
main source of Trichinella infection for humans in
China (Wang et al., 1998). The transmission of
T. sPiralis via household garbage is a main feature
of the epidemiology of swine trichinellosis in China
(Wang and Cui, 2001b) . Vaccination of swine a-
gainst T. sPiralis could provide an alternative to
prevent the risk of human infection. The develop-
ment of vaccines capable of preventing swine from
becoming infected would thus make a substantial
contribution towards the ultimate goal of disease e-
limination.

In order to control trichinellosis, vaccines have
been developed based upon irradiated- or ultravio-
let-attenuated infective first stage larvae (Agyei-
Frempong & Catty, 1983; Nakayama et al.,
1998), autoclaved larvae (Eissa et al., 2003),
antigens from different life-cycle stages (Darwish et
al. , 1996; Aucouturier et al. , 2001), and a syn-
thetic peptide (Robinson et al. , 1995; McGuire et
al. , 2002). In each case, high levels of specific an-
tibodies against Trichinella were induced in exper-
imental animals, but failed to protect these animals
fully against infection. In addition, the attenuated
vaccine is impractical for field use.

DNA vaccination has been used to deliver a va-
riety of parasite antigens to both small and large an-
imal species, and the protective efficacy of antibod-
ies generated in response to DNA vaccines has been
shown in several challenge models (Donnelly et al: ,
1997; Rothel et al., 1997; Zhang et al., 2001;
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Expression of the Antigenic Gene TspEl of Trichinella
spira Iis in Skin and Muscle of BALB/c Mice

Jing Cuil, Zhongquan Wangl, Hongwei Zhangl, Guoqiang Zhao2, Haiyan Weil, Huamin Hanl

1. Department of Parasitology, Zhengzhou University, Zhengzhou, Henan 450052, China

2. Departni'~nt,of Mciobiology and"Immunology ,Basic Medical College,. .
Zhengzliou University, Zhengzhou, Henan 450052, China

Abstract: Trichinellosis is a serious zoonosis with a worldwid~ distribution and pork is still the most common source
of human trichinellosis. Vaccines are needed to control this disea;e in §wine. The recombinant eukaryotic expression
plasmid, pcDNA3- T spE1, containing a gene encoding a 31 kDa an.\JgenQfrom T. spiralis was constructed. BALBI
c mice were immunized with plasmid DNA vaccine by intramuscular injection and via gene-gun delivery. The tran-
scriptional activity of the pcDNA3- TspE1 in skin and muscle at the site of inoculation was detected by RT-PCR us-
ing gene specific primers. Protein expression from the TspE1 gene in ski!) and muscles at the site of inoculation was
detected by immunohistochemistry and indirect fluorescencent antibody test (IFAT), respectively. The results indi-
cated that the recombinant plasmid pcDNA3- TspE1 was successfully transcribed and expressed in skin and muscle at
the site of inoculation of mice. Thus, the plasmid encoding 31 kDa antigen may be of value for further development
of a DNA vaccineagainst swine trichinellosis. [Life ScienceJournal. 2005;2(1) :30 - 36J (ISSN: 1097- 8135).

Keywords: Trichinella sPiralis; DNA vaccine; gene-gun delivery; expression;mice

1 Introduction

.

