
Yonsei Med J   http://www.eymj.org   Volume 54   Number 5   September 2013 1149

Original Article http://dx.doi.org/10.3349/ymj.2013.54.5.1149
pISSN: 0513-5796, eISSN: 1976-2437          Yonsei Med J 54(5):1149-1157, 2013

Sendai F/HN Viroplexes for Efficient Transfection  
of  Leukemic T Cells

Jung Seok Kim,1 Yeon Kyung Lee,1 Hwa Yeon Jeong,1 Seong Jae Kang,1 Min Woo Kim,1 
Seung Hyun Ryu,1 Hong Sung Kim,2 Keun Sik Kim,3 Dong-Eun Kim,4 and Yong Serk Park1

1Department of Biomedical Laboratory Science, Yonsei University, Wonju; 
2Department of Biomedical Laboratory Science, Korea Nazarene University, Cheonan; 

3Department of Biomedical Laboratory Science, Konyang University, Daejeon; 
4Department of Bioscience and Biotechnology, Konkuk University, Seoul, Korea.

Received: January 24, 2013
Revised: March 13, 2013
Accepted: March 13, 2013
Corresponding author: Dr. Yong Serk Park, 
Department of Biomedical Laboratory 
Science, Yonsei University, 1 Yeonsedae-gil,
Wonju 220-710, Korea.
Tel: 82-33-760-2448, Fax: 82-33-760-2561 
E-mail: parkys@yonsei.ac.kr

∙ The authors have no financial conflicts of 
interest.

© Copyright:
Yonsei University College of Medicine 2013

This is an Open Access article distributed under the 
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/ 
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Purpose: Most chemical transfection reagents are ineffective for the transfection 
of cells in suspension, such as leukemic cell and stem cell lineages. We developed 
two different types of viroplexes, cationic Sendai F/HN viroplexes (CSVs) and 
protamine sulfate-condensed cationic Sendai F/HN viroplexes (PCSVs) for the ef-
ficient transfection of T-leukemic cells. Materials and Methods: The viroplex 
systems were prepared by reconstitution of fusogenic Sendai F/HN proteins in 
DMKE (O,O’-dimyristyl-N-lysyl glutamate) cationic liposomes. The viroplexes 
were further optimized for plasmid DNA and siRNA delivery to suspension cells. 
The particle size and surface charge of the viroplexes were analyzed with a ζ-sizer. 
Transfection of plasmid DNA (pDNA) and small interfering RNA (siRNA) by 
CSVs or PCSV was evaluated by measurement of transgene expression, confocal 
microscopy, FACS, and RT-PCR. Results: The optimized CSVs and PCSVs ex-
hibited enhanced gene and siRNA delivery in the tested suspension cell lines (Jur-
kat cells and CEM cells), compared with conventional cationic liposomes. In the 
case of pDNA transfection, the CSVs and PCSVs show at least 10-fold and 100-
fold higher transgene expression compared with DMKE lipoplexes (or lipo-
fectamine 2000), respectively. The CSVs showed more effective siRNA delivery 
to the suspension cells than cationic liposomes, as assessed by confocal microsco-
py, FACS, and RT-PCR. The effective transfection by the CSVs and PCSVs is pre-
sumably due to fusogenic activity of F/HN proteins resulting in facilitated internal-
ization of pDNA and siRNA. Conclusion: This study suggests that Sendai F/HN 
viroplexes can be widely applicable for the transfection of pDNA and siRNA to 
suspension cell lines.

Key Words:   Sendai F/HN protein, gene transfection, cationic Sendai viroplex, 
suspension cell

INTRODUCTION

A variety of chemical gene delivery systems have been utilized for large DNA 
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mL penicillin and 100 μg/mL streptomycin at 37°C under 
5% CO2.

