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Abstract
Background:
MicroRNAs (miRNAs) are short non-coding RNAs that play a crucial role in gene
regulation. They are predicted to target around 200 target genes per microRNA on
average. Until now, just one miRNA, miR-143, has been validated to be involved in
human adipogenesis, with the potential for many more. For the functional analysis of
miRNAs in differentiation and development, a transfection system is needed that is
highly efficient, non-toxic, applicable to the proliferating, non-dividing, and differentiating
cells without stress, and easy-to-handle for the user.
Objective:
Therefore, the aim of this thesis is to establish a transfection system which is able to
transfect miRNA antisense oligonucleotides with a high transfection efficiency. Because
miR-143 has already been validated to be functional in adipocyte differentiation, this
miRNA was used to validate the efficiency of the transfection system MPG. Thus, LNAmodified antisense oligonucleotides have been used as miRNA inhibitors to validate the
MPG efficiency. As cell model for human adipogenesis, human multipotent adiposederived stem (hMADS) cells were used.
Results:
It could be shown by fluorescence microscopy that the transfection system MPG was
able to translocate oligonucleotides into proliferating as well as confluent hMADS cells
before and after stimulation to adipocyte differentiation. LNA-modified oligonucleotides
were transfected in different concentrations at different timepoints. The translocated
LNA-modified oligonucleotides against miR-143 were able to impair human adipocyte
differentiation by repressing triglyceride accumulation indicating that the transfection
system is functional. In a row, another miRNA, miR-107, predicted to play a role in
human adipocyte differentiation, was tested for functionality in human adipogenesis, but
miR-107 inhibition by LNA-modified oligonucleotides did not reveal altered adipogenic
differentiation.

Zusammenfassung
Hintergrund:
MicroRNAs (miRNAs) sind kurze nicht-kodierende RNAs, die eine entscheidende Rolle
bei der Genregulation spielen. Pro mircoRNA werden im Durschnitt rund 200 Zielgene
vorhergesagt. Bis dato wurde in der menschlichen Fettzellentwicklung (Adipogenese)
nur eine einzige microRNA, miR-143, mit regulatorischer Funktion bestätigt, mit dem
Potential für viele weitere.

Für die weitere funktionelle Analyse von miRNAs in

Differenzierungs- und Entwicklungsprozessen sind Transfektionssysteme erforderlich,
welche hoch effizient und gleichzeitig nicht-toxisch sind und auf proliferierende, nichtteilende sowie auch differenzierende Zellen anwendbar sind.
Ziel:
Ziel dieser Arbeit ist es, ein Transfektionssystem zu etablieren, welches imstande ist,
microRNA-Antisense-Oligonukleotide mit einer hohen Transfektionseffizienz in die
Zellen

zu

transfizieren.

Da

miR-143

schon

mit

einer

Funktion

in

der

Adipozytendifferenzierung validiert ist, wurde diese microRNA verwendet um die
Effizienz des Transfektionssystems MPG zu validieren. Für die miRNA-Inhibition wurden
LNA-modifizierte Antisense-Oligonukleotide verwendet, und als Zellmodell dienten die
humanen, multipotenten, aus Fettgewebe gewonnenen Stammzellen (hMADS).
Ergebnisse:
Es

konnte

durch

Fluoreszenzmikroskopie

gezeigt

werden,

dass

das

Transfektionssystem MPG in der Lage ist, fluoreszenzmarkierte Oligonukleotide in
proliferierende als auch konfluente Zellen zu translozieren. LNA-modifizierte AntisensOligonukleotide wurden in unterschiedlichen Konzentrationen zu verschiedenen
Zeitpunkten transfiziert. Die transfizierten LNA-modifizierten Antisens-Oligonukleotide
gegen miR-143 konnten die Akkumulation von Triglyzeriden in den Fettzellen
vermindern. Dies bedeutet, dass Transfektinssystems in konfluenten, differenzierenden
humanen

adulten

Stammzellen

funktioniert.

Weiters

wurde

mit

diesem

Transfektionssystem die Funktion der miR-107 in der Adipozytendifferenzierung
untersucht. Die Inhibition von miR-107 mittels LNA-modifizierten Oligonukleotiden zeigte
aber keinen Einfluss auf die Adipozytendifferenzierung von hMADS Zellen.
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1. Introduction
1.1. Obesity
The major reason of obesity is assuredly the fact that humans have the
tendency to uptake more food than calories were expended. The primary site
of energy storage is the adipose tissue. In mammals, the adipose organ is
composed not only of white adipose tissue, which is the primary site of
triglyceride/energy storage, but also of brown adipose tissue, which is
important in both basal and inducible energy expenditure in the form of
thermogenesis (Gesta et al., 2007). WAT itself, can be found in the body in
subcutaneous and visceral depots, in contrast to BAT, which is located
around the neck, and large blood vessels of the thorax in human neonates
(Sethi and Vidal-Puig, 2007). WAT and BAT display various genes which are
differentially expressed between both types. In general protein 1 (UCP-1),
which is located in the inner mitochondrial membrane, is specific to brown
adipocytes and required for heat production without generating ATP (Sethi
and Vidal-Puig, 2007; Gesta et al., 2007). In case of energy supply (energy
requirement), white adipocytes release free fatty acids (FFA) which were
transported to muscle and liver (Sethi and Vidal-Puig, 2007). Additionally,
adipocytes produce and secrete factors such as pro-inflammatory and antiinflammatory cytokines and chemokines that participate in regulation of
haemostasis, blood pressure, immune function, angiogenesis and whole
body energy homeostasis, thereby reflecting their endocrine role. (Rosen and
MacDougald, 2006; Gesta et al., 2007)
A classification between overweight and obesity was valuable. The simple
index of weight – height called body mass index (BMI) was enforced, to
classify underweight, overweight and obesity in adults. In principal, obesity is
classified as a BMI ≥30kg/m2; pre-obesity or overweight is used to define
adults with a BMI of 25.0–29.9kg/m2 (World HealthOrganization, 2000).
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1.2. Regulation of adipogenesis
Of course the regulation of adipogenesis is not only controlled by just one
parameter, rather a cascade of transcription regulation factors is responsible
for the regulation of adipogenesis. Adipocyte differentiation involves a
temporally regulated set of gene-expression events, and understanding the
underlying transcriptional networks is of fundamental importance (Figure
1).The nuclear receptor Peroxisome proliferator-activated receptor gamma
(PPARγ), which is a member of the nuclear-receptor superfamily, and is
necessary

and

sufficient

for

adipogenesis,

and

members

of

the

CCAAT/enhancer binding protein (C/EBP) family (Farmer, 2006), play a
major part in adipogenesis and are necessary for adipocyte differentiation.
Forced expression of PPARγ is sufficient to induce adipocyte differentiation
in fibroblasts and no factor has been discovered that promotes adipogenesis
in the absence of PPARγ. These findings are consistent with the observation
that most pro-adipogenic factors seem to function at least in part by
activating PPARγ expression or activity (Rosen and MacDougald, 2006).

Figure 1: A complex transcriptional cascade regulates adipogenesis (Rosen and
MacDougald, 2006).
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1.2.1. Regulators
PPARγ is located at the core of the transcriptional cascade which is
responsible for the regulation of adipogenesis (Figure 1). The pro-adipogenic
factors and the anti-adipogenic factors regulate the expression of a gene
called PPARγ while PPARγ is activated by (till now) uncharacterized ligand.
C/EBPα is regulated by a couple of inhibitory protein – protein interaction. As
in Figure 1 shown, the black lines indicate effects on gene expression and
the blue lines illustrate effects on the protein activity. There are 2 different
isoforms of PPARγ (PPARγ1 and PPARγ2) known. Both, PPARγ1 and
PPARγ2 are generated by alternative splicing and promoter usage of the
PPARγ gene and both are expressed in adipocyte. At least PPARγ2 is more
efficient at promoting adipogenesis (Rosen and MacDougald, 2006). PPARγ2
is 30 amino acids longer than PPARγ1 and is the adipocyte-specific isoform
of this receptor (Rangwala and Lazar, 2000). Accordingly a knockout of
PPARγ would be knocked out in mature adipocytes in vivo results that the
viability of brown and white adipocytes would approach zero. Nevertheless
PPARγ is a proved as a specific marker of fat (Gesta et al., 2007).
C/EBPs is a member of the basic leucine zipper (bZIP) family of transcription
factors. This family contains 6 members, whereof C/EBPα, C/EBPβ, C/EBPγ
and C/EBPδ were identified to be expressed in adipocytes (Rangwala and
Lazar, 2000). A lot of adipocyte genes are adjusted directly by C/EBPα and
in vivo studies expose an important role for this factor in the development of
adipose tissue. Anyway, the opportunity of C/EBPs in adipogenesis is not
able to function without PPARγ (Rosen and MacDougald, 2006).
The Krüppel like factors (KLFs) build a huge family of C2H2 zinc finger
proteins, which regulate apoptosis, proliferation and differentiation. There are
a couple of indications that KLFs work as a cascade in adipogenesis. Gray
and colleagues showed, that KLF15 promotes adipocyte differentiation and
induces expression of glucose transporter-4 (GLUT4) (Gray et al., 2002). But
there are not only adipocyte differentiation promoters at the KLF family. For
example KLF2 and KLF7 are anti-adipogenic factors, which can repress
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PPARγ expression by binding to the promoter (Banerjee et al., 2003;
Kanazawa et al., 2005). Specially KLF5 shows an induced expression in
early stage of differentiation, which was followed by expression of PPARγ2
and was shown as a key component of the transcription factor network
controlling the adipocyte differentiation also (Oishi et al., 2005).
Finally with the discovery of various involved transcription factors, great
strides where made in the last decade from that point of view, but a complete
global overview is still a long way from the status quo at the moment.

