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1. Abstract
Though the human genome is almost completely decoded, a large part of long non-
coding RNAs (lncRNAs) and their func@ons in cancer are s@ll unknown. The dysregu-
la@on of certain lncRNAs oDen leads to tumor progression or is its result. This thesis 
focuses on two lncRNAs (candidate 4 and candidate 9) iden@fied and predicted by the 
new version of the soDware ExInAtor2 and inves@gates the role of the lncRNAs of 
interest in prostate cancer (PCa). Within the experiments four prostate cell lines were 
used. Beside the three prostate cancer cell lines LNCaP, C4-2B and PC-3, also EP-156-T, 
an untransformed cell line, was studied. It was found that the expression of candidate 4 
was systema@cally higher than candidate 9 in normal and prostate cancer cell lines. It 
was also shown, that through the transfec@on by specific gapmers, the knockdown of 
candidate 4 could be performed. Addi@onally, it was demonstrated, that the knockdown 
of the lncRNAs of interest reduced prolifera@on in the normal cell line EP-156-T. To pro-
mote the overexpression of candidate 9, a transforma@on of competent cells has taken 
place. Our preliminary data supports the no@on, that specific lncRNAs could be used for 
diagnosis, prognosis and predic@on of cancer. A characteriza@on of further lncRNAs
could lead to the iden@fica@on of other candi-dates. Perhaps in the future, they may 
serve as therapeu@c targets. 
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4. Material and Methods
ADer the soDware ExInAtor2 [5] had predicted some lncRNAs through their muta@onal 
pa[erns in tumor DNA, genes with overexpression of SNVs across panels of tumor geno-
mes have been iden@fied in-silico. Two of the predicted candidates (4 and 9) were then 
selected to study. The focus was on the expression and in-vitro behavior of the cell lines 
LNCaP [7], C4-2B [8], PC-3 [9] and EP-156-T [10]. 

To knockdown candidate 4, two gapmers (number 5 and 6) as well as MALAT1 and GAP-
DH as posi@ve controls and a scramble sequence (CTRL-B) as nega@ve control, were pre-
dicted by ExInAtor2 [6]. All the gapmers were transfected with op@MeM. For the trans-
forma@on, competent cells were cul@vated and single colonies were picked for the 
plasmid DNA. For the prolifera@on assay, the cells were seeded, growth and monitored 
for 24 hours, 48 hours and 72 hours. To assess prolifera@on, the absorp@on was 
measured at 490nm wavelength and the data were normalized for the number of cells 
seeded at T0 (N = 5 per condi@on, performed in technical replicates). 

3. Aims and Leading Ques:ons
The two aims of this project are:

I. to characterize the expression levels of novel lncRNAs discovered by the soD-
ware ExlnAtor2 in normal and cancer prostate cells. 

II. to func@onally test the effect of over- or underexpression of lncRNAs of interest 
on the in-vitro cell behavior of normal and cancer prostate cells and the effect 
on the cell transcriptome. 

For achieving the aims men@oned above, two ques@ons were defined:

I. Do the modula@on of lncRNAs have an impact on the in-vitro cell behavior of 
normal and prostate cancer cells?

II. Does the over- or underexpression of lncRNAs candidate 4 and candidate 9 have 
an impact on the prostate cancer cell transcriptome?

2. Introduc:on
Cancer is a complex mul@step process, that has been linked to the presence of 
cells with cancer-stem-cell proper@es, including the abili@es to transform into cells 
with an increasingly abnormal neoplas@c phenotype [1]. Today it is known, that 
carcinogenesis has strong gene@c basis and that tumors grow through a process of 
clonal expansion driven by muta@ons [2].
Prostate cancer is the second most frequent cancer diagnosis made in men and is 
one of the five leading causes of death worldwide [3].

The interna@onal human genome project (HGP) discovered in 2001, that about 
98% of the human genome does not code for any protein [4]. Therefore, the non-
coding genome might represent an interes@ng target to study in terms of its 
contribu@on and poten@ally func@onal role in cancer onset and progression [5].

Long non-coding RNAs (lncRNAs) are defined as non-translated transcripts longer 
than 200 nucleo@des. Some of them are playing a role as cancer-promo@ng 
lncRNAs when overexpressed. Lanzós et al. presented in 2017 a new strategy to 
discover lncRNAs using muta@onal pa[erns in tumor DNA with a tool named 
ExInAtor. This Algorithm iden@fies genes with overexpression of soma@c single 
nucleo@de variants (SNVs) across panels of tumor genomes [6]. ExInAtor is used to 
predict drivers from the GENCODE annota@on in 1112 en@re genomes from 23 
cancer types. For the second version of ExlnAtor (ExInAtor2), the inves@gators 
used 2583 genome sequences generated by the pan-cancer analysis of whole 
genomes (PCAWG) project. In summary, these studies showed how the com-
bina@on of recurrence and func@onal impact can predict the driver lncRNAs and 
expanded the compendium of puta@ve cancer driver lncRNAs [6].

5. Results
Characteriza@on of LncRNAs Expression in Prostate (Cancer) Cellular Models 
We found, that the expression of candidate 4 was systema@cally higher than the ex-
pression of candidate 9. We concluded, that there is no expression pa[ern specific for 
cancer versus normal cells (fig. 5.1).

6. Discussion
We produced preliminary evidence that 
the software ExInAtor [6] was able to 
predict novel driver lncRNAs connected 
with a functional role in prostate cancer. 
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Figure 5.2: MTS assay measures the direct propor=on of metabolic 
ac=vity in living cells. 

Fig. 5.1: Rela-ve expression 
of the genes of interest in 
different cell lines 
normalized against the 
housekeeping gene 
GAPDH.

Candidate 4 Knockdown Reduces Prolifera@on in EP-156-T Cells
The knockdown significantly reduced pro-lifera@on at 48 and 72 hours aDer trans-
fec@on compared to non-transfected cells. The nega@ve control (CTRL-B) induced also 
a decrease which was already evident at T24 and became stronger at following @me 
points (T48 and T72) (figure 5.2). 

In 2014, the research group Walsh et al. [12] proposed a strong evidence of a major 
role for lncRNAs in prostate cancer, with several hundred lncRNAs already iden@fied 
as being aberrantly expressed in cancer versus normal @ssues. The challenge is to 
discover the truly oncogenic and func@onally relevant lncRNAs, to inves@gate the 
true biologic significance of lncRNAs in prostate carcinogenesis.
Currently, there are approximately 44 current, withdrawn or completed clinical trials 
in connec@on with lncRNAs on clinicaltrials.gov [13] . Even though none of them is 
trea@ng prostate cancer in par@cular, the research is looking for new early cancer 
diagnos@c markers and understanding how lncRNAs can be connected to 
cancerogenesis. 

Therefore, a poten@al therapeu@c applica@on of our preminary findings, might be 
the evalua@on of  candidate 4 and candidate 9 in prostate cancer pa@ents to evaluate 
their applicability as diagnos@c tools.


