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Abstract
In 2017, a novel miRNA was found at the MLTU-region of adenoviral genome, termed as
MLP-TSS-sRNA. This current study started with performing a series of mutations in the
MLP-TSS-sRNA in order to investigate how the MLP-TSS-sRNA as a single stranded small
RNA was protected from rapid RNA degradation in transfected cells (in vivo). Since the
hairpin structure of this small RNA was considered to be the reason to its high stability, the
deletions of nucleotides were occurred inside the complementary region and the loop of the
hairpin structure. Three variants of MLP-TSS-sRNAs were therefore transfected into the
A549-lung epithelial cancer cell line and measured during times series studies. The results
showed that the wild type form of this small RNA has the highest stability. Subsequently, a
panel of different synthetic single-stranded RNAs, in which the MLP-TSS-sRNA sequence
was modified to target different genes of interest, was used to compare its suppressive
efficiency to the more traditional double stranded small interfering RNA “siRNA” or miRNA
mimics. To this, the MLP-TSS-sRNA sequence was modified in such a way that it targeted
the Dicer mRNA, thus termed as 3s-dicer-miRNA. Successful suppression of the Dicer
mRNA as a consequence of using this modified 3s-dicer-miRNA sequence could emphasize
that, theoretically, any possible mRNA of interest could be targeted. To express this miRNA
inside a host cell, its sequence was incorporated in a CMV-driven plasmid vector system,
upstream of the gene encoding for the HDV-ribozyme, which showed to be functional in
vitro, but not in vivo. On the other hand, the vector system showed a clear tendency of being
functional even in vivo, once it was put into the test by co-transfecting it with a Dicer plasmid
inside 293-cells.

Introduction
1-5% of the human genome encodes for small non-coding RNAs, called microRNAs
(miRNAs). MiRNAs are generally abundant ~22 nucleotides conserved non-coding sequences
that through their complementarity properties define, bind and thereby cause posttranscriptionally degradation of their target mRNAs (Macfarlane & Murphy 2010a). The
overall concept of abundance of miRNAs in both transcriptional and post-transcriptional
processes in eukaryotes is already well known (Macfarlane & Murphy 2010b).
A miRNA is typically produced through a canonical pathway, in which it is processed by two
RNaseIII-like cleavages; firstly, by the Drosha/DGCR8 complex that cuts the primarymiRNA down to a 60-80 nucleotides precursor-miRNA (pre-miRNA). Subsequently, the premiRNA will be exported into the cytoplasm via the Exportin5 export receptor, where the
Dicer enzyme cuts the pre-miRNA sequence down to approximately a 22-nucleotide miRNA
duplex. Finally, the Argonaute (Ago) protein sense the complementarity of the sequences and
cleaves one of the strands, the passenger strand. The guidance strand, on the other hand,
associates with one of the four Ago proteins, Ago2, leading to creation of the RNA induced
silencing complex (RISC). Normally, the strands of the miRNA duplexes are not perfectly
complementary since they are created from endogenous short hairpin transcripts, which
subsequently and sometimes stalls the Dicer enzyme from cleaving the passenger strand.
However, the complementarity property of miRNA binding to a specific sequence of the
mRNAs is exploited by RISC for post-transcriptional gene silencing, through directly base
pairing and thereby causing degradation of these complementary mRNAs (Macfarlane &
Murphy 2010b). The base pairing, most often, occurs between the seed region of the miRNA
and the 3´ un-translated region (3´UTR) of the target mRNAs (Catalanotto et al. 2016).
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Figure 1. Schematic figure illustrating the general canonical and non-canonical pathways of miRNA processing. The MLPTSS-sRNA is processed throughout the non-canonical pathway where existence of dicer or exportin5 proteins is not involved.
Figure kindly provided by G. Akusjärvi and W. Kamel.