1.3. microRNA
Since the discovery of RNA interference by Andrew Fire and Craig Mello in
1998 (Fire, 1999) the point of view concerning microRNA totally changed.
Renownedly the first microRNA was brought to light in 1993 (Lee et al.,
1993), but the work of Fire and Mello set the headstone for the breakthrough
of microRNA and gave a foretaste of what is to come and was honoured
finally with a Nobel Price in 2006.
MicroRNAs (miRNAs) are an evolutionarily conserved large novel class of
non-coding RNAs 18–22 nucleotides long that mediate post-transcriptional
silencing of genes. Since the sensational discovery of the mutation in 2
genes unc-86 and lin-4 in 1981 (Chalfie et al., 1981) and the molecular
description of lin-4 in 1993 (Lee et al., 1993) a lot of scientific work had been
done. Due to this work, the function and metabolism of microRNAs were
scrutinized (Ambros et al., 2003; Ambros et al., 2003; Bartel, 2004; Bartel
and Chen, 2004). The founding members of this class of non-coding RNAs
were discovered in the model of Caenorhabditis elegans (Chalfie et al., 1981;
Lee et al., 1993). Over ten years ago, the Ambros and Ruvkun laboratories
found out, that larval development of the nematode Caenorhabditis elegans
requires a tiny RNA to inhibit the expression of a protein-coding gene. The C.
elegans lin-4 (lineage) gene produces a 21 nucleotide RNA that recognizes
complementary sites in the 3` untranslated region (3´UTR) of the lin-14
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messenger. It regulates the translation of lin-14 during transition from the first
to the second larval developmental stage. miRNAs function as posttranscriptional repressors of their target genes when bound to specific
complementary sites in the 3′ untranslated region (UTR) of the target mRNA
(Lee et al., 2004; Wightman et al., 1993). microRNAs are the most abundant
class of small RNA in animals. They are on average 20-23nt long and usually
have a uridine at their 5´ end (Farazi et al., 2008). Grounded by the fact, that
some miRNAs can be highly conservated and some miRNAs which are
species specific, it is possible, that in different organisms, different numbers
of miRNA encoding genes were found, for example in animals (LagosQuintana et al., 2003; Lau et al., 2001; Mourelatos et al., 2002) , plants
(Llave et al., 2002; Park et al., 2002; Reinhart and Bartel, 2002) and humans
(Landgraf et al., 2007). Those miRNA encoding genes are differentially
transcribed depending on the cell type and developmental stage (Farazi et
al., 2008). MicroRNAs are assumed to regulate more than a third of all
mRNAs post-transcriptionally (Lewis et al., 2005).
1.3.1. microRNAs in adipogenesis
Renownedly there are some disease-relevant regulatory processes which
were governed by miRNAs, like cancer, developmental stages, metabolism
and cellular differentiation. Some microRNAs related to adipogenesis are
already identified. Xu et al. discovered in 2003 that miR-14 is responsible for
enlarged lipid droplets in drosophila melanogaster (Xu et al., 2003). 65
differentially expressed miRNAs were found in mouse 3T3-L1 cells, 21
miRNAs of whom where up and down regulated during adipogenesis
(Kajimoto et al., 2006) in mouse. As an addition to this, Esau et al. proved in
2006, that miR-122 is not only a regulator of cholesterol, but also a regulator
of fatty acids in mouse and might be an attractive therapeutic target for
metabolic diseases (Esau et al., 2006). In 2007, Gu et al. detected miR-21,23a, -24, -125a, -125b, -143, and -339 which appeared to be expressed at
relatively high level in bovine adipose tissue (Gu et al., 2007). And finally,
miR-143 has been identified in vitro to be involved in human adipocyte
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differentiation and that ERK5 may act as a through target of miR-143 (Esau
et al., 2004). Furthermore, miR-143 also plays in vivo a major role in the fat
metabolism of mice (Takanabe et al., 2008).

1.3.2. Biogenesis of miRNAs
The mature form of miRNAs is created from long primary transcripts which
contain pre-miRNA, by a couple of maturing processes (Kim, 2005). Lee et
al. reported, that some of the miRNA transcripts are produced by polymerase
II and own their typical 5´ caps and 3´ poly (A) tail (Lee et al., 2004). By the
contrast of Lee at al., Borchert et al. found out, that others are transcribed by
RNA polymerase III (Borchert et al., 2006). Basically there are two steps of
processing; the first step a ~70 nucleotide hairpin RNA gets processed by a
nuclear RNase III enzyme called “Drosha” which works together with its
doublestranded RNA binding domain (dsRBD) partner called “DiGeorge
syndrome critical region gene 8”, short DGCR8 (Lee et al., 2002; Denli et al.,
2004; Landthaler et al., 2004). This so called pre-miRNA hairpin is then
transferred out of the nucleus into the cytoplasm. This happens by Exportin-5
in a RAS-related nuclear protein called guanosine-triphosphate (RAN – GTP)
(Zeng and Cullen, 2004; Bohnsack et al., 2004). The exported pre-miRNA
now is in the cytoplasm and the second processing step starts with another
RNase III enzyme which is called “Dicer”. Together with its dsRBD which is
referred as TAR RNA binding protein, short TRBP and responsible for the
release of a 19 – 24 nucleotide doubled strained RNA containing the mature
miRNA bound to its complement (referred as miRNA*) from the pre–miRNA
hairpin (Grishok et al., 2001; Bernstein et al., 2001; Chendrimada et al.,
2005). Due to this, the functional miRNA stand is selectively loaded into the
RNA induced silencing complex (RISC) (Liu et al., 2004b; Lingel et al., 2003).
It is possible, that the RISC loading mechanism is asymmetric in a small RNA
(~22 nucleotides). Accordingly to this asymmetry only one side of the miRNA
stem-loop

precursor

is

incorporated,

which

engenders,

that

the

complementary stand miRNA* may be degraded. The encoded information in
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the primary and pre-miRNA sequences are responsible for the processing,
maturation and RISC loading of miRNAs. The core component of RISC is an
Argonaut (Ago) protein, which contains a 5´end binding domain. This so
called PIWI binding domain is similar to RNAse H, which only cuts RNA
strand and is also responsible for target mRNA cleavage, provided that the
guide RNA is perfectly complementary to the target mRNA (Ma et al., 2005;
Parker et al., 2004). All together Liu et al. and Meister et al. showed, that
there are four Ago proteins in humans systems, but the only Ago2 protein is
equipped with this “Slicer” function (Liu et al., 2004; Meister et al., 2004).

Figure 2: Biogenesis of miRNA (Lodish et al., 2008)
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1.3.3. Regulation by miRNAs

MiRNAs have been shown to repress target gene expression at the
translational level, which mRNA levels remaining constant and the level of
the encoded protein declining, whereas in other cases, miRNAs repress
target gene expression by triggering the degradation of target mRNA (Lodish
et al., 2008; Nilsen, 2007). One milestone was set by Lim et al. in 2005,
where they could show that transfected miRNAs induce the degradation of a
large number of mRNAs that contain putative miRNA binding site by the
example of miR-1 and miR-124. This work showed that miRNAs seem to
down regulate a far greater number of targets on mRNA level than previously
expected and finally helping to define a tissue specific gene expression in
humans (Lim et al., 2005). For the mRNA target, miRNAs recognize their
targets as a limited base-pairing interaction between the “seed region” which
is 2-8nt from the 5´ end and the complementary sequence present in the 3´UTR of target mRNA (Bartel, 2004; Fazi and Nervi, 2008). Thus, the target
recognition is basically bounded by the adequate seed region and the trait of
full or near perfect complementary plays a major role in repression or
cleavage. The translational repression mecahnisms can be linked to
translation initiation, post initiation, and to compartmentation. Furthermore,
destabilization of target mRNA is an additional mechanism for the miRNAmediated decay of target gene repression (Fazi and Nervi, 2008). The
miRNA-mediated gene regulation is reduced in a total amount of target
proteins that is produced and the most mRNA targeting by miRNAs is
unclear.

1.4. Strategies of microRNA manipulation
For a principle understanding of the biological function of miRNAs, their
mRNA targets play a very important role. Bioinfomatic approaches, which
were used to predict mRNA targets among which transcription factors and
pro-apoptotic genes were prominant candidates (Rhoades et al., 2002). Due
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to the prediction of miRNA targets involved in processes like notch signaling,
cell proliferation, morphogenesis and axon guidance appear to be controlled
by miRNA genes (Meister et al., 2004). In order to confirm the predicted
miRNA targets, it is important to validate those theoretically targets genes.
For a validation of these predicted miRNA targets, new techniques for a
specific miRNA inhibition are necessary. The degree of complementarities of
the miRNA for its mRNA target guides the recruitment of the miRNP complex
in the cytoplasm

(Perron and Provost, 2008). Antisense agents are a

valuable tool to inhibit the target gene expression in a sequence specific
manner. Kurrek et al. described three different types of anti-miRNA
strategies:
•

Single strand antisense oligonucleotides

•

Triggering of RNA Cleavage

•

Double stranded antisense oligonucleotides (RNAi)

The use of oligodeoxynucleotides as an antisense agent for inhibition of viral
replicates started in 1978 by Zamecnik and Stephenson (Zamecnik and
Stephenson, 1978). Since this spadework, antisense technology became a
powerful tool for target validation and therapeutic purposes. Basically,
antisense agents operate at the mRNA level and prevent the translation into
proteins. Antisense oligonucleotides (AS-ONs) pair with their complementary
mRNA, whereas ribozymes and DNA enzymes are catalytically active ONs
that not only bind, but can also cleave their target RNA (Kurreck, 2003).
Based on that, RNA interference (RNAi) has been developed and established
as a highly efficient method of suppressing gene expression by the use of 2123nt long small interfering RNAs (siRNA) (Elbashir et al., 2001; Preall and
Sontheimer, 2005).
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Figure 3: Comparison of different antisense strategies (Kurreck, 2003)

The general comparison between three different antisense strategies can be
shown in Figure 3. Most conventional drugs bind to proteins, while antisense
molecules pair with their complementary target mRNA. The antisense
oligonucleotides are able to block translation of mRNA or induces its
degradation by RNAse H, whereas ribozymes and DNA enzymes cleave their
target mRNA, because of their catalytic activity. RNA interference induced a
degradation of the target mRNA by siRNA on the other hand, which are
bound by RISC (Kurreck, 2003).
A challenge for antisense approaches is the fact, that unmodified ONs rapidly
degrade and due to this, the ONs have to be stabilized. Three modification
modes have been used so far (Figure 4):
•

unnatural bases

•

sugar derivatives

•

altered phosphate backbone
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Figure 4: Sites for chemical modification of ribonucleotides (Kurreck, 2003)

1.4.1. First generation of antisense oligonucleotides
The first generation of antisense oligonucleotides is an alias for
phosphorothioate oligodeoxynucleotides (PS) representing the best known
and most-widely used AS-ONs at the moment (Eckstein, 2000). Eckstein and
colleagues were also the first, who synthesized the first PS-ONs in 1960 (De
Clercq et al., 1969). Figure 5 shows, that in PS-ONs one of the non-bridging
oxygen atoms in the phophodiester bond is replaced by sulfur. The major
disadvantage of PS-Ons is their non-specific binding interaction (e.g. heparin
binding proteins), which is not yet fully discovered, it may cause cellular
toxicity (Brown et al., 1994).

1.4.2. Second generation of antisense oligonucleotides
The problems which were observed with phosphorothioate oligonucleotides
were solved in the second generation of ONs, by nucleotides with alkyl
modification at the 2´ position of the ribosome. As Figure 6 shows, 2´-Omethyl and 2´-O-methoxy-ethyl RNA are the most important members of this
class and are less toxic than first generation AS-ONs (Kurreck, 2003). The
main property of second generation AS-ONs is that 2´-O-alkyl RNA can not
induce RNAse H cleavage of the RNA. This is based on the fact, that some
parameters, e.g. the correct wide of the minor groove of the AS-ON RNA
duplex, the flexibility of the AS-ONs and the availability of the 2´-OH group of
the RNA are required for efficient RNAse H cleavage (Zamaratski et al.,
2001). 2´-O-alkyl RNA can not induce RNase H cleavage of the target RNA,
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thus the antisense effect can only be ascribed to a steric block of translation.
In contrast, for most antisense approaches RNA cleavage by RNase H is
required to increase the antisense potential. Therefore, the “gapmer
technology” has been developed (Kurreck, 2003). Gapmer consists of a
central stretch of DNA or phosphorothioate DNA and modified nucleotides
such as 2´-O-methyl RNA at each end.
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1.4.3. Third generation of antisense oligonucleotides
In recent years, it became more and more important, to improve properties
such as target affinity, nuclease resistance and pharmacokinetics. The output
of this approach to improve those properties was the third generation of
antisense oligonucleotides. As Figure 5 shows, they have completely
different chemical consistencies with emphasis on locked nucleic acids
(LNA).