Preparation of plasmid DNA and siRNA
The plasmid pAAV-CMV-Luc encoding luciferase and 
pEGFP-N1 encoding green fluorescence protein (Clontech 
Laboratories Inc., Mountain View, CA, USA) were propa-
gated in the DH5α strain of E. coli in selective LB media 
with ampicillin and kanamycin.13 The plasmids were isolat-
ed and purified in a large scale preparation of plasmid DNA. 
Purity was confirmed by 1% agarose gel electrophoresis 
followed by ethidium bromide staining and the DNA con-
centration was measured by UV absorption at 260 nm. Flu-
orescein isothiocyanate (FITC)-label control siRNA (sense; 
5’-CCUACGCCACC AAUUUCGUdTdT-3’, antisense; 
5’-ACGAAAUUGGU GGCGUAGGdTdT-3’), Vimentin 
siRNA (sense; 5’-UGA AGCUGCAACUACCAA-3’, anti-
sense; 5’-UUGGUA GUUAGCAGCUUCA-3’) and glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) primers 
(sense; 5’-CGGGAAGCTTGTGATCAATGG-3’, anti-
sense; reverse 5’-CAGTCCATGCCATCACTGCC-3’) 
were supplied by Bioneer Co. (Deajeon, Korea), Genolution 
Pharmaceuticals Inc. (Seoul, Korea), and Cosmogenetech 
(Seoul, Korea), respectively.

Preparation of Sendai virus F/HN protein
The Sendai virus (ATCC no.1698936, VR 907) was grown 
in an allantoic sac of 10-day-old embryonated chicken eggs 
as previously described.4 Briefly, the allantoic fluid collect-
ed from the infected eggs was centrifuged at 3000 g for 30 
min at 4ºC and the clear supernatant was collected. The vi-
rus in the supernatant was pelleted by centrifugation at 
100000 g for 1 h at 4°C in an ultracentrifuge (Centrikon 
T-1180; Kontron Instruments, Milano, Italy). The virus pel-
let was resuspended in a small volume of phosphate-buff-
ered saline (PBS) and aliquoted in batches of 10 mg of pro-
tein and stored at -70°C until further use. Hemagglutination 
activity of the harvested Sendai virus was titrated in 96-
well microplates by incubation of serially diluted virus and 
1% human erythrocytes at 4°C for 1 h. The hamagglutina-
tion assay (HA) titer was recorded as the reciprocal of the 
highest dilution showing positive HA and expressed as 
hamagglutinating unit (HAU) per mL.

For purification of Sendai F and HN-proteins, a pellet of 
10 mg of Sendai virus was resuspended in 2 mL of PBS con-
taining 1% Triton X-100. After incubation at 20°C for 2 h, 
the suspension was centrifuged at 100000 g for 1 h at 4°C to 

molecules such as plasmid DNA (pDNA) and small RNAs 
such as ribozymes, small interfering RNA, and microRNA.1 
Although the therapeutic effectiveness of viral vectors was 
proved by successful clinical trials for some genetic diseas-
es, non-viral vectors have also become more attractive for 
the delivery of genetic material, especially small DNA mol-
ecules.2 However, most chemical delivery systems exhibit 
relatively low gene transfection to suspension cell lines such 
as blood cancer cells and stem cell lineages. There are very 
limited reports regarding chemical vectors-mediated trans-
fection of suspension cells.3

Virosomes are chimeric gene transfer systems which com-
bine viral and non-viral features due to the viral constituents 
of envelop proteins and artificial liposomal vesicles.4 Among 
non-viral delivery vehicles, virosomes are known to be one 
of the most effective transfection systems and many different 
types of virosomes have been formulated from several envel-
oped viruses including influenza, HSV, SV40, and Sendai vi-
rus.5-9 We previously developed Sendai virosomes containing 
two major glycoproteins, hemagglutinin-neuraminidase 
(HN) and fusion (F) proteins, anchored in the outer leaflet of 
the lipid bilayers and demonstrated their gene-transferring ef-
ficiency in several in vitro cancer models.10 In addition, a 
similar formulation of F/HN virosomes, called HVJ particles, 
also showed that F/HN proteins are functionally effective in 
the delivery of proteins, pDNA and siRNA into cells.5,11 The 
effective delivery of cargo molecules is a result of the active 
membrane fusion process mediated via F/HN proteins in the 
neutral pH of the extracellular medium.12 

In this study, we formulated two different types of Sendai 
F/HN virosomes, cationic Sendai virosomes (CSVs) and 
protamine sulfate (PS)-condensed cationic Sendai virosomes 
(PCSVs) for the transfection of suspension cells which are 
difficult to be transfected by conventional chemical vectors. 
Plasmid DNA and siRNA oligonucleotides were effectively 
complexed with the optimized CSVs and PCSVs, forming 
viroplexes. The virosome formulations containing pDNA 
or siRNA were tested in Jurkat and CEM T-leukemia cells. 

