
Ma, et al, Increase in ambient temperature and laser enhance gene transfer

Increase in ambient temperature and laser enhance gene transfer

Hongbao Ma1,*, George Chen2, Jenny Young2, Shen Cherng3

1Department of Bioengineering, Zhengzhou University, Zhengzhou, Henan 450001, China; 2Michigan State University, 
East Lansing, MI 48824, USA; 3Department of Electrical Engineering, Chengshiu University, Niaosong, Taiwan 833, 
China 

Received December 27, 2007

Abstract
Several techniques are currently used to transfer genes into various cells, tissues and organs. Although gene therapy 

is a potential therapeutic approach for arterial restenosis and angiogenesis, the efficiency of transfection is relatively 
low. Human aorta smooth muscle cells were cultured in F12K medium. Swine growth hormone gene transfection was 
performed by calcium phosphate coprecipitation at various temperatures: 23 ºC, 37 ºC and 43 ºC. Swine growth hor-
mone expression was detected using an indirect ELISA. The heated cultured human aorta smooth muscle cells had a 
significantly higher expression of the transfected growth hormone gene. Ambient temperature rise to 43 ºC for 30 min-
utes provided greater transient transfection of the swine growth hormone gene when compared to ambient temperatures 
at 37 ºC and 23 ºC (P < 0.01). The greatest effects occurred within 10 minutes of incubation and persisted up to 30 
minutes. The results suggest that even a few degrees of ambient temperature rise can significantly increase gene transfer 
into smooth muscle cells. This may be of value when using gene therapy with transfection procedures. [Life Science 
Journal. 2008; 5(1): 46 – 50] (ISSN: 1097 – 8135).
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1  Introduction

Gene therapy is the deliberate transfer of DNA for 
therapeutic purposes. Transplantation procedures involv-
ing bone marrow, kidney and liver are not considered a 
form of gene therapy. The concept of transfer of genetic 
information as a practical clinical tool arose from gene 
cloning technology developed during 1970s (Bechtel, 
1979), however, gene therapy has reached a crossroads 
during the past years (Matsui, 2003). Gene transfer is one 
of the key factors in gene therapy and the main challenge 
is to perform gene transfer efficiently and safely (Dick, 
1992; Young, 2002; Goya, 2004). Abortive attempts 
were made in the early 1980s to treat two patients with 
thalassaemia and these experiments were surrounded by 
controversy as the pre-clinical evidence of effectiveness

was not adequate and full ethical approval had not been 
given (Temple, 1982). Various methods including use of 
a viral vehicle, attachment to lipofection (Young, 2002), 
calcium phosphate coprecipitation (Sambrook, 1989; Au-
subel, 1992), electroporation, and DEAE-dextran trans-
fection (Puchalski, 1992), gene gun (biolistics), laser, 
temperature enhancing gene transfer (Ma, 2004a; Ma, 
2004b), and the other methods have been reported with 
limited success (Temple, 1982; Goya, 2004). Without the 
ability to isolate and replicate defined genetic sequences 
it would be impossible to produce purified material for 
clinical use. There is a further implication in that it in-
volves only specific sequences containing relevant genet-
ic information. The drive for the practical application of 
this technology comes from the biotechnology industry, 
with its quest for complex human biomolecules produced 
by recombinant techniques in bacterial. Within a decade, 
pharmaceutical-grade insulin, interferon, interleukin-2 
(IL-2) and tumour necrosis factor (TNF) were all under-
going clinical trials. The next step is to obtain gene ex-
pression in vivo. Genetic disorders are the obvious first 
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target for such therapies. 
The electrical conductance change in the nasal epithe-

lium after insertion of the cystic fibrosis trans-membrane 
regulator gene is a good example. Gene electrotransfer 
is an efficient and reproducible nonviral gene transfer 
technique useful for the nonpermanent expression of 
therapeutic transgenes. Ferreira et al established optimal 
conditions for the electrotransfer of reporter genes into 
mesenchymal stem cells isolated from rat bone mar-
row by their selective adherence to tissue-culture plastic 
ware. In their study, the electrotransfer of the lacZ re-
porter gene was optimized by adjusting the pulse electric 
field intensity, electric pulse type, electropulsation buf-
fer conductivity and electroporation temperature. LacZ 
electrotransfection into MSCs was optimal at 1500 V/cm 
with pre-incubation in Spinner's minimum essential me-
dium buffer at 22 ºC (Ferreira et al, 2008).