Figure 5: Classification of modified AS-ONs (Kurreck, 2003)
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LNA-modified inhibitors

In recent years, the numbers of applications for LNAs in research,
diagnostics and therapeutic strategies increased in a way that LNAs became
a very interesting and powerful tool for inhibition. LNAs improved properties
in terms of increased duplex stability, high sensitivity, good mismatch
discrimination, low toxicity, increased metabolic stability and a good aqueous
solubility (Jepsen and Wengel, 2004; Kurreck, 2003).
1.4.3.2.

Structure and mechanism of LNAs

Locked Nucleic Acid (LNA) is a nucleic acid analogue that is conformationally
locked in a C3´-endolN/type sugar conformation by a O2´ to C4´ methylene
linkage (Obika et al., 1998; Petersen et al., 2000). An oligonucleotide is
defined as LNA-modified if at least one LNA monomer is incorportated.
Figure 6 gives a detailed view of one 2´-O,4´-C-methylene-ß-D-ribofuranosyl
nucleotide containing conventional nucleobases (Koshkin et al., 2001;
Petersen et al., 2000). The furanose ring of LNA monomers is locked in
expected C3´ endo confirmation and was confirmed by several groups via xray crystallography (Obika et al., 1998) and NMR spectroscopy (Nielsen et
al., 2006).

Figure 6: Structures of the nucleotide monomers of LNA and α-L-LNA and sketches of their
locked LNA molecule. (Jepsen et al., 2004)
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Diverse structural LNAs have been synthesized in the last couple of years,
but herein the focus is on two LNAs: LNA with β-D-ribo configuration and α-LLNA with a α-L-ribo configuration, which is a stereoisomer of the β-D-ribo
configuration. Both have following characteristics in common:
•

Very efficient binding in complementary nucleic acids

•

High potency as antisense molecules in vitro and in vivo

•

Commercial availability as oligonucleotides

LNA oligonucleotides can be synthesized with conventional phosphoramidite
chemistry, and LNA monomers are compatible with other monomers, e.g.
DNA, RNA, and 2´-O-Me-RNA, as well as with phosphorothioate and/or
phosphodiester linkages. LNAs as fully modified oligomers of mix-mers (e.g.
LNA and DNA, or LNA and RNA) induce a very high thermal stability toward
complementary RNA or DNA (Vester and Wengel, 2004). This termal
stability, which depends on the length of the sequence and the number of
LNA nucleotides allows Tm-normalization of oligonucleotide libraries for gene
and/or miRNA expression profiling.
Beside the two classical inhibition strategies which are introducing a steric
block to interfere with the transcriptional or translational machinery and by
attracting RNAse H to an RNA/DNA heteroduplex for specific degradation of
the target RNA, LNAzymes, which are LNA modified catalytically active DNA
molecules, became also a usable antisense approach (Grunweller and
Hartmann, 2007).
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1.5. Transfection reagents
1.5.1. Cell penetrating peptides
An obstacle for cellular internalization is the plasma membrane. Much
attention has been given to the use of peptide based systems in the recent
time. In principle, peptides with cell penetrating properties (CPPs) were
designed from sequences of membrane interacting proteins, e.g. fusion
proteins, signal peptides, transmembrane domains and antimicrobial
peptides (Morris et al., 2008). A major functional part of those sequences
were complied by protein transduction domains (PTDs), which efficiently
manage to cross biological membranes without the need of a carrier or
receptor to transport peptides or proteins into a cell (Schwarze and Dowdy,
2000; Lindgren et al., 2004). As a consequence of this, some transfection
systems were used to improve the cellular uptake of peptides, proteins and
oligonucleotides. Finally, there are some different examples which are
derived from PTDs, like Penetratin, Tat – peptide, Transportan and V22
(Morris et al., 2008). Compared to other transfection systems, such as those
based on cationic lipids or polyethyleneimine, the application of peptides with
cell penetrating properties (CPPs) has some interesting features.

1.5.1.1.

Penetratin

Penetratin is popular in applications which are involved in biological
processes, e.g. like the induction of apoptosis. Derossi and co-workers
published in 1998 that Penetratin is an efficient transporter for small proteins,
meaning less than 100 residues, wheras the efficiency decreases with
increasing size of the protein (Derossi et al., 1998). Penetratin is able to
transfect nucleic acids, such as antisense oligonucleotides (ASOs), peptide
nucleic acids (PNAs) and double stranded DNA, but the transfection
efficiency is much lower for nucleic acids than for peptides. Hence one
disadvantage of Penetratin is the variation of the transfection efficiency
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(Derossi et al., 1998; Morris et al., 2008). Up to date, the mechanism of
cellular uptake of Penetratin is still not solved and two models have been
suggested so far: The first mechanistic model is based on the formation of
inverted micelles (Derossi et al., 1998; Derossi et al., 1996) and the second
is based on the existence of peptide-lipid interactions including a local
electroporation–like membrane permeation (Binder and Lindblom, 2003).
Challanged by the question, if there is a direct membrane translocation
process, there could be a cellular internalization mediated by both,
endocytosis and direct translocation (Morris et al., 2008).

1.5.1.2.

Tat peptide

The transcription – transactivating (Tat) protein of HIV-1 is a protein of 101
residues which consists of three functional domains: an acidic N-terminal
region, which is required for transactivation activity, a cystein rich DNA
binding domain and a basic domain, comparable to a nuclear localization
sequence. One major property is the ability of the Tat protein to cross the
plasma membrane of neighboring cells (Frankel and Pabo, 1988). The Tat
peptide has been used for transfer of a broad variety of macromolecules,
such as fusion proteins and nucleic acids (Morris et al., 2008). The
mechanism

involved

in

the

cellular

internalization

process

is

still

controversial, but appears to work through a macropinocytosis process
dependent on lipid microdomains (Kaplan et al., 2005) or through clathrindependent endocytosis (Richard et al., 2005).
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Transportan

Transportan is a synthetic peptide the sequence of which is built from the Nterminal fragment of the neuropeptide galanin linked through a lysine residue
to mastoparan (Pooga et al., 1998). The cellular internalization of
Transportan can be achieved at 4°C and in the presence of specific inhibitors
of some endocytotic pathways, like in modes PTD derived peptides. A
general point of Transportan is, that its efficiency across the epithelial layers
is higher than with Penetratin (Lindgren et al., 2004). Transportan has been
already used to transport proteins in vitro (Pooga et al., 2001), for PNAs in
vitro (Kaushik et al., 2002; Ostenson et al., 2002) and in vivo (Pooga et al.,
1998), small interfering RNA (siRNA) (Muratovska and Eccles, 2004) and
Fisher et al. showed in 2004, that it is also possible to transfer double
stranded oligonucleotides by hybridization to a complementary PNA which is
covalently linked to the carrier (Fisher et al., 2004). Nevermind, there are
again two different hypotheses, how a cellular internalization mechanism
could work: Firstly, the uptake of complexes at the membrane surface follwed
by translocation by induces penetrating of the membrane and a second
process would correspond to interaction at the membrane surface followed
by direct penetration of smallsized complexes into the cellular cytoplasm
(Morris et al., 2008).

1.5.1.4.

VP22-derived peptide

The VP22 is a protein, which is generated by herpes simplex virus-type
(VHS-1) virus. This protein is expressed in infected cells and penetrates into
neighboring cells and enters their nuclei (Murphy and Murphy, 1999). The 40
residues of the C-terminal region are responsible for mRNA transfer activity
(Deshayes et al., 2005). Because VP22 has the ability to remain capable of
membrane translocation, when it gets fused to other peptides or protein,
VP22 has been used for the transfer of functional proteins in vitro (Phelan et
al., 1998) and in vivo (Dilber et al., 1999). The use of VP22 e.g. as a
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transfection tool is interesting for apoptosis inducing proteins and for the
improvement of in vivo anti tumoral response to a antiviral gene (Deshayes et
al., 2005).

1.5.1.5.

Amphipathic peptides

Amphipathic molecules consist of two domains: a hydrophilic (polar) and a
hydrophobic (non-polar) domain. The amphipathic character of peptides is
caused either by the primary or the secondary structure. One very attractive
agent of amphipathic peptides is the so called MPG.
1.5.1.5.1. MPG
MPG, which stands for the people May, Pierre and Gilles, who discovered
the MPG peptide, is a primary amphipathic peptide with 27 residues
(GALFLGFLGAAGSTMGAWSQPKKKRKV). MPG itself consists of three
domains: a variable N-terminal hydrophobic motif; a hydrophilic lysine-rich
domain, which, is derived from the NLS (nuclear localization sequence) of
SV40 (simian virus 40) large T-antigen (KKKRKV) and is required for the
main interactions with nucleic acids, intracellular trafficing of the cargo and
solubility is also essential for cellular uptake mechanisms and is required for
stabilization of the carrier–cargo particles (Simeoni et al., 2003). MPG and
Pep-1 peptides associate rapidly in solution with their respective cargo
(oligonucleotide or protein/peptide) through non-covalent electrostatic or
hydrophobic interactions and form stable complexes independently of
specific sequences (Morris et al., 1997). MPG interacts with small single and
double-stranded oligonucleotides, as well as with large plasmid DNA. The
carrier–oligonucleotide interactions are initiated by the electrostatic NLS
domain, and then followed by peptide–peptide interactions through the gp41
hydrophobic domain, thus generating a peptide cage around the nucleic acid
(Morris et al., 1999). MPG peptides form nanoparticles with their respective
cargoes, including several peptide molecules for one molecule of cargo,
which significantly improves the stability of the cargo inside the cell and
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significantly protects it from degradation (Morris et al., 2008). Basically, the
molar ratio of the carrier–cargo complex is approx. 10:25, depending on the
size of the nucleic acid or of the peptide-protein cargo (Simeoni et al., 2003).
Morris et al. reported 2007 that the carrier/cargo ratio, depending on the
nature of the cargo, can be varied up to 10:1 and 15:1, but the ratio increase
induces precipitation or formation of larger particles, which hardly enter the
cell (Morris et al., 2007).
1.5.1.5.1.1.

