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Abstract: Transfection and transduction using lentivirus has gained attention in biomedical research. To date, how
to reach the maximum transfection and viral transduction efficiency is still challenging. Here we compared the
transfection and viral transduction efficiency using commercially available transfection reagents including FUGENE
6, Lipofectamine 2000 and Lipofectamine 3000 in different cell lines and primary cultured cells. Enhanced green
fluorescent protein (EGFP) was clearly seen in Eppendorf tubes from harvested cells using Lipofectamine 3000
without using a microscope and UV activation. Strong expression of EGFP was observed in HEK293 cells, mouse
primary cortical neurons and human umbilical vein endothelial cells (HUVECs) using confocal microscopy. Western
blot showed the strongest EGFP expression using cell lysates from Lipofectamine 3000 transfected HEK293 cells
and transduced HUVECs compared with Lipofectamine 2000 or FUGENE 6 reagents. Using Cx43 shRNA lentivirus
combined with Lipofectamine 3000 transfection reagent, we can achieve about 90% Cx43 knockdown efficacy in
HUVECSs. Therefore, our results suggest that a much higher transfection and viral transduction efficiency can be at-
tained by using Lipofectamine 3000 transfection reagent.
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Introduction

Manipulation of gene expression holds much
promise in the field of biomedical research.
Transfection of exogenous gene in specific
plasmids to various cells is considered as a
major technique to manipulate gene expres-
sion. Various transfection reagents or devices
including chemical and physical methods have
been used to deliver gene transfer such as
calcium phosphates, electroporation, nucleo-
fection, lipids, polyethylenimine, nanoparticles
carrying the genes [1-18]. Virus mediated trans-
fection, also known as transduction, is also
widely used in various in vitro and in vivo condi-
tions [3].

Traditionally, many chemical methods have
been successfully developed and used to deliv-
er genes into cells, including cationic polymer,
calcium phosphate and cationic lipid etc. [1-4].
Calcium phosphates has been used widely to
enable the gene delivery to in vitro cells for

more than 40 years since its first development
in 1973. However, there has been a challenge
in using calcium phosphates to transfer exoge-
nous gene to cells, because of its relatively
low transfection efficiency [2]. Physical meth-
ods such as electroporation and nucleofection
techniques appeared to overcome the lower
transfection efficiency by calcium phosphate
transfection, but it needs to use a device to ful-
fil its task. In addition the electroporation or the
necleofection device needs to be adjusted to
reduce the substantial cell death [5, 7, 13, 19,
21]. Various nanoparticle-based gene delivery
techniques, such as inorganic nanoparticles,
polymer based nanoparticles, lipid based na-
noparticles, and hybrid nanoparticles, look
promising, but there are still disadvantages
related to their efficiency, stability and toxic
effects [22].

Another chemical method is using lipids to
deliver nucleic acids into cells, such as
Lipofectamine 2000 and Lipofectamine 3000
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reagents, which are easy to use in many differ-
ent cell types and generally achieve relatively
high transfection efficiency. Therefore, they are
widely used in the scientific field. The initial
step for viral transduction is to produce the
virus, which involves transfection of various
viral vectors (adenovirus, lentivirus or adeno-
associated virus or AAV vectors) [20, 23] and
packaging vectors into virus packaging cells
such as HEK293 cells. Therefore, achieving
high transfection efficiency is a key step to
generate high titer viruses.

In this study, we evaluated the transfection and
viral transduction efficiency using commercially
available transfection reagents including Fu-
GENE 6 transfection reagent, Lipofectamine
2000 and Lipofectamine 3000 reagents in dif-
ferent cell lines and primary cultured cells.

Materials and methods

Antibodies used included a rabbit polyclonal
anti-GFP antibody (NB600-308), a rabbit poly-
clonal anti-beta actin antibody (NB600-503),
which were purchased from Novus Biologicals
(Littleton, Co, USA) and a rabbit polyclonal
anti-Cx43 (Cat. No. 71-0700), which was ob-
tained from ThermoFisher (Rockford, Il, USA).
Transfection reagents lepofectamine 3000 and
2000 reagents were obtained from Thermo-
Fisher, while FUGENE 6 was acquired from
Promega (Madison, WI, USA).

Cell culture

HEK293 and human umbilical vein endothe-
lial cells (HUVECs) were obtained from ATCC
(American Type Culture Collection, Manassas,
Virginia, USA).

