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DEC205-DC targeted DNA vaccines to CX3CR1 and CCL2
are potent and limit macrophage migration
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Abstract: Monocytes utilise a variety of chemokines to traffic to atherosclerotic plaques. CX3C chemokine ligand 1
(CX3CL1 & Fractalkine) and its receptor CX3CR1 and monocyte chemoattractant protein 1 (CCL2) have been identi-
fied as chemokines/receptors that have an important role in the migration and recruitment of monocytes during the
pathogenesis of several inflammatory diseases including atherosclerosis. DNA vectors containing single chain vari-
able region fragment (scFv) for DC-targeted receptor DEC205 were cloned with mouse CX3CR1 and CCL2 genes re-
spectively, and vaccinated into C57/BL6 mice weekly for 3 weeks. Induced anti-CX3CR1 and anti-CCL2 in vaccinated
mice was examined by ELISA and Western Blot analysis, while the cellular response was examined by ELISPOT. The
inhibition of chemotaxis of J774 macrophages to Py-4-1 endothelial cells was examined by in vitro transwell migration
assay using serum collected from vaccinated mice. All vaccinated mice generated anti-CX3CR1 and anti-CCL2 Ab and
cellular response by 8 weeks after DNA vaccination. Macrophage migration towards TNF-a activated endothelial cells
was significantly inhibited by serum containing both anti-CX3CR1 or anti-CCL2 Ab from vaccinated mice. These re-
sults demonstrate that DC-targeting of DNA vaccines to self-antigens generates functional immune responses which
can inhibit specific key chemotactic targets. This suggests a potential therapeutic role for chemokine/receptor DNA
vaccination in atherosclerosis, where chemotaxis has a pivotal role in the inflammatory process.
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Introduction

Monocytes have been shown to play a pivotal
role in mediating the process of atherogenesis.
Vascular inflammation caused by the accumula-
tion of modified lipids in blood vessels induces
the recruitment of monocytes and initiates
atherosclerosis [1-4]. The actively recruited
monocytes give rise to macrophages and other
antigen presenting cells such as DC, when
driven by macrophage colony-stimulating factor
(M-CSF) and other differentiation factors [5, 6].
Monocyte-derived macrophages within the
atherosclerotic lesions undergo necrosis which
eventually leads to myocardial infarction, unsta-
ble angina [7], sudden cardiac death, and
stroke [8].

Recruitment of blood-borne monocytes in re-
sponse to inflammation-induced activation of
endothelial cells is a key step of early lesion
progression [9, 10]. Activated endothelial cells
secrete chemokines that interact with cognate
chemokine receptors on monocytes and pro-
mote their chemotaxis [11]. CX3CL1, CCL2
(MCP-1) and their receptors CX3CR1 and CCR2
are two important chemokine/receptor pairs
which have been identified to contribute signifi-
cantly to monocyte recruitment in atherosclero-
sis. Atherosclerosis is abrogated in CX3CR1-/-
[12, 13] and CCL2-deficient [14] mouse models
as a consequence of significant reduction of
monocyte entry.

DNA vaccination delivers plasmid DNA encoding
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the target antigen, either alone or in combina-
tion with enhancing elements, to induce both
humoral and cellular immune responses. Disad-
vantages of specific antibody therapy in com-
parison to DNA vaccination include the require-
ment for repeated dosing and the development
of an immune response against the therapeutic
antibody. However, use of DNA vaccination has
been limited by its restricted ability to induce
strong immune responses [7, 15]. This has
been overcome by targeting vaccine antigens to
dendritic cells (DC). DNA vaccine encoding a
fusion protein comprised of the vaccine antigen
and a single-chain Fv antibody (scFv) specific for
the DC-restricted antigen-uptake receptor
DEC205 was observed to substantially increase
antibody levels and cellular response [16]. Pre-
vious studies from our lab and collaborators
have demonstrated that DNA vaccination
against T Cell Receptor (TCR) subsets in Hey-
mann nephritis, and against the chemokine
CCL2 in Adriamycin nephropathy is protective
and induces specific cellular and antibody re-
sponses against the target antigen [17-19].

