
INFECTION AND IMMUNITY, Mar. 2005, p. 1895–1897 Vol. 73, No. 3
0019-9567/05/$08.00�0 doi:10.1128/IAI.73.3.1895–1897.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Genetic Vaccination against Murine Cysticercosis by Using a Plasmid
Vector Carrying Taenia solium Paramyosin

Carlos F. Solı́s,1 Pedro Ostoa-Saloma,1 Verónica H. Lugo-Martı́nez,1 Stephen Albert Johnston,2
and Juan Pedro Laclette1*

Department of Immunology, Instituto de Investigaciones Biomédicas, Universidad Nacional Autónoma de México,
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A plasmid vector carrying the immunoprotective amino-terminal fragment of Taenia solium paramyosin
(VW2-1) was designed for genetic vaccination studies. Mice that were genetically immunized with VW2-1 and
challenged by intraperitoneal inoculation of Taenia crassiceps cysticerci showed 43 to 48% reductions in the
parasite burden, values which were similar to values obtained previously when the recombinant protein was
used.

Human and porcine cysticercosis caused by Taenia solium is
still prevalent in several countries of Latin America, Africa,
and Asia (11). A strong effort is currently being directed to-
ward the development of an effective vaccine against porcine
cysticercosis. A number of strategies have been proposed, in-
cluding the use of parasite crude extracts (9, 17), recombinant
proteins (2, 3, 15), synthetic peptides (4), phage display (8),
and genetic immunization (10, 18). Genetic vaccines are par-
ticularly appealing for applications in developing countries as
they can be inexpensive to produce and store (5). In the
present study, we evaluated the use of genetic immunization
with the amino-terminal fragment of T. solium paramyosin
(VW2-1), which was previously shown to be protective (15), as
an alternative strategy for vaccination in the murine model of
Taenia crassiceps cysticercosis.

A plasmid construct encoding a synthetic sequence for
VW2-1 was designed for genetic immunization. The codon
usage of the wild-type coding sequence for VW2-1 was adapted
for mammalian cells (synVW2-1) by using procedures for gene
synthesis (1). Briefly, a set of overlapping 60-mer oligonucle-
otides were assembled by PCR to construct synVW2-1, which
was inserted into the pCMV plasmid vector (14). The construct
was confirmed by DNA sequencing before large-scale purifi-
cation with a QIAGEN Endofree Plasmid Giga kit (QIA-
GEN). A comparison of the wild-type and synthetic sequences
of VW2-1 showed substantial changes in first (11.2%), second
(4.85%), and third (52.6%) positions of codons. An extensive
comparison of the outcomes of the immune responses elicited
in mice genetically immunized with wild-type VW2-1 and with
synVW2-1 consistently showed higher antibody and cellular
immune responses with the synthetic gene (data not shown).
The synthetic coding sequence is available from us upon re-
quest.

Vaccination assays were carried out by using 8- to 10-week-
old female BALB/c mice that were bilaterally inoculated in the
tibialis anterior muscle with pCMV-synVW2-1 or pCMV blank
vector (100 �g of DNA per mouse in 100 �l of 0.9% saline). A
third group contained naı̈ve mice. After 2 and 4 weeks, mice
were boosted with identical doses of plasmid DNA.

In order to evaluate if the antibodies raised by genetic im-
munization were cross-reactive with paramyosins of T. solium
and T. crassiceps, Western blot assays were carried out as
described previously (16). Briefly, nitrocellulose membranes
were blotted with recombinant full-length TPmy (recTPmy)
and recombinant VW2-1 (recVW2-1) or with crude protein
extracts from T. solium and T. crassiceps cysts (6). Membranes
were reacted with pooled mouse sera that were collected 45
days after genetic immunization. Blots were developed by us-
ing a peroxidase-conjugated rabbit anti-mouse immunoglobu-
lin G(H�L) (Zymed) secondary antibody, followed by diami-
nobenzidine (Sigma). A single 98-kDa protein, a size
consistent with the expected size of paramyosins, was recog-
nized in both crude extracts (Fig. 1). Moreover, recTPmy and
recVW2-1 were also recognized by the sera from genetically
immunized mice. These findings are consistent with the anti-
genic similarity between the two species of taeniids (12), as
well as with the cross-reactivity of paramyosins from distant
invertebrate sources (7).

The cellular immune response elicited in genetically immu-
nized mice was characterized by proliferation assays and cyto-
kine production by using spleen cells cultured in vitro as de-
scribed previously (15). Briefly, a pool of spleen cells from each
group, obtained 45 days after immunization, was cultured in
the presence of 1 to 5 �g of recVW2-1 per ml for 72 h to a
density of 5 � 105 cells per well. The responsiveness of spleen
cells to concanavalin A was also checked by stimulation with 1
�g of concanavalin A per ml. Eighteen hours before harvest-
ing, cells were pulsed with [methyl-3H]thymidine (1 �Ci/well;
NEN Life Science), and the amount of incorporated radioac-
tive label was measured with a liquid scintillation counter (Be-
taplate, Turku, Finland). The results of proliferation studies
showed that significant stimulation indices were obtained for
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spleen cells from mice that were immunized with pCMV-
synVW2-1 (Table 1). Spleen cells from naı̈ve and immune
animals showed similar responses to concanavalin A. The
amounts of gamma interferon (IFN-�) and interleukin-4
present in supernatants of spleen cells stimulated with
recVW2-1 were determined by a sandwich enzyme-linked im-
munosorbent assay by using BD OptEIA cytokine kits (Phar-
Mingen). High levels of IFN-� were detected in the superna-
tant of spleen cells from mice that were immunized with
pCMV-synVW2-1 (Table 2). Assays with spleen cells from
naı̈ve and pCMV-inoculated mice showed that there was al-
most no IFN-� and interleukin-4 production. The cellular im-
mune response elicited in genetically immunized mice is con-
sistent with a Th1 profile that has previously been related to
protection in the murine model of cysticercosis (13).