Trichinellosis, one of the most serious
helminthic zoonosis, is still considered to be endem-
ic in many parts of the world. Human acquire the
disease by ingesting raw or insufficiently cooked
meat containing Trichinella larvae. Outbreaks of
trichinellosis have occurred in many areas around
the world over the past 20 years, even though the
veterinary public health efforts have focused on the
control and eradication of the disease for more than
a century. The global prevalence of trichinellosis is
difficult to evaluate, but it is estimated that as
many as 11 million people may be infected
(Dupouy-Camet, 2000) . More than 10000 cases of
human trichinellosis were reported by the Interna-
tional Commission on Trichinellosis from 1995 to
June 1997 and about 10000 porcine infections were
reported by the Office International des Epizooties
in 1998 (Dupouy-Camet, 2000). Thus, trichinel-
losis has been regarded as emerging or re-emerging
disease in both developed and developing regions
(Murrell and Pozio, 2000). The disease is particu-
larly problematic in some parts of China. Since the
first patient with trichinellosis was recorded in Ti-
bet in 1965 (Huang, 1965), there have been 548
outbreaks reported from 12 provinces, autonomous
regions or municipalities (P/AIM)of China during
1966 -1999 (Wang and Cui, 200la). Pork is the
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Dumonteil et al. , 2003). DNA vaccination has the
attraction of enabling antigen expression to remain
in a eukaryotic cell, increasing the probability that
express~d antigen will be correctly glycosylated and
generate conformation-specific antibodies.
Trichinella antigens used as recombinant-protein
vaccines have been identified, and demonstrated ca-
pable of eliciting host protective humoral immune
responses (Arasu , et al., 1994 ; Sun, et al.,
1994). In our previous study, the structural gene
(TspEl) encoding 31 kDa antigen of T. spiral is
was cloned and expressed in the. prokaryotic ex-
pressing vector, pGEMEX-l. High specific anti-
body against the recombinant 31 kDa protein was i-
dentified by Western blot, and Trichinella-specific
antibody was induced in mice immunized with the
fusion protein (Cui et al. , 2002). Production and
analysis of a DNA vaccine encoding the 31 kDa
antigen of Trichinella spiralis in skin and muscle
of BALB/c mice is described in this paper.
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~... 2 Materials and Methods

'" 2.1 Mice
Male BALBI c mice aged 4 - 6 weeks were ob-

tained from the Experimental Animal Center of
Tongji Medical College, Huazhong University of
Science and Technology (Wuhan, China) and were
raised in plastic micro-isolator cages before and after
immunization. Anti- Trichinella antibodies were
not detected by ELISA using secretory-excretory
(ES) antigens of T. sPiral is muscle larvae in all
mice before immunization.
2.2 Parasite

T. spiral is used in this study was obtained
from a swine source in the Henan Province of China
and was maintained by serial passage in Sprague-
Dawley (SD) rats every 6 - 8 months. Each rat
was orally infected with 500 T. spiralis larvae.
2.3 Generation of anti-31 kDa fusion protein
polyclonal sera

Anti-31 kDa fusion protein polyclonal mouse
sera, used as positive control sera in IFAT, were
obtained from BALB/c female mice injected in-
traperitoneally on two occasions 2 weeks apart with
60 fig (20 fig each injection) of 31 kDa fusion pro-
tein in complete Freund's adjuvant. Sera were col-
lected 28 days after the second immunization and
stored at - 80t until use.
2.4 Plasmid construction

The recombinant eukaryotic expression plas-
mid pcDNA3-TspEl was constructed as previously
described (Cui et al. , 2004). In brief, the larvae
of T. spiralis in skeletal muscles were collected by
acid-pepsin digestion. The target gene encoding the
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31 kDa protein was prepared by RT -PCR from T.
spiralis muscle larval RNA and cloned into the
pUC18 vector. The positive clones were examined
for the presence of a correct size insert by double di-
gestion with BamH I and Hind III and single di-
gestion with Eco RI, and also by PCR using gene
specific primers. The target gene was sub-cloned in-
to the eukaryotic expression vector pcDNA3 (Invit-
rogen, CA, USA). The pcDNA3 vector, which
contains the human cytomegalovirus (CMV) pro-
moter and an ampicillin-resistance gene, was used
for the DNA vaccination studies. After transform-
ing Escherichia coli strain JM1O9, the recombinant
clones were selected on LB plates containing 100
fig/ml ampicillin overnight at 37t and plasmid
DNA was extracted by the alkaline lysis method
(Maniatis et al., 1982). The colonies containing
inserts of the appropriate size in the right orienta-
tion were identified by electrophoresis of PCR prod-
ucts using gene specific primers. An 876 bp frag-
ment was obtained after the recombinant plasmid
pcDNA3-TspEl was digested by BamH I and
Hind III and as expected. Nucleotide sequencing
was carried out to confirm the authenticity of the
insert.