Our current study demonstrates that a DC-
targeted DNA vaccination against CX3CR1 and
CCL2 successfully induces humoral and cellular
responses in mice. The generated antibodies
restrict the motility of macrophages towards
activated endothelial cells in an in vitro func-
tional analysis. These findings suggest a poten-
tial therapeutic role of chemokine/receptor DNA
vaccination in preventing inflammatory diseases
such as atherosclerosis.

Materials and methods

Construction and modification of the CX3CR1
and CCL2 DNA vaccines

Vectors DEC205 (pSC-DEC-OLLA) and control
(pSC-GL117-OLLA) were kindly provided by Dr
Godwin Nchinda from USA [16]. Mouse CX3CR1
and CCL2 cDNA were amplified by reverse tran-
scription-PCR from RNA extracts from kidney of
C57/BL6 mouse using the specific primers,
mouse CX3CR1: For 5’-CTC ACCAT GTC CAC CTC
CTTtcga-geggecge-CTCACCATGTCCACCTCCTT-3,
Rev 5’-GGA GAC CCC TTC AGA GCA Gctga-ccgegg
-GGAGACCCCTTCAGAGCAG-3’, and mouse CCL2:
For 5’-TCGA-gcggecgc-ACCATGCAGGTCCCTGT-3,
Rev 5’-CTGA-ccgcgg-GCA TCA CAG TCCGAGTC-3'.
The PCR conditions were 95°C for 5 min (1 cy-
cle); 95°Cfor45s,60°Cfor45s,and 72°C for
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1 min (35 cycles) with the final cycle at 72°C for
7 min. The CX3CR1 and CCL2 PCR products
were cloned separately into DEC205 (DEC-
CX3CR1 and DEC-CCL2) and control vector (Con
-CX3CR1 and Con-CCL2) to make the two sets of
DNA vaccines. The sequences of the CX3CR1
and CCL2 vaccines were confirmed by and DNA
sequencing after cloning using specific primers:
For 5-GCGAATGAATTGGGACCT-3’ and Rev 5'-
cttctgagatgagtttttgttcg-3’. Plasmid DNA was pre-
pared in large-scale using Qiagen Plasmid Maxi
Kit (Qiagen).

DNA vaccination

Male C57/BL6 mice at age 6 weeks (weighing
18-20g) were purchased from the Animal Re-
sources Centre in Perth, Australia and main-
tained under standard sterile conditions in the
Department of Animal Care at Westmead Hospi-
tal. Experiments were carried out in accordance
with protocols approved by the Animal Ethics
Committee of Sydney West Area Health Service.
Mice were divided into four groups: CX3CR1
vaccinated (n=4), CCL2 vaccinated (n=4).
CX3CR1 peptide boosts alone control (n=2),
and normal control (n=2). Mice were pretreated
with 0.5% bupivacaine (10 ug/g body wt; Sigma,
St. Louis, MO) by intramuscular injection into
tibialis anterior muscle 1 wk before plasmid
DNA vaccination. Plasmid DNA (50 pg) was in-
jected three times at the same site as bupiva-
caine. One week after the third DNA vaccina-
tions, mice from the peptide boosts alone group
were immunized with a prime boost of CX3CR1
peptide mixture (100 pg/mice) and Poly IC (50
ug/mice), mice from the non-vaccination control
group were injected with saline only.