The effect of genetic immunization with plasmid pCMV-
synVW2-1 on a challenge with T. crassiceps cysts was evaluated
in the murine model of cysticercosis as described previously
(15). Two weeks after the last boost, mice were intraperitone-
ally challenged with 10 T. crassiceps cysts in saline, and they

were sacrificed 25 days later. The cysts from the peritoneal
cavities were collected and counted by individual, ignoring the
experimental design. Genetic immunization with synVW2-1
resulted in 43 to 48% reductions in the parasite load (Table 3);
these values were close to the 52% obtained with the recom-
binant product (15). No statistically significant differences were
observed between the pCMV blank vector and naı̈ve mouse
groups.

Preliminary vaccination trials with pigs in which conven-
tional or genetic immunization with recVW2-1 and synVW2-1
was used also produced about 50% reductions in the parasite
load (data not shown). Recent vaccination trials with pigs in
which the workers used a variety of strategies, including the use
of oncosphere or metacestode crude antigens, synthetic pep-
tides, recombinant proteins, phage display, and genetic immu-
nization (2–4, 8–10, 17, 18), have resulted in claims of remark-
ably high levels of protection against T. solium cysticercosis.
However, the intrinsic problems with carrying out experimen-
tal infection of pigs have meant that most groups have had to
use small numbers of animals or low challenge doses in exper-
iments. In the case of field trials under uncontrolled condi-
tions, vaccines are required to show prophylactic as well as
therapeutic properties. It appears that a multifunctional vac-
cine formulation that includes several protective antigens (on-

FIG. 1. Recognition of T. solium and T. crassiceps paramyosins by
sera from mice that were genetically immunized with pCMV-
synVW2-1. Samples of recVW2-1 (lane 1), recTPmy (lane 2), and
crude extracts from T. solium (lane 3) and T. crassiceps (lane 4) were
resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and stained with Coomassie blue (SDS-PAGE panel) or transferred to
nitrocellulose membranes (Naive, Blank vector, and synVW2-1 pan-
els). Blots were reacted with pooled sera from each group of mice and
developed by using a peroxidase-conjugated rabbit anti-mouse immu-
noglobulin G(H�L) secondary antibody.

TABLE 1. Antigen-specific proliferation of spleen cells from
genetically immunized mice

Stimulationa
Stimulation indexb

Naı̈ve Blank vector synVW2-1

RPMIc 1 � 0.09 1 � 0.37 1 � 0.06
RPMI � recVW2-1 1.49 � 0.15 0.99 � 0.01 3.55 � 0.61d

RPMI � ConA 22.89 � 1.19 23.79 � 0.18 21.62 � 1.85

a Proliferative responses of spleen cells were determined by incorporation of
[3H]thymidine, after 72 h of culture in the presence of recVW2-1 (1 and 5 �g/ml)
or concanavalin A (ConA) (1 �g/ml) as a control.

b Mean � standard deviation, calculated from the means of triplicate samples
for radioactivity incorporation after a 18-h pulse with [3H]thymidine.

c The absolute values for RPMI-stimulated cells were 16.87 � 1.43, 15.7 �
5.76, and 16.93 � 1.03 kcpm (means � standard deviations) for the naı̈ve, blank
vector, and synVW2-1 groups, respectively.

d Absolute values for each experimental group were statistically different from
the absolute values for RPMI-stimulated cells (P � 0.05).

TABLE 2. Cytokine profiles of spleen cells from genetically
immunized mice

Spleen cellsa
Production (pg/ml) ofb:

Interleukin-4c IFN-�c

Naı̈ve �7.8 �31
Blank vector �7.8 �31
syn VW2-1 �7.8 705.66 � 32.62d

a Spleen cells from different groups were cultured in vitro in the presence of
recVW2-1 (5 �g/ml) to quantify interleukin-4 and IFN-� in the culture super-
natants.

b The values are means � standard deviations for triplicate representatives of
at least two experiments.

c The lower detection limits for interleukin-4 and IFN-� were 7.8 and 31 pg/ml,
respectively.

d Statistically significant difference between naı̈ve cells and immune cells (P �
0.01).

TABLE 3. Effect of genetic immunization against murine
cysticercosis caused by T. crassiceps

Expt Immunization No. of
mice

Individual parasite loads
(No. of cysts) Avg loada

Load
reduction

(%)b

1 Naı̈ve 9 52, 57, 75, 77, 80, 89, 98,
107, 109

83 � 7

Blank vector 9 67, 75, 88, 89, 90, 95, 101,
101, 111

91 � 5

synVW2-1 9 9, 13, 42, 44, 50, 58, 62,
65, 80

47 � 8 43c

2 Naı̈ve 8 65, 78, 90, 100, 102, 103,
105, 177

102 � 12

Blank vector 9 45, 53, 60, 83, 89, 98, 107,
114, 116

85 � 9

synVW2-1 9 35, 46, 47, 48, 49, 54, 59,
72, 72

54 � 4 48c

a The values are means � standard errors after 25 days of infection.
b The parasite load in naı̈ve control mice was defined as 100% to calculate the

effect of immunization on the parasite loads in other groups of mice.
c There was a statistically significant difference between naı̈ve control mice and

immunized mice (P � 0.05).
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cosphere and metacestode) might be the way to produce a
broad-spectrum vaccine to aid in the control of taeniosis/
cysticercosis.
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