The recombinant plasmids were maintained
and propagated in E. coli JM109 cells. The endo-
toxin-free plasmid DNA was purified from bacterial
cells using a plasmid purification kit (Qiagen China
Representative Office, Shanghai, China). The
pcDNA3 plasmid without insert was also purified
for use as a control. The purified plasmids were
stored at - 20t until use. .
2. 5 Production of DNA coated gold beads for

immunization
Using protocols developed for the'Hilos Gene

Gun System (Bio-Rad, CA, USA), pcDNA3-
TspEl DNA and the control, pcDNA3 DNA, were
precipitated onto gold beads (1.6 fim average diam-
eter) and used to coat the inner surface of plastic
tubing. The tubing was cut into a half inch length
and stored dry at 48t until required. The quantity
of gold and DNA comprising each immunizing
"shot" was adjusted to produce the 1 mg DNA/O. 5
mg gold "shots" for use in the immunization.
2.6 Immunization of mice

Male BALBI c mice, aged 4 - 6 weeks (10 per
experimental group), were anesthetized and immu-
nized. For intramuscular vaccination, 50 fig of pure
plasmid DNA (in 50 fil of PBS) were injected into
the left and right quadriceps of each leg, using a 1
ml tuberculin syringe fitted with a 28 G needle;
The control animals received only PBS or pcDNA3.
The mice were sacrificed 2 weeks after the primary
intramuscular inoculation of DNA vaccine or pcD-
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ed with 10% nonnal goat serum at room tempera-
ture for 5 min to block non-specific binding. The
sections were then incubated with sera from mice

infected with T. sPiralis (diluted 1: 50 in PBS) or
nonnal mouse serum at 4'C overnight. Section
were washed in O. 01 M PBS three times and ex-

posed to biotinylated goat anti-mouse IgG, followed
by treatment with the SABC and stained with di-

aminobenzidine (DAB) with 0.15% hydrogen per-
oxide. Counterstaining was perfonned with haema-
toxylin.

2.9 Indirect fluorescencent antibody test (IF AT)
The expression of the TspEl antigens in mus-

cles at the site of inoculation in mice was detected

by IFAT. The mice were sacrificed 2 weeks after
the initial intramuscular inoculation of DNA vaccine

and the muscles at the site of inoculation were sepa"
rated and stored at - SO°C. Then, 4 pm thick of
frozen sections were cut, collected on gelatinized
slides, and fixed with cold acetone for 10 min to

prevent detachment of the sections during the fol-
lowing procedures. IF AT with frozen sections of
muscles was carried out as previously described
(Cui et al., 1999). Briefly, the frozen sections
were incubated with 1 : 10 dilution of sera from

mice immunized with recombinant fusion protein or
infected with T. spiral is at 37'C for 30 min. After
washing with PBS, the sections were incubated
with 1 : 16 dilution of goat anti-mouse IgG conju-
gated to fluorescein isothiocyanate (FITC) at 3TC
for 30 min. Sera from nonnal mice were used as

negative control. Slides were examined under fluo-
rescent microscope (Olympus, Tokyo, Japan).
When a yellow green fluorescence staining appeared
on the section, the reaction was defined as IF AT
positive.
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NA3 alone. For vaccination by gene-gun delivery,
mice were anesthetized, their abdomens shaved,
wiped with damp gauze and" shot" with the Gene
Gun using 300 psi of helium gas. DNA vaccine dos-
es of 3 fJ-g (three shots) per mouse were used for
epidennal inoculation. Controls mice were immu-
nized similarly with pcDNA3 alone. The mice were
sacrificed 4 h, S h,24 h,3 d,5 d and 7 d after the

initial inoculation of DNA vaccine or pcDNA3 alone
by gene-gun delivery.
2. 7 Detection of transcriptional activity of the

pcDNA3- TspEl in skin and muscles
To detennine the duration and site of antigen

presentation to the host, RNA was extracted from
the skin and muscles of immunized mice and sub-

jected to RT-PCR to detect evidence of transcrip-
tion of the parasite DNA in transfected skin and
muscle cells. Skin and muscles at the site of inocu-
lation were excised at various intervals after DNA

immunization, frozen on dry ice and stored at
- SO'C. The tissuewas pulverizedwith mortar and
pestle into powder and total messenger RNA was
extracted using a commercial kit (Invitrogen, CA,
USA). The extracted mRNA was treated with
DNase I (RNase-free, Promega) to prevent PCR
priming from plasmid a genomic DNA for 30 min at
3TC and subjected to AMV reverse transcription
reaction (Promega, WA, USA) for 60 min at
42°C. The reverse transcribed material was PCR

amplified with primers specific to the encoding re-
gion of 31 kDa protein (using the thennal cycle
protocol: 2 min 94°C; 35 cycles of 94 °c for 30 sec,
55°C for 30 sec and 72°C for 40 sec, and tenninat-
ing with a 5 min extension step of 72°C). The re-
sultant RT-PCR products were examined in 1.5 %
agarose electrophoresis gels.
2. 8 Immunohistochemical staining

