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Abstract
AIM: To investigate the effect of transgenic expres-
sion of kallistatin (Kal) on carbon tetrachloride (CCl4)-
induced liver injury by intramuscular (im) electrotrans-
fer of a Kal-encoding plasmid formulated with poly-L-
glutamate (PLG). 

METHODS: The pKal plasmid encoding Kal gene was 
formulated with PLG and electrotransferred into mice 
skeletal muscle before the administration of CCl4. The 
expression level of Kal was measured. The serum bio-
marker levels of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), malonyldialdehyde (MDA), 
and tumor necrosis factor (TNF)-α were monitored. The 
extent of CCl4-induced liver injury was analyzed histo-
pathologically.

RESULTS: The transgene of Kal was sufficiently ex-
pressed after an im injection of plasmid formulated with 
PLG followed by electroporation. In the Kal gene-trans-

ferred mice, protection against CCl4-induced liver injury 
was reflected by significantly decreased serum ALT, AST, 
MDA and TNF-α levels compared to those in control 
mice (P  < 0.01 to 0.05 in a dose-dependent manner). 
Histological observations also revealed that hepatocyte 
necrosis, hemorrhage, vacuolar change and hydropic 
degeneration were apparent in mice after CCl4 adminis-
tration. In contrast, the damage was markedly attenu-
ated in the Kal gene-transferred mice. The expression 
of hepatic fibrogenesis marker transforming growth 
factor-β1 was also reduced in the pKal transferred mice.

CONCLUSION: Intramuscular electrotransfer of plas-
mid pKal which was formulated with PLG significantly 
alleviated the CCl4-induced oxidative stress and inflam-
matory response, and reduced the liver damage in a 
mouse model.
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INTRODUCTION
Gene therapy refers to a therapeutic approach by introduc-
tion and expression of  genetic material in particular cells 
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or tissues. Over the past two decades, great efforts and 
abundant resources have been invested into the develop-
ment of  an effective, safe and relatively long-lasting gene 
therapy strategy. Great success has been made recently so 
that gene therapy was elected as one of  the breakthroughs 
of  2009 by Science[1]. In order to achieve the goal of  ther-
apy, a carrier, or “vector”, is the key required to deliver the 
genetic material into the target cells. Whilst exciting prog-
ress in the development of  gene therapy have been made, 
a safe and efficient method of  gene delivery has been 
elusive thus far. Initially, a number of  viral vectors were 
chosen, owing to their high efficiency in gene transfer. 
Unfortunately, they also bring added risks to the patients, 
even though their virulence was genetically disabled. Non-
viral vectors avoid the risks. However, lower transferring 
efficiency has limited their clinical use thus far. To boost 
efficacy of  non-viral gene therapies several delivery meth-
ods have been under investigation. Electro-gene therapy 
is one of  the most efficient non-viral approaches for gene 
therapy[2-4]. It has already been considered a safe method 
because naked DNA is not immunogenic and plasmid 
DNA does not have the risk of  insertional mutagenesis[5]. 
Moreover, DNA electrotransfer can be accomplished us-
ing devices that have already been used on human cancer 
patients to deliver cytotoxic molecules such as bleomycin 
and cisplatin to solid tumors by electrochemotherapy[6,7]. 
Thus all elements are available for safe and widespread use 
of  this efficient technology and for implementing the use 
of  genes for medical purposes[8]. To further improve the 
transfer efficiency, plasmids were formulated in poly-L-
glutamate (PLG) prior to intramuscular (im) injection and 
electroporation. Such a combined approach significantly 
elevated transgene expression in myofibers[9].

Kallistatin (Kal) that belongs to the serine protease 
inhibitor family is widely expressed in organs such as the 
liver, kidneys, and blood vessels. Previous studies have 
demonstrated kallistatin to be a potent anti-inflammatory 
agent. Kallistatin administration by gene delivery attenu-
ates oxidative stress, apoptosis, inflammation, and organ 
damage in animal models[10-13]. These findings indicate that 
kallistatin may play an important role as an antioxidant in 
maintaining oxidative balance and preventing oxidative 
endothelial and tissue injury.