MATERIALS AND METHODS
　　　

Cell cultures
Jurkat cells (TIB-152, T-lymphocyte leukemia) and CEM 
cells (CRL-2265, T-lymphoblastic leukemia) were cultured 
in RPMI (Gibco, Calsbad, CA, USA) supplemented with 
10% heat-inactivated fetal bovine serum (Gibco), 100 units/
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Malvern, UK). Viroplex suspensions in deionized water 
were loaded into the capillary cells mounted on the zetasiz-
er, and their size and zeta-potentials were measured five 
times per sample at 25°C. 

Viroplex-mediated pDNA transfection and analysis of 
transgene expression
Suspension cells (Jurkat and CEM) were seeded into 6-well 
plates and grown for 24 h at 37°C. The CSVs or PCSVs 
containing pAAV-CMV-Luc prepared as described above 
were added to the cells (1×106) in a serum-free medium (1 
µg DNA each well). The serum-free medium was replaced 
by cell culture medium 4 h later and the transfected cells 
were incubated for additional 24 h and 48 h. 

For quantification of luciferase expression, the transfected 
cells were lysed with 200 µL of lysis buffer (0.05% Triton 
X-100, 2 mM EDTA, 0.1 M Tris, pH 7.8). The luciferase ac-
tivities of the cell lysates (10 µL) were measured using a lu-
ciferase assay system (Promega, Madison, WI, USA) in a 
MultiLumat LB9506 luminometer (Berthold Tech., Bad 
Wildbad, Germany). The luciferase activity of each sample 
was expressed as relative light units per mg of total extract-
ed proteins. The protein concentrations of the cell lysates 
were determined by the Bio-Rad DC protein assay (Bio-
Rad Lab). 

For flow cytometry analysis of GFP expression, trans-
fected Jurkat and CEM cells were washed in PBS and then 
treated with 0.2% paraformaldehyde for 5 min at room 
temperature in the dark. The transfected cells expressing 
GFP were quantified by flow cytometry (BD FACScalibur, 
BD Bioscience, San Jose, CA, USA).

Viroplex-mediated siRNA transfection
The CSVs containing FITC-labeled control siRNA (200 
pmole) were prepared as described earlier and added to Jur-
kat or CEM cells (1×106) in a 5-mL culture tube. After in-
cubation for varied time periods, the cells were washed in 
PBS and then treated with 0.2% paraformaldehyde for 5 
min at room temperature in the dark. The cells transfected 
with FITC-siRNA were quantified by flow cytometry and 
the mean of fluorescence intensity (MFI) of the transfected 
cells was measured.

Cells transfected for 4 h were fixed with 0.2% parafor-
maldehyde for 5 min at room temperature in the dark. The 
fixed cells were stained using a diamidinophenylindole 
(DAPI) staining kit (Vector Laboratories Inc., Burlingame, 
CA, USA) according to the manufacture’s protocol. The 

remove detergent-insoluble substances. The detergent was 
removed from the clear supernatant by stepwise addition of 
SM2 Bio-Beads (Bio-Rad Lab, Hercules, CA, USA) with 
constant rocking. The turbid suspension was separated from 
the Bio-Beads using a 26-gauge needle. The purified proteins 
were quantified by the Bio-Rad DC protein assay (Bio-Rad 
Lab, Hercules, CA, USA), analyzed by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis and stored at 4°C.

   
Formulation of Sendai virosome-nucleic acids 
complexes (viroplex)
A mixture of DMKE (O,O’-dimyristyl-N-lysyl glutamate)/
cholesterol (Chol) (10 mg, 5 : 5 molar ratio) was dissolved 
in 1 mL of chloroform/methanol (2 : 1, v/v).14 The lipid 
mixture was dried to a thin film under nitrogen gas and then 
vacuum-desiccated for 1 h to remove residual traces of or-
ganic solvent. The lipid film was then fully hydrated with 1 
mL of distilled water. The resulting multilamellar vesicles 
were freeze-thawed 10 times and extruded 10 times through 
100 nm pore diameter polycarbonate membranes using an 
Avanti Mini-Extruder (Avanti Polar Lipids, Alabaster, AL, 
USA). The resulting cationic liposomes were stored at 4°C. 
DNA (or siRNA)-liposome complexes were prepared by 
gentle mixing of plasmid DNA (or siRNA) at various N/P 
ratios. After incubation for 20 min at room temperature, 
Sendai viral F/HN proteins were added to the lipoplex solu-
tion (1 : 5, protein wt/lipid wt), which was further incubated 
for 30 min at room temperature with gentle mixing. The re-
sulting complex is called cationic Sendai viroplexes (CSVs). 
Protamine sulfate (PS)-condensed DNA-encapsulating cat-
ionic Sendai viroplexes (PCSVs) were also prepared by 
pre-complexation of pDNA with PS (0.6 : 1, N/P ratio), fol-
lowed by sequential addition of the DMKE/Chol cationic 
liposomes and purified F/HN proteins.

