell
proliferation, differentiation, migration, angiogenesis and apoptosis. All of which
become deregulated in cancer cells (27). As a monomer EGFR is inactive. However,
when bound by epidermal growth factor or transforming growth factor alpha (TGF-
alpha), it forms homo or heterodimers with another member of the ErbB family of
receptors. This dimerization triggers the intracellular tyrosine kinase region of EGFR,
emerging in autophosphorylation and furthermore initiating a cascade of intracellular
events (28). Therefore monoclonal antibodies that target EGFR can be effective as
anticancer therapy. Cetuximab and Panitumumab are two monoclonal antibodies that
target EGFR and have a clinical impact against CRC. Panitumumab is fully
humanized 1gG2 antibody and cetuximab a recombinant, chimeric, IgG1 monoclonal
antibody. This different isotypes may be the decisive that these two antibodies differ
in their mechanism of action (22). A resistance to anti-EGFR therapy in CRC is
associated with molecular alterations of KRAS (29). Studies have shown that a high
gene copy number of EGFR could be a potential marker for EGFR targeted therapy
in CRC, as patients with low gene copy number are unlikely to respond to anti-EGFR
agents (30, 31).
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1.6 Long non coding RNA

RNAs that do not encode proteins are called non-coding RNAs (ncRNA) and those
with a length more than 200 nucleotides are referred to as long non-coding RNAs
(IncRNAs) (32). Long non coding RNAs are one of the most poorly understood, yet
most common RNA species. Since they represent an extensive, large unexplored
and functional component of the genome the study is of major relevance to the
human biology and disease (33, 34). These non-coding RNAs have completely
changed our understanding about the genetic code. The complexity of human
physiology now cannot be exclusively defined by the expression of only 20000
protein-coding genes, but rather through interplay of the protein-coding genome and
the non-coding genome (35). LncRNAs are roughly classified based on their position
to protein-coding genes: intergenic (between genes), intragenic/intronic (within

genes) and antisense (36).

1.7 LncRNAs involved in the invasion, metastasis, early diagnosis and

prognosis of CRC

An increasing number of studies have shown that abnormal expression of INcCRNAs
may inhibit tumor suppressor genes or cancer-promoting genes in the development
of CRC (37, 38). Furthermore, recent studies have demonstrated different and unique
expression of INcRNA in CRC which could serve as new molecular markers in the

tumor diagnosis and treatment (39).

HOTAIR

HOTAIR (HOX transcript antisense RNA is located on chromosome 12g13.13 and
the first INncRNA found to demonstrate trans-transcriptional regulations function.
Previous research has demonstrated that HOTAIR plays an essential role in various
tumors including gastric cancer, breast cancer, cervical cancer and prostate cancer
(40-43). High HOTAIR expression is correlated with a poor prognosis in CRC patients

and it interacts with the polycomb regessive complex 2 (44). A decreasing



expression of HOTAIR has been indicated to inhibit the growth of human CRC cells
(45). As it is only highly expressed in the primary tumors of CRC patients and found
in the peripheral blood HOTAIR has potential as a prognostic factor (46).

CCAT

A recently discovered IncRNA is the colon cancer associated transcript 1 (CCAT1)
which is located on chromosome 8p24.21 (47). Recent research has shown that
CCAT1 is involved in colorectal carcinoma, gastric cancer and in esophageal
squamous cell carcinoma (48, 49). The level of CCATL1 is significantly higher in the
plasma of CRC patients compared with that of healthy controls (50, 51). Furthermore
the CCAT1 overexpression is associated with CRC proliferation and invasiveness,
lymph node metastasis, clinical stage and survival time of CRC (52-54).

MALAT-1

Metastasis associated lung adenocarcinoma transcript 1 (MALAT-1) is located on
chromosome 11g13.1 and is involved in divers types of cancer such as breast
cancer, lung cancer, pancreatic cancer, liver cancer and gastrointestinal cancer (55-
57). MALAT-1 is upregulated in CRC and can promote cell proliferation, invasion and
metastasis in CRC (58, 59). The high expression of MALAT-1 has been identified as
a biomarker for poor prognosis in CRC (60) and the 3’ end of MALAT-1 also is an

important position in terms of invasion and metastasis in CRC (61).
H19

H19 is a 2.3kb INcRNA, constitutes a pair of imprinted genes together with the insulin-
like growth factor-ll gene (IGF2) and is located on chromosome 11g15.5 (62).
Hypomethylation of H19 and IGF2 is involved in loss of imprinting of IGF2 in CRC
(62) H19 expression demonstrated a link to a variety of cancers including breast
cancer, gastric cancer and lung cancer (63). Overexpression of H19 is associated
with tumor differentiation and tumor node metastasis (TNM) staging and also recruits
the eukaryotic translation initiation factor 4A3 (elF4A3) to stimulate CRC proliferation.
In CRC patients, H19 is an independent predictor of overall survival and disease-fee
survival (64) H19 and its product miR-675 are upregulated in CRC. High levels of

miR-675 have been demonstrated to reduce the expression of tumor suppressor
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retinoblastoma protein (RB) through recognizing and binding the 3’end of its UTR
(65).

IncRNA-p21

IncRNA-p21 is down regulated in CRC and is controlled by p53 to reduce cell viability
(66). It reduces cancer cell survival and self-renewal capacity and promotes cancer
cell glycolysis via inhibiting the [3-catenin signal to inhibit CRC cells with stemness
features from developing into mature cancer cells (67). LncRNA-p21 is also related to

gastric cancer, hepatocellular carcinoma and to non-small cell lung cancer (68, 69).
NEAT 1

Nuclear-enriched abundant transcript 1 (NEAT1) is a nuclear-restricted IncRNA and
has two isoforms, NEAT1 1 and NEAT1_2 (70). NEAT1 has been associated to be
involved in gastric cancer, breast cancer and ovarian cancer (71) It is a possible
biomarker for prognosis in CRC and the overexpression of NEAT1 in the whole blood
and tissue of CRC patients is linked to tumor invasion, differentiation, metastasis and
TNM staging (72).