Structure and mechanism of MPG

MPG peptides have been shown to strongly interact and penetrate lipid
phase and insert to natural membranes in association with or without cargos
(Deshayes et al., 2004). This is in contrast with numerious other CPPs. The
hydrophobic domain is responsible for the peptide-lipid interaction; the gp41
fusion sequence of MPG is crucial for the insertion of the peptide into the
membrane. Moreover, Li et al. 2005 revealed, that MPG binds more tightly to
negatively charged structures and concluded that electrostatic interactions
clearly play a significant role in stabilizing peptide–lipid complexes (Li et al.,
2005). From the aspect of its structure, MPG seems to be extremely
versatile: on one site, MPG is non structured in water at low concentrations
and their conformation is not significantly affected on the formation of
particles with their cargo. On the other hand, Deshayes and colleagues
showed that the interaction of peptide-carrier or of carrier-cargo complexes
with phospholipids results in folding of the carrier. In this case, the
hydrophobic N-terminal domain folds into a β-sheet structure, whereas the
rest of the molecules (linker plus NLS) remains unstructured.
As a consequence, folding of the N-terminal domain is a major step in the
mechanism of MPG and the β-sheet structure of MPG is also a crucial
prerequisite for cellular uptake (Deshayes et al., 2004; Veldhoen et al.,
2006). One key force for the internalization is the affinity of the carrier peptide
for phospholipids. Another force of the carrier-based nanoparticle in
combination with the cargo is, that they play a significant role in interaction
with the membrane and forms transient transmembrane β-sheet structures,
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which penetrates the membrane in a non-toxic way. As an effect of the direct
interaction of the peptide with lipids, the association with proteoglycans at the
surface of the cells gets limited and reduces the risk of the endosomal
pathway uptake (Deshayes et al., 2004). In detail, the MPG-mediated uptake
mechanism can be parted into five major steps, which are shown in Figure 7.
First step is the formation of the carrier-cargo complex through electrostatic
and hydrophobic interactions. After forming the nanoparticle, the carriercargo nanoparticle interacts first with the cell surface involving electrostatic
contacts with the proteoglycans. Due to this electrostatic contact, the
nanoparticle interacts then with phospholipid headgroups and afterwards the
direct interaction of the peptide with the lipid phase of the cell membrane,
together with the Rac1-associated membrane dynamics allows the insertion
of the complex into the cell membrane ensued by a formation of transient
transmembrane β-sheet structures. Immediately and finally after entering the
cell, the MPG-cargo complex is targeting the nucleus or specific organelles
(Morris et al., 2007; Deshayes et al., 2008; Deshayes et al., 2004) (Figure 7).

Figure 7: Mechanism of cellular uptake of MPG–cargo complexes (Crombez et al., 2007)

As proteoglycans play an essential role in the regulation of the cell surface
microdomains, there is a direct relation between the cytoskeletal organization
and the activation of small GTPases (Conner and Schmid, 2003). The
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clustering of HSPGs (heparan sulfate proteoglycans) and syndecans, both
are major components of the extracellular matrix, work as an anchor for
many molecules, which are hosted to the cell surface. (Esclatine et al., 2001).
Morris et al. reviewed in 2008, that their clustering triggers cytoskeletal
remodeling upon activation of protein kinase C (PKC) and Rho/Rac
GTPases, which control the dynamics of cholesterol-rich ‘raft’ microdomains,
and therefore ligand binding and cellular uptake pathways (Morris et al.,
2008). Specially the binding of MPG or MPG cargo complex to the GAG
(glycosaminoglycan) platform is followed by a selective activation of the
GTPase Rac1, which allows for remodeling of the actin network. Both,
GTPase activation and actin remodeling build the basis for the ‘onset’ on the
internalization mechanism and have a major impact on the membrane
fluidity, hence responsibility for the internatlization of MPG and MPG-cargo
complexes into the cell (Gerbal-Chaloin et al., 2007) .

1.6. hMADS cells as model system for human adipocyte differentiation
Mesenchymal stem cells (MSCs) were initially identified in postnatal human
bone marrow to model differentiating mesoderms. They are capable to
differentiate into osteoblasts, chondrocytes, myoblasts, connective tissue and
also in adipocytes. Therefore, they represent a model system for obesity
research. Multipotent adipose-derived stem (hMADS) cells as one source of
MSCs are isolated from human adipose tissue and were shown to
differentiate into adipocytes in serum-free medium. White adipose tissue
(WAT) represents an enormous source of expendable tissue for the isolation
of hMADS cells. Rodriguez et al. reported the isolation from adipose tissue of
young donors. A non immunogenic hMADS cell population is able to
differentiate into cells of the adipogenic, osteogenic, and myogenic lineages.
They showed that hMADS cells are easy so isolate and to expand, but much
more important is the fact, that hMADS cells which passed seveal
freeze/thaw cycles keeping the same characteristics as the original
population (Rodriguez et al., 2005). Compared to other pre-adipocytic cell
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lines, differentiated hMADS cells display key features of human adipocytes;
for example expression of specific molecular markers, lipolytic response to
agonists of β-adrenoreceptors (β2-AR agonist to β1-AR agonist to β3-AR
agonist) and to the atrial natriuretic peptide, insulin-stimulated glucose
transport, and secretion of leptin and adiponectin (Rodriguez et al., 2004),
which makes these cells to a valuable pharmacological tool e.g. to modulate
the release of these metabolically important adipocytokines (Zaragosi et al.,
2006). Another distinguishing feature of hMADS cells is the ability to
differentiate into osteoblasts and myoblasts (Rodriguez et al., 2005; Zuk et
al., 2002). This offers a tremendous potential for regenerative medicine and
represents a novel and valuable tool for studies of fat tissue development
and metabolism (Rodriguez et al., 2004; Zaragosi et al., 2006).
1.6.1. Differentiation of hMADS cells
Adipogenesis is managed by the sequential expression of different
transcription factors, for example by members of the CCAAT/ enhancer
binding protein (C/EBP) and peroxisome proliferator-activated receptor
(PPAR) families and by the differentiation factor-1/ sterol response element
binding protein 1c (ADD1/SREBP1c) (Rosen and Spiegelman, 2000).
Differentiation of adipocytes is attended by changes in the expression of
cytoskeletal and extracellular matrix proteins and by significant increases in
the fat cell-specific expression of PPARγ, adipocyte fatty acid binding protein
(a-FABP), and several lipid-metabolizing enzymes like glycerophosphate
dehydrogenase (GPDH), fatty acid synthetase (FAS), fatty acid transporter
(FAT/CD36) and hormone-sensitive lipase (HSL) (Gregoire et al., 1998).
The property of hMADS cells to accumulate intracellular lipids during the
differentiation was examined in the absence or the presence of rosiglitazone
which is a high affinity PPARγ ligand.
Rodriguez et al. found out, that within 14 days, more than 90% of the treated
cells were able to accumulate lipids present as multiple droplets and stained
triglycerides with Oil Red O for a better phenotypic illustration of lipid
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droplets, as seen in Figure 8 (Rodriguez et al., 2004). Hereby, the molecular
key transcription factors of the differentiating hMADS cells were detected by
RT-PCR (left panel) and Northern Blot analysis (right panel).

Figure 8: Phenotypic characterization of hMADS cells differentiated into adipocytes
(Rodriguez et al., 2004).
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1.7. Thesis objective
A previous in-house study generated a global miRNA und mRNA profiling of
human multipotent adipose-derived stem (hMADS) cells during adipocyte
differentiation. The analysis of these results based on paired miRNA and
mRNA profiling and on target prediction revealed several miRNA-mRNA
target pairs as interesting candidates with a putative functional role in
adipogenesis. Therefore, an appropriate transfection system had to be found
and optimized.
The objective of this thesis is the establishment and analysis of a cell
penetrating peptide (CPP)-based oligonucleotides transfection in human
mesenchymal stem cells for applications in miRNA silencing. The
transfection method requirements are translocation of short antisense
oligonucleotides

(ASOs)

into

adherent,

confluent,

non-dividing,

and

differentiating cells with low toxicity and stress, applied by an easy-to-use
procedure.

The established method should be applied for two miRNA

candidates in human adipocyte differentiation: miR-143 and miR-107.
Therefore, the specific aims of this thesis are:
1. Proliferation and differentiation of hMADS cells
2. Internalization and quantification of the CPP-based transfection
agent MPG via fluorescence microscopy
3. Stress response analysis upon MPG-mediated transfection via
hybridization
4. Quantification of internalization/transfection efficiency
5. miRNA silencing via transfection of LNA oligonucleotides using
the CPP-based transfection agent MPG.
6. Qualitative determination of differentiation changes via Oil Red
O staining of lipid droplets
7. Quantitative determination of differentiation changes via a
triglyceride accumulation assay
8. Harvesting hMADS cells in Trizol for RNA isolation
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2. Materials and Methods
2.1. Materials
2.1.1. Cell culture of hMADS cells
hMADS cells were proliferated in 110mm dishes (Cellstar) and differentiated
in 6-well plates by using the adequate media. All media based on Dulbecco’s
Modified Eagle Media (DMEM) which was the essential part of media I, II and
III. Basically the respective media got changed every 2-3 days and only
freshly prepared media were used. Generally following reagents were used in
the cell culture:

Reagent
Phosphate Buffer Saline (PBS)
Trypsin-EDTA
110 mm cell culture dishes
6 well plates
12 well plates
Ethanol

Manufacturer
Cambrex
Gibco
Cellstar
Corning
Corning
Merck

Table 1: General reagents

2.1.2. Proliferation
Reagent
DMEM
Fetal Bovine Serum (FBS)
Pen/Strep
Hepes
L-Glutamine
Normocin
Human Fibroblast Growth Factor 2
(hFGF2)

Manufacturer
Biowhittaker
PAN Biotech
Cambrex
Gibco
Gibco
InvivoGen
Sigma

Table 2: Media ingredients of Proliferation media (media I)

2.1.3. Differentiation
Reagent
DMEM
Ham’s F-12
Pen/Strep

Manufacturer
Biowhittaker
Cambrex
Cambrex
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Apo -Transferrin
Triiodothyronin (T3)
Rosiglitazone
Dexamethasone (DEX)
Isobutylmetaxanthin (IBMX)
L-Glutamine

Master Thesis
Sigma
Sigma
Sigma
Sigma
Sigma
Sigma
Gibco

Table 3: Media ingredients for induction of differentiation media (media II)

Between the induction of the differentiation and the differentiation, media II
needs at least 3 days to bring into effect, before it was changed to media III.
Reagent
DMEM
Ham’s F-12
Pen/Strep
Human Insulin
Apo -Transferrin
Triiodothyronin (T3)
Rosiglitazone
L-Glutamine

Manufacturer
Biowhittaker
Cambrex
Cambrex
Sigma
Sigma
Sigma
Sigma
Gibco

Table 4: Media ingredients for differentiation media (media III)

2.1.4. Transfectionreagents
Reagent
n-Ter Nanoparticle transfection
Peptide
n-Ter Buffer
ddH2O
HiPerFect
DMEM

Manufacturer
Sigma Aldrich
Sigma Aldrich
Fresenius Kabi
Qiagen
Biowhittaker

Table 5: Transfection Reagents

2.1.5. miRCURY LNA knockdown probes
Reagent
antiMIR-143
antiMIR-107
scrambled MIR

Manufacturer
Exiqon
Exiqon
Exiqon

Table 6 LNA knockdown probes
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2.1.6. Infinity Triglycerides Reagent
Reagent
Infinity Triglycerides Reagent
4 mmol/l Stock solution

Manufacturer
Thermo
-

Table 7 Triglyceride Reagents

2.1.7. BCA
Reagent
BCA
2 mmol/l Stock solution

Manufacturer
Thermo Pierce
-

Table 8: BCA Reagents

2.1.8. RNA Isolation
Reagent
TriZol
Chloroform
Isopropanol
Ethanol
RNase-free water

Manufacturer
Invitrogen
Sigma
Merck
Merck
Fresenius Kabi

Table 9 RNA isolation Reagents

2.1.9. Fluorescence spectroscopy
Reagent
Formaldehyde
DAPI
CellMask
Nail polish
Object slide

Manufacturer
Sigma Aldrich
Merck
Invitrogen
Menzel Gläser

Table 10: Fluorescence spectroscopy reagents
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Flow cytometry

Reagent
Sodium azide
7-AAD
FACS Rise
FACS Flow
FACS Clean

Composition / Company
BD
BD
BD
BD
BD

Table 11: Flow cytometry regents

2.1.11.