Mouse cortical neuron culture. The isolation
and culture of mouse cortical neurons was
based on a previously described method [24].
The use of mice for isolating and culturing neu-
ronal cell was approved by the Institutional
Animal Care and Use Committee of Shanghai
Tongji University. Embryonic day 16 Swiss mice
were anesthetized with halothane followed by
cervical dislocation. Fetal brains were rapidly
removed and placed in an ice-cold Ca®* and
Mg?*-free Hank’s solution. Cerebral cortices
were dissected and enzyme digested using
0.05% trypsin-EDTA for 10 min at 37°C, fol-
lowed by trituration with fire-polished glass

pipettes, and plated on poly-t-ornithine-coated
culture dishes (35 mm in diameter), at a densi-
ty of 1x106° cells per dish. Neurons were cul-
tured with Neurobasal medium (ThermoFisher)
supplemented with B27 and maintained at
37°C in a humidified 5% CO, atmosphere
incubator. Cultures were fed every three days
and used for viral transduction 10 days after
plating.

Plasmids extraction and purification

Various plasmids were transformed to DH5«
competent cells and amplified in LB medium
containing specific antibiotic overnight using a
37°C shaker with speed at 225 rpm. Then the
bacteria was harvested and plasmids were
extracted and purified using a Qiagen plasmid
extraction and purification kit according to
the procedure provided by the manufacture.

Transient transfection

HEK293 cells were grown in Dulbecco’s Mo-
dified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum with 1% anti-
biotics and maintained in a tissue culture
incubator at 37°C with 5% CO,. After 24 hours
passaging in a 75 ml flask and reaching about
70% confluence, cells were transfected with
FuGene 6 transfection reagent, Lipofectamine
2000 and Lipofectamine 3000, respectively
according to manufacturer’s instructions (Invi-
trogen or Promega). Expression plasmids used
for transfections included plenti CMV GFP
DEST, lentivirus Cx43 shRNA, and packaging
vectors including pLP1, pLP2 and pLP/VSVG
plasmids. Briefly, 5.8 ug pLP1, 2.8 ug pLP2, 3.8
ug pLP/VSVG, 6.0 ug plenty CMV GFP DEST
vector or 4.0 ug Cx43 shRNA plasmid were
mixed with 30 ul Lipofectamine 3000 and
30 ul P3000 in 1.0 ml Opti MEM reduced se-
rum medium (ThermoFisher). For using Lipo-
fectamine 2000 reagent, the above plasmids
were mixed with 30 ul Lipofectamine 2000
in 1.0 ml Opti MEM reduced serum medium
(ThermoFisher). For using FUGENE 6 reagent,
the above plasmids were mixed with 30 ul
FUGENE 6 transfection reagent. After 15 mins
incubation at room temperature, the mixture
was added to the HEK293 cells in a 75 ml
flask containing 10 ml DMEM medium with
10% fetal bovine serum and 1% antibiotics.
After 48 hours of transfection, the cell culture
medium was harvested, centrifuged for 5 mins
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with 1000g centrifugal force and filtered using
a 0.45 um filter, and the supernatant were then
equally distributed to HVEC cells (plenti CMV
GFP DEST vector and lentivirus Cx43 shRNA
plasmid, respectively) and mouse cortical neu-
rons (plenti CMV GFP DEST vector). After 3 days
of viral transduction, cells were subjected to
GFP monitoring, western blotting or immuno-
fluorescence labeling.

Cx43 shRNA was obtained from Santa Cruz
Biotechnology (Dallas, TX, USA), the shRNA
sequences targeting human Cx43 were con-
sisted of pools of four different sequences,
including: A: 5-GATCCCTGCGAACCTACATCATC-
ATTCAAGAGATGATGATGTAGGTTCGCAG-
TTTTT-3’; B: 5-GATCCGAACCTACATCATCAGT-
ATTTCAAGAGAATACTGATGATGTAGGTTC-
TTTTT-3’; C: 5-GATCCGTTGGGATGTCACTTAA-
CATTCAAGAGATGTTAAGTGACATCCCAAC-
TTTTT-3’; D: 5-GATCCCCTACTTAATACACAGTA-
ATTCAAGAGATTACTGTGTATTAAGTAGGTT-
TTT-3". Scrambled shRNA plasmids were used
as control.