The expression of TspEl gene in skin at the
site of inoculation was assayed by immunohistoche-
mical staining. The abdominal skin of vaccinated
mice was excised and embedded in paraffin and 5
fJ-mthickness of sections were prepared. After de.
paraffinization, the sections were processed to un-
mask the antigens by conventional microwave oven
heating in 10 mg/ml citric acid buffer (pH 6. 0)
and subsequent detergent treatment using poly-
oxyethylene sorbitan monolaurate in PBS for 30
min. In order to observe the expression of TspEl
antigen in epidermis, immunohistochemical stain-
ing of 5 fJ-m paraffin sections was perfonned with
the Strept-Avidin- Biotin-Peroxidase complex
( SABC) method (DGBio Co, Bej ing , China).
Briefly, 5 fJ-m paraffin sections were treated with
3 % hydrogen peroxide at room temperature for 10
min to remove endogenous peroxidase and incubat-
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3.1 Detection of mRNA for TspEl in skin and
muscle of DNA immunized mice

RT-PCR products were obtained only from the
skin samples of the pcDNA3- TspEl immunized
mice at S h post-immunization (Figure 1), but not
obtained at 4 h, 24 hand 72 h post-immunization.
As expected, there was no TspEl transcriptional
activity in the skin samples from the control mice
immunized with pcDNA3. These results demon-
strate that detectable transcriptional activity of
DNA transfected skin cells is very transient and
confined to the site of immunization. mRNA was

extracted from muscle of pcDNA3- TspEl immu-
nized mice 2 weeks following injection and was ana-
lyzed by RT-PCR using 31 kDa antigen-specific
primers. The transcriptional activity of TspEl gene
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was clearly visible in muscle tissue from mice inject-
ed with pcDNA3-TspE1 but not in those mice in-
jected with control plasmid (Figure 2).

12M bp

2000

1000
750
500

250
J

100

Figure 1. RT- PCR analysis of mRNA in skin of BALBI c mice im-
munized with pcDNA3-TspEl and pcDNA3 plasmid. Mice were

immunized with 3 fig of indicated plasmid DNA by gene-gun de-
livery. Skin at the site of inoculation was excised 8 h after the ini-
tial inoculation of DNA vaccine or pcDNA3 alone. The mRNA
was isolated from the muscles and used for RT-PCR.

Lane 1: pcDNA3- TspEl ; Lane 2: pcDNA3; Lane M: high molecu-

lar weight biomarker.

2 3bp 1

1543
994

697

515
377

.L
l
l

Figure 2. RT-PCR assay on RNA extracted from muscle two
weeks after immunization with pcDNA3-TspEl and pcDNA3
plasmid (1. 5 % agarose gel electrophoresis). Lane 1: DNA
marker; Lane 2: RNA extracted from quadriceps muscle after im-
munization with pcDNA3-TspEl; Lane 3: RNA extracted from
quadriceps muscle after immunization with pcDNA3.
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3.2 Detection of TspEl protein in skin at the site
of inoculation

The results of immunohistochemical staining
showed that specific brown round particles were
seen among cells and in the cytoplasm of epidermial
cells in all of the mice immunized with pcDNA3-
TspE1 at 8 h post-immunization, but not in the
mice immunized with pcDNA3 (Figure 3). Sec-
tions of T. sPiralis muscle larvae as positive control
were reacted with sera from the infected mice. No
deep brown particles were observed when sections
from the immunized and the infected mice were re-
acted with PBS or normal mouse sera (not showed
in the figure).
3 .3 Expression protein in muscle at inoculation

sites of mice
The results of IFAT showed that the frozen

section of inoculation site of mouse muscle 2 weeks
after the initial intramuscular inoculation of pcD-
NA3-TspE1 reacted with sera from mice immu-
nized with recombinant fusion protein or infected
with T. sPiralis. The fluorescence did not appear
on the frozen section of inoculation site of mouse
skin with only empty plasmid pcDNA3 (Figure 4).