Hybridisation
Reagent

Composition / Company

5x First Strand buffer
Dithiothreitol (DTT) 0,1 M
50x aminoallyl-dNTP mix
SuperScript II RT 200 units/µl
1 M NaOH
0,5 M EDTA
1 M HCl
PBI Buffer
Phosphate wash buffer
Phosphate elution buffer
0,1 M Na2CO3
NHS-ester Cy 3 and Cy 5 dye
100 mM NaOAc
PB Buffer
EB Buffer
COT1-DNA
Poly(A)-DNA
2x Hybridization buffer
1x Hybridization buffer
Prehybridization buffer
Wash buffer I
Wash buffer II

Invitrogen
100mM dATP(5μl) + 100mM
dCTP(5μl) + 100mM dGTP (5μl) +
100mM dTTP(3μl) + 100mM aa-dUTP
(2μl)
Invitrogen
Carl Roth GmbH+Co KG
Sigma-Aldrich
Carl Roth GmbH+Co KG
Qiagen
1M KPO4 pH 8.5 (0.5ml) + MilliQ water
(15.25ml) + 95% ethanol(84.25ml)
1M KPO4 pH 8.5 (0.2ml) + MilliQ water
(49.8ml)
1M Na2CO3 pH 9.0 (100μl) + MilliQ
water (900μl)
dissolve:73μl DMSO / tube
3M NaOAc (33.3μl) + MilliQ water
(966.6μl)
Qiagen
Qiagen
Invitrogen
Invitrogen
Exiqon
99.5% formamide (500μl) + 20x SSC
(250μl) + 10% SDS (10μl) + MilliQ
water(240μl)
20x SSC (125ml) + 10% SDS (5ml) +
BSA (5g) + MilliQ water (370ml
20x SSC (100ml) + 10% SDS (10ml) +
MilliQ water (890ml)
20x SSC (50ml) + MilliQ water (950ml)
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Wash buffer III
20x SSC
10% SDS
BSA
99.5% Formamide

20x SSC (25ml) + MilliQ water (975ml)
Exiqon, Ambion
Exiqon, Ambion
Sigma-Aldrich
Sigma-Aldrich

Table 12: Hybridisation regents

2.1.12.

Instruments

Instruments
NanoDrop 1000
DNA 120 Speed Vac
Centrifuge 5415D
Thermomixer compact
Micro centrifuge
MS2 minishaker
GenePix 4000B scanner
Tecan HS400
Transsonic T420
High volume refrigerated bench top
Axio Imager.Z1
CKX 41 + reflected fluorescence
system
ABI PRISM® 7000
FACSCalibur
SpectraMax Plus 384

Manufacturer
Thermo Scientific
Thermo Savant
Eppendorf
Eppendorf
Carl Roth GmbH+Co KG
IKA
Axon Instruments
Tecan
Elma
Sigma Laboratory Centrifuges
Zeiss
Olympus
Applied Biosystems
BD
Molecular Devices

Table 13: Instruments

2.2. Methods
2.2.1. Proliferation of hMADS cells

The hMADS cells were thawed and resuspended in the proliferation media
(media I). This media contains Dulbecco’s modified Eagle’s Medium, 10%
FBS, Penicillin and Streptomycin (P/S), Normocin, HEPES, L-Glutamine (has
to be enriched every 4 weeks) as seen in Table 2. The Cells were incubated
at standard cell culture conditions (37°C, 5% carbon dioxide). The complete
media I got preheated in 37°C waterbath for 15 minutes and the growth factor
hFGF2 was added short before usage. On average the proliferating cells got
media changed every 2-3 days, until they reached 70-80% confluence. If the
cells were needed for transfection experiments, they got disseminated into 6
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well plates at this point, till they reached 100% confluence, otherwise the
cells got passaged to continue their proliferation.

2.2.2. Differentiation of hMADS cells

Due to the proliferating cells have a confluency of approximately 80%, they
need to proliferate till they reach 100% confluence. Two days after reaching
this timepoint (TP), media I must be changed to the induction media (media
II). This media was serum free and the constituents could be seen in the
Table 3. Media II contained among other things 3-Isobutyl-1-methyl-Xanthin
(IBMX) which is toxic for the hMADS cells. On the basis of this fact, the
induction Media had to be changed into the differentiation media (media III)
after 48 to 72 hours of induction after timepoint 0 (TP 0). The differentiating
cells also got media changed every 2-3 days, respectively coordinated with
the relevant transfection application.

2.2.3. Cell plating in 6-well plates

For proliferating hMADS cells, 110mm Cellstar dishes were used, moreover
for differentiating cells, 6 well plates were utilized. Those 6 well plates
partially equipped with cover slips, to mount the cells afterwards on
microscope slides for fluorescence microscopy. After sterilizing the cover
slips by dipping 80% ethanol and drying them by the usage of a bunsen
burner, the sterilized and dry cover slips were added to the respective well.
The cell plating in 12 well plates was analog to the plating in 6 wells, except
that the cover slips got customized to 12 wells.
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2.2.4. Transfection
2.2.4.1.

MPG

The n-Ter Nanoparticle siRNA Transfection System (Sigma Aldrich) and the
miRCURY LNA knockdown kit (Exiqon) were thawed at room temperature for
approximately 10 minutes. The miRCURY LNA knockdown kit contains
200µl, 5nM and to obtain a working solution, the stocksolution had to be
diluted with ddH2O to a final volume of 1000µl. After vortexing and
downspinning both reagents in a microcentrifuge, the peptide and the LNA
working solutions were stored on ice, till needed. Subsequently, the sterile
1.5ml eppendorf tubes with fitting labels (CO, SC, PM and the particular final
concentration) were prepared. The labeled tubes A and B were prepared,
that tubed A contained n-Ter buffer and the ASO, while the labeled tube B
contained the MPG petide and sterile water. After repeated vortexing and
down spinning, the labeled tubes A and B get combined into tube A and
incubated at room temperature for 10-20 minutes and allow so the
peptide/oligonucleotide nanoparticles to form in the so called Locked nucleic
acid – MPG – complex (LMC ). At this point the concentration of the
oligonucleotides in the LMC was 650nM. The aliquots could be stored frozen
here, if necessary. To get the concentration which was needed in the
experiment, serum free media (SFM) has to be added to the LMC to get the
final concentration. In each case 2 different media have to be prepared:
•

one with double concentration of differentiation agents (media II/III DC
-2x)

•

one without any differentiation reagents (media II/III)

The particular reagents of added media, which is of course serum free is
shown in Table 4. To mix the LMC and the SFM the tubes ought to be
inverted two to three times. Eventually the LMC-SFM-mix had the right
concentration to get applied on the differentiating cells. After removing the old
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media carefully with the pump, 500µl of the LMC-SFM-mix per well got filled
in and the whole plate incubated for at least 4 hours at standard cell culture
conditions. Every 30 minutes the whole 6 well plate was gently swayed to
ensure, that the cells stay covered with liquid. After the incubation, media III
was added with normal concentration of differentiation reagents was added
to reach the volume for 6 well plate (standard 2ml). Instead of preparing
media III with normal concentration of differentiation reagents, media II/IIIDC-2x and media II/III were mixed in a 1:1 ratio. If all wells have the standard
volume, the cells were replaced in the incubator until the next application.

2.2.4.2.

HiPerFect

One day before transfection, the media were changed. At the day of
transfection, the media should be changed one hour before transfection
again; 750µl media in 12 well plates and 1500µl media in 6 well plates.
Depending on the experiment, media I or media II / III was used for the
HiPerFect transfection. Next, a 15ml sterile tube was prepared with 0.9µl
ASO working solution (final concentration should be 2µM), 73µl serum- and
antibiotics free media and 4.5µl HiPerFect. This volume was calculated for
one well of a 12 well plate, hence had to be multiplied with the numbers of
wells to the final transfection volume. After vortexing, the transfection mix
needed 10 minutes at room temperature to incubate. Caused by a
optimization of the reagent volume, 79µl of this transfection reagent mix
should be pipetted drop by drop into the particular well, during the plate gets
rocked carefully. If the transfection reagent was added to the particular wells,
the plate was restored into the incubator and preferably not being touched till
the next mediachange.
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2.2.5. Oil Red O staining

Oil-Red-O (ORO) is a fat soluble stain, staining especially fat droplets in the
cytoplasm in red. To prepare the stocksolution, 250mg Oil Red O powder
was dissolved in 50ml isopropanol. This stocksolution got diluted 6:4 with
double distilled water (ddH2O) and allow the solution standing for 10 minutes.
To get rid of the intrinsic part, the whole solution got filtered through a
whatman-paper #1 for ORO working solution. Next the cells were washed in
PBS twice and fixed with 10% formaline (consisting of 32.5% formaldehyde
and PBS) until the whole area was covered for 30 – 60 minutes. After
aspiring off the formalin, the ORO working solution, also covering the whole
area should apply for 1 hour. When the staining was completed, the cells
were washed with ddH2O and after aspirate the ddH2O off, the now red
stained cells were stored in ddH2O. The ddH2O protects the cells from drying
out and so the cells can be stored in the 4°C fridge.

2.2.6. Cell preparation for fluorescence microscopy

Due to the fact, that usage of a fluorescence microscope requires a mounting
on object slides, the differentiated or Oil Red O stained cells which are
located on the cover slips, needed to be mounted on the object slides. The
wells were be carefully delivered from the old media and washed twice with
PBS for 5 mins. Accordingly a 3.7% formalin solution (prepared by diluting
37% formaldehyde in PBS) was prepared and 2ml applied per well for 10
mins at roomtemperatur. During this fixation the whole plate should be placed
on a shaker (Level 35). The cells were washed twice with PBS again and
stained with 2ml of 4’,6-diamidino-2-phenylindole (DAPI) working solution for
5 minutes. The proper stocksolution was a intermixture of 0.05ng/µL ddH2O 4’,6-diamidino-2-phenylindole (DAPI) diluted in PBS to a final concentration
of 0.2mg/ml. DAPI enriches the AT sequences of the DNA and has a
absorption maximum at 359 nm and a emission maximum at 461nm. The
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DAPI stained wells were washed with PBS for 5 minutes again and the
CellMask stocksolution, containing CellMask Deep Red cytoplasmic/nuclear
stain and Dimethylsulfoxid (DMSO) at a concentration of 10µg/µl was diluted
in PBS to a final concentration of 2µl/ml and applied for 10 minutes. The
CellMask stains produce overall labeling of both the nucleus and cytoplasm.
Due to the DAPI staining, is the CellMask staining of the nucleus to neglect
and CellMask has a absorption maximum at 650nm and a emission
maximum at 665nm, hence the CellMask stain is red and DAPI absorbs at
the wavelength of blue. The different absorption/emission regions are
necessary to get clear signals per channel. They were washed again in PBS
for 5 minutes, after which the cover slips were mounted on object slides.
Therefore the object slides were cleaned with Ethanol, dabbed 12µl PBS on
a line and positioned the cover slip. Finally the cover slip got fixed by a nail
polish as a sealant. The slides were then finished to measure using the Axio
Imager.Z1, an epifluorescence microscope from Zeiss.