Secondly, there are some alternative non-canonical pathways in which the miRNA does not
necessarily have to be processed by Dicer or exported into the cytoplasm by exportin5. For
instance, enzymes such as RNaseZ and the Integrator complex are cellular complexes that
usually are used to mature cellular tRNAs and snRNAs, but these can also be exploited by
certain Herpes virus strains to produce miRNAs. Moreover, small nuclear RNAs, endogenous
short hairpin RNAs and non-canonical miRNAs from tRNAs are some additional examples
that have also been reported to be non-canonically transcribed. In some species, some
miRNAs are generated directly by the Ago-silencer activity rather than Dicer cleavage
(Macfarlane & Murphy 2010b)
Human adenovirus (HAds) transcribe two variants of virus associated RNAs, known as VA
RNAI and VA RNAII. Dicer processes the VA RNAs into mivaRNAs before they create
RISC in association with the Ago2 proteins (Macfarlane & Murphy 2010b). These
multifunctional RNAs are expressed late during a lytic infection and are crucial for several
mechanisms such as maintenance of efficient translation by blocking the activation of the key
interferon induced PKR protein kinase, modifying the RNAi/miRNA pathway and more. The
VA RNAs were already discovered in 1966 in adenovirus type 2 (Ad2)-infected cells.
Although the VA RNAI, which is the major species, was identified first, VA RNAII was
detected to be expressed by most but not all the adenovirus serotypes (Punga et al. 2013).
During our most recent work in the laboratory it was discovered that a completely new family
of viral small RNAs exists in all analyzed HAd-serotypes (HAdV-4, HAdV-5, HAdV-37, and
HAdV-11). The promoter proximal region of the adenovirus major late promoter (MLP), which
accounts for as much as 30% of the total transcriptional activity late in infection, produces a
novel non-canonical transcriptional start site (TSS) small RNA, termed here as the MLP-TSSsRNA, or sometimes also as Stabilized Single-Stranded RNA (3sRNA).
Since the accidently identification of MLP-TSS-sRNAs was performed by
immunoprecipitation as an Ago2 complex, it appeared likely that MLP-TSS-sRNAs must have
some post-transcriptional regulatory functions. Furthermore, the MLP-TSS-sRNAs were
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transcribed from the MLTU region that is located complementary to the E2B DNA segment
that encodes for the adenovirus DNA polymerase (Adpol) and the pre-termination protein (pTP)
mRNAs. This gave rise to the idea that the MLP-TSS-sRNAs might be a viral
regulatory/repressing back-up plan during persistent infection phases, which eventually showed
to be true. Moreover, the MLP-TSS-sRNAs showed to be processed and matured through a
non-canonical pathway since knocking-down the genes for Dicer and Exportin5 did not affect
the expression of the MLP-TSS-sRNAs.
5´ m7G-cap
The 5´end of the MLP-TSS-sRNAs are capped. It was identified by immunoprecipitation using
an m7G-anticap antibody following by usage of a nylon membrane during northern blot, before
and after RNA 5´ Pyrophosphohydrolase (RppH) de-capping treatment. It was already
discovered that EDC cross-linking of small RNAs with a free phosphate group at the 5´end bind
up to 10-fold more efficient than the 5´capped RNAs. A significant higher amount of MLPTSS-sRNAs were bound to the membrane after RppH treatment, indicating that the 5´end of
the MLP-TSS-sRNAs indeed has a 5´ m7G-cap.
RNA polymerase II
Our previous results strongly suggest a model where the MLP-TSS-sRNAs are transcribed by
RNA polymerase II (RNAPII) during a cyclic process of transcription initiation, stalling and
pre-mature termination (Fig. 2). Besides and apparently, the MLP does not have the monopoly
of expressing the MLP-TSS-sRNAs, hence RNAPII accumulates at high levels 20-60 base pairs
downstream of the TSS in the majority of metazoan gene promotors. However, most of these
short RNA products get degraded by the nuclear exosome, but only those few with resumed
productive elongation provided with the right signal manage to survive (Kamel & Akusjärvi
2017).

Figure 2. Schematic figure illustrating initiation, halting and pre-termination of transcription of RNAPII, leading to production
of MLP-TSS-sRNAs. Only a few associates with Ago2, but most of these sRNAs get degraded due to many circumstances such
as too short number of nucleotides. Figure kindly provided by G. Akusjärvi and W. Kamel.

MLP-TSS-sRNAs repress complementary targets
Interestingly and as a confirmation to our hypothesis that the MLP-TSS-sRNAs loaded onto
RISC are functional, causing degradation of a complementary target sequence, the complex
was tested in a luciferase assay in HAdV-37 infected APRE-19 cells. The firefly luciferase
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construct consisted of a complementary MLP-TSS-sRNA binding site in the 3´UTR
[pmirGlo(+)]. As expected, the expression level of luciferase was successively reduced in
pmirGlo(+)-infected cells, while its expression was normal in the control, pmirGlo, reporter
construct. (Kamel & Akusjärvi 2017).
The MLP-TSS-sRNAs suppress HAdV-37 DNA replication
As mentioned before, the MLP-TSS-sRNAs are expressed from the exact opposite strand of the
E2B Adpol and pTP mRNAs, which are necessary for DNA replication (Stillman et al. 1981).
In additional, the sequence-specific repression of complementary sequences by the MLP-TSSsRNAs activation had already been confirmed. Thereby, it was presumed that the MLP-TSSsRNAs must be able to suppress the expression of Adpol and pTP and might be a factor that
causes a diversion of infection from a lytic into a persistent phase, thus accumulating lately
during an infection. As expected it led to a reduce of viral DNA replication and as a
consequence viral capsid protein synthesis. All these results taken together suggest that the
MLP-TSS-sRNAs indeed have a suppressing regulatory function of its complementary
sequences (Kamel & Akusjärvi 2017).
The stability of the MLP-TSS-sRNAs is due to a 3´hairpin structure.
Due to the secondary structure of the MLP-TSS-sRNAs that make a 3´hairpin structure besides
a single stranded 5´region, the stable accumulation of the MLP-TSS-sRNAs late during an
infection was hypothesized to be due to the hairpin structure at the 3´end, that probably protects
it from degradation. To investigate this possibility, the secondary structure of the hairpin was
disrupted by shortening it with 12nts from the 3´end, making a truncated MLP-TSS-sRNA.
This truncated MLP-TSS-sRNA was then transfected into 293 Ago2 cells. The full length MLPTSS-sRNAs showed almost the same stability at 72 hours’ post-transfection (hpt) as after 12
hpt, while the truncated version was not even detectable at 12 hpt. The immunogenicity of the
MLP-TSS-sRNAs was also examined (unpublished) through measurement of the release of
inflammatory cytokines after transfection. The result showed a significant lower release of
cytokines compared to some other miRNA/siRNA agents.
Discovery and generation of different tools within cancer immunotherapy have been developing
relatively revolutionary techniques, but still lies way too far from an accepted range. To the
future perspective of this emerging field, usage of an RNA toolbox as a therapeutic agent has
been strongly suggested, due to its advantages of potency, efficiency, cost, pharmacokinetics,
safety etc. Small RNAs as miRNAs may definitely have a high level of potential of
development in this field. Due to this, many factors such as stability and immunogenicity are
quite important as well as the function or availability and reproducibility (Pastor et al. 2018).
This current study is taking new steps into investigation, designment and development of a
novel gene strategy where a novel adenoviral miRNA plays the key role. This miRNA had
already shown to be a good candidate but many more experiments must be conducted before it
considers as a reliable or performable tool.
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Results
Stability assay:
a)

b)

c)

d)

Figure 3. Secondary structures of synthesized oligonucleotide variants of the MLP-TSS-sRNA. a) MLP-TSS-sRNA (wild type),
b) MLP-TSS-Switch (Switch); i.e. the complementary region of the hairpin is switched, c) MLP-TSS-AU-GC (AU); i.e. four
nucleotides from the complementary region of the hairpin are deleted, d) MLP-TSS-AU-GC-Lop (Loop); beside AU and GC,
three of the nucleotides from the loop of the hairpin are also deleted.
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Figure 4. Northern blot showing the stability of different variants of MLP-TSS-sRNAs. 6 µg total RNA extracted from A549
cells transfected with the synthetic MLP-TSS-sRNAs shown in Figure 3. The RNA was extracted at different times after
transfection; i.e. 24 hpt, 48 hpt, and 72 hpt, and loaded onto respective well. The order of samples where accidently switched
for Wt and AU at 48 hpt.