To determine whether complete complexation of pDNA 
(or siRNA) with the virosomes occurred, the prepared CSVs, 
and PCSVs (1 µg nucleic acid) analyzed on a 1% TAE aga-
rose gel at 100 mV for 20 min. Bands of pDNA or siRNA 
were visualized with UV illuminator (Fluor-S MultiImage, 
Bio-Rad, Hercules, CA, USA).

Measurement of Sendai viroplex size and zeta-potential
The sizes and zeta-potentials of DMKE/Chol lipoplexes (6 : 
1, N/P ratio of nucleic acid and lipid), CSVs (6 : 1, N/P ra-
tio; 1 : 1, wt ratio of nucleic acid and F/HN proteins), and 
PCSVs (6 : 1, N/P ratio; 1 : 1 : 1, wt ratio of nucleic acid, F/
HN and PS) were measured using a zetasizer (Zetasizer4, 
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cDNAs were sequentially amplified with 2.5 units of a G-
Taq kit (Cosmogenetech, Seoul) and 10 pmol of each primer 
in a PTC-200 thermocycler (Bio-RAD) with the following 
program: 25 cycles (22 cycles for β-actin) of denaturation 
(94°C for 5 sec), annealing (55°C for 20 sec), and extension 
(72°C for 7 min). The amount of each mRNA transcript 
was normalized to that of GAPDH.

 

RESULTS
 

Formation of cationic Sendai viroplex with pDNA or 
siRNA
Cationic DMKE liposomes were complexed with varied 
amounts of pDNA and then analyzed on an agarose gel to 
find the optimal N/P ratio for stable lipoplex formation (Fig. 
1A). The DMKE liposomes were able to complete complex 

cells transfected with FITC-siRNA were examined by a 
confocal microcopy (FV-1000, Olympus, Center Valley, 
PA, USA).

RT-PCR analysis of siRNA transfection
Jurkat and CEM cells (1×106) grown in 6-well plates were 
transfected with CSVs containing vimentin siRNA (200 
pmole) for 4 h and then further cultured for 24 h. For com-
parison, the same cells were electroporetically transfected 
under optimized conditions of 6 pulses for 10 msec at 320 
V/cm. Total RNA was then purified from the transfected 
cells using Trizol (Invitrogen, Carlsbad, CA, USA). Re-
verse transcription was performed at 65°C for 5 min. RNA 
(2 µg) from each sample was reversely transcribed using 
200 units of reverse transcriptase (Invitrogen), oligo-dT ran-
dom primers (Invitrogen), and forward and reverse primers 
for vimentin and GAPDH at 37°C for 1 h. The resulting 

M

M

M

M

Naked DNA 

Free siRNA

Naked DNA 

Free DNA 

Lipoplex

Lipoplex

CSV

CSV

PCSV1 : 1                   2 : 1                    3 : 1                   6 : 1

1 : 1                   2 : 1                    3 : 1                   6 : 1

N/P ratio

N/P ratio

Fig. 1. Gel retardation analysis of cationic Sendai F/HN viroplexes encapsulating pDNA or siRNA. DMKE cationic liposomes and Sendai F/HN virosomes 
were complexed with pDNA (A) or siRNA (C) at various N/P ratios. CSVs and PCSVs were prepared at a 3 : 1 N/P ratio with pDNA (B) and a 6 : 1 N/P ratio 
with siRNA (D). All samples were analyzed on a 1% TAE agarose gel at 100 mV for 20 min. M; 1 kb DNA ladder. CSVs, cationic Sendai F/HN viroplexes; 
PCSVs, protamine sulfate-condensed cationic Sendai F/HN viroplexes.