4 Discussion

Both conventional protein vaccines and DNA
vaccines (normally constituted of a naked DNA
plasmid) elicit antibody responses, however, DNA
vaccines have the additional advantage of stimulat-
ing cytotoxic T cells because the host is producing
the antigenic protein intracellularly, thereby fa"cili-
tating presentation of the antigen in the context of
MHC class I molecules. Development of cellular im-
munity is important in fighting intracellular
pathogens, giving DNA vaccines a clear advantage
over protein vaccines. Another advantage of a DNA
vaccine is its ease of administration and production.
DNA is easily produced in large quantities with
great purity, minimizing the risk of vaccine con-
tamination with potential pathogens (McDonnell
and Askari, 199Q). Moreover, DNA can be readily
introduced into tissues by DNA-coated microprojec-
tiles through particle-mediated epidermal delivery
(PMED), which facilitates easy epidermal admin-
istration and avoids the use of needles (Williams et
aI, 1991). Additionally, DNA vaccines may result
in expressed antigens that resemble native antigens
more closely than do antigens in conventional vac-
cines because manufacturing techniques can alter
epitopes and reduce antigenicity. DNA vaccines
may also be safer than some live attenuated vac-
cines, particularly in immunocompromised hosts.
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Figure 3. Immunohistochemical staining in skin of BALB/c mice inoculated with pcDNA3- TspEl by gene-gun delivery.
a-b. Immunohistochemical staining of skin tissue of mouse at 8 h after gene-gun injection (1000 X), arrows showing brown particles in
cytoplasm (a) and extracells (b).

c. Negative control of pcDNA3 expressed in skin tissue of mouse at 8 h after gene-gun injection (400 x ) .

d. Positive control of immunohistoqhemicaI staining of skeletal muscle of mouse infected with T. spiralis (400 x ), arrow showing the
larva stained as brown.
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Figure 4. IFAT showing the antigenic protein expression of TspEl gene in muscles 2 weeks after the initial intramuscular inoculation of

recombinant plasmid pcDNA3- T spEl.

a. Section of muscle carrying pcDNA3- TspEl reacted with sera from mice immunized with the recombinant fusion protein (200 x ) .
b. Section of muscle carrying pcDNA3-TspEl reacted with sera from mice infected with T. sPiralis (200 x).

c. Section of muscle carrying empty plasmid pcDNA3 reacted with sera from mice immunized with the recombinant fusion protein (100
x)

d. Section of muscle carrying empty plasmid pcDNA3 reacted with sera from mice infected T. sPiralis (200 x ) .
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Furthennore, several antigen genes could be in-
cluded on one plasmid, reducing the total number
of vaccinations that must be administered. Initial
studies suggest that DNA vaccines can be adminis-
tered safely and without overt toxicity (Tacket et
al. ,1999; Roy et al. ,2001).

DNA immunization represents a novel method
for generating the in situ expression of vaccine anti-
gens and is now a widely reported means of gener-
ating immune responses. The administration of
plasmid DNA via intramuscular, intradennal or
gene gun delivery routes has been shown to stimu-
late T helper cells, cytotoxic T cells (CTL) and
antibodies specific to the plasmid encoded antigen
(Donnelly et al., 1997). The protective role for
antigen-specific antibodies induced by genetic im-
munization has been manifestly demonstrated in a
variety of challenge models against parasitic infec-
tion (Zhang et al, 2001; Dumonteil et al. , 2003).
However, up to date, DNA vaccines against
Trichinella infection have not been reported in the
literature.

We selected DNA vaccine as a strategy to pre-
vent swine trichinellosis. The recombinant eukary-
otic expression plasmid pcDNA3-TspE1 contained
the gene encoding a 31 kDa antigen of T. spiralis
was constructed. BALB/c mice were immunized
with plasmid DNA vaccine by intramuscular injec-
tion and via gene-gun delivery. The transcriptional
activity of the pcDNA3-TspE1 in skin and muscles
at the site of inoculation was detected by RT-PCR
using gene specific primers. The expression of
TspE1 gene in skin and muscles at the site of inocu-
lation was confinned by immunohistochemistry and
iFAT, respectively. These results showed that the
recombinant plasmid pcDNA3-TspE1 was success-
fully transcribed and expressed in skin and muscles
at the site of inoculation of mice. Thus, the plas-
mid encoding 31 kDa antigen may be of value for
further development of DNA vaccine against chal-
lenge infection with T. spiralis.
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