The wild type, as expected, shows the strongest bands, especially at 24 hpt. It fades gradually
away along the time and eventually (almost) totally disappears by 72 hpt. There are some very
weak bands under AU at 24 hpt and at 48 hpt, while, there seems to be none at 72 hpt.
Moreover, there are no bands neither under Switch nor Loop at any time point, but the siRNA
shows significantly strong bands at 48 hpt and 72 hpt, while surprisingly, the band at 24 hpt
was weaker than the other time points.
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Figure 5. Northern blot showing the stability of the different variants of MLP-TSS-sRNAs. In this experiment 30 µg total RNA
extracted from A549 cells transfected with the synthetic MLP-TSS-sRNAs shown in Figure 3. The RNA was extracted at
different times after transfection; i.e. 24 hpt, 48 hpt, and 72 hpt, and loaded onto respective well. The wild type at 48hpt was
accidently disrupted.

To increase the signal 30 µg of the total RNA was extracted and hybridized using the only
one probe approach complementary to the wild type MLP-TSS-sRNA sequence. The wild
type sRNA was decreasing significantly from 12 hpt till 24 hpt. Unfortunately, there was no
wild type loaded onto the gel at 48 hpt, while surprisingly, the band at 72 hpt was even
stronger than at 24 hpt. The siRNA does the exact opposite. There was also a faint band under
AU that gradually disappears towards 72 hpt. There were no bands neither in Switch nor in
Loop at any of the time point measured. The siRNA, on the other hand, has produced a strong
signal at 24 hpt that faded away towards 72 hpt, but surprisingly, the band at 24 hpt was
weaker than the two subsequent time points. The discrepancy in results between Figures 4 and
5 could be due to technical artifacts caused by experimental variations and uneven loading of
samples onto gels etc.
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A novel gene expression cassette was designed and incorporated inside a CMV driven
plasmid vector system. The gene cassette contained a modified MLP-TSS-sRNA, here on
referred as “3s-dicer-miRNA” as a shortcut for Stabilized Single Stranded dicer-miRNA. As
mentioned before, the hairpin structure of the MLP-TSS-sRNA was responsible for the high
stability of this small miRNA in its natural context, while, the single stranded region was
responsible for target mRNA recognition. It was also demonstrated that the MLP-TSS-sRNA
has the ability to cause degradation of the complementary mRNA that it binds to. Therefore,
the basic idea was to keep the stability element, while, modifying the single stranded region in
order to identify whether this new modified MLP-TSS-sRNA could possibly target other
mRNAs as well. For this experiment the Dicer mRNA was chosen, thus the name 3s-dicermiRNA, and as a consequence, the single stranded region was changed to a sequence targeting
the Dicer mRNA.
The 3s-dicer-miRNA gene cassette was chemically synthesized and incorporated into the
pGl4.18-plasmid downstream of the CMV-promoter and upstream of a HDV-ribozyme,
respectively (Fig. 6). The established pGl4.18-CMV-3s-dicer-HDV plasmid was thereafter
transformed into E. coli (amp selection). The purified plasmid was here used for both in-vivo
and in-vitro Transcription.
Figure 6. Schematic figure illustrating the function
pathway of a constructed gene cassette cloned inside
a pGl4.18-plasmid. The gene cassette consists of
sequences for a CMV-promoter, the gene of interest
(3s-dicer-sRNA), and a HDV-ribozyme. The HDVribozyme has a self-cleaving activity. Once
transcribed, the HDV-ribozyme forms tertiary
structures cleaving itself at its 5´end setting the
upstream 3s-dicer-miRNA free. As the consequence,
the free 3s-dicer-miRNA associates with Ago2
forming an activate RISC complex, which
subsequently causes degradation of the Dicer
mRNA. Figure kindly provided by G. Akusjärvi.

Noteworthy, the human cytomegalovirus, CMV, immediate early enhancer and promoter is
commonly used in CMV-encoding vectors for transgene expression inside cells. Besides, the
Hepatitis Delta-Virus ribozyme, HDV, was at the beginning isolated from hepatitis B infected
hepatocytes. It is a relatively small ribozyme that forms a tertiary structure possessing cotranscriptionally self-cleavage activity at its own 5´-end (Fig. 7). The cleavage is position
specific rather than sequence specific; i.e. the upstream sequence does not normally affect its
cleavage efficiency (Webb & Lupták 2011).
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1-

In-Vitro-Transcription:

First of all, we needed to test the plasmid. It was crucial to analyze whether this plasmid was
functional; i.e. the CMV promoter could initiate transcription and the HDV-ribozyme could
cleave itself away after transcription, freeing the 3s-dicer-miRNA as the final product (Fig. 7).
Additionally, it was as always of interest to keep the cost down, while, performing the whole
experiment in a couple of days instead of weeks. Therefore, this in vitro transcription
experiment was conducted.
The T7-promoter had already been shown to be a powerful promoter for studies in vitro, as the
CMV-promoter in vivo. Therefore, primers were designed to extract a double stranded DNA
sequence out of the plasmid using PCR, while replacing the cloned CMV-promoter with a T7promoter, making T7-3s-dicer-HDV as the final PCR-product before conducting the in vitro
transcription.
Theoretically, the HDV ribozyme functions in a way that it after transcription form two tertiary
structures helping it to cut itself out at its own 5´end, setting the upstream sequence free (Fig.
7).
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Figure 7. In vitro transcribed 3s-dicer-miRNA, visualized on a screen by a Pharox Plus molecular imager (BioRad), where
TM
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12% denaturing acrylamide gel and radioactive γ-labelled P-CTPs were used for visualization. The marker consisted of the
exactly opposite strand to 3s-dicer-miRNA, and had 1.2x106CPM power of radioactivity. Two different amount of plasmidtemplate (1.0 pmol & 2.0 pmol) were added before in vitro transcription and subsequently loaded onto the denaturing
acrylamide gel, following 4x (5µl sample per 30 minutes) schedule.

These results show that the gene cassette incorporated into the plasmid is functional, hence the
3s-dicer-miRNA was produced (Fig. 7). The result also suggests that the HDV-ribozyme is
functional, which was the most important positive side of these results. In addition, the 3s-dicermiRNA band increases as a function of time, emphasizing a long-lasting cleavage efficiency of
the HDV-ribozyme. Similarly, the bands of the 3s-dicer-HDV shows a time dependent increase
in accumulation.
The bands of the 3s-dicer-HDV, on the other hand, must consist of the 3s-dicer-miRNA with
some extensional oligonucleotides, because the sizes of these bands are larger than the marker,
while, the probe used here was complementary to the 3s-dicer-miRNA. In fact, there are two
bands of the 3s-dicer-HDV on the gel, which can confidently be explained by the two different
tertiary structures expected to be formed by the HDV-ribozyme after transcription.
Interestingly, these two bands of 3s-dicer-HDV are clearly distinguished and there are no other
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bands between the bands of the 3s-dicer-miRNAs and the bands of the 3s-dicer-HDV. Taken
together these results indicates that there might be two optional positions inside or shortly after
the HDV-sequence with the capacity to terminate T7-RNA polymerase transcription,
something that needs to be experimentally tested.
Furthermore, at the top of each well, there is also a significantly thicker band that most probably
could be due to an accumulation of longer transcripts. Considering the thickness of these bands
in comparison to the thickness of the 3s-dicer-miRNA, its estimated that the HDV-ribozyme
cleaves with a low efficiency in this type of experiment.
2-

In Vivo Transcription

The in vitro transcription of the 3s-dicer-miRNA was, as described above, successful although
at a low efficiency. Next we tested whether the 3s-dicer-miRNA gene cassette was functional
in vivo in transiently transfected cells. For this experiment the pGl.4.18.CMV-3s-dicer-HDV
plasmid was transfected into HeLa or A549 cells. The aim of this study was to analyze whether
the CMV promotor could initiate transcription as expected and, most importantly, if the
transcribed HDV-ribozyme could in vivo self-cleave out to produce the 3s-dicer-miRNA as the
only final product in the cytosol.
Marker

Marker

Figure 8. 3s-dicer-miRNA visualization on a nylon membrane under northern blot conditions, where radioactively labelled PATPs were used. There are two markers, synthesized 3s-dicer-miRNAs, detected at each side of the membrane, with 1.6 x
10 cpm and 0.8x10 cpm power of radioactivity, respectively. Besides the markers, there were no other detected bands on the
membrane.
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Our expectation was to detect the 3s-dicer-miRNA on the nylon membrane, at least at one or
two of the first-time points. This experiment was technically done six times, and unfortunately,
the 3s-dicer-miRNA was undetected in all experiments. Most likely the HDV ribozyme did not
work under our in vivo conditions, probably because the needed tertiary structure did not form
properly.
As shown in the previous sections, quite the contrary to the in vitro transcription assay, the in
vivo expression of the CMV-3s-dicer-HDV plasmid was by no means successful. Since this
plasmid did not work in vivo, we terminated this experimental approach. Next we tested
whether dicer expressing plasmid could function as an inducer stimulating cells to produce of
the 3s-dicer-miRNA.
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pGl4.18.CMV-3s-dicer-miRNAHDV transfected cells