Oxidative stress is a state of  redox imbalance caused 
by increased reactive oxygen species (ROS) generation and 
decreased antioxidant capacity. Administration of  carbon 
tetrachloride (CCl4) is an established experimental model 
of  severe toxic liver injury involving generation of  oxida-
tive stress and is frequently used for the screening of  anti-
hepatotoxic and/or hepatoprotective activities of  drugs[14]. 
Antioxidants and anti-inflammatory agents can play a role 
in liver protection by scavenging active oxygen and free 
radicals and neutralizing lipid peroxides.

In the present study, we first investigated the feasibil-
ity of  improving the expression of  the transgene after 
introducing the PLG formulated plasmid into mouse 
skeletal muscle by electroporation, then investigated the 
therapeutic efficacy of  Kal expression in the circulation 
on CCl4-induced liver injury. After CCl4 had been injected 
into mice to induce liver injury, evaluations of  liver marker 

enzymes, the extent of  oxidative stress and liver histology 
were performed, revealing that elevated levels of  human 
Kal were effective in alleviating oxidative stress and pro-
tecting liver against CCl4-induced liver damage.

MATERIALS AND METHODS
Materials
Sodium salt of  PLG (15-50 kDa) was purchased from 
Stsicn Co (Nanjing, China); EndoFree plasmid Giga kit 
was purchased from Qiagen GmbH (Hilden, Germany); 
DNA Delivery Device was purchased from TERESA 
Healthcare Sci-Tech Company (Shanghai, China); report-
er lysis buffer and β-galactosidase enzyme assay system 
was purchased from Promega (Madison, USA); BCA 
Protein Assay Kit was purchased from Pierce (Rockford, 
USA); Quantikine kit was purchased from R&D Systems 
Inc (Minneapolis, USA).

Experimental animals
Balb/c mice (6- to 8-wk-old females, Slaccas Company, 
Shanghai) were used throughout this study. The animals 
were maintained on a 12/12 h day/night cycle at room 
temperature 18-24℃. Food and water were provided  
ad libitum. The Animal Studies Ethics Committee of  Huaq-
iao University approved all the experiments reported here.

Plasmid DNA
The expression plasmid pLac encoding β-galactosidase 
under the control of  the cytomegalovirus immediate-early 
promoter, and the pKal under the control of  the same 
promoter and driving a coding sequence for the human 
Kal, were constructed as reported previously[15] and kept 
in our laboratory. The integrity of  the sequence was deter-
mined by DNA sequencing. Plasmids were transformed 
and expanded into E. coli strain JM-109 and purified with 
the EndoFree plasmid Giga kit in accordance with the 
supplier’s protocol. DNA was dissolved in Endofree TE 
buffer and kept frozen in aliquots at a concentration of   
2 mg/mL.

Formulation of plasmid DNA
Formulation was made by mixing the plasmid DNA with 
the sodium salt of  PLG before adjusting the NaCl con-
centration to 0.15 mol/L with a 5 mol/L stock solution. 
The plasmid and polymers were allowed to incubate at 
room temperature for 15 min prior to adding NaCl for 
tonicity adjustment. The pH of  the formulation was ad-
justed using dilute hydrochloric acid or sodium hydroxide 
to 7.0. Sterility of  the formulation was achieved by sterile 
filtration through sterile 0.22 μm pore size filters, and was 
injected immediately after preparation.

Im injection
Mice were anesthetized by intraperitoneal (ip) injection of  
pentobarbital sodium at a dose of  30 mg/kg body weight. 
The plasmid was injected directly into the tibialis anterior 
(TA) muscles of  the mice using a 500 μL syringe. The in-
jected volumes were 50 μL for each side of  the TA muscles.
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In vivo electroporation
Two minutes after the im injection of  plasmid DNA, an 
electrical field was applied to the area around the injection. 
Two silver needle electrodes were inserted 3 mm apart 
into the TA muscles and 6 electric pulses were applied 
using the TERESA DNA delivery device. The electric 
pulses were 50 ms in duration at a voltage of  60 V.

β-galactosidase assay
The TA muscles treated with plasmid pLac were excised 
at different time points post delivery, and were analyzed 
for β-galactosidase expression. The samples were collect-
ed immediately after euthanizing the animals. The samples 
were frozen by keeping in liquid nitrogen and then stored 
at -70℃ until further use. These samples were weighed, 
minced into small pieces and homogenized with reporter 
lysis buffer using a homogenizer. The tissue homogenate 
was then centrifuged at 15 000 g and 4℃ for 15 min  
and the clear supernatant was separated for further analy-
sis. The β-galactosidase activity was measured using the 
β-galactosidase enzyme assay system. The total protein 
content of  the samples was measured with the BCA pro-
tein assay kit. Finally, the enzyme activity in the samples 
was expressed as milliunits/mg of  protein.