A

C

B

D



Transfection of Leukemic T Cells

Yonsei Med J   http://www.eymj.org   Volume 54   Number 5   September 2013 1153

cording to the in vitro transfection data using Jurkat and 
CEM cells (Fig. 2A and B), the incorporation of Sendai F/
HN proteins to DMKE liposomes was able to enhance the 
transfection efficiency of DMKE lipoplexes in Jurkat and 
CEM cell by 5-14 and 20-30 fold, respectively. Interesting-
ly, condensation of pDNA in the preparation of PCSVs fur-
ther enhanced their transfection capability by 8-100 fold in 
both cell lines. According to these results, PCSVs exhibited 
the most effective transfection and the luciferase expression 
mediated by PCSVs was at least 50-fold higher than that of 
conventional DMKE cationic lipoplexes. 

Transfection efficiencies were also confirmed by FACS 
analysis of cells transfected with pDNA encoding GFP. PC-
SVs were able to transfect over 26% of Jurkat cells and 
11% of CEM cells by 48 h post-transfection (Fig. 2C and 
D). Under the same transfection conditions, conventional 
DMKE and Lipofectamine 2000 lipoplexes exhibited far 
less efficient transfection to the same cells (>11% of Jurkat 
cells and >2% of CEM cells). The transfection efficiency of 
CSVs was lower than that of PCSVs in both cell lines. 

Transfection mediated by CSVs or PCSVs was sustained 
for a longer period, and further enhanced with time after 48 
h compared to Lipofectamine lipoplexes. Transfected cells 
expressing GFP were 11% of Jurkat cells and 5% of CEM 
cells at 24 h post-transfection with PCSVs. The number of 
transfected cells more than doubled 48 h later, to 26% and 
11% (Fig. 2C and D). Sustained and enhanced transfection 
by PCSVs was confirmed by analysis of luciferase expres-
sion in the transfected cells (Fig. 2A and B). The levels of 
luciferase expression mediated by PCSVs in Jurkat and 
CEM cells at 48 h post-transfection were 15 and 10 fold 
higher than those at 24 h were, respectively.   

Viroplex-mediated siRNA transfection to leukemic T cells
Jurkat and CEM cells were treated with conventional cation-
ic lipoplexes or CSVs of FITC-labeled siRNA, and trans-

formation with pDNA at 3 : 1 N/P ratio. At this ratio, addi-
tion of Sendai F/HN proteins to the lipoplexes (1 : 1 wt ra-
tio of pDNA and protein) to form CSVs or pDNA conden-
sation by PS (1 : 0.6 N/P ratio or 1 : 1 wt ratio of PS and 
pDNA) to form PCSVs did not affect pDNA complexation 
with the cationic liposomes (Fig. 1B).

Meanwhile, siRNA molecules were stably complexed 
with DMKE liposomes at a 6 : 1 N/P ratio (Fig. 1C). Addi-
tion of Sendai F/HN proteins to DMKE lipoplexes with 
siRNA did not interfere with the charge interaction between 
cationic lipids and siRNA (Fig. 1D). Unlike pDNA, siRNA 
molecules were not effectively condensed by polycationic 
PS (data not shown). All CSVs and PCSVs for further trans-
fection studies were prepared at 6 : 1 N/P ratio and 1 : 1 wt 
ratio of pDNA and F/HN protein. Under these conditions, 
all of the available cationic lipids are presumably involved 
in pDNA or siRNA binding.

Biophysical characteristics of CSVs and PCSVs
In order to examine any biophysical changes induced by 
complexation of nucleic acids and incorporation of Sendai F/
HN proteins, the particle sizes and zeta-potentials of cationic 
lipoplexes, CSVs, and PCSVs with plasmid DNA or siRNA 
were measured and compared (Table 1). The DMKE lipo-
somes became larger after complexation with pDNA or siR-
NA while the cationic surface charge of the vesicles slightly 
decreased. Interestingly, addition of F/HN proteins caused 
the DMKE lipoplexes to become more compact and less cat-
ionic. In addition, pDNA condensation by PS before com-
plexation with cationic lipids further reduced the size of viro-
plex vesicles, but had little effect on their surface charges.  