2.2.7. Triglyceride test

To measure the silencing of the particular miRNAs, a triglyceride test (TG)
and a bicinchoninic acid test (BCA) had been performed. Both tests are
fundamentally based on a quantitative photometric effect, which were
analyzed by the wavelength of 500nm (TG) and 562nm (BCA). For
normalization, both TG and BCA were set into a relation. Thereby it is
possible to get impartial data of the triglyceride content per protein.

2.2.8. Triglyceride quantification

Triglycerides reagent is enzymatically hydrolyzed by lipase to fatty acids and
glycerol. The glycerol is phosphorylated by adenosine triphosphate (ATP)
with glycerolkinase (GK) to produce glycerol-3-phosphate and adenosine
diphosphate.

Glycerol-3-phosphate

is

oxidised

by

dihydroxyacetone
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phosphate (DAP) by glycerolphosphate oxidase producing hydrogen
peroxide (H2O2). In a colour reaction catalyzed by peroxidase, the H2O2
reacts with 4-aminoantipyrine (4-AAP) and 3.5-dichloro-2-hydroxybenzene
sulfonate (DHBS) to produce a red coloured dye. The absorbance of this dye
is proportional to the concentration of triglycerides present in the sample.
First the probes had to be diluted from the 6 well dishes in to tubes.
Therefore the cells were dissolved in 500µl PBS and scrapped with a
scraper. After refilling them into tubes, the cells had to be treated with
supersonic for 2 x 20 seconds. Now the lipid droplets were homogenized and
correct volume for the application must be calculated. Therefore a 96-well
plate was used, by pipetting 5, 10, 20 and 40µl of those probes, which should
have most and less triglycerides. Afterwards 200µl triglyceride reagent per
well was added and set to a incubator for 10 minutes. Subsequently the filled
wells turn their colour into a pink hue and the well with the most pink hue was
picked to have the right volume. The standardstock (4mmol/l) was made with
glycerin (≥98% by Roth) which has a molecular mass of 91.1g/mol. In order
to this, 103.3mg of glycerin was weight out and filled up with ddH2O to
exactly 1000µl. To get a referenced value of the standardsolution, a dilution
row with 2, 1, 0.5, 0.25, 0.125 and 0mmol/l had to be made. For this row, the
100µl of the standardsolution (4mmol/l) gets diluted with 100µl PBS to get a
2mmol/l solution. In all the other tubes are 100µl of PBS prepipetted and after
vortexing the tube with 2mmol/l, the volume of 100µl got pipetted into the
next lower concentrated tube and so on till 0mmol/l, were only PBS was
filled. The 96 well plate, which was used for the testing of the volume, got
filled with every standard dilution row, in a duplicate. Also all homogenized
probes were added to the 96 well plate, for a better statistical view also in
duplicates. When both, the standardsolution and the probe solution are
added to the plate, every single well had to be filled up with 200µl of the
triglyceride reagent by using the multipipette. To get a hue which was
measurable, the whole 96 well plate had to be incubated for 10 minutes at
37°C. Right after incubation, the hued wells were photometric measured with
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the SpectraMax Plus 384 at 500nm and the produced data was analyzed by
data processing.

2.2.9. Protein quantification
The BCA Protein test is based on the well known reduction of Cu2+ to Cu1+ by
protein in an alkaline media with the highly sensitive and selective
colorimetric detection of the cupreous cation (Cu1+) by bicinchoninic acid. At
the first step, the chelation of copper protein in an alkaline environment form
a blue hued complex, known as the so called “biuret reaction”. As a product
of urea and heat, biuret reacts with copper into a light blue to violet coloured
complex. There are just tripeptides and larger polypeptides or proteins which
are able to react into this blue to violet coloured complex, which absorbs light
at 540nm. The intensity of the colour is proportional to the numbers of
peptide bonds participating in this reaction. The next step BCA, which is a
highly sensitive and selective colourmetric detection reagent, reacts with the
cupreous cation (Cu1+), which was formed in the first step. Two molecules of
BCA and one cupreous ion form the deep purple colour and this complex has
a strong linear absorbance at 562nm with increasing protein concentration.
With this reaction, the whole complex is much more sensitive, that it would
have been just in the first step. The reaction of the colour formation is also
strongly influenced by the presence of the residues of cysteine or cystine,
tyrosine, and tryptophan in the amino acid sequence of the protein.
The usage was very similar to the Triglyceride test. After pipetting a standard
row with 2, 1, 0.5, 0.25, 0.125 and 0mmol/l in duplicates into the 96-well
plates, the probes were added, of course also in duplicates onto the plate.
When the BCA reagent, which contains 2 different reagents in a ratio of 1:50,
was mixed, 200µl of this BCA reagent was added to every used well. Due to
the reaction with the cupreous cations, the wells start to change their colour.
To amplify this effect, the whole plate got incubated for 30 mins at 37°C.
Right after incubation, the hued wells were photometric measured with the
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SpectraMax Plus 384 at a wavelength of 562nm and the produced data was
analyzed by data processing.

2.2.10.

RNA Isolation

The differentiated cells which were treated with the LMC were harvested with
250ml PBS Buffer on timepoint 15 (TP +15). After harvesting the cells were
centrifuged with 12 000 rcf for 2-3 minutes. At the bottom of the tube, a small
cell pellet should be visible and the PBS must be sucked off. The remaining
cell pellet was diluted with 400µl TriZol and stored at -20°C for demand. To
build 2 different phases, 80µl chloroform was added and shaken vigorously
for 2 minutes. Resulting mixture was stored 2-3 minutes at room temperature
and centrifuged at 12 000 g for 17 minutes at 2° to 8°C. The phases are now
separated in a pheno-chloroform phase and a colorless upper aqueous
phase, which contains RNA exclusively. For RNA precipitation the whole
aqueous phase was transferred into a new tube. It was essential to get no
interphase contamination into the new tube, which should contain only the
aqueous phase at this point. To precipitate RNA from the aqueous phase,
200µl of isopropanol was added and the samples were stored for 10 minutes.
After centrifuge at 12.000 g for 20 minutes at 4 to 8°C, a gel-like or white
pellet on the side or the bottom of the tube should be visible. After removing
the supernatant, the RNA pellet was washed with at least 400µl of 75%
ethanol and subsequent centrifugation at 7.500 g for 6 minutes at 2 to 8°C.
The ethanol wash also was removed and the tube with the RNA pellet was
air dried for 5-30 minutes. Finally the RNA pellet was dissolved in 10µl
RNase-free water (DEPC-treated) and incubating for 10 – 15 minutes at 55 –
60°C. Due to the fact, that the final preparation should be now DNA and
protein free, the samples now can be measured by the Nanodrop and the
ideal 260/280 ratio should be 1.6 – 1.9. The prepared samples were stored at
-20°C till needed.
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The 15µg total RNA, which were isolated from transfected hMADS cells
were dried in the speed vac on media level for 30 minutes at a run time of 45
minutes. After adding 2µl of Hexamer primers and bringing the example to a
final volume of 18.5µl with RNAse-free water (DEPC-treated), the probe was
incubated at 70°C for 10 minutes. Thereupon the sample gets snap-frozen on
ice for 30 seconds and briefly centrifuged at >10 000 rpm and at room
temperature, following reagents were added for converge to first strand
cDNA: 6µl 5x First Strand buffer, 3µl 0.1M DTT, 0.6µl 50x aminoallyl-dNTP
mix and 2µl SuperScript II RT. After overnight incubation in 42°C waterbath,
for the hydrolyzation of the RNA 10µl 1M NaOH, 10µl 0.5M EDTA were
added, mixed and incubated at 65°C for 15 minutes. Of course the pH value
has to be neutralized and due to the pH value, 10µl 1M HCl was added.
Accordingly the whole sample was transferred to a QIAquick column from
Qiagen and the cDNA reaction was mixed with 300µl PBI buffer and
centrifuged at 13 000 rpm for 1 minute, before 750µl phosphate wash buffer
was added and centrifuged down again. The washing step was repeated and
after emptying the collection tube, 30µl phosphate elution buffer was added
and this step was repeated after repeated centrifuging. This whole washing
and eluting step was necessary, because of the free amines which are
present in the Qiagen buffers, which seem to interfere the Cy dye coupling
reaction. Finally 60µl of final elution volume got speed vaced as before (45
minutes run time, 30 minutes media heating). The dried aa/dUTP labeled
cDNA was subsequently resuspended in 4.5µl of 0.1M sodium carbonate
buffer which was at a pH value of 9.0. Owing to this, the sample was ready to
label at this point and after adding 4.5µl appropriate NHS ester Cy dye (Cy3
and Cy5) the tube gets incubated for one hour in the dark, because otherwise
the fluorescence labels would bleach out. To remove uncoupled dye a
second purification step was performed, consisting of adding 35µl NAOAc
(pH 5.2) and 250µl PBI buffer and after centrifuging though the membrane of
the QIAquick column, 750µl PE buffer from Qiagen was added and
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centrifuged again. Finally 30µl EP buffer were added in the middle of the
column membrane and the resulting mixture was dried in the speed vac
again (same settings as before).
The labeling of the mRNA samples was performed by the automatic
hybridization station Tecan HS400, which was able to perform the slide
washing procedure and the on-slide nitrogen drying full automatically. To
reduce the systematic bias, a dye-swap was performed in the profiling
experiment. In detail, two labeled samples were labeled as Cy(Hy)3reference

sample

and

the

Cy(Hy)5-tissue

sample

or

vice

versa.

Subsequently, after drying the samples, the probes were resuspended in a
total volume of 88µl in 1x hybridization buffer and pooled together. To inhibit
non specific hybridization, 1µl COT1-NA and 1µl Poly (A)-DNA were added
into the Cy3/Cy5 probe mixture. Finally the probe was denatured for 3
minutes at 95°C and subsequently ready to injection.
For the hybridization, the hybridization chambers were loaded and the first
program step, which was a pre wash step with the pre-wash buffer (0.2%
SDS) was performed. All buffers containing SDS were heated, during the
whole hybridization, to protect them from any precipitation. After finishing the
pre-wash process, 90µl of preheated (20 mins at 50°C) pre-hybridization
buffer was injected into the chamber and hybridisized for 20 minutes.
Hereafter the program continued with a further wash step by using the prewash buffer again. Next and final step was the injection of the probe into the
hybridization chamber, which works completely equal than the injection of the
pre-hyb buffer. Anyway, 90µl of the labeled probed were pipetted inverse into
the chamber, preferably without air bubble transfer. During the next 30 hours,
the probes were hybridisized at a temperature of 39°C, followed by a
washing step with washing buffers I, II, II and a nitrogen drying. After this
process, the mRNA chips are ready to scan and analyze.
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Flow cytrometry

For the analysis of transfected hMADS cells via floe cytrometry, the probes
must be harvested with Trypsin before. Depending on the size of the wells,
the Trypsin volume changes from 1ml per dish, to 300µl per 6well well. After
harvesting the cells, they were counted by using a haematcytometer and kept
on ice while counting. Due to the result of the cell counting, there should not
be more than 5*105 cells/ml, the samples were aliquoted into 30-50µl
samples. Subsequently the harvested cells were centrifuged for 3 minutes at
1500 rpm, discarded from the supernatant and resuspended in 100µl
PBS/NaAzid. For a acceptable determination between living and dead cells,
2µl 7-AAD was added and incubated for 10 minutes in the dark, till it was
ready for the analysis of the probe.
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3. Results
3.1. Differentiation of hMADS cells

Human multipotent adipose-derived stem (hMADS) cells are a source of
hMSCs that are isolated from human adipose tissue and have the ability to
differentiate into adipocytes in serum-free medium (see also chapter 1.6).
The hMADS cells were grown to confluency, defined as day -2, and the cells
were induced to adipocyte differentiation on day 0. hMADS cells proliferated
to

100% confluency by aligning tightly in parallel. Figure 9 shows the

differentiation of untreated hMADS cells from 100% confluency till day 12.

