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A major challenge in the development of effective therapies for rheumatoid arthritis (RA) is finding a method for the
specific inhibition of the inflammatory disease processes without the induction of generalized immunosuppression. Of
note, the development of therapeutic DNA vaccines and boosters that may restore immunological tolerance remains a
high priority. pcDNA-CCOL2A1 is a therapeutic DNA vaccine encoding chicken type II collagen(CCII). This vaccine was
developed by our laboratory and has been shown to exhibit efficacy comparable to that of the current “gold standard”
treatment, methotrexate (MTX). Here, we used enzyme-linked immunosorbent assays with anti-CII IgG antibodies,
quantified the expression levels of Th1, Th2, and Th3 cytokines, and performed flow cytometric analyses of different T-
cell subsets, including Th1, Th2, Th17, Tc, Ts, Treg, and CD4CCD29CT cells to systemically evaluate humoral and cellular
immune responses to pcDNA-CCOL2A1 vaccine in normal rats. Similar to our observations at maximum dosage of
3 mg/kg, vaccination of normal rats with 300 mg/kg pcDNA-CCOL2A1 vaccine did not induce the production of anti-CII
IgG. Furthermore, no significant changes were observed in the expression levels of pro-inflammatory cytokines
interleukin (IL)-1a, IL-5, IL-6, IL-12(IL-23p40), monocyte chemotactic protein (MCP)-1, macrophage inflammatory protein
(MIP)-1a, regulated on activation in normal T-cell expressed and secreted (RANTES), receptor activator for nuclear
factor-kB ligand (RANKL), and granulocyte colony-stimulating factor (G-CSF) or anti-inflammatory cytokines IL-4 and IL-
10 in vaccinated normal rats relative to that in controls(P > 0.05). However, transforming growth factor (TGF)-b levels
were significantly increased on days 10 and 14, while interferon (IFN)-g and tumor necrosis factor (TNF)-a levels were
significantly decreased on days 28 and 35 after vaccination(P < 0.05). Similarly, there were no significant differences in
the percentages of Tc, Ts, Th1/Th2, and Th17 cells between the 2 groups(P > 0.05), with the exception of Treg cells,
which were significantly reduced on days 14 and 21 after vaccination (P < 0.05), and CD4CCD29CT cells, which were
significantly increased on days 7 and 14 after vaccination(P < 0.05).Taken together, these results suggested that
pcDNA-CCOL2A1 vaccine did not markedly affect the balance of immune system components in vaccinated normal
rats, indicating that this DNA vaccine may have clinical applications in the treatment of RA.

Introduction

Currently available treatments for rheumatoid arthritis
(RA) are often ineffective in ameliorating the progression of
the disease, particularly the invasive destruction of articular
cartilage and bone; thus, RA remains incurable and highly

incapacitating disease.1-5 Accordingly, the exploration and
development of new strategies, targets, and drugs for the
treatment of RA are major focuses of many research groups.
Moreover, while we have made great progress in improving
our understanding of the pathogenesis of RA, the develop-
ment of effective therapies for RA is still challenging as most
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agents that may suppress the inflammatory disease process
also induce generalized immunosuppression.2,6

Advances in our understanding of the pathogenesis of RA have
led to the clinical introduction of novel therapies, such as disease-
modifying antirheumatic drugs (DMARDs), biological modifier
therapies (e.g., recombinant regulatory cytokines, engineeredmole-
cules, and monoclonal antibodies targeting pro-inflammatory cyto-
kines or lymphocyte cell-surface proteins), gene therapy, and
therapeutic DNA vaccines.2,4,6-8 Notably, the development of ther-
apeutic DNA vaccines that may recover immunological tolerance
through the induction of both CD4CCD25CFoxP3Cregulatory T
(Treg) and CD3CCD8CC28- suppressor T (Ts) cells and/or inhi-
bition of both autoreactive CD4CCD28CTh1(Th1) and auto-anti-
body-producing B cellsremains a high priority. Indeed, many trials
of therapeutic DNA vaccines in rodents and other small mammals
have been highly successful at treating experimental RA, experi-
mental autoimmune encephalomyelitis (EAE), pathologies in
spontaneous nonobese diabetic (NOD) mice, and other autoim-
mune diseases. In particular, a therapeutic DNA vaccineen coding
myelin basic protein was shown to be efficacious and safe in a phase
I/II clinical study of multiple sclerosis (MS).2,6,9,10

