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Introduction
Transfection is commonly performed to introduce many 
different types of molecules (plasmid DNA, RNA, siRNA, 
miRNA) into eukaryotic cell lines. Once inside, these mole-
cules can be expressed in a transient or a stable fashion.  
In the case of transient transfection, molecules do not 
integrate into the host cell genome and are only expressed 
for approximately 24 hours - 96 hours post-transfec- 
tion. Alternatively, stable transfection results in the incor-
poration of the genetic material into the genome where  
it is permanently expressed. There are numerous reagents 
and methods available, and forethought must be given as 
to which method is most suitable. Transfection procedures 

can be broadly classified into: 1) mechanical/physical 
methods of microinjection and electroporation, 2) chemi-
cal methods using calcium phosphate or DEAE-Dextran, 
3) lipophilic methods using liposomes or other cationic 
species, and 4) viral methods using retroviral, lentiviral or 
adenoviral carriers. Each of these methods has advantages 
and disadvantages, and delivery efficiencies can vary 
depending on cell type. Here, the transfection efficiency 
of suspension cells, more specifically, the human HL-60 
promyelocytic leukemia cell line is of interest. Suspension 
cells are characteristically difficult to transfect and pub-
lished reports have used calcium phosphate [1], retroviral 
transduction [2], liposomes [3, 4], and electroporation [5, 
6] to introduce genetic material.  When these methods 
are compared, electroporation seems to be the method 
of choice for transfecting suspension cells; however, it is 
costly and optimization can be problematic. 

Since previous attempts to transfect HL-60 cells in our labo-
ratory have been largely unsuccessful using several differ-
ent lipid-based reagents, we wanted to determine trans-
fection efficiency of the FuGENE® HD Transfection Reagent. 
Both transient and stable transfection of plasmid DNA was 
completed and expression of a reporter gene (GFP) and a 
selectable marker (neomycin resistance) were assessed.

Materials and Methods

Prior to transfection, individual wells of a 24-well plate were 
seeded with 500,000 cells in 0.5 ml RPMI + 10% bovine 
growth serum (BGS). Transfection complexes were pre-
pared at six different FuGENE® HD Transfection Reagent:
DNA ratios (3:2, 4:2, 5:2, 6:2, 7:2, 8:2) in 5-ml polystyrene 
tubes. For each ratio, 2 μg plasmid DNA (GFP), 100 μl 
serum-free, antibiotic-free RPMI and the appropriate 
volume of FuGENE® HD Transfection Reagent were com-
bined at room temperature. After a 15-minute incubation, 
various amounts of transfection complex (10 µl, 20 µl, 30 
µl, or 40 μl) were added to wells. Cells were incubated 
for an additional 48 hours and the contents of each well 
was then transferred to a microfuge tube and centrifu-
ged at 1,000  for 5 minutes. Excess medium was re- 
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HL-60 cells were 
transiently transfected with a GFP-expressing plasmid and 
fluorescent cells were counted. Six different ratios and four 
different amounts of transfection complex were assessed.  
Percent values represent number of fluorescing cells out of 
80 total cells counted.

8:2	 10	 14/80	 17.5
	 20	 14/80	 17.5
	 30	 11/80	 13.8
	 40	 24/80	 30
7:2	 10	 6/80	 7.5
	 20	 3/80	 3.8
	 30	 2/80	 2.5
	 40	 10/80	 12.5
6:2	 10	 13/80	 16.3
	 20	 16/80	 20
	 30	 3/80	 3.8
	 40	 30/80	 37.5
5:2	 10	 26/80	 32.5
	 20	 19/80	 23.8
	 30	 30/80	 37.5
	 40	 26/80	 32.5
4:2	 10	 32/80	 40
	 20	 10/80	 12.5
	 30	 16/80	 20
	 40	 34/80	 42.5
3:2	 10	 23/80	 28.8
	 20	 20/80	 25
	 30	 29/80	 36.3
	 40	 38/80	 47.5
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moved until the medium:pellet ratio was approximately 2:1,  
respectively. Each pellet was resuspended and 50 μl of cell 
suspension was transferred to a slide and a coverslip was 
applied. Slides were viewed under a fluorescence micro-
scope and the number of cells fluorescing out of 80 total 
cells was recorded.  