Serum antibody titers

Serum anti-CX3CR1 and anti-CCL2 antibody
titers were evaluated by ELISA assay for all
groups of mice. Briefly, 96-well Immuno ELISA
microtiter plate (NUNC, in vitro Technology, Aus-
tralia) was coated with CX3CR1 peptide or re-
combinant CCL2 at a concentration of 1 ug/well
in 100 ul coating buffer. Sample mouse sera
were diluted 50 and 500 times and added to
the coated ELISA plate. Normal mouse serum
was used as the negative control. Goat anti-
mouse IgG alkaline phosphatase conjugated Ab
(Sigma) and p-Nitro-phenol phosphate (Sigma)
as substrate were used sequentially for the Ab
titer analysis. All samples and controls were
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added in duplicate to the plates. Absorbance
was read at 450 nm on an ELISA plate reader
(Multiskan Ascent, Pathtech, Australia).

Western blot analysis

Presence of anti-CX3CR1 antibody in DEC-
CX3CR1, Con-CX3CR1 and mice of CX3CR1 pep-
tide boosted alone was further verified by West-
ern Blot analysis. Cell lysates from NIH 3T3
Mouse embryonic fibroblast cell line were sepa-
rated by SDS-PAGE (4-20% Tris-glycine gels;
novex, Germany) on reducing conditions and
transferred onto Immobilon-P™ membrane
(Millipore, Herts, UK). Membranes were incu-
bated in blocking buffer (TBST, 5% skim milk
powder) at room temperature for 1 h and
probed with diluted sera from mice mentioned
above (1/100 dilution) at 4°C overnight. Wash-
ing was followed by 1 h, room temperature incu-
bation with a horseradish-peroxidase-linked
rabbit anti-mouse Ig (Amersham, Bucks, UK)
(1/2000). Detection was carried out using a
chemiluminescent ECL detection system (ECL;
Amersham).

Enzyme-linked immunospot assay

The 96-well multiscreen plates (Millipore; Bed-
ford, MA) were coated with capture Ab, mono-
clonal rat anti-mouse IFN-y (Biosource, Cama-
rillo, CA; 25ng/well). Lymphocytes from spleens
of all groups of mice were harvested and loaded
in triplicate into the pre-coated ELlspot plate at
5 x 106 cells per well in RPMI 1640 with 5%
Fetal Calf Serum (GIBCO), then stimulated with
either CX3CR1 peptide or recombinant CCL2
protein at concentration of 0.2 mg/ml and incu-
bated at 37°C in 5% CO2 for 24 h. The detec-
tion Ab, biotin-conjugated rat anti-mouse IFN-y
(Biosource; 25 ng/well), was added, then kept
at 4°C overnight, incubated with streptavidin
alkaline phosphatase (Becton Dickinson, San
Jose, CA) at room temperature for 2 h, and then
developed with BCIP/NBT kit (Bio-Rad). Spots
were counted under a dissecting microscope.
The results are expressed as number of spot-
forming cells/5 x 106 splenocytes.

Cell culture
J774 mouse macrophage cells were obtained
from ATCC and were maintained as adherent

culture in Dulbecco's modified Eagle's medium
(GIBCO) supplemented with 10% (vol/vol) heat-

26

inactivated Fetal Calf Serum (GIBCO) and grown
in 5% CO2 at 37°C. Py-4-1 mouse endothelial
cells were provided by Dr. Vicki Bautch
(University of North Carolina, Chapel Hill, NC)
and were grown in DMEM (GIBCO) containing
10% heat-inactivated Fetal Calf Serum (GIBCO)
in 10% CO2 at 37°C as adherent culture. At
confluence, cells were passaged with trypsin-
EDTA (0.05% trypsin/0.53 mM Na4EDTA) for 1-5
minutes.

