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Construction of Swine-Specific CpG Motif Enriched Plasmid and the Study of Its
Immunostimulatory Effects Both In Vitro and In Vivo
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ABSTRACT. A swine-specific CpG motif enriched plasmid (pUC18-CpG) was constructed in this study. Its immunostimulant property was
tested in vitro via lymphocyte transformation assay using swine peripheral blood mononuclear cells (PBMCs). The recombinant plasmid
showed higher Stimulation Index (SI) compared to the positive control (LPS). In a following animal experiment, pUC18-CpG was co-
administered with a commercial swine FMD killed vaccine. Animals in the pUC18-CpG adjuvanted groups showed much higher antibody

titers during the vaccination period.
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CpG motif was described as a type of Immunostimula-
tory Sequence (ISS) [8], in which an unmethylated cyto-
sine-phosphate-guanosine (CpG) motif is flanked by two
S’purines and two 3’pyrimidines [13]. Being a pathogen-
associated molecular pattern (PAMP), oligodeoxynucleo-
tides (ODN) containing CpG motifs could be recognized by
the Toll-like Receptor 9 (TLRY) on certain cell types of the
mammalian innate immune system [1, 6]. As a novel immu-
nostimulant, CpG ODN exhibits the characteristic of being
species-specific [19], and the sequence for optimal swine
PBMCs stimulation was described as GTCGTT [14]. Up to
now, CpG ODN with a nuclease-resistant phosphorothioate
backbone was used for most of the studies in the relevant
research [10, 16, 23], while studies on the adjuvanticity of
CpG motif enriched plasmid have been rarely reported.

Foot-and-mouth disease (FMD) is one of the most impor-
tant OIE notifiable diseases [5]. It is highly contagious to
the cloven-footed animals, of great socio-economic conse-
quence and with the potential of rapid international spread
[3, 21]. Vaccination is regarded as a powerful strategy for
disease control and eradication in FMD endemic areas, as
well as in cases of emergency outbreaks in areas normally
free from the disease [9]. However, vaccination has failed
in some cases to prevent the establishment and transmission
of the disease, partly due to the failure of eliciting an effec-
tive immune response by the vaccine employed [20], which
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calls for better FMD vaccine design strategy, including the
use of more powerful immunoadjuvant.

In the present study, we have constructed a recombinant
plasmid containing multiple swine-specific CpG motifs [14]
(pUC18-CpG) and studied its immunostimulatory proper-
ties both in vitro and in vivo.

E.Z.N.A Plasmid Miniprep kit and Gel Extraction Kit
were purchased from Omega Bio-Tek (Doraville, GA,
U.S.A.); DNA Restriction enzymes and ligation enzyme
were from Takara Bio Inc. (Ohtsu, Japan); RPMI Medium
1640 was from Gibco Co., Ltd. (now part of Invitrogen
Corporation, Carlsbad, CA, U.S.A.); Fetal calf serum (FCS)
was from Sijiqing Biological Engineering Material Co., Ltd.
(Hangzhou, China); Lymphocyte separation medium was
from Shanghai HuaYi Bio Technoligy Co., Ltd. (Shanghai,
China); MTT was purchased from Sigma (St. Louis, MO,
U.S.A)); Swine FMD killed vaccine (OS/99 strain) was
purchased from China Animal Husbandry Industry Co.,
Ltd. (Beijing, China); The O type FMDYV antibody liquid
phase block ELISA (LPB-ELISA) Kit was from Lanzhou
Veterinary Institute (Lanzhou, China); 96-well cell culture
plates were from Corning Co., Ltd. (Glendale, AZ, U.S.A.).

pUCI18-CpG containing 20 copies of CpG ODN 2006
(sequence: 5’-TCGTCGTTTTGTCGTTTTGTCGTTTT-
GTCGTTTTGTCGTT-3’) was generated through tandem
insertion of 4 copies of CpG ODN 2006 into the multiple
cloning sites (MCS) of the pUC18 plasmid vector. Briefly,
4 copies of CpG ODN 2006 were directionally cloned
into the MCS of EcoRI-Sacl, Kpnl-BamHI, Xbal-Sall and
Pstl- HindIIl, respectively. pUC18-CpG was multiplied
in Escherichia coli (E.coli) by fermentation. Then, the
recombinant plasmid was purified by the large scale plas-
mid purification method [24]. Briefly, after alkali lysis, the
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plasmid was selectively precipitated from the supernatant by
CTAB. Further purification was carried out using potassium
acetate and Triton X-114 for the removal of host protein and
endotoxin, respectively. The purified plasmid was dissolved
in endotoxin-free PBS at 10 mg/m/, and stored at —20°C
until use.

Blood sample was collected from 6-month-old, female
SPF Changbai pigs in heparin tubes via venipuncture and
was diluted with sterile PBS at the ratio of 1:1. Swine
PBMCs were prepared by Ficoll gradient centrifugation
procedure based on the method described by Lai Changhua
and his colleagues [2]. PBMCs were separated and washed
twice with PBS. The viability of the cells was checked by
trypan blue staining. Cells were counted and allocated into
96-well cell culture plates at 2 x 10%/well in 200u/ RPMI-
1640 culture medium supplemented with 10% (FCS). Cells
were cultured in CO, cell culture incubator under standard
conditions.