The pcDNA-CCOL2A1 vector is a novel therapeutic
DNA vaccine encoding CCII that was developed in our labo-
ratory for the treatment of RA. Notably, we found that this
vaccine exhibited efficacy comparable to that of the current
“gold standard” treatment, methotrexate (MTX), in estab-
lished collagen-induced arthritis(CIA) in rats.2,3 The develop-
ment of the pcDNA-CCOL2A1 vaccine is supported by the
function of type II collagen (CII) as a critical auto-antigen in
RA, and by the effective treatment of RA with native chicken
type II collagen (nCCII).11-13 In a more recent study, we
found that vaccination of normal rats with pcDNA-
CCOL2A1 vaccine at a maximum dosage of 3 mg/kg was
safe and well tolerated. This dosage also did not induce any
abnormal clinical signs and had no adverse effects on normal
physiological functions, including hematology, metabolism,
and immunogenicity.14

Therefore, based on these encouraging results, we systemically
evaluated humoral and cellular immune responses to the
pcDNA-CCOL2A1 vaccine in normal rats following a single
intramuscular injection of the therapeutic dose(300 mg/kg).
These studies are particularly important to evaluate the systemic
effects of newly developed therapeutic DNA vaccines. As we all
know well that these are also important indicators of vaccine
quality, regardless of the use of traditional vaccines or DNA
vaccines.

Results

Vaccination of normal rats with the pcDNA-CCOL2A1
vaccine did not induce production of anti-CII antibodies

Because our previous results indicated that serum from nor-
mal rats under normal physiological conditions did not contain
any anti-CII antibodies,2,3 we first examined whether vaccination
with 300 mg/kg pcDNA3.1-CCOL2A1 vaccine induced the pro-
duction of anti-CII antibodies in normal rats. Thus, we used
enzyme-linked immunosorbent assays (ELISAs) to investigate
serum levels of anti-CII antibodies from vaccinated normal rats
after a single intramuscular injection of either pcDNA3.1-
CCOL2A1 vaccine or NS control. Anti-CII antibodies were
measured at various times after vaccination, and the results are
shown in Table 1. In view of the facts that there are same
respones to vaccination with the pcDNA-CCOL2A1 vaccine
between male and female rats, we pooled data from male and
female rats in the analysis of the experimental results. Indeed, we
found that normal rats vaccinated with 300mg/kg pcDNA-
CCOL2A1 did not induce the production of anti-CII antibodies
(neither anti-rat nor anti-chicken CII antibodies) from day 3 to
day 21 after vaccination.

Based on the results obtained using the therapeutic dosage of
300 mg/kg, we also measured plasma levels of the two types of
anti-CII antibodies at 14 d after vaccination of normal rats with
the maximum dosage of 3 mg/kg. Similar to the results at the
therapeutic dosage of 300 mg/kg, vaccination of normal rats with
3 mg/kg pcDNA-CCOL2A1 vaccine resulted in only very weak
production of anti-CII IgG antibodies (low levels outside the lin-
ear range of the standard curve) as compared to the control
group. Interestingly, the levels of anti-rat CII antibodies in rats
administered 3 mg/kg vaccine were significantly lower than those
of the normal control group(0.07355 § 0 .0558 versus
0.1077 § 0 .0565, respectively; P < 0.05). In addition, anti-
chicken CII antibodies were not detected at 14 d after vaccina-
tion with 3 mg/kg vaccine.

Vaccination of normal rats with the pcDNA-CCOL2A1
vaccine did not alter the expression levels of most cytokines

Pro-inflammatory and anti-inflammatory cytokines are partic-
ularly important for modulating the balance between humoral
and cell-based immune responses. To investigate the potential
effects of vaccination with the pcDNA-CCOL2A1 vaccine on
pro-inflammatory and anti-inflammatory cytokines, we systemi-
cally examined the expression levels of various cytokines in vacci-
nated normal rats on days 3 to 35 after a single intramuscular

Table 1. The plasma levels of anti-CII antibodies from vaccinated normal rats with pcDNA-CCOL2A1 vaccine at different time-points after a single intramus-
cular injection of therapeutic dosage of 300 ug/kg (Units/mL, n D 30).