in vitro chemotaxis assays

Blockade of J774 macrophage migration to-
wards activated Py-4-1 endothelial cells was
measured by chemotaxis through a 5 pm-pore
polycarbonate filter in Transwell chambers
(Corning, Lowell, MA, USA). Py-4-1 endothelial
cells used in chemotaxis assays were stimu-
lated with recombinant mouse TNF-a (25 ng/ml;
R&D Systems, Inc.) for 12 h in serum-free
DMEM medium and maintained overnight in the
lower chamber (7 x 104 cells/well). Macro-
phages were pre-incubated with sera from all
groups of mice for 2 h, resuspended in serum-
free DMEM and placed in the top chamber (1 x
105 cells /well). Duplicate wells were performed
for each group of mice. After 2 h incubation,
migrated macrophage cells were stained with
DAPI (Invitrogen) and their numbers were
counted by immunofluorescence microscopy. A
minimum of 20 non-overlapping consecutive
fields of view were taken under 200 x magnifi-
cation. Results were expressed as average num-
ber of cells migrated per High Power Field (HPF).

Statistical analysis

Statistical analysis was performed using one-
way analysis of variance (ANOVA) for multiple
comparisons. Results are expressed as the
groups mean = SEM. Two group differences
were analyzed by Student’s t-test, with a p value
(two-tailed) less than 0.05 considered statisti-
cally significant.

Results

Construction and expression of scDEC and
scControl DNA vaccines

To generate DC-targeted CX3CR1 and CCL2
DNA vaccines, the open reading frame for
mouse CX3CR1 and CCL2 extracellular domains
were cloned separately into pSC-DEC-OLLA vec-
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Figure 1. Construction and in vitro ex-
pression of DEC-CX3CR1, Con-CX3CR1,
DEC-CCL2 and Con-CCL2 DNA vaccines.
(A) Open reading frames for mouse
CX3CR1 and CCL2 extracellular domain
were fused in frame to the C-terminus
of scDEC or scControl vector. (B) The
CX3CR1 and CCL2 PCR products were
ligated and cloned separately into
DEC205 (DEC-CX3CR1 and DEC-CCL2)
and control vector (Con-CX3CR1 and
Con-CCL2), as shown in agarose gels
and visualized under UV using gel-doc
1000 (BIO-RAD, Australia, two separate
bands as indicated in DEC.cut and

Con.cut after restriction digestion).

CcCL2 ccCL2

tor (scDEC), which is a modified pcDNA3.1 vec-
tor that contains gene encoding single-chain
antibody specific for mouse DEC205 [16]. We
thereby generated fusion DNA constructs with
CX3CR1 or CCL2 genes fused in frame to the C-
terminus of scDEC as shown in Figure 1A and
1B. For comparison, two non-DC-targeted
CX3CR1 and CCL2 DNA vaccines (Con-CX3CR1
and Con-CCL2) were generated as above with
the use of pSC-GL117-OLLA (scControl) vector
instead of scDEC vector.

The fusion DNA constructs (DEC-CX3CR1, Con-
CX3CR1, DEC-CCL2, and Con-CCL2) were tran-
siently transfected into 293 cells for im-
munoblot analyses to verify their expressions.
The sequences of each inserted genes were
further confirmed by DNA sequencing.

CX3CR1 and CCL2 DNA vaccination induces
anti-CX3CR1 and anti-CCL2 antibody response

Mice were injected intramuscularly (i.m.) thrice
with DEC-CX3CR1/Con-CX3CR1 or DEC-CCL2/
Con-CCL2 DNA vaccines at weekly intervals
(Figure 2). One week after the third vaccination,
mice from peptide boost alone group were
boosted by CX3CR1 peptide. To determine
whether DC-targeted vaccine could induce a
stronger B cell response than control vaccine,
we measured serum anti-CX3CR1 and anti-
CCL2 antibody level using Enzyme-linked immu-
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nosorbent assay (ELISA). Serum collected from
non-vaccinated mice was used as control. A
significant increase of anti-CX3CR1 antibody
level was illustrated in DEC-CX3CR1 vaccinated
mice as compared to Con-CX3CR1 vaccinated
mice (1.76 + 0.19 vs 0.98 + 0.28, p < 0.05),
peptide boost alone (p < 0.01), and non-
vaccinated mice (p < 0.001) as shown in Figure
3A. Interestingly, non-vaccinated mice receiving
CX3CR1 peptide boost also have a minor in-
crease of anti-CX3CR1 antibody level as com-
pared with control (P < 0.01). We observed a
three-fold increase in anti-CCL2 antibody level in
DEC-CCL2 vaccinated mice as compared to non-
vaccinated ones (Figure 3B, 1.34 + 0.30 vs
0.33 £ 0.15, p < 0.05).