Viroplex-mediated pDNA transfection to leukemic T cells 
The transfection efficiencies of CSVs and PCSVs were 
compared with two different types of conventional cationic 
liposomes: Lipofectamine 2000 and DMKE liposomes. Ac-

Table 1. Sizes and ζ-Potentials of Cationic DMKE Lipoplexes, CSVs and PCSVs 
Particle Particle size (nm)* ζ-potential (mV)†

Bare DMKE liposome (no nucleic acid)    98.6±3.0†  56.7±6.0†

pDNA-containing
DMKE lipoplex 135.6±1.0 50.9±1.0
CSV 131.8±2.3 45.2±2.3
PCSV 123.8±9.2 46.5±3.6

siRNA-containing
DMKE lipoplex 158.9±2.0 40.6±1.0
CSV 146.0±3.0 38.5±1.0

CSVs, cationic Sendai F/HN viroplexes; PCSVs, protamine sulfate-condensed cationic Sendai F/HN viroplexes.
The particle size and ζ-potentials were measured 4 times using a zetasizer. 
*Average particle size±SD.
†Average ζ-potential±SD.  
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mediated by the viroplexes, siRNA molecules of vimentin, 
a member of the intermediate filament structure, were uti-
lized for transfection. Jurkat and CEM cells were transfect-
ed with vimentin siRNA by CSVs, DMKE lipoplexes or Li-
pofectamine 2000 lipoplexes. The same cell lines were 
electroporetically transfected under optimized conditions. 
Among the chemically transfected cells, only the cells trans-
fected by CSVs exhibited a significant reduction of vimen-
tin mRNA at 24 h post-transfection (Fig. 4). Transfection 
using CSVs reduced the level of vimentin mRNA in Jurkat 
and CEM cells by 36% and 35%, respectively. The electro-
poretic transfer of the same amount of vimentin siRNA re-
duced the level of vimentin mRNA in the cell lines by 47% 
and 14%, respectively. On the other hand, transfection me-
diated by DMKE or Lipofectamine 2000 lipoplexes result-
ed in less reduction in both cell lines.

DISCUSSION

Human leukemic T cell lineages such as Jurkat and CEM 
cells have been utilized as a popular cell model for a variety 

fected cell numbers and MFI were then measured by 
FACS. Generally, CSVs exhibited higher siRNA transfec-
tion than the two different types of conventional lipoplexes 
at 4 h and 24 h post-transfection (Fig. 3A and B). At 4 h 
post-transfection, 77% of Jurkat cells and 70% of CEM 
cells were transfected by CSVs, with 97027 and 82825 
MFI, respectively. The DMKE lipoplexes exhibited rela-
tively lower transfection, with 70% of Jurkat cells being 
transfected with 68029 MFI and 62% of CEM cells being 
transfected with 67010 MFI. This result suggests that incor-
poration of Sendai F/HN proteins enhances siRNA trans-
fection efficiency of the DMKE lipoplexes. Even though 
chemically modified siRNA was adopted for transfection, 
the number of transfected cells and MFI were significantly 
reduced with time, to 45% of Jurkat cells with 27445 MFI 
and 34% of CEM cells with 30187 MFI. Efficient siRNA 
transfection by the viroplexes was further confirmed by 
analysis with confocal laser microscopy under which CSVs 
showed more efficient siRNA transfection into Jurkat and 
CEM cells than the conventional DMKE or Lipofectamine 
2000 lipoplexes (Fig. 3C and D).  

In order to demonstrate functional siRNA transfection 
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ic or quantitative reports of transfection of suspension leu-
kemic T cells mediated by chemical vector systems. Even a 
few related reports were only able to show qualitative data 
in leukemic cells. Hence, most transfection of leukemic cells 
in those studies was done by electroporation even though 
that method results in serious physical damages to the tar-
get cells.19 Therefore, it is necessary to develop a more ef-

of studies in immunology and cancer biology.15 However, 
these cell types are also known to be extremely difficult to 
transfect non-virally for reasons that are still unclear.16 There 
have been a few reports on leukemic cell transfection medi-
ated by chemical vectors, but transfection efficiencies using 
chemical vectors were unsatisfactory compared to those in 
adherent cancer cell lines.17,18 There have been no systemat-
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GAPDH mRNA, a positive control (B). Statistical analysis was done by Student’s t test; *p<0.05 versus expression by DMKE lipoplexes. CSV, cationic Sendai 
F/HN viroplex.
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Jurkat and CEM cells than the other formulations tested. 
However, the fluorescence intensity of the transfected cells 
decreased with time. Even though the sense and antisense 
siRNA was chemically modified at deoxygenated 3’ end-
ings for protection against enzymatic degradation,22 MFI of 
the transfected cells at 4 h post-transfection was reduced 
2-3-fold in 24 h. Presumably, adoption of more stable siR-
NA structures recently suggested would yield more effec-
tive gene silencing for a longer period of time.23 