Immunofluorescence labeling and GFP detec-
tion

The procedure for immunofluorescence label-
ing was the same as we previously described
(25-27). Briefly, After viral transduction, HU-
VECs was immunolabelled with polyclonal anti-
Cx43 at a concentration of 1 ug/ml for 24 h at
4°C, with antibodies diluted in 50 mM Tris-HClI,
pH 7.4, containing 1.5% sodium chloride and
0.3% Triton X-100 (TBSTr). The cells were then
washed for 1 h in TBSTr, and incubated for
1 h at room temperature simultaneously using
Alexa Flour 488-conjugated goat anti-rabbit
IgG secondary antibody diluted at 1:1000
(Molecular Probes, Eugene, Oregon. After sec-
ondary antibody incubations, cells were wash-
ed in TBSTr for 20 min, then in 50 mM Tris-HCI
buffer, pH 7.4 for 30 min, covered with prolong
antifade medium and coverslipped. Control
procedures included omission of one of the
primary antibodies with inclusion of each of
the secondary antibodies. Confocal immuno-
fluorescence microscopy was conducted on
an Olympus confocal microscope (Fluoview
FV1000; Olympus, Waltham, MA, USA). For
checking GFP expression, after two days of
transfection using plenti CMV GFP DEST plas-
mid or three days after viral transduction, GFP
fluorescence from various cells in the flasks or

six-wells were monitored with the same lower
power setting using 4x or 10x objective lens.

Western blot: For preparation of cell lysates,
after 2 days of transient transfection or 3 days
of viral transduction, cultured cells were rinsed
with PBS, lysed in ice-cold immunoprecipitation
(IP) buffer containing 20 mM Tris-HCI, pH 8.0,
140 mM NaCl, 1% Triton X-100, 10% glycerol, 1
mM EGTA, 1.5 mM MgCl,, 1 mM dithiothreitol, 1
mM phenylmethylsulphonyl fluoride, and 5 ug/
mL each of the protease inhibitors leupeptin,
pepstatin A and aprotinin, and then briefly soni-
cated, centrifuged and resulting supernatants
used for western blot analysis [25-27]. The pro-
tein concentration in all samples was deter-
mined using a microvolume Nanodrop 2000
spectrophotometer (Thermfisher, Rockford, IL,
USA). For immunoblotting, 10 ug or 1 ug total
protein per lane in loading buffer were sepa-
rated by 12.5% sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE),
and proteins were then transferred to polyvi-
nylidene difluoride (PVDF) membranes. Follow-
ing transfer, membranes were blocked for 60
min in TBS-Tw (20 mM Tris pH 7.4, 150 mM
NaCl, and 0.2% Tween-20) containing 5% skim
milk powder and then incubated overnight at
4°C with primary antibody (for GFP antibody,
using 1:10000 dilution; for Cx43 antibody and
beta actin antibody, using 1:1000 dilution) in
TBS-Tw containing 1% skim milk. After washing
in TBS-Tw, blots were incubated with horse rad-
ish peroxidase-conjugated secondary antibod-
ies and reactive bands revealed by chemilumi-
nescence (Fisher Scientific, Rockford, IL, USA).
Alternatively, PVDF membranes were incubat-
ed with the appropriate species secondary
antibody conjugated to either IRDye800 or
IRDye700 (Rockland Immunochemicals, Gil-
bert, PA, USA), then monitored using the Ody-
ssey IR imaging system (Licor, Lincoln, NE,
USA).

Statistics analysis: Graphpad Prism software
and student’s t-test was used to determine the
differences in protein expression level under
different transfection conditions.

Results

High level of EGFP is detected in HEK293 cells
transfected with Lipofectamine 3000 reagent

HEK293 cells were transiently transfected with
lentivirus expression vector plenti-CMV-GFP-
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pLenti GFP + Lipofectamine 3000 pLenti GFP + Lipofectamine 2000 pLenti GFP + FUGENE 6
Figure 1. Comparison of transfection efficiency after transiently transfected
lentivirus expression vector plenti CMV GFP DEST GFP into HEK293 cells us-
ing Lipofectamine 3000, 2000 or FUGENE 6 reagents. Two days after trans-
fection, the GFP in living cells was monitored using the same lower power
setting with 4x objective lens in an Olympus confocal microscope. It showed
the highest GFP expression using Lipofectamine 3000 transfection reagent
(A) as compared with using Lipofectamine 2000 (B) or FUGENE 6 (C) trans-
fection reagents.