To further verify the presence of anti-CX3CR1
antibody in DEC-CX3CR1 vaccinated mice, an
immune-blotting analysis was performed. As
illustrated in Figure 3C, specific bands of 32kDa
were observed in sera from DEC-CX3CR1 and
Con-CX3CR1 vaccinated mice as well as mice
treated with CX3CR1 peptide boost alone. An
enhanced effect of CX3CR1 peptide boost on
anti-CX3CR1 antibody generation was also ob-
served.

CX3CR1 and CCL2 DNA vaccination induces
anti-CX3CR1 and anti-CCL2 cellular response

To assess the cellular response of anti-CX3CR1

Int J Clin Exp Med 2012;5(1):24-33
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Figure 2. Experimental protocol for DNA vaccination of C57/BL6 mice with the scDEC and scControl vectors. Mice
were pretreated with bupivacaine one week before plasmid DNA vaccination. Plasmid DNA was injected three times
at weekly interval. After one week, mice from peptide boosts alone group were boosted with CX3CR1 peptide mixture
and mice from non-vaccination control group were injected with saline. Mice were sacrificed to harvest organs for
ELISA, Western Blot, Elispot and in vitro migration assay five weeks after vaccination.

A B Figure 3. DNA vaccination induced
= * significant humoral responses. anti-
CX3CR1 and anti-CCL2 antibody lev-
els in serum were measured by ELISA
and Western Blot. Absorbance was
read at 450 nm corrected against
background reading at 570nm (The
results represent four independent
— experiments). (A) DEC-CX3CR1 vac-
% cine induces significantly higher se-
DEC-COL2 Con-CCL2 contror FUM anti-CX3CR1 antibody level as
compared to Con-CX3CR1 vaccina-
tion, peptide alone and non-
vaccinated group (*P < 0.05; **P <
0.01; ***P < 0.001). (B) Both DEC-
CCL2 and Con-CCL2 vaccine induces
significantly higher serum anti-CCL2
— antibody as compared to non-

vaccinated group (*P < 0.05; *P <

2.09

Absorbance

X3CR1" Con-CX3CR1 Peptide Boost

32kDa 0.05). (C) Presence of anti-CX3CR1

antibody after vaccination by im-

_ o _ munoblot analysis. NIH/3T3 cells

1: non—_vaccmatlon control 6_&7. DEC-CX3CR1 were probed with sera from all groups

2: peptide Alone 8: -ve control .

3 Con-CX3CR1 9 +ve control of mice. Strong bands correspond to

4: Con-CX3CR1 M: Marker anti-CX3CR1 of size 32kDa are shown
5: DEC-CX3CR1 in lane 6&7.
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Figure 4. DNA vaccination induced significant cellular responses of splenic IFN-y-producing T cells as examined by
enzyme-linked immunospot assay. (A) Represented spots on each group as indicated shown a large number of spot
forming cells in DEC-CX3CR1 and DEC-CCL2 vaccinated mice. (B) quantitative analysis shown that there are signifi-
cantly higher number of IFN-y-producing splenic T cells in DEC-CX3CR1 vaccinated mice than in other groups, (value =
mean £ SEM, all ***P < 0.001). (C) quantitative analysis shown that there are significantly higher number of IFN-y-
producing splenic T cells in DEC-CCL2 vaccinated mice than in other groups, (value = mean * SEM, both ***P <

0.001).

