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I. Kurze Darstellung zu  

1 Aufgabenstellung  

We proposed to take a novel investigative direction, and hypothesized that ASO and siRNA sequences 
contained in polymeric-based nanoparticles (NP) possessing a sustained release pattern may offer 
major advantages over current gene vectors for a large number of clinical applications. We proposed to 
prepare non-viral NP encapsulating specific ASO/siRNA, and wanted to examine their effect in an 
animal model of skeletal metastasis. The advantages of controlled pharmacogenic delivery included 
protection of the gene material from rapid in-vivo degradation, prolonged gene expression, control of 
release rate and dosing, non-viral, safe delivery system-biocompatible and biodegradable, efficient 
intracellular localization (submicron form), and optional targeting by receptor-specific ligands. 
We selected OPN and the product of a closely related SIBLING gene, BSP-II as promising targets for 
gene therapy directed against the RNA of these proteins, thus preventing or reducing lytic skeletal 
metastasis. These proteins were considered as potential targets for therapy since they have been 
described in mammary carcinoma and their presence was linked to bone metastasis formation. Finally 
we hypothesized that these investigations will be instrumental in identifying the molecular mechanisms 
responsible for the genesis of bone metastases in mammary carcinoma. 

 

2. Voraussetzungen, unter denen das Vorhaben durchgeführt wurde,  

The experiments were performed at the DKFZ-Heidelberg and the Hebrew-University, Jerusalem, 
respectively. 
 

3. Planung und Ablauf des Vorhabens,  

The specific aims of this research were: 
I. Selection and preparation of siRNA for BSP and OPN and their comparison with PT-ASO 

II. Studies on uptake and bioactivity of ASO and siRNA in cell culture 
III. Formulations and in vitro characterization of NP encapsulating selected ASO/siRNA 
IV. Pharmacokinetics (PK) and toxicity of ASO/siRNA NP 
V. Therapeutic efficacy and mechanism of selected ASO/siRNA NP in a rat model of mammary 

carcinoma-induced tumor osteolysis  
The progress has been documented in the yearly progress reports I-III. 
 

4. wissenschaftlichem und technischem Stand, an den angeknüpft wurde, insbesondere  

• Angabe bekannter Konstruktionen, Verfahren und Schutzrechte, die für die Durchführung des Vorhabens benutzt wurden,  

Golomb G, Cohen Sacks H, Najajreh Y, Fishbein I, Chorny M. US (60/335,837) and PCT (325/88) Patent 
Applications (2001). 

 

• Angabe der verwendeten Fachliteratur sowie der benutzten Informations- und Dokumentationsdienste,  

Adwan H, Bauerle T, Najajreh Y, Elazer V, Golomb G, Berger MR. Int J Oncol. 2004;24:1235-44. 
Cohen H, et al. Gene Ther. 2000;7:1896-905. 
Cohen-Sacks H, et al. Gene Ther. 2002;9:1607-16. 
Cohen-Sacks H, et al. J Controlled Rel. 2004;95:309-20. 
Bauerle T, Adwan H, Kiessling F, Hilbig H, Armbruster FP, Berger MR. Int J Cancer. 2005;115:177-86. 
Bauerle T, Peterschmitt J, Hilbig H, Kiessling F, Armbruster FP, Berger MR. Int J Oncol. 2006;28:573-83. 

 

5. Zusammenarbeit mit anderen Stellen.  

Not applicable 
 

 2



II. Eingehende Darstellung  
1. der Verwendung der Zuwendung und des erzielten Ergebnisses im Einzelnen, mit Gegenüberstellung der vorgegebenen Ziele,  

I. Selection and preparation of siRNA for BSP and OPN and their comparison with PT-ASO 
II. Studies on uptake and bioactivity of ASO and siRNA in cell culture 

 

siRNA target gene knockdown and implications for tumor cell characteristics 

In order to identify suitable tools for efficient knockdown by RNA interference in MDA-MB-231 breast cancer 

cells, a set of different siRNAs for each of the five investigated genes (OPN, BSP, RUNX2, ITGB3 and MMP2) 

was functionally characterized. The efficiency of the siRNAs to reduce target expression was assessed on mRNA 

and protein levels. 

Silencing of mRNA levels was examined by RT-PCR. Fig. 1A shows a typical example of the PCR results after 

treatment with three different OPN siRNAs and a nonsense control. In this way the siRNA effect on mRNA of 

the five target genes was evaluated. The staining intensities of the PCR products in relation to their initial mRNA 

amounts were quantified and expressed as percentage of the nonsense siRNA-treated control. Fig. 1B shows 

knockdown effects caused by the most active siRNA for each gene. The maximally achievable reduction was 96 

% for OPN. In contrast, BSP-mRNA was not down-regulated by any of the siRNAs used. Knockdown of 

RUNX2, ITGB3 and MMP2 was at intermediate to high levels (45 %, 62 % and 83 %, respectively). 

 

Fig. 1: Knockdown of mRNA levels after transfection with gene-specific siRNAs. 