virus produced using
FUGENE 6

virus produced using
Lipofectamine 3000

virus produced using
Lipofectamine 2000

Figure 2. Comparison of viral transduction efficiency in HUVECs using lentivi-
rus generated from HEK293 cells utilizing Lipofectamine 3000, 2000 or Fu-
GENE 6 reagents. Three days after viral transduction, the GFP in living cells
was monitored using the same lower power setting with 10x objective lens
in an Olympus confocal microscope. It showed the highest GFP expression
using lentivirus generated with Lipofectamine 3000 transfection reagent (A)
as compared with using Lipofectamine 2000 (B) or FUGENE 6 (C) transfec-

siently transfected with ex-
pression vector plenti-CMV-
GFP-DEST for two days using
Lipofectamine 3000, 2000,
or FUGENE 6 transfection re-
agents, respectively. After th-
ree days of virus transduc-
tion, the EGFP florescence in
HUVEC living cells were moni-
tored using an Olympus mic-
roscope. The results showed
that robust EGFP is detected
in almost every cell with virus
generated using Lipofecta-
mine 3000 reagent (Figure
2A), while using the same
microscopic condition with
lower power setting utilizing
10x objective lens, HUVECs
transduced using lentivirus
produced with Lipofectamine
2000 (Figure 2B) or FUGENE 6
(Figure 2C) reagents showed
less EGFP expressing cells.

High level of EGFP is detected
in cortical neurons after viral
transduction with lentivirus
generated from medium of
HEK293 cells using Lipo-
fectamine 3000 transfection

tion reagents.

DEST separately using Lipofectamine 3000,
2000 or FUGENE 6 reagents. After two days of
transfection, the EGFP florescence in living
cells were monitored using an Olympus micro-
scope. The results showed that robust EGFP is
detected in almost every cell transfected using
Lipofectamine 3000 reagent (Figure 1A), while
using the same microscopic condition with lo-
wer power at 4x objective lens, HEK293 cells
transfected with Lipofectamine 2000 (Figure
1B) or FUGENE 6 (Figure 1C) reagents showed
less EGFP expressing cells.

High level of EGFP is detected in HUVECs after
viral transduction with lentivirus produced
from medium of HEK293 cells utilizing Lipo-
fectamine 3000 transfection reagent

HUVECs were transduced with lentivirus pro-
duced from HEK293 cells, which were tran-

reagent

Mouse cortical neurons at pl0 stage were
transduced with lentivirus produced from
HEK293 cells, which were transiently trans-
fected with expression vector plenti-CMV-GFP-
DEST for two days using Lipofectamine 3000,
2000, or FUGENE 6 transfection reagents,
respectively. After three days of virus transf-
duction, the EGFP florescence in cortical neu-
rons was monitored using an Olympus micro-
scope. The results showed that robust EGFP is
detected in almost every cell with virus gener-
ated using using Lipofectamine 3000 reagent
(Figure 3A), while using the same microscopic
condition with lower power utilizing 10x objec-
tive lens, HUVECs transduced using lentivirus
produced with Lipofectamine 2000 (Figure 3B)
or FUGENE 6 (Figure 3C) reagents showed less
EGFP expressing cells and most substantially, it
appears that EGFP is only detectable at the
soma of some cortical neurons.
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virus produced using
FuGene 6

virus produced using
Lipofectamine 2000

virus produced using
Lipofectamine 3000

Figure 3. Comparison of viral transduction efficiency in mouse cortical neu-
rons using lentivirus generated from HEK293 cells utilizing Lipofectamine
3000, 2000 or FUGENE 6 reagents. Three days after viral transduction,
the GFP in living cells was monitored using the same lower power setting
with 10x objective lens in an Olympus confocal microscope. It showed the
highest GFP expression using lentivirus generated with Lipofectamine 3000
transfection reagent (A) as compared with using Lipofectamine 2000 (B) or
FUGENE 6 (C) transfection reagents.