CCl4 treatment
The mice were divided into the following groups: (1) con-
trol; (2) CCl4; (3) pLac (50 μg) + CCl4; (4) pKal (100 μg)  
+ CCl4; (5) pKal (50 μg) + CCl4; and (6) pKal (25 μg) + 
CCl4. Each group was composed of  8 mice. CCl4 was dis-
solved in corn oil vehicle (1:1, v/v). The mice received a 
single ip injection with the CCl4 preparation at a dose of  
0.8 mL/kg body weight to induce liver injury 6 d after 
plasmid administration. Control mice received an ip injec-
tion of  an equal volume of  corn oil alone. The mice were 
sacrificed and the blood samples were collected via the in-
ferior vena cava 24 h after CCl4 treatment. The livers were 
sampled immediately afterwards.

Measurement of serum biomarker levels
The serum concentration of  kallistatin and tumor necrosis 
factor (TNF)-α were measured with the Quantikine Im-
munoassay kit following the manufacturer’s instructions. 
Serum alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) activities were measured using a Hita-
chi 7020 biochemical analyzer. Lipid peroxidation was de-
tected by measuring the serum level of  malonyldialdehyde 
(MDA) spectrophotometrically, the end product derived 
from the breakdown of  polyunsaturated fatty acids and re-
lated esters, with the classical thiobarbituric acid method[16].

Histological analysis
The excised liver was fixed in buffered formalin, embed-
ded in paraffin, cut into 5 μm-thick sections, and exam-
ined with hematoxylin eosin (HE) staining. Pathology 
was scored in a blinded manner by a trained pathologist 
by counting the number of  necrotic or inflammatory 
foci per microscopic field[17]. Five fields were checked at 
200 × magnification as follows: 0 (absent), 1 (< 2foci), 2 

(2-4 foci), and 3 (> 4 foci). The inflammatory response 
and muscle damage arising from plasmid injection and 
electroporation was evaluated by analysis of  HE-stained 
slides of  TA muscles.

Immunohistochemical analysis
After deparaffinization in xylene and rehydration in grad-
ed ethanols, endogenous peroxidase activity of  the paraf-
fin-embedded slides was blocked by incubation with 3% 
hydrogen peroxide (H2O2) at 37℃ for 10 min. The slides 
were then treated twice in a microwave oven for 5 min in 
citrate buffer (pH 6.0) at high power to retrieve antigens. 
After blocking with goat serum at 37℃ for 30 min, the 
specimens were incubated with the rabbit polyclonal an-
tibodies (primary antibody) against transforming growth 
factor (TGF)-β1 overnight at 4℃, followed by incubation 
with biotinylated anti-rabbit antibody at 37℃ for 30 min 
and then horseradish peroxidase conjugated streptavidin 
at 37℃ for 10 min. The slides were stained using 3,3’-di-
aminobenzidine-H2O2, counterstained with hematoxylin, 
and examined under a light microscope.

Statistical analysis
Data are given as means ± SD. Analysis of  variance was 
performed to test the significance; P-values were consid-
ered significant when less than 0.05.

RESULTS
Transgene expression
The transgene expression in the TA muscle was enhanced 
by the PLG formulation (Figure 1). The expression of  
β-galactosidase in the animals that received plasmid for-
mulated in 6 mg/mL PLG reached its peak level at 5 d 
post-delivery and was 5-fold higher than that in the mice 
who received naked plasmid. Thus PLG could enhance 
the expression of  an electroplated plasmid injected im in 
muscles.

The electroporation of  an increasing dose of  plasmid 
pKal (25-100 μg) into TA muscle led to a dose-dependent 
increase in human Kal plasma concentration, detected on 
the 7th day after plasmid injection (Figure 2). The level of  
serum Kal in the 50 μg group was almost 2-fold higher 
than that in the 25 μg group, but was only slightly lower 
than in the 100 μg group, suggesting there was a satura-
tion of  expression such that the relationship of  plasmid 
dose and transgene expression level was not linear.