and anti-CCL2 DNA vaccination in comparison
with peptide boost alone and non-vaccinated
control, the numbers of IFN-y producing T cells
from spleens of vaccinated mice were assessed
by ELISpot assay (Figure 4). Mice vaccinated
with DEC-CX3CR1 DNA had more splenic T cells
that produced IFN-y when stimulated with 0.2
mg/ml CX3CR1 peptide in vitro than mice re-
ceived peptide boost alone and non-vaccinated
control mice (Figure 4B, both, p < 0.001). Mice
vaccinated with DEC-CCL2 DNA had more
splenic T cells that produced IFN-y when stimu-
lated with 0.2 mg/ml recombinant CCL2 protein
in vitro than non-vaccinated control mice (Figure
4C, p < 0.001). The number of IFN-y producing T
cells in non-vaccinated mice with CX3CR1 pep-
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tide boost was also greater than in non-
vaccinated controls (P < 0.05). A significant in-
crease of the number of IFN-y producing T cells
was also observed in DEC-CX3CR1 and DEC-
CCL2 vaccinated mice as compared to Con-
CX3CR1 and Con-CCL2 vaccinated mice respec-
tively (both, P < 0.001)

Inhibitory effects of antiserum neutralization on
macrophage chemotaxis towards activated en-
dothelial cells in vitro

To explore the mechanism whereby DNA vacci-
nation of CX3CR1 and CCL2 reduced monocyte
infiltration, antisera from mice were tested in
vitro for their blocking effects against CCL2-
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Figure 5. Inhibition of macrophage chemotaxis by antisera of DNA vaccinated mice. (A) Number of cells migrated per
High Power Field (HPF) under microscopy of each group as indicated showed significantly decreased number of mi-
grated macrophage upon pre-incubation of antisera from DEC-CX3CR1 and DEC-CCL2 vaccinated mice (B)&(C) quan-
titative analysis shown that there are significantly lower number of migrated macrophages upon pre-incubation of
antisera from DEC-CX3CR1 and DEC-CCL2 vaccinated mice than in other groups (Values = means + SEM, *P < 0.05;
**P < 0.01; ***P < 0.001. The results represent four independent experiments).

induced monocyte chemotaxis (Figure 5A). The
total numbers of migrated macrophages were
significantly lower after incubation of antisera
from mice that were vaccinated with DEC-
CX3CR1 and DEC-CCL2 than with antisera from
non-vaccinated control mice (both, P < 0.001),
whereas a minor decreased total number of
migrated macrophages was also observed with
antisera of mice that had undergone CX3CR1
peptide boost alone as compared to non-
vaccination control (P < 0.05). The number of
migrated macrophages was half as many as in
DEC-CX3CR1 vaccinated mice antisera than in
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Con-CX3CR1 vaccinated mice (28.28 + 6.77 vs.
59.08 + 9.86, P < 0.05) and mice received pep-
tide boost alone (28.28 + 6.77 vs. 67.75 *
1.80, P < 0.01) as shown in Figure 5B, while
50% lower in DEC-CCL2 vaccinated mice antis-
era as compared to Con-CCL2 vaccinated mice
(30.61 + 1.59 vs. 47.71 £ 5.35, P < 0.05), as
shown in Figure 5C.

Discussion

Atherosclerotic disease underlies the leading
cause of death in industrialized societies and is
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likely soon to attain this status worldwide [20].
Atherosclerosis is characterized by progressive
infiltration of monocytes and formation of fi-
brous plaques in blood vessels leading eventu-
ally to formation and rupture of necrotic cores.
Specific immunotherapeutic strategies including
antibody or gene-targeted neutralization of
chemokines, chemokine receptors, cytokines, or
adhesion molecules and co-stimulatory path-
ways prevent monocyte entry to some extent in
studies in mice [10, 12, 14, 25, 26]. However,
these interventions lead only to partial inhibition
of lesion development and fail to fully abrogate
the progression of atherosclerosis. As a result,
therapeutic strategies that target early stage
atherogenesis could be more effective in the
prevention and treatment of this disease.