Anti-CII antibodies NC1 3d 7d 10d 14d 21d 28d 35d

Rat-IgG Anti-Rat <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
Rat-IgG Anti-Chicken <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000

1. NC: normal control. Each plasma was not diluted, and values were expressed as mean units of activity.These data are epresentative of 3 experiments.
Three separate experiments yielded similar results.
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injection of pcDNA3.1-CCOL2A1 at the therapeutic dosage of
300 mg/kg. Because of the high variation among the levels of
cytokines observed under normal physiological conditions, we
were not able to compare the levels of cytokines at various times
after vaccination with the normal control group. Therefore, we
considered the cytokine measurements from the normal control
group as the normal range (n D 30). The results of plasma cyto-
kine analyses in vaccinated normal rats are shown in Table 2.
These data showed that levels of pro-inflammatory cytokines,
including interleukin (IL)-5, IL-6, IL-12, granulocyte colony-
stimulating factor(G-CSF), macrophage inflammatory protein
(MIP)-1a, monocyte chemotactic protein(MCP)-1, receptor
activator for nuclear factor-kB ligand(RANKL), and regulated
on activation in normal T-cell expressed and secreted
(RANTES), were all within the normal range during the 35-day
period after vaccination. Although the levels of IL-1a on the
28th day, tumor necrosis factor (TNF)-a on the 14th day, and
interferon (IFN)-g on the 10th and 14th days after vaccination
were beyond the upper limit of the normal range, there were no
significant differences compared with those found in normal con-
trol rats. Thereafter, TNF-a and IFN-g levels were below the
detection limit on days 28 and 35, while the levels of these cyto-
kines were within the normal range on all other days tested.

As shown in Table 2, among the measured anti-inflammatory
cytokines, plasma IL-4 levels were within the normal range of
fluctuation during the 35-day period after vaccination. Plasma
IL-10 levels were beyond the upper limit of normal on day 35
after vaccination; however, no statistically significant differences
were observed when compared with the maximum level in con-
trol rats. In contrast, plasma transforming growth factor (TGF)-
b levels were significantly increased on days 10 and 14 after vac-
cination, returning to the normal range thereafter.

Next, we examined the effects of vaccination with 3 mg/kg
pcDNA-CCOL2A1 on plasma levels of several key pro-inflam-
matory cytokines and anti-inflammatory cytokines on day 14
after vaccination. As shown in Table 3, pro-inflammatory cyto-
kines, e.g., MIP-1a, MCP-1, and RANKL, and anti-inflamma-
tory cytokines, e.g., IL-10 and TGF-b, were within the normal
levels at day 14 after vaccination.

Vaccination of normal rats with the pcDNA-CCOL2A1
vaccine did not alter most T-lymphocyte subsets

DNA vaccines have been shown to be remarkably effective at
raising Tc and Th1/Th2 subsets.2,6,15,16 For these reasons, we
investigated whether there were changes in peripheral blood Tc,
Ts, Treg, Th1/Th2, Th17, and CD4CCD29CT-cell subsets after
vaccination of normal rats with 300 mg/kg pcDNA-CCOL2A1
vaccine. In order to exclude the spurious fluorescence, all
matched isotype control antibodies including phycoerythrin
(PE), phycoerythrin-Cy7 (PE-Cy7), allophycocyanin (APC),
Alexa fluor-647 (AF-647) etc.-labeled IgG antibodies were used
throughout as controls for non-specific cell surface binding in all
fluorescence activated cell sorter (FACS)-based measurements.
The left diagram of Figure 1 in each group shows the representa-
tive isotype-matched control and the corresponding analyzed T-
lymphocyte subsets on the right diagram in Figure 1. As shown
in Figure 1, there were no statistically significant differences in
the percentage of Tc, Ts, Th1/Th2, and Th17 cells between the
2 groups(P > 0.05), with the exception of Treg cells, which
were significantly lower on days 14 and 21 after vaccination
(P < 0.05), and CD4CCD29CT cells, which were significantly
higher on days 7 and 14 after vaccination (P < 0.05). Thereafter,
levels of Treg cells and CD4CCD29CT cells recovered to normal
levels by 28 and 35 d. In contrast, vaccination of normal rats

Table 2. The plasma concentrations of inflammatory and anti-inflammatory cytokines from vaccinnated normal rats with pcDNA-CCOL2A1 vaccine at differ-
ent time-points after a single intramuscular injection of therapeutic dosage of 300mg/kg(pg/mL, n D 30).