Figure 9: Differentiation of hMADS cell . (A) shows the hMADS cells at 100% confluency, 2
days before induction, (B)(C)(D) and (E) shows the cells at different timepoints after
induction.

Page 42 of 75

Michael Göschl

Master Thesis

3.2. MPG-mediated internalization of short oligonucleotides
A major prerequisite for the analysis of miRNA function is the cellular
internalization of nucleic acids via a transfection system with high efficiency
allowing the transfer of short antisense oligonucleotides (ASOs) into
adherent, confluent, non-dividing, and differentiating cells with low toxicity
and stress, applied by an easy-to-use procedure. The cell penetrating
peptide (CPP), called MPG (see chapter 2.2.4.1), has been selected in order
to test if it meets these requirements in our cell system hMADS cells because
it has been developed for the delivery of siRNAs. In order to identify the
oligonucleotide concentration at which internalization takes place, FAMlabeled double stranded siRNAs were transfected by MPG at 5 and 30nM in
proliferating hMADS cells. As seen in Figure 10, the MPG protein was able to
transfect hMADS cells with 5 and 30nM FAM-labeled siRNA. Admittedly, the
transfection efficiency was relatively low, but notable better at the higher
concentration. For a better validation, a maximum intensity projection was
performed on the 30nM transfection, seen in Figure 11. This imaging option
provides pictures, which shows the snapped area in a 3D axis system. This
view provides a suitable “layerview” of the snapped area.

Figure 10: MPG-transfected, confluent hMADS cells with different siRNA concentrations. Left
panel: 5nM FAM-labeled siRNA. Right panel: 30nM FAM-labeled siRNA. FAM is a
fluorescence label which is shown in the picture by green speckles.
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Figure 11: A maximum intensity projection (MIP) shows the respective maximum of each
axis, which is projected onto the elevation bars at the right and top.

For the global aim of miRNA silencing, the requirement for the transfection
agent was to transport anti-miRs into hMADS cells. Hence, MPG must have
the ability to translocate not only double-stranded siRNAs but single-stranded
anti-miRs. The principal difference between siRNAs and anti-miRs is, that
anti-miRs inhibit microRNAs probably without the RISC machinery, while
siRNA operate via RISC and inhibit gene expression post-transcriptionally.
Figure 12 shows arrestingly, that MPG is able to transfect antisense
oligonucleotides (AS ONs) at different concentrations into hMADS cells. In
this particular case, a FAM-labeled non-targeting control (scrambled NTC)
was translocated into hMADS cells. The first row of Figure 12 demonstrates
how a so called Z-stack can illustrate a transfection of NTC in a vivid manner.
A Z-stack uses the ability of a fluorescence microscope to focus one layer
and taking pictures, while the microscope stage moves up respectively down.
Due to this picture series, a 3D model of the pictured area can be merged
and is represented by elevation bars at the right and top of the pictures in the
first row. This illustration is a very proper way to show the function of the
MPG protein, inasmuch as a 2D picture would just show that there is a green
labeled speckle, but not if the speckle is extra- or intracellular. The second
row shows the difference between a single exposure and a MIP image, were
every single FAM speckle was projected onto the elevation bars. The third
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and last row demonstrates the dose depended internalization of the NTC
compared to row one and two and of course the advantages of a MIP.
Thereby was no further computer performance for scrolling required,
because all speckles were projected at once, assumed that all NTC speckles
are intracellular.

Figure 12: Internalization of a FAM-labeled non-targeting control (NTC) by MPG in hMADS
cells. Upper panel: the cells were transfected by 20nM NTC using MPG as transfection
agent. Two different internalized speckles were shown (marked by the arrows). Lower panel:
the cells were treated by 30nM NTC + MPG and compared to the 20nM concentration,
slightly more speckles were transferred into the cells (left). For a better view of the
internalization on a chosen area, a maximum intense projection (MIP) was presented (right).

To make sure that the transfection has been enhanced by MPG, NTC without
transfection agent was applied to the hMADS cells in a dose dependent
manner. Z-stacking and MIP imaging were exposed as usable imaging tools
and yielded not a single FAM-labeled speckle (Figure 13). Thus, MPG is a
novel and working transfection reagent for hMADS cells. Referring the
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literature by the inventers of MPG (Morris et al., 1997), the concentrations of
20 and 30nM were increased to 60 and 80nM to test a possible toxic side
effect caused by the higher concentration (see chapter 3.4).

Figure 13: Negative transfection control: Application of a FAM-labeled non-targeting control
(NTC) to hMADS cells without any transfection agent.

3.3. Quantification of MPG-mediated transfection

After proliferation of hMADS cells to 100% confluency, the hMADS cells were
transfected with FAM-labeled NTC by MPG as the transfection agent. 24
hours after transfection, the transfected hMADS cells were first analyzed by
Olympus CKX 41 inverted microscopes with reflected fluorescence system,
which did not show any fluorescence at any sample. To disprove this result, a
flow cytometry was performed. During the cytrometry run, no fluorescence
was conspicuous at any samples. Finally, the mounting of the cover slips on
object slides and the measurement by the Zeiss Axio Imager Z1 showed
markable results. Quite contrary to the results of the CKX 41 and the flow
cytrometry, by the use of the Axio Imager Z1 fluorescence was detected in all
samples. The cause might be the lower illumination of the CKX 41 on the one
hand and the limited resolving capacity of the flow cytometer on the other
hand. Nevertheless, the Zeiss Axio Imager Z1 plotted Z-stacks from both
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samples in triplicates. To get an unbiased point of view, only the DAPI
channel was shown, which displayed only the cell nucleus and a section of
the cover slip with approximately 10 – 20 cells were chosen. To get an
unbiased result, each region was selected by the DAPI channel and the
CellMask and FAM channel were added afterwards. After performing a Zstack including all layers (DAPI, CellMask and FAM), the FAM-labeled
speckles were counted manually and set in proportion with the DAPI-labeled
nucleus in their current section. Figure 14 gives a description of the
transfection efficiency which was measured by fluorescence microscopy.
The Z-stack elevation bars were shown at the right and the top of each image
and give an overview of the single exposure of the FAM-labeled NTCs.
Consequently, a ratio between the numbers of cells per section and
transfected cells per section can be established by manual counting. Finally,
an MPG transfection efficiency of 40 - 50% for 5.25nM NTC could be
detected.
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Figure 14: Confluent hMADS cells transfected with 5,25nM NTC + MPG. Two different areas
of the same dish show a DAPI stain (blue), a CellMask stain (red), and the FAM-labeled NTC
speckles (green) .The arrows at the elevation bars show the approval of internalized and not
surface-attached speckles. The visibility of speckles depends on the focus layer and a
different focus would display speckles from other layers.

3.4. Stress response analysis upon MPG-mediated transfection
As described in chapter 3.1, where the differentiation of untreated hMADS
cells from the proliferation phase till the harvesting was focused, an
experiment was performed, which should expose possible stress or toxic side
effects during the differentiation of the hMADS cells. Figure 9 shows the
differentiation of hMADS cells, which were treated by the transfection system
at 80nM concentration. The concentration rise is caused by the fact, that the
probability of toxic side effects rises with higher concentrations. The
transfection reagent was applied to the cells with scrambled ASO. After
differentiation induction, hMADS cells start again to cluster (Figure 15, day 2-
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12). With day 6 to 7 after differentiation induction, lipid droplets occurred, and
around day 14 to 16, the hMADS cells reached the final stage of mature
adipocytes with maximal accumulation of triglycerides monitored by Oil red O
staining (Figure 15, day 16). Interestingly, the hMADS cells did not show any
significant phenotype alteration between transfected and non-transfected
cells during differentiation.
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Figure 15: hMADS cell differentiation treated with 80nM NTC. At 5 application timepoints
(App), day 1/4/7/10 and 13 after induction, the hMADS cells were treated with an 80nM nontargeting control (NTC) without a transfection agent. (A) shows hMADS cells at 100%
confluency, 2 days before induction, (B-E) show hMADS cells at different timepoints after
induction. The clustering of the particular cells is obvious. (F) shows the differentiation
endpoint after 16 days. For a better contrast, the cells were stained by Oil Red O (ORO).

The primary objective here is to evaluate if the cell transfection via MPG
causes a cellular stress response. Therefore, 100% confluent hMADS cells
were transfected by MPG with 80nM NTC, and after incubating 24 hours, the
transfected cells were harvested and the RNA was isolated using TriZol. The
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RNA of these cells was analyzed for differentially expressed genes using
gene expression profiling via human whole genome 30K microarrays
compared to untreated and non-transfected confluent hMADS cells as
control. A high concentration of 80nM NTC + MPG was used in order to
clearly identify the cellular stress response if there is one. Two hybridizations
were performed including a dye swap as technical replicate in order to
normalize for dye bias.
Interestingly, the gene expression profiling showed only 4 differentially
expressed genes compared to the untreated sample (Figure 16). These four
genes do not belong to the typical stress response genes indicating that
MPG is not inducing stress, at least at the transcriptional level.

Figure 16: MPG-mediated gene expression changes: genome-wide gene expression
profiling of MPG + 80nM-transfected confluent hMADS cells compared to untreated confluent
hMADS cells using human 30K microarrays resulted in 4 differentially expressed genes.

3.5. microRNA silencing

Based on the finding, that the transfection agent MPG can translocate
oligonucleotides through the cell membrane into the cytoplasm and coevally
does not induce a stress response (see previous chapter 3.4), the inhibition
of miRNAs by transfection of antisense oligonucleotides was corollary.
Therefore, LNA-modified antisense oligonucleotides for two different miRNAs
candidates were transfected for miRNA silencing in hMADS cells,
respectively.
Esau et al. published in 2004, that the miR-143 expression increases during
terminal adipogenic differentiation (Esau et al., 2004). Previous in-house data
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demonstrate that miR-143 is down-regulated during early adipogenic
differentiation of hMADS cells but is up-regulated in terminal differentiation.
MiR-143 is the only microRNA which is validated to be functional in human
adipogenesis till now, therefore a perfect candidate to evaluate the
transfection system MPG.
On the other hand, Wilfred and colleagues postulated in 2007, that miR-107
might play a role in the regulation of human lipid metabolism (Wilfred et al.,
2007). Additional to this, previous in-house data showed differential
expression of miR-107 in human adipocyte differentiation.
miR-143 and miR-107 seem to have a similar expression profile and based
on the time frame between day 4 and day 10 the application timepoints were
set at the timepoints day +6 / +9 and +12. To identify the best silencing
efficiency using MPG, two application strategies were performed; the
application series like described (day +6 / +9 and +12) and a single
application at day +6 after differentiation induction. The single application
should answer the question, if one application anti-miRs is sufficient to
silence miRNA with this transfection system.