1.8 Epigenetic modifications

LncRNAs play an important role in regulation of gene expression including
modification of chromatin, controlling transcription and translation. Most of the
antisense RNAs act in cis while other often act in trans for example lincRNAs.
Therefore they can either function as positive or negative regulators of gene
expression (73). LncRNAs interact with a variety of chromatin modification enzymes
and also induce chromatin modification and DNA methylation (74, 75). They also
participate in allele silencing and the maintenance of epigenetic modifications during
embryonic development (76, 77). As a typical model for understanding epigenetic
transcriptional regulation by IncRNA serves the X-inactivation center (Xic).
X.inactivation by the X-inactive-specific transcript (XIST/Xist) in mammals is a
common example. The Xist RNA binds directly to the polycomb repressive complex 2
(PRC2) which is the epigenetic complex responsible for silencing the whole
chromosome (77). The IncRNA HOTAIRjgan also bind to PRC2 and interact with



chromatin remodelling complexes to induce heterochromatin formation leading to a

reduced target gene expression (38, 44).

1.9 LINC1

In this thesis, we worked with the novel IncRNA LINC00597. Throughout this
study LINCO0597 is referred to as intergenic non-coding RNA 1 (LINC1). The
gene that encodes LINCL1 is located on the reverse strand of chromosome
15924.3 and only consist of 1 exon. Since LINC1 is an uncharacterized
IncRNA yet, studies on the biochemical mechanisms and biological functions

are still missing.
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Aim of the study

Since IncRNAs might serve as potential predicting and prognostic factors and even
as therapeutic targets themselves we aimed to examine the biological relevance of
LINC1 in CRC. Previous investigations of the research group of Prof. Martin Pichler
led to the hypothesis that LINC1 may play a functional role in colorectal cancer.

The following steps were taken to achieve these goals:
Characterization of the biological role of LINC1 silencing

e Evaluation of reproductive viability

e Performing in vitro proliferation assays

e Investigation of cellular anchorage —independent growth
e Cell cycle analysis

e Analysis of apoptotic activity

e In vivo confirmation of in vitro observations in nude mice

18



2 Material and Methods

2.1 Cell culture

2.1.1 Cultivation of cell lines

The human CRC cell lines HRT-18, SW480, DLD1 and HCT116, were purchased
from American Type Culture Collection (Manassas, CA, USA) and their origin was
proven by DNA identity STR-analysis. For HCT116 McCoy’s 5A modified Medium
(w/o L-Glutamine, 2,2g/L sodium bicarbonate) was used. HRT-18, SW480 and DLD1
cells were maintained in RPMI 1640 (GIBCO Lifetech, Vienna, Austria) containing
2mmol of L-glutamine. All growth media contained 10% foetal bovine serum (FBS)
gold (Biochrome, Austria) and antibiotics (50 units per ml of penicillin, 50ug/ml of
streptomycin). Cells were incubated in a 5% CO, humidified atmosphere at 37°C.
The CRC cell lines HCT116, HRT18, SW480 and DLD1 were authenticated at the
Cell bank of the Core Facility of the Medical University of Graz, Austria by performing
a STR profiling analysis (Kit: Promega, PowerPlex 16HS System; Cat.No. DC2101,
last date of testing: March 3rd 2016).

2.1.2 Trypsinations of cells

Adherent cells need to be detached from culture flasks before counting and
seeding them again in the desired culture well or flask (Corning, Corning, NY).
Detachment of cells was performed using trypsin/EDTA (Invitrogen, Carlsbad,
CA). First, culture medium was

removed and cells were washed with pre-warmed (37°C) Phosphate Buffered

2 2

Saline (PBS; 4ml for 75cm* flasks, 2ml for 25cm® flasks or 1ml for 6 well plates,

2

respectively). Afterwards, pre-warmed 1X trypsin/EDTA (2ml for 75cm* flasks, 1ml

for 25cm? flasks or 0.5ml for 6 well plates, respectively) was added and incubated
for 3-5 minutes until single cells are present (control under microscope). To stop

the reaction, 3-fold volume of culturel® medium containing FBS was added.



Detached cells were resuspended in culture medium, collected in a 15ml falcon
tube (Falcon ® Corning, Corning, NY) and centrifuged for 5 minutes at 800 rpm
(rounds per minute). The supernatant was removed and the cell pellet was
resuspended in 10 ml of fresh medium. Cell counting and determination of
viability was done using a Biorad TC20 Cell Counter (Biorad, Hercules, CA).
Therefore, 10 ul of cell suspension were mixed with 10 ul of trypan blue
(Sigma) and were applied to a chamber of a Biorad Cell Counting slide. The
appropriate amount of cell suspension was then transferred to a new tissue culture

flask or well plate.

2.1.3 siRNA transfection

The cells were cultured in complete growth medium containing 10% FBS and 1%
penicillin/streptomycin (50 units per ml of penicillin, 50ug/ml of streptomycin) at 37°C.
To obtain silencing, HRT-18, SW480, DLD1 and HCT116 cells were trypsinized
and transiently transfected with siRNAs targeting siRNA#1 (50nM, Hs_C15orf5_6)
and siRNA#2 (50nM, Hs_C15orf5_8) (Qiagen, Hilde, Germany) as well as with a
AllStars Negative Control (50nM, Qiagen, Hilde, Germany) and AllStars Cell Death
Control (50nM, Qiagen, Hilde, Germany) using the fast forward procedure according
to the HiPerfect Transfection Reagent (Qiagen) protocol. The cells were either
transfected in 6 well plates or in 96 well plates using the HiPerfect Transfection Kit
(Qiagen). For transfection in a 6 well plate (Corning, NY), containing 2,5x10° cells
were seeded in a volume of 2.3 ml growth medium. A transfection mix containing
50 nM of respective siRNA, 10ul of HiPerfect Transfection Reagent and serum-free
medium (total volume 100 pl) was prepared. The transfection mix was incubated for
10 minutes at room temperature and was then added to the cells. Cells were
incubated under their normal growth conditions (37°C, 5% CO2). RNA and protein

isolation was performed after 48, 72 and 96 hours, respectively.
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2.2 Cellulare assays

