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ABSTRACT 
 

Cancer, a worldwide health problem is the result of 
a tumor formation characterized by uncontrolled 
cell proliferation. Bcl-2 protein encoded by the Bcl-
2 gene plays a significant role in controlling 
apoptosis and increasing cell survival in response to 
various apoptotic stimuli. Also the studies on 
siRNAs that suppress the Bcl-2 gene have 
increased. The purpose of this study was to 
determine the physicochemical properties of 
developed formulas and to overexpress the Bcl-2 
gene separately and together (siRNA / ABT) into 
the albumin nanoparticles, which were used in the 
clinic to suppress the Bcl-2 gene. Another aim of 
this study is to investigate the activity of the 
formulas on breast cancer cells in vitro. As a result, 
the evaluation of the efficacy of Venetoclax in 
breast cancer and minimizing its toxic effects by 
using the delivery system were investigated. 

INTRODUCTION 
 

Venetoclax (ABT) blocks an important stimulatory 
pathway in cell survival in tumor cells where it 
overexpresses Bcl-2 and leads to cell death. ABT is 
the first FDA-approved (April 2016) drug that 
targets the Bcl-2 protein in cancer cells and is used 
in the treatment of patients with Chronic 
Lymphocytic Leukemia (CLL). Although its 
inhibitory properties have been observed in tumor 
cells in vitro, it has no clinical application outside 
of CLL (AbbVie Inc., 2016). Drugs that are 
accepted as primary treatment agents for many 
types of cancer show serious dose-limiting side 
effects after a certain period of time. In addition, 
intrinsic or acquired multidrug resistance is one of 
the most important problems encountered during 
treatment. Overexpression of Bcl-2 can also lead to 
the development of resistance to chemotherapy and 
radiation for various types of cancer. Recently, the 
effectiveness of this methodology has been 
explored in potential therapeutic studies using small 
silencing RNAs (siRNAs) that regulate downstream 
gene expression in various models. Combination of 
two or more therapeutic modalities with different 

mechanism of action is seen as a promising 
therapeutic approach in cancer treatment.  

In this approach, it is aimed to use anticancer drug 
and siRNA together, to reduce the toxic effect in 
the treatment by increasing the target selectivity 
through albumin carrier systems, to ensure that the 
drug resistance can be effectively resisted, and thus 
to increase the therapeutic efficacy synergistically. 

Three different albumin-based nanoparticles, ABT 
loaded, siRNA loaded and ABT/siRNA loaded, 
were prepared and the effectiveness of these 
nanoparticles on breast cancer cells in which Bcl-2 
overexpressed was investigated. 

 

MATERIALS AND METHODS 
The desolvation method is the most widely used 
method in the synthesis of protein-based 
nanoparticles using water-miscible organic solvents 
such as ethanol or acetone. It is based on the 
principle of denaturing albumin with the help of the 
addition of ethanol. Its solubility gradually 
decreases and phase separation occurs. This causes 
a decrease in the dielectric constant of the mixture 
an the desolvation of this constant change in phase 
can determine the size of the formed particles. After 
the particle size and zeta potentials of the 
nanoparticles prepared by the desolvation method 
(1) were evaluated and optimized, the genetic 
material was adsorbed and ABT loaded, siRNA 
loaded and ABT/siRNA loaded nanoparticles were 
developed.The cytotoxic effects of the prepared 
nanoparticle formulations on MDA-MB-231 and 
NIH-3T3 cell lines were investigated. 

 

 

RESULTS AND DISCUSSION 
As a result of the characterization studies carried 
out in the developed formulations, F6 was found to 
be the most stable formulation had the zeta 
potential of 41.4 ± 0.95 mV, with a particle size of 
364.72 ± 7.4 nm. Also, ABT-free (placebo) 
formulation F5 with a 28.6 ± 0.36 mV, 193.38 ± 3.8 
nm was selected (Table 1).The amount of genetic 



material that can be loaded into the F5 and F6 
formulations was determined (Figure 1). 
As a result of the evaluation of the cytotoxic effect 
in cell culture studies, it was observed that the 
F6_siRNA formulation had more toxic effects on 
cancer cells, and the cell viability decreased to 38% 
in the first 24 hours in the presence of 15 μg/ml 
ABT. While no toxic effect of F5_siRNA was 
observed at 24 hours in breast cancer cell line, it 
was observed that cell viability decreased to 89% 
and 75%  (2). 