Figure 17: Timeline for MPG-mediated microRNA silencing.

Caused by the performed internalization experiment and the performed
stress experiment, where different concentrations were tested, a final
concentration of 80nM showed a good relation between non toxic effects and
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the internalization efficiency as described before. Finally Figure 18 shows an
experiment with only one application on day +6 after differentiation induction.
The differentiation lasted in this experiment, like in every other experiment till
day +15 after differentiation induction. Concordant with Figure 18, the sample
which was treated once with anti-miR-143 and MPG, showed no altered
triglyceride accumulation between the scrambled non-targeting control and
the anti-miR-143. Due to the possibility to customize the different application
timepoints by the use of MPG, Figure 19 shows the results of the application
scheme in Figure 17, with three applications for the anti-miR-143 + MPG
complex. Indeed, this application procedure revealed a significant inhibitory
effect on adipocyte differentiation if compared to the non-targeting control
(scrambled), as shown in Figure 19.

Figure 18: Experiment I: miR-143 inhibition in hMADS cells (1 application). miRNA silencing
was performed by MPG-mediated ASO (80nM) transfection against miR-143 on day 6 after
differentiation induction and harvested on day 15 after induction (n = 3, s.e.m.).

To confirm the data of Figure 18 and Figure 19, experiments with different
concentrations of the anti-miR-143 were performed. Hereby, an inhibition of
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the 80nM experiment was measureable again. Moreover, the results of the
second inhibition experiment were confirmed by this experiment. In all the
experiments with error bars, the error bars show mean ± s.e.m. of three
replicates.

Figure 19: Experiment II: miR-143 inhibition in hMADS cells (3 applications). miRNA
silencing was performed with anti-miR ASO (80nM) and MPG as transfection agent on day 6
, 9 and 12 after induction of the differentiation and harvested on day 15 after induction. The
experiment showed a significant inhibitory effect of miR-143 on triglyceride accumulation (n =
3, s.e.m.).
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Figure 20: Experiment III: miR-143 inhibition in hMADS cells (3 applications with dose
variation). miRNA silencing was performed with anti-miR ASO (10, 40 and 80nM) and MPG
as transfection agent on day 6 , 9 and 12 after induction of the differentiation and harvested
on day 15 after induction.The experiment showed a significant inhibitory effect of miR-143 at
80nM on triglyceride accumulation (n = 3, s.e.m.).

Due to the functionality of the transfection system, the next step was to
perform this inhibition experiment on miRNAs, which are not validated in a
way miR-143 is. Caused on expression profiling, which were previously
performed and provided, miR-107 seems to be a potential candidate. In
conclusion to the inhibition experiments of miR-143, the inhibition experiment
was performed on miR-107 in the same way. Figure 21 shows, that there
was no altered triglyceride accumulation detected between the non-targeting
control and the anti-miR-107 upon one application.
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Figure 21: Experiment IV: miR-107 inhibition in hMADS cells (1 application). miRNA
silencing was performed with anti-miR ASO (80nM) and MPG as transfection agent on day 6
after induction of the differentiation and harvested on day 15 after induction. The experiment
showed no significant alteration in triglyceride accumulation (n = 3, s.e.m.).

Interestingly, the next experiment was to inhibit miR-107 again in hMADS
cells. On this occasion with 3 applications, which were performed also on day
+6, +9, and +12 after differentiation start, the triglyceride quantification did
not show any difference between transfection of anti-miR-107 ASO and nontargeting control, seen in Figure 22. In conclusion to this, miR-107, which
was identified differentially expressed in human in vitro (hMADS cells) and in
mouse in vivo (WAT) in a prior experiment by expression profiling, did not
affect the triglyceride accumulation in the adipocyte differentiation of hMADS
cells.
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Figure 22: Inhibition experiment V: miR-107 in hMADS cells (3 applications). miRNA
silencing was performed with anti-miR ASO (80nM) and MPG as transfection agent on day 6
after induction of the differentiation and harvested on day 15 after induction. The experiment
showed again no significant alteration in triglyceride accumulation (n = 3, s.e.m.).

Finally, a dose-dependent experiment confirmed the data of the previous
experiment. The concentrations 10nM, 40nM, and 80nM were applied at the
three indicated timepoints, day +6, +9, and +12 after induction of adipocyte
differentiation. Figure 23 evinces, that there was no significant, dosedependent inhibitory effect on triglyceride accumulation upon MPG-mediated
inhibition of miR-107.
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Figure 23: Inhibition experiment VI: miR-107 in hMADS cells (3 applications with dose
variation). miRNA silencing with anti-miR ASO (10, 40 and 80nM) and MPG as transfection
agent was performed on day 6 , 9 and 12 after induction of the differentiation and harvested
on day 15 after induction. The experiment showed as Figure 19 and 20 before no significant
alteration in triglyceride accumulation (n = 3, s.e.m.).

3.6. Quantification of internalization/transfection efficiency

Finally, a highly efficient transfection method is of great importance for
miRNA silencing. Therefore, beside MPG, another transfection reagent
specialized for oligonucleotide translocation, named HiPerFect, was tested.
The same experiment that was previously performed with MPG, as already
shown in chapter 3.3., was now conducted with HiPerFect, and both results
were compared with each other.
Whereas the MPG-mediated transfection yielded a transfection efficiency of
40-50%, the HiPerFect-mediated transfection with 5,25nM NTC exceeded
90%.
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Figure 24: Confluent hMADS cells transfected with 5.25nM NTC + HiPerFect. Two different
areas of the same dish show a DAPI stain (blue), a CellMask stain (red), and the FAMlabeled NTC speckles (green). The arrows at the elevation bars show the approval of
internalized and not surface-attached speckles. The visibility of speckles depends on the
focus layer and a different focus would display speckles from other layers.

Page 59 of 75

Michael Göschl

Master Thesis

4. Discussion
4.1. Discussion of methods
hMADS cell differentiation: One interesting remark at this point was, that the
hMADS cell differentiation on cover slips differentiated slightly slower and
showed a decreased adherence, compared to the differentiated hMADS cells
without cover slips.
FACS/Fluorescence microscopy: Prior to the internalization experiments (see
chapter 3.3), flow cytometry seemed to be an appropiate method to validate
the transfection efficiency quantitatively. The routine of flow cytometry was
easy to use and the detection of internalized cells and quantitative
assignment gives absolute values for validation. During the experiment, the
realization of this quantitative analysis was unfeasible, because at least no
transfected cells were visible. In this case, a fluorescence evaluation
conveyed more convenient information about the internalization efficiency,
assumed that the particular microscope was capable to image 3D plots
respectively Z-stacks.
ORO: Oil red O staining of differentiated hMADS cells was a useful
qualitative method for a prove of principle, but not to quantitatively validate
miRNA-mediated alterations in adipocyte differentiation. For monitoring
differentiation and particular differentiation stages, it was suitable, but apart
from this, an ORO validation will hit on problems for a quantitative evaluation
of silencing effects.
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4.2. Discussion of results
In general, Esau et al. identified the pro-adipogenic role of miR-143, because
silencing of miR-143 inhibited human adipocyte differentiation (Esau et al.,
2004). This is in agreement with our results. In addition, a dose-dependent
effect, which was shown by Esau et al. (Esau et al., 2004) also occurred with
the MPG-mediated inhibition of miR-143. Thus, using cell penetrating
peptides as transfection system used for the translocation of LNA-modified
antisense oligonucleotides was a successful approach, although the
inhibition of triglyceride accumulation upon MPG-mediated transfection was
less than previously reported by Esau et al., which might be due to lower
transfection efficiency of MPG.
On the other hand, miR-107 is a miRNA predicted to play a functional role in
human adipocyte differentiation (Wilfred et al. 2007). MiR-107 was silenced
upon MPG-mediated transfection of 80nM anti-miR-107 ASO, but miR-107
inhibition did not show any effect on adipocyte differentiation, neither with
one nor with three applications, assuming that miR-107 might not play a
direct role in the adipocyte differentiation, at least in hMADS cells.
Compared to literature (Esau et al., 2004), the adipocyte inhibition was lower
than with Lipofectin, but the general advantage of MPG might be the
possibility to customize the application timepoints, the non toxic side effects
at higher concentrations and the demonstrated stress reduction by the use of
MPG. (see chapter 3.4).
In conclusion to the inhibition experiments, an MPG-mediated miR-143
inhibition with three different application timepoints shows a significant
inhibition in relation to a scrambled non-targeting control (p-value =
0.002454). Also a dose dependent effect with different concentrations was
measureable at miR-143. In contrast to miR-143, miR-107 does not show a
silencing effect, either at three applications, nor dose dependent.
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5. Outlook

So far, there is only one direct target gene of miR-143 known, namely ERK5
(Esau et al., 2004; Akao et al., 2007; Nakagawa et al., 2007), but with the
potential for many more. Due to the fact, that ERK5 is not yet a known player
in the regulation of adipocyte differentiation, it would be of great interest to
identify direct miR-143 targets that are known to be involved in human
adipocyte differentiation. Because HiPerFect showed a higher transfection
efficiency than MPG at lower ASO concentrations, it would be of interest to
test HiPerFect on hMADS cell transfection and compare the miRNA silencing
efficiency of both transfection systems. Another interesting approach from the
biological view point would be, how miRNA overexpression, especially of
miR-143, would alter human adipocyte differentiation.
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6. Abbreviations

AS-ONs
BAT
BCA
C/EBP
CO
CPP
DAPI
ddH2O
DEX
DMEM
DMSO
dsRBD
DTT
GAG
GLUT4
GPDH
HFD
hFGF2
hMADS
HSL
HSPGs
IBMX
LNA
MIP
MPG
MSCs
NTC
ON
ORO
PM
PNA
PPARγ
PS
PTD
RISC
RNAi
SC
SFM
siRNA
T3
TG
TRBP
UTR
WAT

antisense oligonucleotides
brown adipose tissue
bicinchoninic acid
CCAAT/enhancer binding protein
cell only
cell penetrating peptides
4’,6-diamidino-2-phenylindole
double distilled water
Dexamethasone
Dulbecco’s Modified Eagle Media
Dimethylsulfoxid
doublestranded RNA binding domain
Dithiothreitol
Glycosaminoglycan
glucose transporter-4
glycerophosphate dehydrogenase
high fat diet
human fibroblast growth factor 2
human multipotent adipose derived stem
hormone-sensitive lipase
heparan sulfate proteoglycans
Isobutylmetaxanthin
locked nucleic acids
maximum intensity projection
a.k.a. May, Pierre and Gilles Æ CPP
mesenchymal stem cells
non targeting control
oligo nucleotides
Oil red O
perfect match
peptide nucleic acids
peroxisome proliferator-activated receptor
gamma
phosphorothioate oligodeoxynucleotides
protein transduction domains
RNA induced silencing complex
RNA interference
scrambled
serum free media
small interfering RNA
Triiodothyronin
triglyceride
TAR RNA binding protein
untranslated region
white adipose tissue
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