2.2.1 WST-1 proliferation assay

To examine whether altered LINC1 silencing influences cellular growth rates of CRC
cells, we applied the WST-1 proliferation assay (Roche Applied Science). After
transfection, we measured the cellular growth rate at every 24 hours over a period of
time of 96 hours. In more detail, after standard trypsinisation 3 x10® CRC cells per
well were seeded in a 96-well culture plate. After transfection with SIRNA#1,
SiRNA#2, AllStars Negative Control (Qiagen) and AllStars Cell Death Control
(Qiagen), cells were incubated in 200 pl of normal growth medium for 96 h and the
WST-1 proliferation reagent (Roche Applied Science) was added every 24 hours
according to the manufacturer's recommendations. After 3 hours the colorimetric
changes were measured using a SpectraMax Plus (Molecular Devices) at a
wavelength of 450nm with a reference wavelength at 620 nm. The assay was

performed in six technical replicates.

2.2.2 Wound healing scratch assay

To analysis cell migration a wound-healing assay was performed. After transient
transfection of CRC cell lines HCT116, HRT-18 and SW480 at a density of 150 x103,
cells were seeded in 24 well plates. After 24 hours of incubation, a scratch was made
with a 100pl pipette tip to form a defined gap in the cell monolayer. After washing the
cells with PBS, medium containing 10% FBS was added and cell migration toward
the gap area was documented using a microscope at 10x magnification. The size of
the gap at a selected position was measured using the cellSense Imaging software
(Olympus, Hamburg, Germany) at the starting point of the experiment (Oh= 0 hours),
after 24 hours (24h) and up to 48 hours (48h). The ratio of the gap size at certain
time points to the gap size at 0 h was calculated and replicates were averaged. The

scratch assay was performed with 3 biological replicates.
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2.2.3 Clonogenic assay

To evaluate reproductive viability after knock down, transfected cells (HCT116, HRT-
18, SW480 and DLD1) were seeded into 6 well plates (200cells/well) in a volume of
2ml in standard growth medium. Cells were then cultured at 37°C and 5% CO, for up
to 2 weeks. After colony formation, the colonies were stained with 0.05% crystal
violet (Sigma) in 25% methanol and the number of colonies was counted using a

dissecting microscope The assay as performed with 6 technical replicates.

2.2.4 Soft agar colony formation assay

To measure anchorage - independent growth, 6 well plates were coated with 1 ml of
0.5 % agarose in culture medium. CRC cells (HCT116, HRT-18, SW480 and DLD1)
at a density of 2x10° were then suspended in 0.35 % low gelling agarose in medium
and overlaid on the coated plates.1 ml of culture medium was added and fresh
medium was added every week, once the agarose was solid. After approximately 6
weeks colony formation could be detected and colonies were stained with 0.005 %
crystal violet solution (in PBS + 20 % EtOH) and then counted.

2.2.5 Tumorsphere formation assay

CRC cells HCT116, SW480 and DLD1 were transient transfected and then harvested
and resuspended in serum-free medium supplemented with 1 x B27 supplement, 20
ng/ml human epidermal growth factor (EGF), 10 ng/ml human basic fibroblast growth
factor (FGF) and 300 IU Heparin. The cells were then seeded in ultra-low attachment
6 well plates at a density of 2x10°. After 10 — 16 days spheres were counted. Three

technical replicates were made.
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2.2.6 Apoptosis assay

Apoptosis in CRC cells HCT116, SW480 and DLD1 was examined using the
Caspase-Glo 3/7 assay kits according to the manufacturer’s instructions (Promega,
Madison, WI). The cells were first seeded in triplicates in 96-well plates at a density
of 3x10° and transfected with specific SiRNAs against LINC1 or respective control.
For Caspase 3/7, after 48 and 96 hours cells were incubated, protected from light,
with the caspase substrate for 30 minutes followed by measurements with a
LUMistar microtiter plate reader (BMG Labtech).

2.2.7 Cell Cycle assay

The CRC cell lines HCT116 and SW480 were transiently transfected and seeded in 6
well plates at a density of 2,5x10° for further analyses of cell cycle and apoptosis.
Cells were detached from the culture dishes after 48h and 72h with Trypsin and
washed with 5 ml PBS. After centrifugation at 800 x g for 5 min at room
temperature, cells were resuspended in 1 ml cold PBS. 3 ml of ice-cold 100 % EtOH
was added dropwise to each sample under gentle vortexing. Samples were then
incubated at 4 °C overnight. The cells were centrifuged at 800 x g for 5 min and the
EtOH was discarded. Cells were washed in 1 ml PBS (+ 0.2 % BSA) and pelleted.
After 20 min at room temperature incubation of the dissolved cells with a hypotonic
lysis solution containing 50 pg/mL propidium iodide (PI; Sigma, Vienna, Austria) and
100 pg/mL RNAse (Fermentas, Thermo Fischer Scientific), cells were stored on ice
in the dark for maximum one hour until flow cytometric measurement were
performed. The analysis where done with Flow Cytometry (Thermo Fischer Scientific)
which was performed according to the manufacturer’s instructions. The Data was
analyzed using the ModFit LT software (Verity software house, Topsham, ME, USA).
The assay was performed with 3 biological replicates.
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2.3 Gene expression analysis

2.3.1 RNA Isolation

Cells were cultured in well plates or tissues culture flask and after reaching
70-80% confluency cells were ready for RNA Isolation. Therefore, cells were
washed with 1x PBS and afterwards 1 ml of TRIZOL reagent (Invitrogen, Carlsbad,
CA) was directly added to the cells. Cells were transferred to a 2 ml Eppendorf
tube (Eppendorf, Hamburg, Germany) and homogenized by passing through
syringe and needle. Homogenized samples were incubated for 5 minutes at room

temperature to permit the complete dissociation of nucleoprotein complexes.