Protective effects on CCl4-induced liver damage
The mice induced with a single dose of  CCl4 developed 
hepatic damage as compared with the normal control 
group (P < 0.01), as shown by marked changes in ALT 
and AST activities in the serum (Table 1). Injection of  
pKal resulted in a significant reduction in ALT and AST 
activities with each of  the 3 doses compared with the CCl4 

alone group (P < 0.01-0.05). 

Effects on serum TNF-α level
TNF-α is one of  the pro-inflammatory cytokines which 
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are early mediators of  tissue damage and repair. Mouse 
serum TNF-α concentration was measured to evaluate the 
influence of  Kal on CCl4-induced inflammatory responses 
(Table 1). CCl4 exposure markedly stimulated TNF-α re-
leasing in comparison with the control group (P < 0.01). 
The serum TNF-α levels in the 3 pKal + CCl4 groups 
were significantly lower than that in the CCl4 group (P 
< 0.01-0.05) in a dose-dependent manner. These results 
clearly suggested that the CCl4-induced inflammatory re-
sponse could be suppressed by pretreatment with pKal.

Effects on hepatic oxidative stress
The generation of  ROS and increase of  hepatic lipid per-
oxidation are important features of  chronic liver diseases. 
To examine the effects of  Kal on hepatic oxidative stress, 
liver tissue was homogenized to determine the hepatic 
MDA level 24 h after CCl4 administration (Table 1). MDA 
is the end product of  lipid peroxidation; its level indirectly 
reflects the degree of  oxidative stress. The hepatic MDA 
concentration in the group treated with CCl4 was only 
significantly higher than in the control group (P < 0.01). 
The 3 pKal pretreatment groups significantly attenuated 
the elevated MDA compared with CCl4 and pLac + CCl4 
groups (P < 0.01-0.05).

Histological analysis
To analyze the extent of  liver injury, liver sections were 
stained with hematoxylin and eosin (Figure 3). No ap-
parent damage was found in the liver sections from the 
control mice (Figure 3A). In contrast, extensive damage 
was detected in the sections from CCl4 and pLac + CCl4 
groups (Figure 3B and C). Hepatocyte necrosis was the 
predominant histopathologic lesion, and the affected 
livers displayed hemorrhage, vacuolar change, hydropic 
degeneration of  hepatocytes and infiltration of  inflam-
matory cells. All these lesions in the pKal + CCl4 groups 
were significantly attenuated (Figure 3D-G).

Immunohistochemical detection of TGF-β1
In liver tissue from the control group, the expression of  
TGF-β1 was negative in liver cells and weakly positive in 
stromal cells of  the portal area (Figure 4A). In the CCl4 
and pLac + CCl4 groups, the expression of  TGF-β1 was 
strongly positive in the cytoplasm of  both hepatic paren-
chymal cells and stromal cells (Figure 4B and C). Com-
pared with the CCl4 group, the expression of  TGF-β1 
was significantly reduced in the pKal treatment groups 
(Figure 4D-F).

Treatment-associated muscle damage
The safety of  plasmid injection and electroporation was 
evaluated by im injection of  50 μg pLac followed by 
electroporation. Fifty μL saline injections were used as a 
control. The injected TA muscles were harvested on day 7,  
fixed, dehydrated, and analyzed by HE staining. The repre-
sentative images of  the muscle samples in various groups 
are shown in Figure 5. The treatment induced low inflam-
matory responses at the injection site. No necrosis was 
observed for any of  the groups.

DISCUSSION
The transfer ability of  the recombinant plasmid can be 
improved by the combination of  proper formulation, im 
injection, and electroporation. To improve the efficacy 
and reproducibility of  plasmid delivery, protective, in-
teractive, non-condensing polymers and non-ionic block 
co-polymers, consisting of  ethylene oxide and propylene 
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Figure 1  Time-course study of the effect of the poly-L-glutamate formula-
tion on transgene expression of pLac in the tibialis anterior muscle after 
electroporation transfer. The plasmids were transferred with (square) and 
without (triangle) poly-L-glutamate (PLG) formulation. The values shown are 
mean ± SD, n = 8.
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Table 1  Serum biomarker levels affected by transgene of kal-
listatin on carbon tetrachloride-induced liver injury (n  = 8, 
mean ± SD)

Group ALT 
(U/L)

AST 
(U/L)

MDA (nmol/mg 
protein)

TNF-α 
(pg/mL)