Cytokines concentrations IL-1a IL-5 IL-6 IL-12 G-CSF MIP-1a MCP-1

NC1 5.02–17.88 45.79–144.42 2.22–7.35 119.58–299.94 18.22–42.63 2.66–9.72 237.80–767.31
3d 5.20–18.68 55.13–122.62 2.49–7.92 117.86–270.81 18.86–45.52 2.15–10.42 245.82–751.90
7d 5.92–19.42 45.53–135.66 2.03–7.42 111.98–283.88 18.64–48.12 2.53–11.53 254.46–791.21
10d 5.07–16.94 40.33–123.50 1.84–6.27 117.52–305.09 17.96–56.94 2.63–9.52 236.20–998.56
14d 5.53–18.17 49.95–139.12 1.83–7.16 116.33–284.26 18.62–60.27 1.89–9.59 228.13–469.81
21d 5.41–29.13 38.72–126.41 1.75–7.73 117.75–297.22 18.11–43.01 1.56–10.96 303.55–769.17
28d 5.40–32.08 43.52–145.57 1.84–7.65 121.93–379.13 18.09–44.34 2.33–10.30 343.05–619.08
35d 5.81–24.49 55.17–149.28 1.95–8.09 109.00–310.55 17.89–47.52 2.52–10.11 253.37–525.54
Cytokines concentrations RANKL RANTES TNF-a IFN-g IL-4 IL-10 TGF-b
NC 27.25–132.71 12.22–51.7 4.70–8.40 1.61–3.78 3.30–8.49 10.30–29.96 1874.93–5346.13
3d 34.12–135.87 13.08–58.01 5.10–7.96 1.12–3.79 3.54–8.88 11.48–30.85 1865.52–4826.58
7d 39.52–137.23 11.60–59.20 5.05–8.31 1.42–3.86 2.57–8.42 10.28–23.86 2469.81–5762.07
10d 37.94–135.12 13.26–61.18 5.05–11.65 1.22–7.21 2.09–8.69 13.55–51.09 4538.61–12779.28*
14d 24.31–91.23 10.59–46.89 5.28–13.53 0.91–2.52 3.25–8.94 10.54–30.92 4545.51–11553.75*
21d 49.69–140.69 10.90–62.30 5.04–9.16 1.10–5.22 2.07–7.76 10.49–41.77 3027.60–6879.74
28d 57.18–140.46 14.67–53.05 — — 3.10–9.30 18.52–39.89 2778.33–6556.48
35d 44.56–133.13 10.55–35.79 — — 2.89–9.53 17.99–55.80 1778.58–4205.79

1. NC: normal control. Values were expressed as mean units of activity. Data represent the normal range for vaccinated normal rats. *P < 0.05 vs. the extre-
mum of NC using the t-test when the mean of determination is outside the normal range. These data are representative of 3 experiments. Three separate
experiments yielded similar results.
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with 3mg/kg pcDNA-CCOL2A1 vaccine did not cause changes
in any of the T-lymphocyte subtypes examined in this study
(Fig. 2).

Discussion

Therapeutic DNA vaccines are a major breakthrough not only
in the field of vaccination, but also in the field of autoimmune
diseases, particularly for several important refractory autoim-
mune diseases, such as RA, MS, and insulin-dependent diabetes
mellitus(IDDM). In theory, therapeutic DNA vaccines have sev-
eral advantages over traditional vaccines and currently available
treatments for autoimmune diseases.2,6,9,15,17,18Unlike tradi-
tional or prophylactic vaccines that generally raise only humoral
immune responses, such as different patterns of antibodies, thera-
peutic DNA vaccines possess the ability to simultaneously raise
humoral and cellular immune responses.16,19 Thus, it is particu-
larly important to evaluate the systemic effects of newly devel-
oped therapeutic DNA vaccines on humoral and cellular
immune responses. In the present study, our results clearly indi-
cated that the pcDNA-CCOL2A1 vaccine did not markedly
affect the balance of humoral and cellular immune responses in
vaccinated normal rats.

Humoral immune responses, particularly antibody responses,
are important indicators of vaccine quality, regardless of the use
of traditional vaccines or DNA vaccines. Indeed, induction of
the humoral immune response has become an important “gold
standard” to determine the quality and effectiveness of newly
developed vaccines.15,19,20 For these reasons, we first systemi-
cally evaluated humoral immune response to the pcDNA-
CCOL2A1 vaccine in normal rats. One of the findings from
this study was that a single intramuscular injection of the
pcDNA-CCOL2A1 vaccine (300 mg/kg or 3mg/kg) did not
result in the production of anti-CII antibodies(neither anti-rat
CII IgG antibodiesn nor anti-chicken CII IgG antibodies). This
result was consistent with our recent findings demonstrating
that 3 mg/kg pcDNA-CCOL2A1 vaccine does not induce the
production of anti-CII IgG antibodies in normal rats. Indeed,
vaccination of normal rats with 300 mg/kg vaccine did not
inducethe production of anti-CII IgG antibodies from 3 to 35
d after vaccination. These results are also consistent with our
previous studies showing that 300 mg/kg vaccine markedly
reduces serum levels of anti-nCII antibodies in CIA rats.2