For phase separation 100ul of BCP (Sigma) per 1 ml of TRIZOL reagent were
added. Samples were vigorously vortexed for 15 seconds and incubated at room
temperature for 2 to 3 minutes. Samples were centrifuged at 13000 rpm for 15
minutes at 4°C. Following centrifugation, the mixture separates into lower red,
phenol-chloroform phase, an interphase, and a colourless upper aqueous phase.
RNA remains exclusively in the aqueous phase. The upper aqueous phase was

transferred carefully into a fresh tube without disturbing the interphase.

The RNA was precipitated by mixing the aqueous phase with 500 pl of
isopropanol (Sigma). The mixture was incubated for 10 minutes at room temperature
and centrifuged at 13000 rpm for 30 minutes at 4°C. The supernatant was removed
completely and the RNA pellet was washed once with 75% ethanol, adding at least
1 ml of 75% ethanol per 1 ml of TRIZOL Reagent used for the initial
homogenization. The samples were mixed by vortexing and centrifuged at 8000
rom for 5 minutes at 4°C. The washing procedure was repeated twice and
afterwards, ethanol was completely removed. The pellet was then air- dried and

dissolved in RNAse free water.

2.3.2 TURBO Dnase Treatment

For the detection of LINC1 by real-time quantitatve PCR (RT-gPCR) the RNA
samples were treated with DNase (Tl}ﬁBO DNA-free TM Kit, ambion by life



technologies) to remove contaminating genomic DNA. The reaction volume was
20ul with an RNA concentration of 200 ng/ul,. 2 pl of TURBO DNase Buffer and 1
pul TURBO DNase were added to the RNA and mixed gently. After incubation at 37
°C for 30 min, 2 ul of DNase Inactivation Reagent was added followed by incubation
for 5 min at room temperature. During the incubation period tubes were flicked 2-3
times to redisperse the DNase Inactivation Reagent. Samples were centrifuged at
10,000 x g for 5 min and RNA was transferred to a fresh tube. RNA quantity was
determined by measuring the absorbance at 260 nm using a BioPhotometer or
Nanodrop. Purity was assessed by the ratio of A260 nm/A280 nm and A260
nm/A230 nm. Only samples with A260 nm/A280 nm ratios between 1.9 and 2.2 and
A260 nm/A230nm ratios between 1.6 and 2.5 were used for further experiments.
Aliquots of RNA were stored at -80 °C until use. All working steps were performed
on ice to minimize the risk of RNA degradation.

2.3.3 Reverse Transcription cDNA synthesis

For mRNA quantification, 1000 ng of total cellular RNA were reverse transcribed
using the QuantiTect Reverse Transcription Kit (Qiagen, Hilden, Germany)
according to the manufactor’'s instructions. First, a genomic DNA elimination step
was performed at 42°C. The pipetting scheme for this step is listed in Table 1. The
reactions were performed in a Biorad Thermo Cycler (Biorad, Hamburg, Germany).
Afterwards the reverse transcription was done using the reaction mix listed in Table 2.
The thermal cycling conditions are listed in Table 3.

Table 1: Genomic DNA elimination

Reagents Volume (ul)
gDNA wipeout buffer (7x) 2

RNase free water (up to 12 pl) X

RNA (1000ng) Y

TOTAL 14
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Table 2: Mastermix for cDNA synthesis

Reagents Volume (pl)
QuantiScript Reverse Transcriptase 1
QuantiScript RT Buffer (5x) 4

RT Primer Mix 1

Template RNA (1000ng) 14

TOTAL 20

Table 3: cDNA synthesis: cycling program

Temperatur (°C) Time(min)
42 S
95 3

2.3.4 Quantitative real time PCR (qRT-PCR)

Relative mRNA expression levels were measured using the Quantitect SYBR
Green PCR kit(Qiagen) according to the manufactures instructions on a Light
Cycler4d80 (Roche Diagnostics, Mannheim, Germany). gRT-PCR was done in
duplicates for each sample with specific primers (see Table 6) (Primers were
purchased from Eurofins Genomics). For relative gene quantification U6, B2M and
TBP were used as housekeeping genes. 2 pl of diluted cDNA (20 ng) and 23 pl of
mastermix (see Table 4) were added to each well of a 96 well plate (Roche

Diagnostics). The thermal cycling conditions are shown in Table 5.
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Table 4: Mastermix for gRT-PCR

Reagents Volume (ul)
Quantitect SYBR Green Master Mix (2x) 12,5
Forward primer (0,4 uM) 1
Reversed primer (0,4 uM) 1
RNasefree water 8,5
Template (10 ng) 2

Total 25

Table 5: gqRT-PCR program

Program Name Cycles Analysis mode
Pre-incubation 1 None
Amplification 40 Quantification
High Resolution Melting 1 Melting Curves
Cooling 1 None
Ramp rate Acquisitions |Sec. Target Step Delay
Target (°C) Acqu. Mode |Hold (hh:mm:ss)  [(°C/s) (per°C) (°C) Step Size (°C) |(cycles)
Pre-incubation
95 [None 00:15:00 | 4,4 0| 0
Amplification
94 None 00:00:15 2,2 0 0
55 None 00:00:30 2,2 0 0
72 Single 00:00:30 4,4 0 0
igh Resolution Melting
95 None 00:00:05 4.4
65 None 00:01:00 2,2
97 Continuous 10
Cooling
40 None 00:00:10 | 2,2 0 0
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Table 6: Primer sequences for gRT-PCR

LINC1_fw AAGGGGCAAAGGAAGCTGTAA

LINC1_rev TCTCCCGTAAGTGCTGTGAG

U6_fw CTCGCTTCGGCAGCACA

U6_rev AACGCTTCACGAATTTGCGT

B2M_fw TCTCTGCTCCCCACCTCTAAGT

B2M_rev TCTCTGCTCCCCACCTCTAAGT

TBP_fw TGCACAGGAGCCAAGAGTGAA

TBP_rev CACATCACAGCTCCCCACCA

2.3.5 Calculation of relative gene expression

Changes in mRNA or miRNA expression levels of the gene of interest in treated
samples relative to their controls were determined using the AACt-method. ACt was
calculated by subtracting the Ct-value of the housekeeping gene from the Cit-
value of the gene of interest. ACt-value of control samples were subtracted from the

2-AACt

ACt-value of the analysed samples to obtain the AACt-value. was calculated

to illustrate the results in a graph (78).