Control 37 ± 7 48 ± 7 0.46 ± 0.10  2.9 ± 2.1
CCl4  134 ± 26b  183 ± 20b  1.15 ± 0.29b   28.1 ± 11.8b

pLac + CCl4  123 ± 18b  181 ± 28b  1.07 ± 0.33b 28.8 ± 9.4b

pKal (100 mg) + CCl4    95 ± 24d  121 ± 35d  0.48 ± 0.27d 12.4 ± 4.0d

pKal (50 mg) + CCl4    98 ± 28c  143 ± 37c  0.65 ± 0.25d 14.5 ± 3.5d

pKal (25 mg) + CCl4  101 ± 32c  151 ± 37c  0.82 ± 0.21c 17.3 ± 4.8c

bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs CCl4 group. ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; MDA: Malonyldialde-
hyde; TNF: Tumor necrosis factor; CCl4: Carbon tetrachloride.
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oxide monomers, have been developed[18,19]. Both systems 
have increased distribution of  DNA within the muscle 
tissue and augmented transgene expression compared 
with DNA in saline. Negatively charged polymers, such 
as PLG, could also improve the expression of  genes de-
livered by im injection and electroporation, and elevated 
levels of  secreted gene products in multiple in vivo mod-
els have been reported[18,20]. Although the mechanism by 
which PLG enhances transgene expression is unknown, 
based on our data we concur with other authors’ findings 
that the formulation of  PLG can (1) disperse plasmids 
throughout the electrical field at the time of  electropora-
tion; (2) protect plasmids from nuclease degradation; and 
(3) facilitate intracellular uptake and trafficking of  tran-
scriptional active plasmid in muscle cells[9].

The technique of  electroporation has been used for 
nearly 30 years as a means of  introducing DNA into cells 
in vitro, and is now widely used for transfection of  plasmids 
into different tissues in vivo. More recently, electropora-
tion has been used for the treatment of  cutaneous and 

subcutaneous tumors in humans and its safety was proved 
clinically[21]. Our results also showed that electroporation 
treatment-associated muscle damage was minimal. These 
experiences have paved the way for the clinical use of  gene 
electroporation in humans. The DNA electroporation is 
reaching the clinical stage as several clinical trials to trans-
fer genes in tumors and in muscle are ongoing[22,23].

Using an intramuscular electrotransfer method, we 
demonstrated that the PLG formulation of  pKal provid-
ed a satisfactory expression level of  Kal. The expressed 
Kal possesses antioxidant properties and the secreted 
Kal could contribute to protection of  liver against CCl4-
induced damage in a mouse model, as indicated by both 
histological observation and biochemical evaluation. The 
Kal gene-transferred mice demonstrated a significant re-
duction in the level of  serum peroxidation marker MDA, 
with a concomitant improvement in the activities of  the 
hepatic antioxidative defense system. This suggests that 
Kal is able to protect against hepatic cellular membrane 
oxidative damage via a free radical scavenging property.

115 January 7, 2011|Volume 17|Issue 1|WJG|www.wjgnet.com

D

CBA

E F

100 μm

100 μm

100 μm

100 μm

100 μm

100 μm

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
A  	     B   	        C   	            D  	                E    	   F

N
ec

ro
in

fla
m

m
at

or
y 

sc
or

e 

Group

b b

d
d

c

G

Figure 3  Protective effects of kallistatin expression against carbon tetrachloride-induced liver injury in mice. HE staining was performed on paraffin embed-
ded sections of the liver tissues. Representative sections are shown for each group. A: Control; B: Carbon tetrachloride (CCl4); C: pLac + CCl4; D: pKal (100 μg) + 
CCl4; E: pKal (50 μg) + CCl4; F: pKal (25 μg) + CCl4; G: Necroinflammatory scores. bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs CCl4 group.

Diao Y et al . Kallistatin protects CCl4-induced liver injury



Our results also exhibited the anti-inflammatory activ-
ity of  Kal. TNF-α is a proinflammatory cytokine pro-
duced predominantly by macrophages and plays a key role 
in the host defense response to injury and infection. The 
expression of  Kal in the circulation inhibited the increase 
in TNF-α production from Kupffer cells following CCl4 
injection, due to its anti-inflammatory activity.