However, these findings are inconsistent with established knowl-
edge on the mechanisms of vaccine responses in humans and
mammals; according to our prior understanding of the mecha-
nisms of vaccines, all vaccines, including DNA vaccines, must
be able to induce antibody responses or antibody produc-
tion.16,19 There are several explanations for our findings. One
possible explanation is that antigenic type II collagen is seques-
tered, preventing the production of related anti-CII IgG anti-
bodies under normal physiological conditions.20,21 A more
likely explanation is that administration of the pcDNA-
CCOL2A1 vaccine in vivo in normal rats may only produce
nonhydroxylated, nonglycosylated CCII; the lack of post-trans-
lational modifications (i.e., hydroxylation and glycosylation)
would markedly affect the ability of the CII conformational
epitopes to induce immune recognition and subsequent
responses by B-lymphocyte.2,21-24 Therefore, further studies are
required to determine the cause of this interesting phenomenon.

The roles of different cytokines in controlling various aspects
of the immune response suggest that particular cytokines may
prove useful for optimizing vaccines against different diseases.
Some cytokines have also been selected as adjuvants for DNA
vaccines.25,26 In our study, no significant changes were observed
in most of the cytokines examined following administration of
300 mg/kg vaccine in normal rats. However, some changes were
observed in the expression of the Th3-cytokine TGF-b and the
Th1-cytokines IFN-g and TNF-a on specific days after vaccina-
tion. Our findings here provide direct evidence that the
pcDNA-CCOL2A1 vaccine did not result in global changes in
cytokine networks in normal rats under normal physiological
conditions. However, in a CIA rat model, 300 mg/kg pcDNA-
CCOL2A1 vaccine upregulated the expression of the Th2-cyto-
kine IL-10 and the Th3-cytokine TGF-b and downregulate the
levels of IFN-g and TNF-a (Th1 cytokines).2 Thus, these
results are critical for the potential use of this vaccine in the
treatment of RA as the imbalance between pro-inflammatory
Th1-cytokines and anti-inflammatory Th2 and/or Th3 cyto-
kines which has been shown to be a major player in the immu-
nopathogenesis of RA.6,27,28

To design the most effective DNA vaccines, it is important to
understand the types of immune responses required to prevent
infection or alleviate autoimmune diseases.16,19 In these cases,
adaptive cellular immune responses comprising Tc, Ts, Treg,
Th1/Th2, Th17, and CD4CCD29CT-cell subsets have been
shown to be critical for maintaining normal immune function,

Table 3. The plasma concentrations of inflammatory and anti-inflammatory cytokines from vaccinnated normal rats with pcDNA-CCOL2A1 vaccine on the
14th day after a single intramuscular injection of maximum dosage of 3 mg/kg (pg/mL, n D 6).

Cytokines concentrations MIP-1 MCP-1 RANKL IL-10 TGF-b

NC1,2 2.66–9.72 237.80–767.31 27.25–132.71 10.30–29.96 1874.93–5346.13
3 mg/kg DNA vaccine 5.10–8.55 297.78–563.25 47.19–99.62 10.75–29.03 3817.82–5371.38