24h

48h 72h Ctrl GFP

marker
Unknown

3s-dicer-miRNA
Figure 9. Visualization of 3s-dicer-miRNAs on a nylon membrane during northern blot, using radioactively labelled
P-ATPs. The marker consisted of a chemically synthesized 3s-dicer-miRNA. The gel at the top of the 24 hpt was
physically disrupted before loading, hence slightly lower located bands. 15 µg of the total RNAs from cell-samples
harvested from transfected 293-cell line at 24 hpt, 48 hpt, or 72 hpt time points were loaded onto each well. The
Control (Ctrl) contained cellular RNAs extracted 72 hpt from cells transfected with the dicer-plasmid and a GFPplasmid. The GFP refers to cellular RNAs extracted 72 hpt from cells transfected only by the GFP-plasmid.
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Interestingly, my results suggest that when there is no need for the 3s-dicer-miRNA there is no
production. Thus, comparing the results of the in vivo transfection of pGl.4.18CMV-3s-dicerHDV plasmid in A549 cell line (Fig. 8) to the co-transfection with a plasmid expressing the
wild type Dicer mRNA in 293-cells (Fig. 9) there are clear differences in the 3s-dicer-miRNA
production. There are four bands produced in pGl.4.18CMV-3s-dicer-HDV plasmid transfected
cells; i.e. two low bands and two bands closer to the top of the gel. The lowest band seems to
be at the same size as the marker so it is likely to be our target product; i.e. the 3s-dicer-miRNA.
The band adjacent to or as on top of the lowest, is presumably the same product but with a
secondary conformation. As mentioned before, the hairpin structure of 3s-dicer-miRNAs might
be the reason why there are two clearly distinguished, yet adjacent, bands nearly at the same
level as the marker. The qualities of the bands are fading away, considering the sizes of the
bands at 24 hpt, 48 hpt, and 72 hpt, specially between the last two time points. This might be
due to time-limited functionality of the co-transfection, but and/or due to the increased number
of cells along the time.
There are also two bands at the top, right beneath the top of the lanes. These bands must contain
similar sequences as the 3s-dicer-miRNAs, but extended with some additional nucleotides.
Most likely they represent the sequence of the 3s-dicer-miRNA tailed by the HDV-ribozyme,
as we observed in the in vitro transcription (Fig. 8). Theoretically some random
oligonucleotides inside the plasmids could also be un-specifically detected, but it is unlikely
because these two parallel bands are located exactly at the same level, clearly distinguished,
following the same pattern and recognized by probes perfectly complementary to the 3s-dicermiRNA.
Here, the control (Ctrl) is referring to the 293-cells transfected with the Dicer-plasmid in
addition to a GFP-expressing plasmid, instead of the pGl.4.18CMV-3s-dicer-HDV plasmid.
Surprisingly, there are some bands exactly at the same positions as in the other lanes. The last
lane refers to 293-cells transfected with the GFP-plasmid only, and there are no bands in this
lane. However, it leads to the conclusion that a portion of the bands must be due the Dicer-
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plasmid, and these bands cannot be cellular produced because these do not exist in the GFPcontrol.
Collectively these experiments suggest that a product with the same size as the 3s-dicer-miRNA
will be produced in cells when transfected with the plasmid expressing the Dicer mRNA, both
when this plasmid is transfected alone or co-transfected with the pGl.4.18CMV-3s-dicer-HDV
plasmid, which also questioning the influence or functionality of the pGl.4.18CMV-3s-dicerHDV plasmid in vivo. Moreover, it is also unknown whether these bands are the same as the
3s-dicer-miRNA or just random oligonucleotides caused by fermentation of the plasmid
expressing Dicer mRNA.
At the present time, we cannot exclude that the cell line might be determining the functionality
of the pGl.4.18CMV-3s-dicer-HDV plasmid. To test this possibility expression of the 3s-dicermiRNA should be compared in pGl.4.18CMV-3s-dicer-HDV plasmid transfected 293- and
A549 cells.

3- sense instead of antisense does not make sense
As mentioned before, the single stranded region of the MLP-TSS-sRNA was modified in order
to target the mRNA of Dicer. Since miRNAs naturally function through recognition, binding
and subsequently causing degradation of the complementary sequences, the single strand region
of the modified 3s-dicer-miRNA was designed to be complementary to the Dicer mRNA.
Surprisingly, our laboratory group had for a while done studies in which the sequence of the
single stranded region of 3s-dicer-miRNAs, accidently and instead of being complementary,
was just a “copy” of the short region of the Dicer mRNA, here on termed as the “Sense”.
Therefore, we had two versions of the synthetic 3s-dicer-miRNA; i.e. a sense and an antisense
version (non-complementary respective complementary to the Dicer mRNA). The mindblowing fact was that in some of the previous experiments (not published), the sense 3s-dicermiRNA showed the same efficiency as the antisense 3s-dicer-miRNA in downregulation of
Dicer mRNA accumulation. This raised the question how the sense strand 3s-dicer-miRNA
could function in downregulating Dicer production, i.e. was this down-regulation occurring pre, or post-transcriptionally, and how would this impact the stability of these two miRNAs.
To investigate the stability of the sense versus the antisense 3s-dicer-miRNA the synthetic
miRNAs were transfected into A549 cells, and the stability measured at three time points,
during a 72-hour period of time (Fig. 10).

11

Antisense
48h

Marker 24h

Sense
72h

24h

48h

72h
3s-dicer-miRNA

Let-7
Figure 10. Visualization of commercially synthesized sense and antisense (non-complemental respective
complemental to the mRNA of dicer) of 3s-dicer-miRNAs, on a nylon membrane during northern blot, using
radioactively labelled P-ATPs. 20µg total RNA was loaded onto each well of the three time points of respective
antisense and sense 3s-dicer-miRNA samples. The marker consisted of pure synthesized 3s-dicer miRNAs having the
power of 1.0x10 CPM radioactivity, while, Let-7 was used as the control.
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The results show that both sense and antisense 3s-dicer-miRNAs are quite stable with only a
minor change at 72 hpt as well as at 24 hpt. This result was not entirely unexpected since the
high stability of these miRNAs most likely are due to the 3´hairpin structure that is the common
link between them. Interestingly, there is no significant differences between the detected sense
and antisense, giving rise to the question if they actually are serving the same function.