MDA-MB-231 cells were transfected with three or four specific siRNAs targeting OPN, BSP, RUNX2 (100 nM 
each), ITGB3 and MMP2 (50 nM each) or with respective concentrations of one non-targeting siRNA used as a control. 
After cultivation for 24, 48 and 72 h, specific mRNA levels were analyzed as described in the methods section. (A) Shown 
is, as an example, gel staining intensity of OPN mRNA PCR products in comparison to those of GAPDH mRNA. (B) 
Corresponding to quantified and normalized staining intensities, specific mRNA amount of cells transfected with siRNAs 
targeting the respective genes is shown compared to control cells. Results obtained with the most efficient siRNA regarding 
mRNA knockdown are displayed for each target gene. The columns shown represent mean values of 2 or 3 independent 
experiments (except MMP2, n = 1) with their standard deviation (range). 
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Next, it was analyzed whether the siRNA-dependent knockdown is also reflected on the protein level. To test the 

expression of BSP, Runx2 und integrin 3 proteins Western immunoblotting was carried out by using specific 

antibodies as shown in Fig. 2A-C. The siRNA sequences eliciting optimal protein reduction are summarized for 

each target in Fig. 2D. Depending on the protein, different temporal kinetics of the siRNA effects were observed. 

While Runx2 and integrin 3 were efficiently down-regulated (92 % and 98 %, respectively), already at 48 h 

after transfection, BSP knockdown (85 %) was more pronounced after 72 h. In summary, the results of the 

siRNA experiments show that the most powerful constructs for down-regulation of mRNA levels were also the 

most active ones in protein depression. Interestingly, the strength of repression varied between mRNA and 

protein, for all three targets, and was more distinct on the protein level. 

 

Fig. 2: Immunostaining intensities of BSP, Runx2 and integrin β3 after cell transfection with gene-specific siRNAs. 

MDA-MB-231 cells were transfected with siRNAs targeting BSP (100 nM), RUNX2 or ITGB3 (50 nM each) or with 
a non-targeting control siRNA. After cell cultivation for 48 and 72 h, proteins were extracted either from whole cells 
(integrin β3, BSP) or from nuclei (Runx2) and subjected to Western immunoblot analyses (see methods). (A-C) Antibody 
staining of BSP, RUNX2 and integrin 3 are shown with actin as the loading control. (D) Specific protein amounts of cells 
transfected with respective siRNAs are shown as percentage of control. For each target gene, results obtained with the 
siRNA construct provoking the strongest protein repression are displayed. The columns represent mean values of two 
independent experiments (except BSP, n = 1) with their range. 

 
There was no signal detectable for OPN protein in whole cell lysates that could be specifically assigned to the 

protein. Nevertheless, we succeeded in identifying OPN as a secreted and thrombin-cleavable protein [39] in 

serum-free cell culture supernatant of non-transfected MDA-MB-231 cells (Fig. 3). However, measurements of 
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the RNAi-mediated effects on OPN protein were difficult to perform because the method, which is based on 

serum-free culture conditions, is not applicable to siRNA-transfected cells. In addition, evaluation of MMP2 

protein failed despite attempts with various antibodies and conditions. 

 

Fig. 3: Thrombin cleavage as a proof of OPN presence in culture supernatants of MDA-MB-231 cells. 

The presence of OPN in concentrated culture supernatants of MDA-MB-231 cells was verified by thrombin cleavage 
as described in the Methods. After protein separation by SDS gel electrophoresis and blotting to a PVDF membrane 
antibody staining was carried out. Shown is an immunoblot result of samples incubated with (+) or without (-) thrombin 
resulting in typical OPN fragments or full length OPN, respectively. 

 
In order to investigate whether knockdown of any of those genes individually or in combination impairs the 

cells’ ability to proliferate, we performed MTT assays with siRNA-transfected MDA-MB-231 cells (Fig. 4). 

While OPN siRNAs did not affect cell propagation negatively (data not shown), siRNAs targeting BSP (siBSP-

2, Fig. 4A) and RUNX2 (siRUNX2-2, Fig. 4B) exhibited pronounced anti-proliferative effects of maximally 69 

% and 44 %, respectively, compared to control-treated cells. These were dosage-dependent as shown by 

applying different concentrations of siBSP-2 (Fig. 4C) and siRUNX2-2 (Fig. 4D). Simultaneous transfection 

with both siRNAs caused additive inhibition of proliferation compared to the effects with the individual agents 

(Fig. 4E). 

 

 

 

 

 

Fig. 4: Anti-proliferative effect of siRNAs targeting BSP or RUNX2 transfected individually or in combination into 
MDA-MB-231 cells. (A, B) MDA-MB-231 cell cultures were transfected with 100 nM concentrations of siRNA targeting 
BSP or RUNX2 as given in the figure, or with equal amounts of nonsense siRNA as a control. At the indicated periods after 
transfection cell numbers were determined using MTT proliferation assay and normalized to the control, which was set to 
100 %. Relative rates of cell proliferation are shown based on mean values of 2 or 3 independent experiments (except 24 
and 96 h, n = 1 or 2) +/- standard error. (C, D) Effects on cell proliferation are shown after transfection (in quadruplicate) 
with siBSP-2, siRUNX2-2 or control siRNA. Relative proliferation rates were determined as above (+/- standard deviation). 
(E) Shown are cell proliferation rates at 72 and 96 h after transfection (in quadruplicate) with combinations of siRNAs as 
indicated (mean values +/- standard deviation). For normalization the values were based on the proliferation rate of cells 
treated with nonsense siRNA as above. 
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