ACt = Ct gene of interest — Ct housekeeping gene

AACt = ACt sample — ACt control

2.4 Western Blot analysis

2.4.1 Protein Isolation

Total proteins from stably or transiently transfected CRC cells were extracted with
radioimmunoprecipitation assay (RIPA) buffer (150 mM NaCl, 50 mM Tris-HCI, pH
7.5, 1% Triton, 0.1% SDS, 0.1% sodium deoxycholate and 1% Nonidet P40). First,

cells were washed with PBS and trypsimged. Detached cells were resuspended in




culture medium, collected in a 15ml falcon and centrifuged for 5 min at 800 rpm.
The cells were again washed twice with cold PBS and 100-300 ul of RIPA buffer
supplemented with 0,1 M DTT (Sigma) 1 M PMSF (Sigma) and Protease
inhibitor cocktail (Thermo Scientific, Rockford, IL) were added to the cell pellet.
Cells were incubated with RIPA buffer for 30 minutes and vortexed every five
minutes for complete cell lysis. Afterwards, the cell lysate was centrifuged for 15
minutes at 13.000 rpm and the supernatant containing the cellular proteins was
transferred to a fresh Eppendorf tube. Total protein concentration was measured
using the Pierce 660 nm protein assay (Thermo Scientific) according to the

manufacturer recommendations.

2.4.2 SDS PAGE and wet transfer

20 pg of total cellular proteins were supplemented with 2xsample loading buffer
and heated for 10 minutes at 65°C. Afterwards, protein extracts were subjected to
electrophoresis on a 4-15% Mini-PROTEAN® TGX™Precast Gel (Biorad, Hercules,
CA). In addition 10upl of Precision Plus Protein Prestained Standards (Bio-Rad)
were loaded onto the gel to identify protein molecular weights. Proteins were
separated at 150 V for one hour using 1x running buffer (25mM Tris, 192mM
glycine, 0.1% SDS, Biorad). Afterwards proteins were transferred onto a
nitrocellulose membrane (Biorad) at 90 V for

1.5 hours using 1x transfer buffer (25mM Tris, 192mM glycine, 20% ethanol, Biorad).
To evaluate the quality of the transfer, the membrane was stained with ponceauS

(Sigma).

2.4.3 Detection of protein expression

The membrane was blocked for 1 hour with 3% non-fat dry milk in Tris buffered
Saline/0.1% Tween-20.Immunoblotting was performed and the apoptosis marker
PARP (Cell Signaling, Cat.No. 9542) and 3-Actin (Sigma, Cat.No. A5441, clone AC-

15) were detected using HRP-conjugated anti-mouse or anti-rabbit antibodies,
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respectively (Dako, Glostrup, Denmark). Visualization was performed using an
enhanced chemoluminescence detection system (Super Signal West Pico, Thermo
Scientific, Rockford, IL).

2.4.4 Detection of 3-actin protein expression

To normalize protein expression levels, B-actin expression was detected on the
membrane. Therefore, the membrane was stripped using Restore Western Blot
Stripping Buffer (Thermo Scientific, Rockford, IL) and reprobed with a monoclonal
anti-B-actin antibody (Sigma, diluted 1:5000 in 1% (v/v) blocking solution)
overnight at 4°C. The membrane was washed three times
with TBS-T (Biorad) for 15 min followed by incubation with HRP-
conjugated rabbit-anti-mouse antibody (Dako, Glostrup, Denmark) for two hours at
room temperature. Three washing steps for 15 min with TBS-T (Biorad) and

immunodetection as described above were performed (dee section 3.4.3).

2.4.5 Relative quantification of protein expression

Relative quantification of protein expression was performed using the ImageJ (NIH,
Bethesda, Maryland) software. Therefore, the band density of the protein of

interest was measured and divided by the density of the loading control beta actin.

2.4.6 Xenograft mouse model

For tumor xenograft experiments, 7 female, five week-old NOD/SCID mice were
obtained from Charles River Breeding Laboratories (Sulzfeld, Germany). They were
transiently transfected. LINC1 siRNA_1 or scrambled control HCT116 cells were
resuspended in 100 ul of phosphate-buffered saline (PBS) and then mixed with 100
ul of Matrigel (BD, Franklin Lakes, NJ) and subcutaneously injected at a density of
6x10° cells into the flanks of mice. Animals were sacrificed 21 days after injection.
Tissues were fixed in 4% buffered formaldehyde for 24 hours, paraffin-embedded

and stained by hematoxilin-eosin (HE). All animal work was done in accordance with
30



a protocol approved by the Institutional Animal Care and Use Committee at the

Austrian Federal Ministry for Science and Research.