The swine PBMCs were stimulated by pUC18-CpG at dif-
ferent doses (1.25, 2.5, 5.0 and 10.0 ug, respectively). Each
dose was performed in triplicates. Lipopolysaccharide (LPS)
was added at 10 ug/m/ and served as a positive control.
Negative control cells were cultured without pUC18-CpG or
LPS. The pUC18 vector alone was added to additional 3 cell
culture wells. MTT assay was carried out as described in an
carlier study by Verma et al. [22]. Briefly, at 72 hr of cell cul-
ture, 20 4l MTT (5 mg/ml) was added per well. Cells were
incubated for additional 3 hr. Colored crystals of formazan
were dissolved with a 100 u/ of SDS-isobutanol-HCI. Plates
were kept on orbital shaker for 5 min. Optical density (O.D.)
was read on a microplate reader (BIO-RAD) at 570 nm.
Stimulation index (SI) was calculated as described by Verma
et al. [22], in a revised manner.

(O.D. of test sample — O.D. of blank)
(O.D. of negative control — O.D. of blank)

Twenty 28-day-old Changbai piglets, after being con-
firmed free of FMDV infection by ELISA, were randomly
divided into 4 groups, 5 per group. Group A was immunized
with sterile PBS as a control group; Group B was immu-
nized with a full dose FMD killed vaccine; Group C was
co-immunized with 250 g pUC18-CpG and a full dose vac-
cine; Group D was co-immunized with 500 ug pUC18-CpG
and a full dose vaccine. All formulations were delivered in a
total volume of 3 m/ and the injection was administered in-
tramuscularly. All procedures involving animals conformed
to the policies of the local animal care committee.

Blood sample collection was performed prior to vac-
cination, and then at 2-week interval until 4 weeks. Serum
was separated by centrifugation and stored at —20°C
until use. The O type FMDV antibody liquid phase block
ELISA (LPB-ELISA) Kit was commercially available from
Lanzhou Veterinary Institute and used to measure the anti-
FMDYV structural protein antibody level.

Data analysis was performed with Prism 5 software
(GraphPad). Comparison was made by using the Student
t-test. All values are presented as the mean + SD. A P-value
<0.05 is considered statistically significant.

SI=

pUC18-CpG stimulated PBMCs proliferation was mea-
sured by the MTT colorimetric assay method. The SI value of
LPS and different doses of the plasmid was shown in Fig.1.
pUC18-CpG showed strong stimulation effect at all different
doses, compared to LPS positive control. The SI value of
pUC18-CpG at each dose was higher than that of LPS. All
the pUC18-CpG groups showed higher SI value than that
of the positive control. The highest SI was observed from
the 5.0 ug dose group, and showed statistical significance
of difference when compared to the other groups (P<0.05).

A positive correlation between the given dose and SI
value was observed when the administered dose of the plas-
mid was below 5.0 ug. When the given dose was increased
to 10.0 ug, a drop in the SI value was observed. The blood of
two more SPF Changbai pigs was used in separate PBMCs
transformation tests, the results of which were consistent
with the current study (Data not shown).

The anti-FMDV structural protein antibody titers were
tested under the same conditions after the second blood
sample collection. The average antibody titers of each group
at each time were described in Fig 2. During the whole pe-
riod of the animal experiment, animals in Group A remained
seronegative for FMDV.

On Day 14 after vaccination, animals in Group B showed
lower average antibody titers compared to those of Groups
C and D. The average antibody levels between Group B and
those of Groups C and D showed statistical significance of
difference (P<0.05). Meanwhile the average antibody titers
between Group C and Group D showed no significant differ-
ence (P>0.05).

On day 28 after the vaccination, the average antibody lev-
els in Group B had increased gradually but still maintained a
lower level above 5, while the antibody titers in both Groups
C and D had increased more rapidly compared to those of
Group B, to a higher value at 7 above. At this time point,
the average antibody levels between Group B and those of
Groups C and D showed statistical significance of differ-
ence, separately (P<0.05). Still, no significant difference was
observed between the average antibody levels in Groups C
and D.

During the past decade, a lot of studies have been car-
ried out in the field of innate immune recognition [4, 11, 15,
17]. In particular, CpG motif as a danger signal could be
recognized by TLRY expressed on certain mammalian cells
and cause direct B cell activation, implying its potential use
as an immunoadjuvant [7, 12].

In the present experiment, we used a CpG motif enriched
plasmid (pUC18-CpG) as an immune stimulator for swine
PBMCs lymphocyte transformation test. Our results showed
that the Stimulation Index for the optimal dose of pUCI18-
CpG was more than 2.5 times higher than that of LPS, while
overdose administration of the recombinant plasmid could
inhibit the stimulation effect. This may be caused by the
regulatory mechanisms of the immune system. Our results
indicate that pUC18-CpG could be used as a potent immuno-
potentiator for enhancing humoral immune response.

In a following in vivo test, pUC18-CpG was used as vac-
cine adjuvant and co-administered with a commercial FMD



Stimulation Index (SI)

Fig. 1.

CONSTRUCTION OF SWINE-SPECIFIC CpG MOTIF PLASMID

E3 2.5 ug puUC18-CpG
E3 5.0 ug pUC18-CpG
D 10.0 ug pUC18-CpG
Negative control
E@ Positive control

Stimulation Index (SI) of different doses of pUCI8-CpG.
For each dose, lymphocyte transformation assay was performed
in triplicates. SI was calculated per well and then expressed as
mean + SD (n=3). LPS served as a positive control, pUCI8 as a
negative control. Different letters mean statistical significance of
differences.

killed vaccine. On day 14 post vaccination, the average
antibody titers in Groups C and D were much higher than
those in Group B (P<0.05), implying that co-administration
of pUC18-CpG may help bring forward the appearance of
anti-structural protein antibodies. It will be of great help
when an enforced immunization is necessary [18]. On day
28 prior to challenge, the antibody titers of Groups C and D
remained higher than those in Group B (P<0.05). Based on

the

results from the above study, we conclude that pUC18-

CpG is a powerful immunostimulator and shows excellent
adjuvanticity when co-administered with the FMD killed
vaccine.
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