Discussion
The results from the stability assay, using different mutated MLP-TSS-sRNAs, are by no
means reliable. The expectation, however, was to see a significant high stability of the wild
type and probably of the switch sRNA, while a lower extension of stability on the two-other
mutated MLP-TSS-sRNAs, AU and Loop, were already predicted. Interestingly the siRNA is
making two bands at two clearly distinguished locations at each time point. Hypothetically, it
must be due to the two products of siRNA (a single stranded MLP-TSS-sRNAs and a double
stranded MLP-TSS-sRNAs). In other words, all samples get heated at 95°C for 1-2 minutes
before loading onto the gel. This causes a separation of the double stranded siRNA, but siRNAs
with a hairpin structure can snap back to their complementary strands during the short time
between heating up and loading onto the gel, while some others stay single stranded. The two
siRNA-bands in the gel must be due to these two forms of siRNAs, existing as both single as
well as partly double stranded.
Unfortunately, there were some systematic and technical problems that precluded the
generation of fully reliable results. For example, the single stranded region of the MLP-TSSsRNA was the common link between all the tested variants (Figs. 4, 5) and, theoretically, the
probe should be able to hybridize to all of these variants of the MLP-TSS-sRNAs, which did
not occur. One explanation to this failure could be that, during hybridization, the samples
usually must be kept at 42-44 Celsius degree which might be too high for only 10 nucleotides
of the single stranded region to keep the hybrid formation, suggesting that the hybridization
might have failed with the mutant MLP-TSS-sRNAs (Fig. 5).
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Additionally, the only probe used for hybridization during northern blot had a 100%
complementary only to the siRNA and the wild type MLP-TSS-sRNA. Since the mutations
occurred in the hairpin, the result further suggests that the hairpin sequence, as well as the
single stranded region, may play an important role in determining the availability and the
strength of hybridization. Looking at the sequences of each variant, AU has the lowest
number of deletions, indicating that the less variation from the wild type, the higher
probability to make a band on the membrane. AU is the only variant leaving, even though
weak but yet, bands at 24 hpt and 48 hpt time points (Fig. 3). Most importantly, this also
indicates that the probe used in this northern blot has different specificity to each variant.
Noteworthy, repetitions of this experiment did never change the fact that the wild type, beside
the siRNA, has the most stable secondary structure. Looking at the positive side of these
experiments, the results are yet on the same line and do not questioning the previous results.
In retrospect and to overcome this bias, specific probes for each variant of the MLP-TSSsRNAs should have been used, in order to the equalize the probability for every single variant
to hybridize efficiently in the northern blot experiments.
In vitro vs In vivo
The failure of six technical replicates of the in vivo transcription assay of the CMV-3s-dicerHDV plasmid strongly indicate that this gene cassette is, for whatever reason, definitely not
functional in vivo. In contrast, in vitro transcription of the T7-3s-dicer-HDV cassette worked as
expected, although with a low efficiency. We do not believe that the exchange of the promoter
from CMV to T7 should be blamed for these contradictory results, because both these two
promoters had already in many previous studies been shown to be efficient under respective
circumstances. On the other hand, the functionality of the HDV-ribozyme might have been
compromised because of small changes; such as low concentration of certain metal ions,
2+
especially those with higher inner coordination sphere, for instance Mg , the environmental
temperature and the existence of many other biological molecules inside a living cell in
comparison with the in vitro transcription which was done with purified components (Avis et
al. 2012). In an attempt to improve the conditions for the in vitro assay, the concentration of
2+
Mg was slightly increased without significant improvement of the efficiency of HDVribozyme cleavage, neither did a change in reaction temperature. Sadly, we did not know about
other cytoplasmic interfering molecules.
Co-transfection; the sRNA appears to be produced on demand.
There was another hypothesis that there might be a mechanism inside cells inhibiting the
transcription of the plasmid, so, an inducer was needed. Generally, production of everything
inside a cell is tightly regulated, and nothing should normally get produced until there is a use
for it. Therefore, the idea was that an exogenous stimulation of Dicer production would be
needed to stimulate the transcription of the 3s-dicer-miRNA. To test this possibility a pilot
study was conducted in which a dicer-plasmid was co-transfected together with the
pGl.4.18.CMV-3s-dicer-HDV plasmid (Fig. 10). Since there was a possibility that the type of
cells used previously might play a role the cell line used was switched from A549 cells to 293
cells. A major reason to this switch was the higher transfection competency of 293 cells
compared to A549 cells.
Despite the fact that the pGl.4.18CMV-3s-dicer-HDV plasmid did not work when transfected
alone, the co-transfection of it with the dicer-plasmid led to transcription of an RNA species
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with the expected size of the 3s-dicer-miRNA (Fig. 10). As the results showed (Fig. 10) there
were also some side-products produced that need further and deeper investigations to be
identified.
Sense vs Antisense
The experiment investigating the stability of 3s-dicer miRNAs, using commercially synthesized
sense- and antisense-3s-dicer-miRNAs, show a similar stability for both of them. The high
stability of these miRNAs was not a surprise since previous studies in the laboratory had shown
that the hairpin structure, at the 3´end of the miRNA, which they had in common, is the stability
element. However, the most mysterious observation here was that the 3s-dicer-miRNA
containing the both the sense and antisense sequences were able to silence Dicer gene
expression with similar efficiencies (Kamel, unpublished). To analyze if the sense and antisense
3s-dicer miRNAs were serving the same function, more experiments must be conducted
investigating, among other things, the interaction of these two miRNAs with Ago2, the amount
of both cytosolic protein and mRNA of Dicer at each time point, and if possible, and identifying
the accumulation location of these miRNAs by flagging and super-resolution time-lapse
microscopy. Since we used the commercially synthesized 3s-dicer-miRNAs (sense and
antisense), it would be of interest to see how transfection of these two could impact the
concentration of the Dicer mRNA in different cell lines too.
Final conclusion
Usage of RNA-toolbox as a therapeutic agent for cancer therapy have many sophisticated
features such as higher efficiency, relatively low cost, reproducibility, pharmacokinetics,
potency, safety etc. Although the pGl.4.18CMV-3s-dicer-HDV plasmid has many tests to pass,
the 3s-dicer-miRNAs have already shown to have the potential of becoming pioneered for
treatment of many difficult to cure diseases. It has a significant high stability, low
immunogenicity, really low cost, easy to reproduce and maintain, efficient in transfection etc.
Can this small RNA approach be developed to a gene therapy method? Here we showed that
the hairpin structure of MLP-TSS-sRNA is the reason to its high stability. We also
demonstrated that the designed CMV-driven plasmid vector system containing the sequence of
the HDV-ribozyme located downstream of the modified MLP-TSS-sRNA was able to
transcribe the product in vitro. Although this vector system showed to not be functional when
transfected in cell cultures, we still believe that the most fascinating feature of our adenoviral
miRNA is that by modifying its single stranded region, it can target and cause degradation of
any mRNA of interest. Considering that in many infectious diseases, if not all of them, there is
at least one specific mRNA that is produced by the infectious agent in order to only benefit its
own survival or reproducibility inside the host cell, theoretically, it would be possible to
selectively target those infectious mRNA in virus infected cells. In other words, this adenoviral
miRNA can be modified in such a way that it targets any unique infectious mRNA, and since
that infectious mRNA is only produced in the infected cells, this miRNA will exclusively target
the infected cells which is a necessity in many treatment techniques such as cancer treatment.
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What could/can be done to improve and proceed
If this experiment was working, then we also could measure the amount of Dicer mRNA to see
whether this 3s-dicer could reduce the amount of Dicer mRNA to a significant level or not. The
results from the first qPCR, however, was not satisfying (Appendix fig. 1). The next step could
also be to measure the amount and identify the efficiency of the 3s-dicer-miRNA as an
interactor with Ago2 and the competency to form active RISC.
Although the gene cassette was working when co-transfected or in vitro transcribed, but if I had
the opportunity, I would still make the plasmid more efficient by for instance incorporating a
polymerase terminator at the end of the HDV-ribozyme in order to stop the RNA polymerase
making unnecessary and way too long transcripts. A terminator makes the RNA polymerase
fall off the DNA template which, besides giving shorter transcripts with defined lengths, could
also rise the efficiency of the polymerase in many ways. It could for instance lower the
unnecessary consumption of nucleotides and reduce the time needed per transcript production
and thereby increase the speed of the transcription initiation and the number of the transcripts
per time.
What I was always interested and curious about was to make another modified MLP-TSSsRNA targeting a specific viral mRNA, to see if that miRNA could help real infected cells to
recover and cure. I have always believed that this adenoviral miRNA has the capacity to become
revolutionary.
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Material & Methods
Cell culture maintenance and transfection
A549/HeLa/293 cells were maintained in Dulbecco´s modified Eagle´s medium (DMEM,
Invitrogen) supplemented with 10% fetal bovine serum (FBS, Invitrogen), 1%
Penicillin/Streptomycin (PEST) at 37°C in 7% CO incubators. When cells reached around
80% confluence, medium was removed and cells were washed with phosphate buffered saline
(PBS), detached by trypsin (Gibco Trypsin (2.5%), No Phenol Red) treatment and split into
new plates containing fresh medium.
22