2.5 Statistical analysis

All statistical analyses were performed using SPSS version 20 software (SPSS Inc.,
Chicago, IL, USA) or MedCalc software (version 13.1.2.0). Student t-test or non-
parametric tests were used where appropriate. For all calculations, p<0.05 was

considered as significant.
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3 Results

3.1 LINC1 Expression analysis in CRC cell lines

A gRT-PCR was performed to examine the LINC1 expression patterns in different
human CRC cell lines. The expression levels were analysed in HCT116, HRT-18,
SW480, DLD1, Caco-2, RKO, SW48 and HT29 (Figure 1). Based on these results we
selected HCT116, HRT-18, SW480 and DLD1 cellsfor further investigations.
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Figure 1. Relative expression levels in CRC cell lines. Bar charts graph
shows the expression levels of LINC1 in eight different CRC cell lines
as measured by qRT-PCR. The expression was detected in all tested 8 cell
lines. The housekeeping genes B2M and TBP were used for normalization. The
relative gene expression levels were calculated using a standard 2 ~ AA CT
method. Values are presented as the mean = standard deviation (SD) of
technical duplicates.
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3.2 Establishing knock down technique for LINC1

To study the biological effects of expression changes and reduce the endogenous
expression levels of LINC1, CRC cell lines HCT116, HRT-18, SW480 and DLD1
were transiently transfected with two different siRNAs or a control-non silencing
SiRNA, respectively. The successful sSiRNA mediated knock down of LINC1 was
then verified by qRT-PCR (Figure 2). Compared to the negative control LINC1
expression was significantly decreased in HCT116 (Fig. 2-A), HRT-18 (Fig.2-B),
SW480 (Fig.2-C) and DLD1 (Fig.2-D). (* = significant, p < 0.05; **, p < 0.01; ***, p <
0.001).
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Figure 2: Knock down of LINC1 in CRC cell lines. Expression levels of LINC1
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transfection with 50 n M siRNA_1, siRNA_2 and control siRNA were
analysed by RT-gPCR Reactions were performed in technical
duplicates. The housekeeping gene U6, B2M and TBP were used for

normalization and relative gene expression levels were calculated using

a standard 2~ AA CT method. The data represent the results of three

technical replicates. (p-value <0.05 considered as significant).

3.3 Colony forming unit assay

To evaluate the growth potential of LINC1 silencing in the CRC cell lines, colony
forming units assay was performed. The data shows that LINC1 knock down inhibits
the ability to form single colonies in the cell lines HCT116, HRT-18, SW480 and
DLD1. Compared to control cells, transient transfection of LINC1 siRNA resulted in a

significant reduction of the colony number (Fig.3).
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Figure 3: Colony forming unit assay. The relative number of colonies compared
to the control showed a significant reduction in colony formation of LINC1
silencing in the HCT116 (A), DLD1 (B), HRT-18 (C) and SW480 (D) cell lines.
Transfected cells were cultured in 6 well plates and then stained with crystal
violet solution. (p-value <0.05 considered as significant).
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3.4 Soft Agar Assay

The soft agar assay is commonly used to determine anchorage-independent growth.
In the soft agar assay, a significantly lower number of colonies in LINC1-silenced

cells compared to control cells for all four CRC cell lines was observed (Fig.4).
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Figure 4: Soft Agar Assay. LINC1 downregulation suppresses anchorage-
independent growth in soft agar. The transient transfected cells were cultured
in 6 well plates in 6 technical replicates and then stained with crystal violet
solution. A significant lower capability of colony formation under soft agar
conditions in the CRC cell lines HCT116 (A), HRT-18 (B), SW480 (C) and DLD1
(D) was found in LINC1 silenced cells compared to control cells. (p-value <0.05

considered as significant). 36



3.5 WST-1 Proliferation Assay

After confirming a successful transient silencing of LINC1 we checked whether LINC1
levels have an impact on cellular growth by performing a WST-1 cellular proliferation
assay. We measured the proliferation rates after 24h, 48h, 72h and 96h in four
different CRC cell lines transiently transfected with siRNA_1, siRNA_2 or non-
silencing siRNA. In the cell lines HCT116, HRT-18, SW480 and DLD1 a significant

reduction in cellular growth after 96h was detected (Fig.5 A-D).
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Figure 5: WST-1 Proliferation assay. LINC1 silencing decreases cellular growth
rates. The effect of LINC1 silencing in CRC cell lines on cellular growth was
observed using WST-1 proliferation assays. In the cell lines HCT116 (A), HRT-
18(B), SW480 (C) and DLD1 (D) a significant decrease of cellular growth after 96
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3.6 Tumorsphere formation assay

Furthermore, we investigated the effect of LINC1 mediated knock down on the self-
renewal capacity by using a tumorsphere formation assay under ultra-low attachment
conditions. In the CRC cell lines HCT116, SW480 and DLD1 the number of
tumorspheres was significantly lower (p<0.05) in LINC1-silenced cells (Fig.6 A-C). In
HRT-18 cells we could not detect any formation of tumor spheres neither in the

control nor in the LINC1 silenced cells.
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Figure 6: Tumorsphere formation assay. Graphs represent the results from 6
technical replicates of the CRC cell lines HCT116 (A), SW480 (B) and DLD1 (C)
of transiently transfected cells with siRNA_1 or siRNA 2 against LINC1
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compared to control cells. In each cell line, a significantly decreased number of
colonies was observed in the LINC1-silenced cells. (p-value <0.05 considered

as significant).
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3.7 Wound healing scratch assay

To monitor cell migration a wound healing assay was performed. Transient
transfection of the CRC cell lines HCT116, HRT-18, SW480 and the measurement of
the scratch closure after 24 hours and 48 hours showed that the control cells closed
the scratch significantly earlier than the LINC1 knock down cells (Fig. 7 A-C).
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Figure 7: Wound healing scratch assay. Pictures demonstrating scratch wound
healing assay in HCT116 (A), HRT-18 (B) and SW480 (C) cells after transient
transfection of LINC1 with siRNA_1, siRNA_2 or respective control. Oh=scratch
at the beginning; 24h=scratch after 24 hours; 48h= scratch after 48 hours. Bar
charts graphs showing the results of measurement of scratch closure after 24
hours and 48 hours for the LINCL1 silencing CRC cells. The control cells closed
the scratch significantly earlier than the LINC1 silenced cells. (p-value <0.05
considered as significant). 39