Figure 4. Without using a fluorescence microscope and without UV activa-
tion, GFP was clearly seen in harvested cells after 2 days of transfection
in HEK293 cells using Lipofectamine 3000 or three days of viral transduc-
tion in HUVECs using lentivirus generated from HEK293 cells utilizing Lipo-
fectamine 3000 reagent. Two days after transfection in HEK293 cells us-
ing Lipofectamine 3000 or three days after viral transduction in HUVECs
with lentivirus generated from HEK293 cells utilizing Lipofectamine 3000
reagent, the cells were harvested, and GFP was clearly in these harvested
HEK293 cells (A, tube 1) and HUVECs (B, tube 1) even without using a con-
focal microscope or without using UV activation. On the contrary, we can
not see any obvious GFP fluorescence under the same condition but using
Lipofectamine 2000 (A and B, tube 2), or FUGENE 6 (A and B, tube 3) or non-
transfection or non-transduction controls (A and B, tube 4).

ed from HEK293 cells tran-
siently transfected with lipo-
fectaime 2000 (Figure 4A,
tube 2), or with FUGENE 6
reagents (Figure 4A, tube 3)
or non-transfected HEK293
cells (Figure 4A, tube 4). Si-
milarly, we can not see any
EGFP in tubes harvested from
HEK293 cells transduced us-
ing virus produced with lipo-
fectaime 2000 (Figure 4B,
tube 2), or with FUGENE 6
reagents (Figure 4B, tube 3)
or in tube harvested with non-
transduced HUVECs (Figure
4B, tube 4).

Western blot showing high
level of GFP expression in
cortical neuron lysates after
viral transduction using Lipo-
fectamine 3000 reagent

We first characterized anti-
GFP antibody using cell lysa-
tes from HUVECs after three
days of viral transduction with
virus generated using Lipo-
fectamine 3000 reagent. As
shown in Figure 5D, lane 2,
after SDS-PAGE, robust GFP
was detected using 10 ug of
total protein loading, however,
there is absent of GFP detec-
tion using cell lysates without
viral transduction (Figure 5D,
lane 1). Therefore, we adjust-
ed our total protein loading to

EGFP is clearly seen without using a micro-
scope or without an UV stimulation condition

After two days of transient transfection using
different transfection reagents, or three days of
viral transduction, some of HEK293 cells and
HUVECs were harvested in PBS buffer. Then,
unexpectedly, even without using a microscope
or without an UV stimulation, we can clearly see
strong EGFP in tubes harvested from HEK293
cells transfected using Lipofectamine 3000
reagent (Figure 4A, tube 1) or from HUVECs
with lentivirus generated using Lipofectamine
3000 reagent (Figure 4B, tube 1). However, we
can not see any EGFP clearly in tubes harvest-

1 ug. As shown in Figure 5A, after SDS-PAGE,
a single protein band at around 25 kDa is
clearly seen using cell lysates from virus trans-
duced mouse cortical neurons (Figure 5A,
upper panel, lane 1), but the band is absent in
cell lysates from mouse cortical neurons with-
out undertaking viral transduction or using
supernatant of lentivirus only (Figure 5A, up-
per panel, lane 2 and 3). The same membrane
was striped and reprobed with anti-beta actin
antibody which showed equal beta-actin de-
tection (Figure 5A, lower panel, lane 1 and 2).
As expected, there was no beta-actin band
detection using supernatant containing lentivi-
rus only (Figure 5A, lower panel, lane 3).
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Figure 5. Western blot showing high level of GFP expression in cortical neuron cell lysates after viral transduction
using Lipofectamine 3000 reagent. Using cell lysates from HUVECs after three days of viral transduction with virus
generated utilizing Lipofectamine 3000 reagent, western blot showed a strong GFP band migrating from the top of
the gel to the bottom after using 10 ug of total protein loading, however, there is absent of GFP detection using cell
lysates without viral transduction (D). After SDS-PAGE using 1 ug protein loading, a single protein band migrating
around 25 kDa is clearly seen using cell lysates from virus transduced mouse cortical neurons (A, upper panel, lane
1), but the band is absent using cell lysates from mouse cortical neurons without undertaking viral transduction or
using supernatant of lentivirus only (A, upper panel, lane 2 and 3), the same membrane was striped and reprobed
with anti-beta actin antibody showed equal beta-actin detection (A, lower panel, lane 1 and 2), but there was no
beta-actin band detection using supernatant containing lentivirus only (A, lower panel, lane 3). Western blot also
showed highest GFP protein expression in mouse cortical neurons using virus generated from HEK293 cells trans-
fected with Lipofectamine 3000 reagent (B, upper panel, lane 3), while less GFP is detected using virus produced
with FUGENE 6 or Lipofectamine 2000 transfection reagents (B, upper panel, lane 1 and 2), the same membrane
was striped and reprobed with anti-beta actin antibody, which showed equal beta-actin detection (B, lower panel).
Similarly, statistics analysis also showed that GFP protein level using lipofectaime 3000 reagent is at least three
times higher than using Lipofectamine 2000 or FUGENE 6 transfection reagents (C).