 
Figure 1. Gel images of F5 and F6 formulations 
loaded with DNA 

 
Figure 2. Cytotoxic effect evaluated in MDA-
MB 231 cells after 24 hours 

 

Table 1. Comparison of the contents and codes 
of the formulations with particle size, PDI and 
zeta potential values 
 AB

T 
199  
2 
mg  

%0 
.04 
Chito
san 
500 
μL 

%4 
Twee
n 80 
1 mL 

pH 

 

Partic
le size 
(nm) 

PDI 

 

Zetapote
ntial 
(mV) 

Alb
F 

- - - 7,4 50 
±2,4 

0,102
±0,01  

6,17±0,65 

F1 + - - 7,4 1360 
±54,7 

0,562
±0,05  

16,21±0,5
7 

F2 + - + 7,4 140,4
1 ± 
4,5 

0,229
±0,01  

-
26,51±0,8

6 

F3 + - - 5,9 547,4
0 ± 

0,569
±0,05  

8,91± 
0,23 

8 26,5 

F4 + + - 5,9
8 

581,4
3± 

37,2 

0,368
±0,03  

46,90± 
073 

F5 - + - 7,4 193,3
8 ± 
3,8 

0,273
±0,01  

28,6 ± 
0,36 

F6 + + - 7,4 364,7
2 ±7,4 

0,253
±0,05  

41,4 ± 
0,95 

 

CONCLUSION 

When the cytotoxicity of the formulations was 
evaluated, the higher efficacy of siRNA in 
MDA-MB-231 cells suggested that the 
designed nanoparticles could specifically affect 
the cancer cell.  

It is an expected situation that no significant 
toxicity will be observed on cells due to effects 
such as the restrictions on the uptake of 
negatively charged and unstable naked siRNA 
and its endosomal degradation.  However, as a 
result of studies conducted in this area, it has 
been determined that naked siRNA can affect 
cellular pathways without being fragmented in 
intracellular traffic, and may have a slightly 
toxic effect (3, 4, 5, 6). 

With this study, it has been scientifically 
shown that albumin-based carriers contribute 
to the field of gene transfer. With the 
synergistic effect of ABT and Bcl-2 siRNA, its 
therapeutic efficacy has increased and it has 
been shown that it is possible to reduce dose-
dependent toxicity by silencing Bcl-2 protein 
(7). The efficacy of ABT, which is used in the 
treatment of chronic lymphocytic leukemia 
(CLL) in the clinic, in breast cancer cells has 
been investigated for the first time and the 
results are promising for future studies. 

 

REFERENCES 

1. Sana Abbasi, Arghya Paul, Satya Prakash. 
(2011) Investigation of siRNA-Loaded 
Polyethylenimine-Coated Human Serum 
Albumin Nanoparticle Complexes for the 
Treatment of Breast Cancer. Cell Biochem 
Biophys 61:277–287 

2. Inao, T., Iida, Y., Moritani, T., Okimoto, 
T., Tanino, R., Kotani, H., & Harada, M. 
(2018).Bcl-2 inhibition sensitizes triple-
negative human breast cancer cells to 
doxorubicin. Oncotarget, 9(39). 

3. Luo GH, Lu YP, Song J, Yang L, Shi YJ, 
Li YP. Inhibition of connective tissue 
growth factor by small interfering RNA 



prevents renal fibrosis in rats undergoing 
chronic allograft nephropathy. 
Transplant Proc 2008;40: 2365-9 

4. Lingor, P., Michel, U., Schöll, U., Bähr, 
M., &amp;Kügler, S. (2004). 
Transfection of “naked” siRNAresults in 
endosomal uptake and metabolic 
impairment in cultured neurons. 
BiochemicalandBiophysicalResearch 
Communications, 315(4), 1126–1133. 

5. Hickerson RP, Vlassov AV, Wang Q, et 
al. Stability study of unmodified siRNA 
and relevance to clinical use. 
Oligonucleotides. 2008;18(4):345–354. 
doi:10.1089/oli.2008.0149 

6. Wang Q. Ilves H.Chu P.Contag C.H. 
Leake D.Johnston B.H. Kaspar R.L 
.Delivery and inhibition of reporter genes 
by small interfering RNAs in a mouse 
skin model. J. Invest. Dermatol. 
2007;127:2577–2584 

 

7. Leverson JD, Cojocari D. Hematologic 
Tumor Cell Resistance to the BCL-2 
Inhibitor Venetoclax: A Product of Its 
Microenvironment?. Front Oncol. 
2018;8:458. Published 2018 Oct 22. 
doi:10.3389/fonc.2018.00458 

ACKNOWLEDGMENT 

This study was supported by Anadolu 
University Scientific Research Foundation.  



DOÇ. DR. GÜLAY BÜYÜKKÖROĞLU