3.8 Apoptosis Assay Caspase 3/7

Since LINCL1 silencing led to a decrease of cancer cell growth, we were interested
whether this phenotype can be explained by induction of apoptosis by caspase
enzymes. Hence we performed a caspase 3/7 apoptosis assay after transient knock
down of LINC1 in the HCT116, SW480 and DLD1 cells. After 48 hours and 96 hours
we observed a significantly increased Caspase 3/7 activity in LINC1 silenced cells

compared to control cells (Fig. 8 A-C).
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Figure 8: Apoptosis assay. To examine the apoptosis rates in the cell lines
HCT116 (A), SW480 (B) and DLD1 (C) Caspase 3/7 assay were performed. Cells
were cultured in 96 well plates with siRNA_1, siRNA_2 and non-silencing
siRNA. After 48 hours and 96 hours the caspase reagent was added and
luminescence was measured. The data was generated by three technical

replicates. (p-value <0.05 considered as significant).
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3.9 Western Blot PARP

In addition, this pro-apoptotic phenotype was further examined by measuring the
cleaved PARP protein expression by Western Blot analysis 48h and 72h after
transient knock down of LINC1. We detected the cleaved PARP molecule 48h and
72h after transient transfection with LINC1 siRNAs in all tested cell lines confirming
that low LINCL1 levels lead to increased apoptotic activity in CRC cell lines (Fig.9 A-
C).

A HCT116 B SW480

Control siRNA_1 siRNA_2

Control siRNA_1 siRNA_2

M - T

= s pr— Beta Actin - -  ——

Figure 9: Western Blot PARP detection in LINC1 silenced CRC cell lines. The
cleaved PARP molecule could be detected in the cell lines HCT116 (A) and

SW480 (B). Beta-actin was used as loading control.

3.10 Cell cycle analysis

Subsequently, we performed a cell cycle analysis assay, using propidium iodide
staining and FACS analysis, to clarify if LINC1 knock down suppresses colony
formation as a result of the inhibition of cell cycle progression. In both cell lines
HCT116 and SW480 the LINC1 silencing slightly increased the population in the G1-
phase of the cell cycle (Fig.10 A-B).
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Figure 10: Cell cycle analysis. LINC1 silencing results in a significant alteration
of cell cycle distribution in HCT116 (A) and SW480 (B) cell lines. The phase
distributions were plotted relative to the total number of cells. Data was

generated by using three biological replicates. (p-value <0.05 considered as
significant).

3.11 Xenograft mouse model

To confirm our biological in vitro findings in vivo, we evaluated the reduced tumor
growth in nude mice that were subcutaneously injected with LINC1 silenced HCT116
cells. The histologically examination of tumor tissue sections revealed no significant
difference between the control group and the LINC1 silenced groups (Fig.11).
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Figure 11: Xenograft mouse model. Histologically confirmed tumor tissue.
HCT116 cells were subcutaneously injected, at a density of 6x10° cells into
seven female NOD/SCID mice. Either transiently transfected LINC1 siRNA 1 or
scrambled control cells were injected into the flanks of mice. No significant contrast in
tumor growth was shown between the control cells and the LINC1 silenced cells
(A,B).

However, we could confirm differences in the maximal diameter tumor tissue showing
more vital tumor tissue in the control group than in the LINC1 downregulated group
(Fig. 12).
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Figure 12: Xenograft mouse model maximal diameter tumor tissue.
Measurements of the maximal diameter from formalin fixed tumor tissues
stained with HE shows a slight difference in the tumor size in the control group

compacted to LINC1 silencing group.
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Figure 13: Representative picture of HE stained FFPE xenograft tumor tissues.
Picture showing a representative picture of one xenograft mouse injected with
scrambled control cells (upper picture) or silenced LINCL1 cells (lower picture).
The tissues were fixed in 4% buffered formaldehyde for 24 hours, afterwards

paraffin-embedded and then stained by HE.
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4 Discussion

Colorectal cancer is one of the most common causes of cancer related death
worldwide (1). Chemotherapeutic drugs such as 5-fluorouracil remain the main
established treatment for patients who suffer from CRC (16-18). Therefore it is of
strong clinical interest to find novel prognostic biomarkers which might predict the

prognosis and progression in colorectal cancer patients.

LncRNAs are commonly defined as endogenous cellular RNAs molecules longer
than 200nt in length with limited or no protein-coding capacity and capable of
regulating gene expression (79) at different levels, including transcription, chromatin
modification and post-transcriptional processing (80-82). Due to their role as key
regulators of gene expression INCRNAs have moved into the spotlight of research
(35, 83).

The aim of this master’s thesis was to investigate the biological function of the novel
IncRNA LINC1 and its impact on the malignant behaviour of CRC in vitro and in vivo.

Therefore we examined the effect of LINC1 on several hallmarks of cancer.

First, we selected four CRC cell lines (HCT116, HRT-18, SW480 and DLD1) to
examine the effects of LINC1 silencing on biological behaviour and cell phenotype.
This four cell lines were chosen because of their high LINC1 expression levels. For
siRNA silencing two independent siRNAs were used to investigate a consistent
phenotype and to exclude possible off target effects. This effects can also concern
the monitored phenotype, like cellular growth which is regulated by many other genes
(84). SIRNAs are 21 — 25 bp long double stranded RNA molecules that operate
through a process termed RNAI, can bind to complementary nucleotide sequences,
leading to degradation of MRNA and hence downregulation of their targets (85). To
ensure targeted knock down we worked with two different siRNAs, namely siRNA 1
and siRNA_2 that bind to different regions of LINC1. The efficient knock down was
confirmed in all four cell lines by RT-gPCR. The various silencing capabilities in the
cell lines may be provoked by the different binding position of the siRNAs on the
target RNA or by inherent biological or technical variability of such experiments (86).
Subsequently, the role of LINC1 in CRC cell lines was examined by analysing the

alterations of biological behaviours after silencing.
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To evaluate the influence on cellular growth after LINC1 silencing colony formation
assay was performed (87). In all four CRC cell lines we could show significantly lower

numbers of colonies compared to the control, due to LINCL1 silencing.

