Internalization of a novel nanopolyplex: a flow cytometry approach
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Short Abstract 
Nanopolyplexes were prepared from FITC-labeled EGFR antisense and a novel synthesized polymer. Caveolin and clathrin mediated endocytic pathways were blocked in MCF-7 cells and flow cytometry analysis was performed post-transfection to investigate the uptake mechanism(s).
Long Abstract 
The main goal in antisense (AS) therapy is to modulate the expression of a specific gene. Cellular entry of the negatively charged naked AS is limited since the cell membranes of the target cells are also negatively charged. This can be exacerbated by another hindrance which is degradation of AS in intracellular environment. The success and development of gene based technology is largely dependent on the route by which these oligonucleotides are delivered to the target cells. Accordingly, understanding the mechanism(s) of uptake is of the utmost importance in design of efficient delivery systems. Macromolecules enter the cells by endocytosis through two main different phagocytosis and pinocytosis pathways. The later occurs mainly by macropinocytosis, clathrin-mediated endocytosis, caveolae-mediated endocytosis and clathrin and/or caveolae independent pathways. Of these mechanisms, endocytosis through clathrin coated pits and membranous caveolae (i.e., via its main protein caveolin-1) appears to be the main routes for gene based nanomedicines. In this video, to investigate the uptake mechanism of nanopolyplexes entry, we show how endocytosis through clathrin coated pits and membranous caveolae was blocked in MCF-7 cells. Nanopolyplexes were constructed from FITC-labeled epidermal growth factor receptor (EGFR) antisense using a novel synthesized polymer. Clathrin and/or caveolin-1 mediated pathways were blocked using endocytosis inhibitors such as N-ethylmaleimide (NEM), nystatin and chlorpromazine. The cultured cells were then transfected by the prepared nanopolyplexes for 4 hr, after which they were subjected to a flow cytometric analyses. We witnessed endocytosis blockade by these inhibitors.   
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MCF-7 seeding in 12-well plate:

1. MCF-7 cells were plated at a seeding density of 4×104 cells/cm2 in 12-well plate in Dulbecco’s Modified Eagle’s Medium (DMEM), 10% FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin, and kept at 37°C with 5% CO2, 95% air and complete humidity. 
2. At 40-50% confluency (48 hours post-seeding), the cells were treated with nanopolyplexes.
Pretreatment:

Thirty minutes before transfection, media of the cultivated cells were removed and the cells were preincubated in triplicate with DMEM as positive control and DMEM with NEM (5 mM), with nystatin (100 μg/ml) and with  chlorpromazine (20 μg/ml) to allow block different endocytic pathways (leaving 3 wells as untreated controls) 1,2. 

Nanopolyplexes preparation:
1. Nanopolyplexes were prepared at a 5:1 N:P ratio, that is 1.5 μg of AS oligonucleotide was dissolved in DMEM (75 l) and then 3.75 μg of the synthesized polymer was added to the samples and mixed. The solutions were left for 15 min at room temperature to allow polyplexes formation. 
2.   Then, 400 μl DMEM was added and the mixture was pipetted up and down.
Note: In the samples treated with NEM, nystatin and chlorpromazine, DMEM was replaced by the DMEM containing these agents.
Transfection with EGFR antisense and flow cytometry analysis:

1.  Thirty minutes after preincubation, media were discarded and the prepared nanopolyplexes were added to each well. 
2.  Cells were incubated for 4 hours at 37°C in a 5% CO2 humidified atmosphere.

3.  The process continued with trypsinization on ice. First, cells were washed 3 times with PBS (4oC) and then trypsin was added to the wells. After 10 min incubation on ice, the cultured cells were detached by pipetting a few times. To stop trypsin activity, serum containing media was added.     
4.  Cells were centrifuged (at 200g for 10 min, 4oC), PBS was discarded and the pellet were resuspended in PBS 4oC and re-centrifuged at the same condition. This procedure was repeated once again.    
5.  The cells were run to flow cytometry. Minimum of 10 000 events was collected for each sample.
Note: All the samples should be protected from light; however we ignored this issue to ease the recording procedure. 
Discussion:
Flow cytometry is the most acceptable method for characterization of the designated cells. For implementation of the flow cytometry analysis, cells are required to be as a single cell-suspension, therefore detaching cells is one of the important steps. Besides pipetting, DNase I could be used to prevent cell clumping 3. Toxic effects of the endocytosis inhibitors should be carefully evaluated on the target cell line, i.e. the decrease in transfection because of cytotoxic impacts of these reagents might be mistaken with the decrease in uptake due to endocytosis inhibitors 3 – we recommend a MTT assay to be performed prior to this experiment for clarification of such undesired influences 4.  Stock solutions of nystatin were made in ethanol. The final added ethanol concentration should be 1% (v/v) or less. Aqueous solutions of NEM are unstable, so it is recommended to use freshly prepared solutions 5. 
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Materials

	Name
	Type
	Company
	Catalog Number
	Comments

	PBS 
	Reagent
	Sigma-Aldrich
	P3813
	

	Dulbecco’s Modified Eagle’s Medium - high glucose 
	Reagent
	Sigma-Aldrich
	D5671
	

	FBS 
	Reagent
	Sigma-Aldrich
	F2442
	

	Penicillin 200,000 u/ml 
	Reagent
	CinnaGen
	CR7913
	

	Streptomycin 200 mg/ml 
	Reagent
	CinnaGen
	CR7912
	

	trypsin/EDTA 
	Reagent
	Sigma-Aldrich
	T3924
	

	FITC labeled EGFR antisense 
	Reagent
	MWG biotech
	
	

	12-well plate
	Equipment
	IWAKI
	30012
	

	NEM
	Reagent
	Sigma-Aldrich
	E3876
	

	Nystatin
	Reagent
	DSM 
	
	

	Chlorpromazine hydrochloride
	Reagent
	Sanofi aventis
	
	

	Flow cytometer
	Instrument
	Becton Dickinson
	
	

	Hettich Universal 320 Centrifuge 
	Instrument
	Hettich-Zentrifugen
	
	

	CO2 Incubator 
	Instrument
	ASTEC
	
	

	Laminar flow hood 
	Instrument
	Esco class II Biosafety Cabinet
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