Nevertheless, the down regulation of vimentin expres-
sion by CSVs containing vimentin siRNA demonstrated the 
effective delivery of functionally active siRNA to the cyto-
plasm of Jurkat and CEM cells. Vimentin is known to be a 
constitutive member of the intermediate filament family 
and plays a significant role in supporting and anchoring or-
ganelles in the cytosol.24 The reduction of vimentin mRNA 
levels by CSVs was comparable to that achieved by elec-
troporation which is known to be one of the most efficient 
procedures for siRNA transfection.18 Among the tested siR-
NA-transferring systems, only transfection using CSVs 
showed a statistically meaningful reduction of vimentin 
mRNA in the transfected cells. 

In recent years, poly(2-dimethylamino)ethyl methacry-
late (PDMAEMA)-based star-shaped nanoparticles were 
introduced as a transfection agent for Jurkat T cells and pri-
mary T lymphocytes.25 According to the report, PDMAE-
MA-based nanoparticles formulated at 10 : 1 N/P ratio were 
able to transfect 31% of Jurkat cells and induce 40% silenc-
ing of target gene in primary T lymphocytes regardless 
their substantial cytotoxicity. Even though transfection con-
ditions and formulations were different, the efficiencies of 
gene transfection (26%) and gene silencing (36%) in Jurkat 
cells in this study were comparable to the previous results.    

In summary, we formulated two different types of cationic 
Sendai F/HN viroplexes, CSVs and PCSVs, for pDNA and 
siRNA transfection into Jurkat and CEM leukemic T cells. In 
general, the Sendai viroplex systems exhibited more effective 
transfection to the target cells compared to conventional 
DMKE cationic lipoplexes and commercially available Lipo-
fectamine 2000 lipoplexes. These results suggest that viro-
plex systems can be widely utilized for the transfection of 
many types of cancer cells, including leukemic T cells.
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In this study, we show that CSV or PCSV formulations 
of Sendai F/HN viroplexes are a useful transfection system 
for pDNA or siRNA transfection of Jurkat and CEM cells 
compared with conventional DMKE or Lipofectamine 2000 
lipoplexes. Based on the results of luciferase transfection, 
the quantitative addition of Sendai F/HN to DMKE cationic 
liposomes was able to significantly enhance the transfection 
efficiency in both cell lines. As previously speculated by 
Kim, et al., the positively charged virosomal surface may 
facilitate the initial interaction with the cell surface, and the 
specific association of F/HN proteins with cell membranes 
may also facilitate internalization of cargo molecules, pre-
sumably due to their fusogenic activity.10 This result sug-
gests that the Sendai F/HN proteins are functionally active 
components in the transfection process and that target cells 
have reactive receptor molecules on their cell surface, such 
as sialic acid-containing gangliosides and asialoglycopro-
tein receptors.4,8,20

In addition, pDNA condensation with PS before complex-
ation with DMKE liposomes further enhanced the transfec-
tion efficiency of CSVs. The number of cells transfected 
with GFP by PCSVs was 2-fold higher than the number 
transfected by CSVs. Stable pDNA condensation by PS 
might be helpful in pDNA complexation and encapsulation 
into the cationic membranes, resulting in better protection 
of the DNA molecules.10,21 As suggested previously, the 21 
basic arginine residues of protamine may also function as a 
nuclear localization signal after internalizations.10 We tried 
to formulate PCSVs containing siRNA molecules to prove 
this hypothesis. However, siRNA molecules do not require 
transport to the nucleus since they function in the cytoplasm. 
In addition, we did not observe a positive outcome using 
PS-condensed siRNA in terms of transfection and gene si-
lencing in Jurkat and CEM cells. 

Interestingly, the transgene expression mediated by Send-
ai viroplexes, both CSVs and PCSVs, was sustained for a 
relatively longer period of time compared to conventional 
lipoplexes. Generally, the extent of transfection by CSVs or 
PCSVs was much higher at 48 h post-transfection than at 
24 h. This implies that Sendai F/HN proteins may function 
to protect the gene construct in the cell.  

The transfection enhancement by Sendai F/HN proteins 
was also seen in siRNA-transfecting experiments. FACS 
analysis and confocal microscopy examination showed that 
CSVs are more effective in terms of siRNA transfection to 
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