Furthermore, to confirm this result with a second independent method, we performed
a WST-1 proliferation assay. The assay showed that LINC1 silencing has an impact
on cellular growth in all four cell lines and also revealed a significant decrease in the
proliferation rate due to LINC1 silencing.

Another hallmark of cancer is the competence of anchorage-independent growth. It is
a well-established method for characterizing this ability in vitro and is considered to be
one of the most stringent tests for malignant transformation in cells (88). It also allows
semi-quantitative evaluation of this capability in response to LINC1 silencing. Under
this semisolid agar conditions the CRC cell lines HCT116, HRT-18, SW480 and DLD1
revealed in a significantly lower capability of colony formation after LINC1 silencing

compared to the control.

To sum up the knock down of LINC1 resulted in a decrease of colony formation,
proliferation and the ability of anchorage-independent growth. This indicates a role in
the modulation of cellular growth.

To further investigate if reduced proliferation and colony formation, as a result of
LINCL1 silencing is mediated through induction of apoptosis, we performed a caspase
3/7 apoptosis assay. In the CRC cell lines HCT116, SW480 and DLD1 a significant
difference in Caspase 3/7 activity in LINC1 silenced cells was detected compared to
control cells. This result indicates that this effect might be caused by the induction of
apoptosis. In addition we examined the pro-apoptotic phenotype by measuring the
cleaved PARP protein expression by western blot analysis 48h and 72h after transient
downregulation of LINC1. The cleaved PARP molecule was detected after 48h and
72h after transient transfection with LINC1 siRNAs in the cell lines HCT116, SW480
and DLD1 confirming that low LINC1 levels lead to increased apoptotic activity in CRC
cell lines. A previous study showed that the downregulation of long non coding RNA
BLACAT1 inhibits proliferation and induces cell apoptosis in vitro in the CRC cell lines
HCT116 and SW480(89).

Moreover, we examined if impaired cellular growth and colony formation may be

caused by inhibition of cell cycle progresgjon. Therefore we performed a propidium



iodide staining and FACS analysis, to clarify if LINC1 knock down suppresses colony
formation as a result of the inhibition of cell cycle progression. Deregulation of the cell
cycle is a hallmark of cancer. The cell cycle consists of three different phases:
GO/G1, S and G2/M (90). The CRC cell lines HCT116 and SW480 exhibited
significant changes in the cell cycle phase distribution of downregulated cells
compared to control cells in all three biological replicates. LINC1 silencing led to an
increase of cells in the G1-phase, indicating that suppressed proliferation and colony
formation may be mediated by G1l-phase arrest. Key players in the progression and
regulation of the cell cycle are cyclins (90, 91). The transition from G1 to S phase is
regulated by cyclin depending kinase inhibitors (CDKNS). This Inhibitors can bind and
thus inactivate the cyclins, resulting in G1 phase arrest (92).It is already shown that
gene such as CDKN1A or Cyclin D1 is a critical molecule for regulating cell
proliferation in CRC cells (93). However, further analysis must be done to verify our
observation such as measurement of mMRNA levels of proliferation markers as a good

indicator of gene regulation (94, 95).

According to the cancer stem cell hypothesis, tumors are hierarchically organized
with a small group of cells which exhibit characteristics related to normal stem cells.
These cancer stem cells are culpable for cancer evolution and may set up tumors
through the stem cell property of self-renewal. They are considered to cause relapse
and metastasis by giving rise to new tumors and are therapy resistant (96). To
investigate if LINC1 expression correlates with cancer stemness a CRC tumorsphere
formation assay was performed under ultra-low attachment conditions. In the cell
lines HCT116, SW480 and DLD1 we could confirm a significant reduction of tumor

spheres after LINC1 silencing compared to control cells-

Furthermore we monitored whether cancer cell migration and invasion are influenced
by LINCL1. For this purpose we used three independent CRC cell lines This assay is
an elementary and well-developed method to measure cell migration in vitro (97).
The assay was performed with three biological replicates and we observed a highly
consistent phenotype of decreased cancer cell migration in CRC with reduced LINC1
expression. In order to identify a possible molecular mechanism that might explain
this impaired metastatic behaviour further analysis has to be done. A study by YU et

al. has already shown that linc-UFC1 silencing effectively suppressed proliferation in
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vitro, complementary with induction of cell cycle arrest, apoptosis and metastatic

inefficiency (98).

Finally to confirm our in vitro findings in an in vivo we performed tumor xenograft
experiments with nude mice. Therefore, nude mice were subcutaneously injected
with transiently transfected LINC1 silenced HCT116 or control cells. The in vivo
findings support our in vitro data showing that the maximal diameter of vital tumor
tissue is significantly decreased in LINC1 silenced cells compared to control cells.
However we could not confirm a significant difference between the tumor growth of
LINCL1 silenced cells compared to control cells. This result indicates that the silencing
effect of LINC1 does not have any impact on the cellular growth in vivo. However, the
experiment should be redone using stable LINC1 silencing cell lines to determine if

there is long-term effect on cellular growth.

5 Conclusion and outlook

In conclusion our findings suggest that silencing of LINC1 resulted in less
cancerous behavior in all four independent colorectal cancer cell lines HCT116,
HRT-18, SW480 and DLD1, suggesting that it might serve as oncogene.

Knock down of LINC1 impacts anchorage independent growth and colony
formation ability as well as cell proliferation potentially through mediating
increased apoptotic activity in CRC cell lines. It also led to G1 phase arrest in two

cell lines and seems to influence cell migration.

Furthermore LINC1 has an impact on stem cell like properties by inducing a
decrease in tumor sphere formation. However we could not confirm our in vitro
results an in vivo mouse model. Since LINCL1 is a quite unknown IncRNA not much
information about the biochemical mechanisms or biological behavior is provided.
Further prospective studies and clinical trials are needed to proof the role of LINC1
as a prognostic marker and furthermore evaluate if LINC1 silencing carries

therapeutic value in patients with CRC.
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