showed the same results and the statistics
analysis was summarized in Figure 5C, which
level in cell lysates harvested from mouse corti- showed that GFP protein level using lipofec-
cal neurons transduced using lentivirus gener- taime 3000 reagent is at least three times
ated form HEK293 cells with different trans- higher than that using Lipofectamine 2000 or
fection reagents. As shown in Figure 5B, high- Fugen 6 transfection reagents.

est GFP protein expression in mouse cortical

neurons is detected using virus generated
from HEK293 cells transfected with Lipofe- using lentivirus generated from HEK293 cells

ctamine 3000 reagent (Figure 5B, upper panel, utilizing Lipofectamine 3000 transfection
lane 3), while less GFP is detected using virus reagent

produced with Fugen 6 or Lipofectamine 2000
transfection reagents (Figure 5B, upper panel,
lane 1 and 2). Three separate experiments

After successfully characterized anti-GFP anti-
body, we compared the GFP protein expression

High efficiency of Cx43 knockdown in HUVECs

Cx43 has been shown to be expressed in
HUVECs. We further determined Cx43 knock-
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Figure 6. High efficiency of Cx43 knockdown in HUVECs using lentivirus
generated from HEK293 cells utilizing Lipofectamine 3000 transfection
reagent. Immunofluorescence labeling of Cx43 in HUVECs showed signifi-
cantly reduced Cx43 punctate labeling using the lentivirus generated utiliz-
ing Cx43 shRNA plasmids combined with Lipofectamine 3000 reagent (C)
compared with Cx43 labeling in HUVECs using Cx43 shRNA combined with
Lipofectamine 2000 transfection reagent (B) or using scrambled Cx43 shR-
NA plasmids with Lipofectamine 3000 reagent (A). The same result was also
verified using western blot (D), there was statistically significant reduced
Cx43 detection in HUVECs cells using lentivirus produced with Cx43 ShRNA
and Lipofectamine 3000 transfection reagents, which showed about 90%
Cx43 knocked down, compared with about 60% Cx43 knockdown using len-
tivirus generated utilizing Cx43 ShRNA plasmids and Lipofectamine 2000
transfection reagent (E).

seen in HUVECs using the len-
tivirus generated utilizing the
same Cx43 shRNA plasmids
combined with Lipofectamine
3000 reagent (Figure 6C).

After Cx43 knockdown in
HUVECSs, the cells were lysed
using IP buffer and subjected
to Western blot analysis. As
shown in Figure 6D, there was
statistically significant reduc-
tion of Cx43 level in HUVECs
cells using lentivirus pro-
duced with Cx43 ShRNA and
Lipofectamine 3000 transfec-
tion reagents, which showed
about 90% Cx43 knockdown,
compared with about 60%
Cx43 knockdown using lentivi-
rus generated utilizing Cx43
ShRNA plasmids and Lipo-
fectamine 2000 transfection
reagent.

Discussion

Our present results demon-
strate that we have estab-
lished an easy method to
achieve the highest transf-
ection and viral transduc-
tion efficiency using Lipofec-
tamine 3000 transfection re-
agent combined with viral tra-
nsduction, which is shown
by the highest EGFP expres-
sion using Western blot even
with 1:10,000 anti-GFP anti-
body dilution and with only
1 ug total protein loading.

down efficiency in HUVECs using lentivirus
carrying Cx43 shRNA, which contains four dif-
ferent plasmids and is packaged in HEK293
cells using Lipofectamine 3000 transfection
reagent. As shown in Figure 6A, relatively
strong Cx43 punctate labeling in HUVECs was
seen after using lentivirus produced from Cx43
scrambled shRNA control plasmids. However,
after using lentivirus generated utilizing Cx43
shRNA combined with Lipofectamine 2000
transfection reagent, Cx43 labeling in HUVECs
was significantly reduced (Figure 6B). Further-
more, the substantial Cx43 knockdown was