DNA vaccination is a recently developed ap-
proach in which genes that encode target anti-
gens are delivered and expressed in vivo within
host cells. This technigue has been proven to be
very effective and promising in mouse models
of infectious diseases, cancers and other auto-
immune disorders including multiple sclerosis,
experimental autoimmune encephalomyelitis
and allergic responses [16, 21-26]. One of the
major disadvantages of DNA vaccination which
limits its clinical application is the restricted
ability to induce strong immunity in the host
[27]. This had led to the introduction and devel-
opment of various strategies including adjuvant
modification, electroporation delivery and self-
antigen targeting to enhance the immunogenic-
ity [16, 23, 28-30]. We therefore generated DNA
vaccines encoding CX3CR1 and CCL2, which
selectively targeting dendritic cells via the endo-
cytic receptor, DEC205/CD205. The fusion vec-
tors were delivered by electroporation to further
enhance the immunogenicity. We demonstrated
a significant increase of B and T cell responses
against CX3CR1 and CCL2 in DC-targeted vacci-
nated mice in comparison with mice received
non-DC targeted vaccination. These data is con-
sistent with similar observations in recent stud-
ies [31-33].

Recently, there has been increased interest and
progress in research on DNA vaccination in
chronic inflammatory diseases. Immune targets
include TCRs, cytokines and chemokines. Our
lab and collaborators have previously estab-
lished an animal model of DNA vaccination
against TCR subsets in Heymann nephritis (HN)
[34] and against the chemokine CCL2 in Adria-
mycin nephropathy (AN) [19]. In both models,
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DNA vaccination was shown to be protective
against chronic renal injury.

Its ability to modulate inflammatory responses
suggests the potential of DNA vaccination as a
therapeutic approach to target early athero-
genesis. Previous studies involving genetically
modified mice have demonstrated that DNA
vaccination against atherosclerosis disease-
related immune targets including vascular endo-
thelial growth factor receptor 2 (VEGFR2) [35,
36], CD99 [37], and TIE2 cells [38] all attenuate
atherogenesis in some extent. We demon-
strated that antisera from both CX3CR1 and
CCL2 vaccinated mice decreased the migration
of macrophages towards activated endothelial
cells in an in vitro assay which mimics the situa-
tion in atherosclerosis. This suggests that, func-
tionally blocking CX3CR1 and CCL2 by DNA vac-
cination may also reduce the severity of athero-
sclerosis.

In comparison to various current treatments of
atherosclerosis, DNA vaccination can provide a
relatively cheap and fast alternative way since
atherosclerosis initiates at young ages and such
patients will benefit from the vaccination strat-
egy early in their lives that prevents the forma-
tion and development of atherosclerotic lesions.
Although the results from our current study are
consistent with some of others, it should be
mentioned that our study was only performed in
a non-disease model and with limited number of
experimental objects. In order to extrapolate
these data, further studies are required in ani-
mal models with experimental atherosclerosis
induced. More importantly, all data collected
from animal models must be further verified by
performing studies in the human situations,
while the risks of side effects as a consequence
of blocking bioactive molecules also needed to
be carefully assessed.

Conclusively, in this study, we vaccinated mice
by specifically targeting the chemokine receptor
CX3CR1 and chemokine CCL2, both of which
are important to monocyte recruitment in
atherosclerosis. Upon vaccination, mice gener-
ated significant cellular and humoral responses,
and the inhibitory effects of the antibodies on
macrophage transmigration were demonstrated
in vitro. In addition, on average a doubling in-
crease of antibody levels and T-cell responses
was induced by DC-targeting of DNA vaccination
as compare to non-DC-targeting DNA vaccina-
tion. This pilot study suggests that DNA vaccina-
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tion using self-targets against key chemokines
and their receptors involved in monocyte recruit-
ment maybe an attractive therapeutic strategy
to prevent and treat atherosclerosis.
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