TM

Transfection
All cell lines were seeded and transfected at approximately 80% confluence, according to
JetPRIME siRNA & DNA transfection protocol.
RNA extraction
Cells were harvested and washed two times with PBS. The cytoplasmic fraction was isolated
by IsoB/NP-40* treatment. RNA was prepared by two steps of phenol/chloroform (1:1) and
one step of Chisam (Chloroform/Isoamylalcohol (1:24)) extraction, during which 100 µl of
5xRPS was added to the first step of phenol/chloroform. RNA was concentrated by
Isopropanol precipitation after addition of NaCl to a final concentration of 0.25 M and
centrifuged in an Eppendorf centrifuge at 13,000g. Samples were washed with 80% ethanol
spun in the Eppendorf centrifuge dried at room temperature and dissolved in dH2O.
*IsoB/NP-40:
4 ml 1 M tris pH7.9 (10 mM)
12 ml 5 M NaCl (0.15 M)
0.6 ml 1 M MgCl2 (1.5 mM)

*5X RPS:
25 ml 1 M Tris pH7.9
12.5 10% SDS
5 ml 5 M EDTA

2.6 NP40 (0.65%)
dH O up to 400 ml

7.5 ml dH2O

2

TAP/RppH-5´uncapping treatment
Samples were spun at 4°C, max speed, for 1 h. The pellets were diluted with 15 µl dH2O
before the TAP mixture; i.e. 15 µl RNA, 5 µl 10x Thermopol buffer (#B9004S, BioLabs), 0.5
µl RppH enzyme (#M0356S, BioLabs), 29.5 µl dH2O, was added to each tube and incubated
at 37°C for 1 h. The tubes were thereafter treated by one round of Phenol/Chloroform 1:1,
vortexed for 15 min and spun at max speed for 5 min. The pellet was then precipitated by
addition of NaCl to a final concentration of 0.3 M and 1µl glycogen (20 mg/ml stock) and
2.5x volume of 100% EtOH before overnight incubation at -20°C. After centrifugation for 1h,
at max speed at 4°C, the pellet was dissolved in 50 µl ddH2O and stored at -20°C.

Northern blot
-

Preparation of a denaturing polyacrylamide gel (12%)
The denaturing polyacrylamide gel was prepared containing; 5.1 g Urea (ultrapure),
3.6 ml 38% acrylamide:2% bisacrylamide, 1.2 ml 10x TBE, and H O to a total volume
2
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of 12 ml. To cast the polyacrylamide gel, 4.1 µl TEMED (N,N,N,N'tetramethylenediamine) and 72 µl aluminum persulphate (10% APS) was added and
the mixture poured into a prepared sandwich of glass plates.
-

RNA gel-electrophoresis:
The 12% polyacrylamide gel was pre-run for 15 min at 100 V in 1x TBE buffer. FAdye buffer (**) was added to the RNA samples, which were heated up at 95°C for 1-2
minutes before loading onto the gel and run for 2h at 120V.
**10 ml FA-dye buffer:
8 ml formamide, 0.5 ml 1 M Tris pH 7,9, 200 µl 0.5 M EDTA, 250 µl 1% Xylene
cyanol (XC), 250 µl bromophenol blue (BFB), 50% glycerol.