More convincingly, GFP is easily seen from har-
vest cells without utilizing UV light activation
or confocal microscopy. It appears that the
lentiviral transduction efficiency is not only
higher in HUVECs, but also in primary cultured
cortical neurons, which is generally considered
difficult to transfect and transduce with virus.
Therefore, there is possibility that our protocol
can also be used for other cell types as well. In
addition, we can knockdown gap junction pro-
tein Cx43 in HUVECs. It is also possible we
can use this method combined with other
gene target shRNA lentivirus plasmids to
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knockdown other genes in cultured cells.
CRISPR Cas9 technique is also widely used for
knockdown gene expression using the NHEJ
(non homologus end joining) in both dividing
and non dividing cells [28], we speculate that
there is possibility that our protocol also can be
used to manipulate gene expression using
CRISPR-Cas9 system, further, it is also possible
we can use the same protocol to generate len-
tivirus for in vivo studies [29].

After transient transfection or viral transduc-
tion, we used the same very low power setting
to take all living GFP fluorescence with 4% or
10x objective lens. There is possibility that
some fixation or immunological procedure may
have an effect on EGFP labeling [30]. For in-
stance, GFP labeled living cells treated with
cold methanol, 4% paraformaldehyde or etha-
nol may weak the GFP labeling, therefore the
fixation condition, duration time may worth spe-
cial attention.

From our knowledge, this is the first time we
can see EGFP even without using a microscopy
and an UV activation in our laboratories, the
strong EGFP expression is also demonstrated
by western blot, which showed robust GFP
migration pattern using 10 ug total protein
loading with reduced concentration of primary
anti-GFP antibody dilution at 1:10,000, this
promoted us to adjust total protein loading at
1 ug.

The high efficiency of EGFP transfection and
lentiviral transduction may be contributed by
the following factors. First, the cultured cells
appear very healthy and no apparent toxic
effect after utilizing all three transfection
reagents 48 hours after plasmids transient
transfection; Second, we used freshly made
lentivirus without any concentration or puri-
fication after 48 hours transfection; Third, we
checked the results after 72 hours of viral
transduction, not 48 hours. Our unpublished
data showed that 72 hours viral transduction
induces higher EGFP expression in transduced
cells than using 48 hours viral transduction.
Therefore, we conclude that the high quality of
cell culture combined with fresh virus and
appropriate viral transduction time is critical
for achieving the highest transfection efficien-
cy. In addition, we did not concentrate or purify
the lentiviruses after transient transfection.
There is possibility that if we concentrate or

purify the lentivirus, we can achieve even high-
er transduction efficiency.

In our experiments, we used lentivirus ex-
pression vectors that carry an EGFP or Cx43
shRNA plasmids. We speculate there is possi-
bility that this method may also be useful when
combined with other expression vectors that
carry an EGFP or without EGFP marker, such
as overexpression gene expression vectors,
siRNA, CRISPR Cas9 or Cpfl systems for gene
knockdown or specific amino acid replace-
ment.

Another very interesting point is due to the high
efficiency of gene transfection and viral trans-
duction using EGFP as an indicator, there is
also possible that our procedure may be used
to generate stably overexpressed gene ex-
pression system even without further selection
using specific resistant gene markers. It is
well known that generation of a gene specific
stably expressing cell lines is a time consuming
process, like we did for mouse Cx36 gene sta-
ble HelLa cell lines, which needed for at least
four weeks to complete [25]. Further studies
are needed to evaluate the feasibility of produc-
ing stable over expression cell lines without
antibiotic selection.

Gap junction protein Cx43 has been reported
to be expressed in HUVECs. Our immunofluo-
rescence labeling in HUVECs and western blot
result using anti-Cx43 antibody was in line with
the previous result [31]. Besides high Cx43
shRNA viral transduction efficiency, our high
level of Cx43 knockdown using Cx43 shRNA
in HUVECs may also be contributed by using
the mixture of four different shRNAs that tar-
get different Cx43 sequences, and healthy
HUVECSs with lentivirus incubation for 72 hours.
Considering that Cx43 associates with many
different protein binding partners and its func-
tional role on cell growth, cell differentiation
and maintenance of homeostasis [31, 32],
further study is needed to investigate the fu-
nctional consequence of Cx43 knockdown in
HUVECs.

In conclusion, we can achieve high level of
transfection and transduction efficiency using
Lipofectamine 3000 transfection reagent com-
pared with Lipofectamine 2000 or FUGENE 6
reagents. This method may have potential to be
used not only in other cells combined with other
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expression vectors systems, but also may be
useful for quick generating stable cell expres-
sion clones combined with viral transduction
system.
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