Laser-mediated gene transfection has received much 
attention as a new method for targeted gene therapy be-
cause of the high spatial controllability of laser energy. 
It was reported that both in vivo and in vitro that plasmid 
DNA can be transfected by applying nanosecond pulsed 
laser-induced stress waves, and it was found that change 
in ambient temperature in a specific range resulted in 
drastic change in transfection efficiency for NIH 3T3 
cells, and cellular heating increased transfection effi-
ciency for nonmalignant cells, while heating decreased 
transfection efficiency for malignant cells (Terakawa et 
al, 2006).

For the features of a suitable target disease for gene 
therapy approaches, certain factors should be considered. 
The disease must be life threatening so that the potential 
risk of serous side effects is ethically acceptable. The 
gene must be available and its delivery to the relevant tis-
sue feasible. This may involve the ex vivo transfection or 
transduction of cells removed from a patient, which are 
returned after maniputation. This approach is only pos-
sible with a limited range of tissues and most trials so far 
have used bone marrow. Ideally, a short-tern surrogate 
end-point to demonstrate the physiological benefit of the 
newly inserted gene should be available. The electrical 
conductance change in the nasal epithelium after inser-
tion of the cystic fibrosis trans-membrane regulator gene 
is a good example. There must be some possibility that 
the disability caused by a disease is reversible. Some of 
the tragic mental and physical handicaps caused by some 
genetic metabolic disorders may never be improved by 
somatic gene therapy, however successful a gene transfer 
protocol (Sapolsky, 2003). If the necessary requirement 
of the gene therapy happens, the effective of the gene 
transfection will be the limitation factor for the practice. 

Unfortunately, there is not matured technique for the effi-
ciency and safety gene transfer. For example, the leukae-
mia cases generated by gene transfer using viral vehicle 
technique was reported (Cavazzana-Calvo, 2004). 

This project is to determine if ambient temperature 
will enhance gene transfection into human smooth mus-
cle cells in culture, and it can be a reference for the gene 
therapy. Even with ethnic and safety concern, nobody 
can prevent the development of the animal clone science 
(Ma, 2004c).

2  Materials and Methods

2.1  Cell culture
Human aorta smooth muscle cells were cultured in 

F12K medium containing 2 mM glutamine, 10 mM 
4-(2-hydroxyerhyl)piperazine-1-erhanesulfonic acid 
(HEPES), 10 mM TES, 50 ng/ml ascorbic acid, 10 μg/ml 
insulin, 10 μg/ml transferrin, 10 ng/ml sodium selenite 
and 30 μg/ml endothelial cell growth supplement, FBS 
10% (Gibco BRL Life Technologies, Inc., Grand Island, 
NY, USA).

2.2  Gene transfer and detection (Ausubel, 1992; Nuo-
vo, 1994; Sambrook, 1989)
2.2.1 Gene: Swine growth hormone gene with promoter 
was cloned in plasmid pBR322 inserted in Escherichia 
coli (E. coli). 
2.2.2 Growth of E. coli: Dissolve E. coli in 0.3 ml 
Luria-Bertani (LB) plus tetracycline (2 mg/ml) medium, 
transfer it into a tube containing 5 ml LB plus tetracy-
cline (2 mg/ml) medium, 37 ºC overnight, then freeze 
the E. coli (amplify in several tubes before freeze to get 
more samples). 
2.2.3 Harvesting E. coli: Streak an inoculum across one 
side of a plate, and incubate in 2 ml of LB medium at 37 
ºC overnight with vigorous shaking, then centrifuge at 
12,000 g for 30 seconds at 4 ºC to get cells in the precipi-
tate. 
2.2.4 Lysis of E. coli: E. coli pellet was lyzed with alkali 
(0.2 N NaOH, 1% SDS). DNA was redissolved in 50 
ml of TE (pH 8.0) containing DNAase-free pancreatic 
RNAase (20 mg/ml) and stored at -20 ºC.
2.2.5 Purification of plasmid: Plasmid DNA was puri-
fied by precipitation with polyethylene glycol.
2.2.6 Transferring swine growth hormone gene into 
human aorta smooth muscle cells by calcium phos-
phate coprecipitation: ~2 × 107 cells suspended in 0.2 
ml medium were seeded into a tissue culture chamber. 
48 – 72 hours later, remove medium and add 0.2 ml fresh 
medium, then add 0.5 mg of plasmid in 0.05 ml calcium 
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phosphate-HEPES-buffered saline, pH 7.0. Control the 
chamber temperature at 23 ºC, 37 ºC and 43 ºC. 
2.2.7 Gene transfer enhanced by laser: Human aorta 
smooth muscle cells were cultured in F12K medium con-
taining 2 mM glutamine, 10 mM HEPES, 10 mM TES, 
50 ng/ml ascorbic acid, 10 μg/ml insulin, 10 μg/ml trans-
ferrin, 10 ng/ml sodium selenite and 30 μg/ml endothe-
lial cell growth supplement, FBS 10% (Gibco BRL Life 
Technologies, Inc., Grand Island, NY). GFP gene was 
transferred by UV excimer laser (XeCl2, 308 nm excimer 
laser, Spectranetics CVS-300TM, Spectranetics, Colorado 
Springs, CO) was used with a 2.0 mm diameter optical 
fibers, 45 mJ/mm2 and 25 Hz for 3 minutes at 37 ºC and 
43 ºC, respect, and incubated overnight at 37 ºC for the 
GFP gene expression. ~2 × 107 rat heart muscle cells 
suspended in 0.2 ml medium were seeded into a tissue 
culture chamber. Human IL-2 gene was transfected into 
rat heart cells and swine growth hormone gene was trans-
fected into human aorta smooth muscle cells by calcium 
phosphate coprecipitation enhanced by laser. Four hours 
(or other time length) later, change medium. Transfected 
swine growth hormone and human IL-2 gene expressions 
were detected using an indirect ELISA.
2.2.8 Detection of swine growth hormone: 12 – 48 
hours after the addition of plasmid and incubation, the 
amount of swine growth hormone was measured in the 
medium using the indirect enzyme-linked immunosor-
bent assay (ELISA) (Beaugrand et al, 2007; López et al, 
2007; Lee et al, 2008).