The efficiency of  most protein drugs, whose half-life 
in vivo is generally shorter than chemical drugs, markedly 
depends on their plasma kinetics. Taking the advantages 
of  gene transfer, a steady-state therapeutic level of  the re-
combinant protein in the circulation could be maintained 
for a long time. This is especially important in the treat-
ment of  chronic disease or the prevention of  disease. Our 
results showed that the constant expression level of  Kal 
in the pKal group with the lowest dosage was already suf-
ficient to prevent CCl4-induced liver damage. These data 
provided compelling and mechanistic evidences for the 
importance of  Kal in regulation of  liver injury.

TGF-β1 in the liver is secreted by hepatocytes, Kupffer 
cells, stellate cells (HSC), endothelial cells and infiltrating 
mononuclear cells, and plays a pivotal role in hepatic fibro-
genesis. Among many inflammatory cytokines involved in 
liver fibrosis, TGF-β1 appears to be the most important, 
because (1) there is higher TGF-β1 expression in activated 
HSC; (2) TGF-β1 has potency in upregulating extracel-
lular matrix expression; (3) there is higher expression of  
TGF-β receptors on HSC; and (4) TGF-β1 increases the 
expression of  tissue inhibitor of  metalloproteinases-1. 
Therefore, many antifibrosis strategies focus on reducing 
the secretion of  TGF-β1 and blocking the TGF-β signal 
transduction pathway to reduce TGF-β1-induced HSC 
proliferation. Our results clearly demonstrated the inhibi-
tory effect of  Kal expression on the hepatic TGF-β1 level 
in an experimental animal model of  liver damage induced 
by CCl4.

In conclusion, the data of  this study provided the 
evidence that the combination of  PLG formulation, im 
injection and electroporation of  plasmid encoding the Kal 
gene is an effective gene therapeutic method in a CCl4-
induced liver damage model. The beneficial effects of  this 
technique to reduce the expression of  TGF-β1 also make 
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it a promising strategy for the treatment of  hepatic fibro-
sis in the future.

COMMENTS
Background
Acute and chronic hepatic injuries cause high morbidity and mortality world-
wide. Although the pathogenesis is not fully understood, it is clear that reactive 
oxygen species play a key function in the pathological changes in the liver. 
Kallistatin is a member of the serine proteinase inhibitor superfamily and was 
shown to have pleiotropic effects, including anti-oxidative stress, anti-inflamma-
tion and angiogenesis. Studies show it can attenuate oxidative stress, apopto-
sis, inflammation, and organ damage. However, the short half-life of kallistatin 
protein in vivo limits its efficiency. In contrast, long-term transgene expression 
can be achieved by gene therapy.
Research frontiers
Gene therapy has already proven to be a novel and promise modality in reduc-
ing liver injury, but is still in its infancy, and ideal gene delivery systems for gene 
transfer with high and prolonged gene expression, as well as less cytotoxicity 
or immunogenicity remain to be developed. Viral vectors are so far the most 
efficient tools for delivery of genes into mammalian cells. Drawbacks such as 
cost, immunogenicity, and difficulties in manufacture have shifted the interest 
towards nonviral vectors. However, the low efficiency of gene transfer hampers 
the development of nonviral vectors severely.
Innovations and breakthroughs
In order to boost the efficacy of non-viral gene therapy delivery, DNA electrotrans-
fer technology was applied and the plasmid formulation was also optimized. The 
kallistatin expression in vivo was increased greatly; the animal model showed that 
the gene therapy strategy was effective in alleviating oxidative stress and protect-
ing the liver against carbon tetrachloride (CCl4)-induced liver damage.
Applications
Although additional studies are necessary to translate this technology into clinic 
trials in humans, the results provide a rationale to develop new pharmacological 
strategies in the clinical management of patients with acute and chronic liver injury. 
Terminology
Electro-gene therapy: a method involving injection of a naked plasmid encoding 
a marker gene or a therapeutic gene, followed by in vivo electroporation, where 
short electrical pulses are applied to the injected tissue. The gene expression of 
the injected plasmid was reported to increase more than 100-fold.
Peer review
The paper described the improvement of the intramuscular electrotransfer of a 
kallistatin-encoding plasmid by using poly-L-glutamate in plasmid formulation. The 
ensuing increased presence of kallistatin in plasma protected those transfected 
mice from the hepatotoxic effects of a single dosage of CCl4. In general, results 
are sound and their interpretation is correct.
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