HL-60 cells were seeded as described above.  In order to 
create four different experimental populations, plasmids 
carrying cDNA for the TAL1 (P/.2) or LMO1 (L1) genes and 
the neomycin resistance gene or an empty construct con-
taining just the neomycin resistance gene (P) were used.  
Single transfection with one plasmid (P) was done using 
2 μg DNA, while co-transfection combinations used 1 μg 
of two plasmids or 2 μg total (P+L1, P/.2+P, and P/.2+L1).  
Complexes were prepared at 3:2 and 4:2 ratios for each 
population in serum-free, antibiotic-free medium. After a 
brief incubation, each well of cells received 40 μl of the 
appropriate complex. Cells were incubated for 48 hours, 
and Geneticin (1,000 μg/ml) was added to the culture 
medium. After 13 days of selection, a trypan blue exclu-
sion cell count was made on each population to assess 
growth and viability.  

Results and Discussion
To optimize conditions and achieve high transfection effi-
ciency, a transient transfection experiment using a GFP-
expressing plasmid was conducted. As per the FuGENE® 

HD Transfection Reagent technical instructions, a series 
of transfection complexes were prepared and various 
amounts of complex were added to individual wells. When 
cellular fluorescence was assessed, the 6:2, 7:2 and 8:2 
ratios, where 10 µl, 20 µl and 30 µl additions were made, 
had fewer fluorescing cells (% fluorescence) as compared 
with the 3:2 , 4:2 and 5:2 ratios (Table 1). The counts from 
higher dilutions varied from 2 (2.5%) to 16 (20%) fluorescing 
cells, whereas lower dilutions varied from 10 (12.5%) to 32 
(40%).  Also, counts from 10 µl, 20 µl and 30 µl additions 
at 6:2, 7:2 and 8:2 ratios were averaged and fluorescence 
values ranged from 16.3%, 4.6% and 13.4%, respectively 
(Table 1). In contrast, when averages were computed for 
10 µl m, 20 µl and 30 µl additions at 3:2, 4:2 and 5:2 ratios, 
31.3%, 24.2% and 30% fluorescence, respectively, was re-
alized. Interestingly, cells exposed to 40 µl of complex exhib-
ited higher fluorescence counts across all ratios (Table 1). 
These counts varied from 12.5% (7:2) to values exceeding 
40% (4:2, 42.5% and 3:2, 47.5%).  

Based on the findings above, a stable transfection experi-
ment was completed using 3:2 and 4:2 ratios and 40 µl of 
transfection complex.  At the end of selection, cell counts 
from the four populations revealed more viable cells pres-

ent in the 3:2 ratio samples than in the 4:2 ratio samp-
les (Table 2).  For the P/.2+L1 population, the cell count 
difference was 6%. For the P or control population, the 
difference was 12.5% and there was a 23.3% difference in 
the P+L1 population.  Finally, the P/.2+P population exhib-
ited a 69% difference in cell counts.  

Conclusions
It can be concluded from our work that regardless of what 
FuGENE® HD Transfection Reagent:DNA ratio is used, a 
minimum of 40 µl of complex should be added to the cells. 
Since this was the maximum amount tested, it is unclear if 
greater amounts of transfection complex will increase trans-
fection efficiency. Furthermore, there is a quantifiable dif-
ference in efficiency at the various ratios and optimization is 
important for this cell line. It is recommended that 40 µl of a 
3:2 or 4:2 ratio be used since transient efficiency exceeding 
40% was realized. Stable transfection data suggest that cells 
should be transfected at the 3:2 ratio, since two populations 
exhibited cell count differences of 23% and 69% between 
the ratios. With minimal optimization, the FuGENE® HD 
Transfection Reagent gave us superior transfection effi-
ciency over other methods performed in our lab.                 
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 HL-60 cells were stably 
transfected with different combinations of plasmids con-
taining the neomycin resistance gene (P) or the neomycin 
resistance gene and TAL1 (P/.2) or LMO1 (L1). Viable cell 
counts were made and cells/ml calculated for each popula-
tion at each ratio.

	 P	 3:2	 2.4 x 105

		  4:2	 2.1 x 105

	 P+L1	 3:2	 3.0 x 104

		  4:2	 2.3 x 104

	 P/.2+P	 3:2	 1.7 x 105

		  4:2	 5.3 x 104

	 P/.2+L1	 3:2	 1.7 x 105

		  4:2	 1.6 x 105	

0.4 ml 	 04 709 691 001 
	 1.0 ml	 04 709 705 001 

	 5 x 1.0 ml	 04 709 713 001

	 1 g 	 11 464 981 001 
	 5 g 	 11 464 990 001
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