3  Results

With the ELISA method, transfection of the swine 

growth hormone gene into human smooth muscle cells 
resulted in swine growth hormone expression by the hu-
man smooth muscle cells. At baseline incubation, the 
background transfection for the swine growth hormone 
measurement was similar for all cell groups (p=ns). 
Temperature elevation from 23 ºC to 37 ºC, then to 43 ºC 
resulted in a significant increase of gene transfer product 
expression (P < 0.01) (Figure 1). The greatest effects 
occurred within 10 minutes of incubation and persisted 
up to 30 minutes. This was significantly greater at 37 
ºC with 59% rise and then greatest at 43 ºC with 218% 
rise compared to 23 ºC. The similar result was gotten 
by Western Blotting method (data not shown). In addi-
tionally, our RT-PCR detection showed that the mRNA 
expression of transfected of the swine growth hormone 
gene was increased with the temperature increasing (data 
not shown). 

There was a significantly higher gene transfected into 
cell by lasing 5 minutes (Figure 2), and significantly 
higher when lasing plus high temperature (Figure 3). 
This shows that UV excimer laser enhanced the gene 
transfer and the combination of the elevated temperature 
and lasing enhanced the gene transfer.

4  Discussions

Several techniques are currently used to transfer genes 
into cultured cells and into various tissues and organs 

(Ogura, 2003; Tomanin, 2002). These include electropor-
ation, lipofection, calcium phosphate coprecipitation and 
DEAE-dextran, etc. It was successful to transfer human 
artificial chromosome vectors into stem cells (Oshimura 
et al, 2008). It was reported that genetic modulation of 
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Figure 1. Increase in ambient temperature enhances swine growth hormone gene transferred into human aorta smooth muscle cells.
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Figure 2. Laser enhanced gene transfer.

Figure 3. Combination of laser and elevated
 temperature on gene transfer.

heart failure using the SERCA-2a gene was associated 
with improvement in cardiac function and exercise ca-
pacity as well as improvements in heart-failure associ-
ated inflammatory markers (Gupta et al, 2008). Gene 
therapy has delineated putative mechanisms of disease in 
animal models of erectile dysfunction (Bivalacqua and 
Strong, 2008). Although gene therapy is a potential ther-
apeutic approach for arterial restenosis following angio-
plasty, the efficiency of transfection is low regardless of 
the vector used. In this experiment the data demonstrate 
that when cultured human arterial smooth muscle cells in 
a chamber are heated at 43 ºC for up to 30 minutes, tran-
sient transfection by calcium phosphate coprecipitation 
of a plasmid expressing swine growth hormone gene was 
significantly enhanced. The results of our study suggest 
that the relatively low efficiency of gene transfer into 
tissues for therapy might be increased by short periods 
of heating during transfection. Even a few degrees of 
ambient temperature rise can significantly increase gene 
transfer into cells. 

Also, in our studies, we combined the laser and el-
evated temperature that enhanced the gene transfer more. 
This is the first trial to combine the elevated temperature 
and laser on the gene transfection. The combination of 
the several gene transfer techniques could be more pow-
erful way for the gene transfer application. This may be 
of value when using gene therapy with transfection pro-
cedures.
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