-

EDC cross-linking:
A mixture of 0.37 g EDC (dissolved in 4.5 ml dH2O), 112 µl imidazole, 150 µl 1 M
HCl, and 7 ml dH2O was added onto a saturated Whatman paper, placed in a plastic
tray. The membrane was placed on the top of the paper, and the tray covered in a
plastic foil and incubated at 54°C for 1 h. After incubation, the membrane was washed
and covered by a Whatman paper, plastic enveloped and incubated overnight.

-

Transfer of RNA from gel onto a nylon membrane:
The membrane was placed in the prepared “sandwich” with the gel at the negative side
of the membrane and three Whatman papers covering at each side. The sandwich was
placed in the Trans-Blot SD Semi-Dry Transfer cell (Bio-Rad) that was run for 30-60
min at 20V.

-

Hybridization and preparation of the hot probe:
After 4 hours’ incubation in ULTRA hybridization buffer inside a cylinder glass under
rotation condition at 42°C, the nylon membrane was exposed to the hot probe (***)
that was purified using a Sephades G25 spin column. The membrane was thereafter
incubated overnight under the same conditions. At the following day, the membrane
was washed 3X, 10 min each time, with 3xSSC containing 0.5% SDS, followed by a
15-min washing step with 1xSSC containing 0.5%SDS inside the same rotating
incubator at 42°C. The nylon membrane was transferred to a Whatman paper and
covered by a plastic foil, and eventually exposed to a phosphorimager screen. The
membrane was finally visualized using a Pharox Plus molecular imager (BioRad).
TM

*** The hot probe:
5 µl probe oligonucleotides
5 µl polynucleotide kinase buffer (PNK-buffer)
2 µl T4 polynucleotide kinase
6
32
1-1.6x10 CPM γ-labelled P-ATPs

Cloning & purification of plasmid
The pGl4.18-CMV-3s-dicer-HDV was cloned using NdeI + BglII restriction enzymes. The
purity of the plasmid was determined by gel electrophoresis and sequencing. The plasmid was
transformed into E. coli using heat-chock, and spread on LB-medium plates containing 100 µg
ampicillin/ml as a selectable marker at 37°C overnight. One single colony was passed over to
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a 50ml liquid LB-medium and incubated overnight on a rotary shaker. The plasmids were
purified using the Qiagen Plasmid Purification medium kit and eluted with dH O.
2

PCR:
For the in vitro transcription reaction, the CMV promoter needed to be replaced by a T7promoter. Therefore, the forward PCR primer contained the T7-promoter together with ten
nucleotides of the 3s-dicer sequence. For the reverse primer, a sequence located approximately
20 nucleotides downstream the HDV-ribozyme sequence was chosen (appendix 2). The PCR
reaction (****) was run using the Takara PrimeSTAR HS DNA Polymerase (TAK
R010A&B) and the purity of the PCR-product visualized by 2% agarose gel electrophoresis.
TM

**** PCR components:
0.4-1.0 ng pGl4.18CMV-3s-dicer-HDV (template)
0.5 µl forward/reverse primers (10 pmol/µl)
5 µl PrimeStar buffer
0.25 µl PrimeStar Polymerase
dH2O up to 25 µl
In vitro transcription (hot) using radioactively 𝝰-labelled

Cycling program:
98°C, 10´´
55°C, 10´´ 40 cycles
72°C, 30´´
72°C, 5´

32

P-CTP

32

0.5 µl of 10 pmol P-CTP was added to the mixture consisting of 1.0-2.0 pmol PCR-product,
2.0 µl 10x RNA Polymerase buffer, 2.0 µl 300 mM DTT, 2.5 µl rNTPs (5 mM
ATP/GTP/UTP, 2.5 mM CTP), 1 µl T7-RNA polymerase, dH2O up to the total volume of 25
µl. The mixture was incubated at 37°C. 5 µl sample where withdrawn every 30 minutes and
mixed with EDTA (final concentration 20 mM). A 10% denaturing acrylamide gel was prerunning at 400V until the plates were heated up. The 5 µl samples were finally added to the
gel. After the electrophoretic run, the gel was transferred to a Whatman paper and covered
with a plastic foil and exposed to a phosphorimager screen, and finally visualized using the
Pharox Plus molecular imager (BioRad).
TM

Reverse transcription and qPCR
A mixture of: 200 ng random primers, 4 µl dNTPmix, 1-5 µg total RNA, was incubated at 65°C
for 5 minutes before transferring to ice (>1minute). Thereafter, 7 µl of a master mix made of 4
µl 5X First Strand Buffer, 2 µl 0.1M DTT, 1 µl SuperScriptIII RT, was added to each sample
and incubated at: 25°C for 5 minutes, 37°C for 50 minutes, 72°C for 15 minutes, and 4°C
overnight. The qPCR was performed according to the commercially recommended protocol by
Solis BioDyne for 5X HOT FIREPol ®EvaGreen® qPCR Mix Plus (ROX).
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Appendix. 1

a)

b)

Figure 11. Analyze of qPCR data based on the mRNA of dicer from 293-cancer cell line transfected with 42pmol (a) and
110pmol (b) Sense-, and Antisense-miRNAs, where siRNA and un-treated cells (Ctrl) were used as controls. Transfected 293cells were harvested at four different time points; 18hpt, 24hpt, 48hpt, and 72hpt. Three biological replicates for the gene of
interest, in addition of one biological replicate, beta2-microglobulin exploited as the house keeping gene, for each
sample/time point were taken into account. The significance measurement is based on the T-test type 3.

Appendix 2.
Forward primer:
ATATATTAATACGACTCACTATAGGCTTGAAGCA
Reverse primer:
CCATGGTGGCTTTACCAACAGTAC
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