1. NC: normal control. 2. Data from table 2 (n D 30). Values were expressed as mean units of activity. Data represent the normal range for vaccinated normal
rats.
The data is representative of 3 experiments. Three separate experiments yielded similar results.
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controlling the pathogen, and protecting
against disease progression. In the pres-
ent study, our results indicated that the
pcDNA-CCOL2A1 vaccine (300 mg/
kg) had no effect on the percentages of
Tc,Ts, Th1/Th2, and Th17 cells on
days 3 to 35 after vaccination, with the
exception of Treg cells and
CD4CCD29CT cells, which exhibit
transient changes in numbers. Interest-
ingly, 3 mg/kg pcDNA-CCOL2A1 vac-
cine did not cause any significant
changes in any of the examined T-cell
subsets, indicating that the pcDNA-
CCOL2A1 vaccine(at both 300 mg/kg
and 3 mg/kg) did not affect the balance
of adaptive cellular immune responses
under normal physiological conditions.
These findings are in contrast to those
observed in our previous studies with
established CIA rats, in which adminis-
tration of the pcDNA-CCOL2A1 vac-
cine at the therapeutic dose could
obviously increase the proportion of
Treg cells and induced a shift from Th1
to Th2 cells.2 These contradictory data
(i.e., responses are observed under path-
ological conditions but not normal con-
ditions) were unanticipated based on
our understanding of the mechanisms of
vaccines, particularly DNA vaccines,
which are generally thought to raise
both cytotoxic T cell(CTL) responses
and different types of T-helper cell
responses.16,19 It is clear from these data
that the exact mechanisms through
which this DNA vaccine functions are
not yet known. One possible explana-
tion is that unlike DNA vaccines to
immunize against infectious agents,
which was predictable, the truly impor-
tant part of DNA vaccines is not immunization of autoimmune
diseases but rather the specific modulation of the immune sys-
tem. The precise tweaking for unbalanced immune system pro-
vide by DNA vaccines may provide the opportunity to treat or
even to cure autoimmune diseases.9 We expect, of course, that
these answers may be revealed satisfactorily in studies of the
mechanism of immune tolerance under normal physiological
conditions.

In conclusion, this is the first study to systemically evaluate
humoral and cellular immune responses to the pcDNA-
CCOL2A1 vaccine in normal rats at both the therapeutic dose of
300 mg/kg and the maximum dose of 3 mg/kg. Our results sug-
gested that the pcDNA-CCOL2A1 vaccine did not affect the bal-
ance of humoral and cellular immune system responses in
vaccinated normal rats.

Materials and Methods

Animals
Inbred female and male Wistar rats (4–6 weeks old) were

obtained from the Animal Breeding Center of the Academy
of Military Medical Sciences (Beijing, China) and maintained
under specific pathogen-free conditions. The experiments
were performed under the supervision and guidelines of the
Academy of Military Medical Sciences Animal Welfare
Committee.

pcDNA-CCOL2A1 vaccine
The eukaryotic pcDNA-CCOL2A1 expression vector previ-

ously constructed in our laboratory contained a 4837-bp full-
length cDNA encoding chicken type II procollagen29 (Genbank

Figure 1. For figure legend, see page 943.
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databases ACCESSION:AY046949 and AF452711) with dele-
tion of the N-propeptides, signal peptide sequence, and Kozak
consensus sequence.2 The resulting recombinant plasmid,
pcDNA-CCOL2A1, was produced in Escherichia coli, purified
using Endo-free Mega-prep kits (Qiagen, Valencia, CA, USA),
and used as a DNA vaccine for the study of humoral and cellular
immune responses.

Vaccination of normal rats with the pcDNA-CCOL2A1
vaccine

Rats were randomly divided into 3 groups, with at least 30
rats in each group (15 male rats, 15 female rats). Rats in group 1

received a single intramuscular (i.m.) injection into the left hind
limb musculi biceps femoris with 300 mg/kg pcDNA3.1-
CCOL2A1 vaccine; rats in group 2 were injected with normal
saline (NS) as a negative control; and rats in group 3 were admin-
istered a single injection of 3 mg/kg pcDNA3.1-CCOL2A1
vaccine(n D 6).

Measurement of plasma anti-CII antibody levels ELISA
On days 3, 7, 10, 14, 21, 28, and 35 after vaccination with the

pcDNA-CCOL2A1 vaccine (300 mg/kg or 3 mg/kg), plasma
was obtained and stored at -20�C until use. The levels of plasma
antibodies to CII were measured by ELISA, as previously

Figure 1. (See previous page). The cellular immune response to the pcDNA3.1-CCOL2A1 vaccine(300 mg/kg) in normal rats. (A) The percentages of
peripheral blood Tc, Ts, CD4CCD29C, CD4CCD25CTreg, Th1/Th2, and Th17 cells in vaccinated and unvaccinated normal rats. Rats were administered a
single dose of 300 mg/kg pcDNA3.1-CCOL2A1 vaccine, and immune system cells were analyzed 3 to 5 d after injection. *P < 0.05 versus normal control
(NC) using t-tests. (B) Representative data from flow cytometry analysis of peripheral blood CD4CCD25CTreg, CD4CCD29C, Th1/Th17,Th2, and Tc/Ts cells
from vaccinated and unvaccinated normal rats 3 to 35 d after a single intramuscular injection of 300 mg/kg pcDNA3.1-CCOL2A1. The left diagram in
each group shows the representative isotype-matched control and the corresponding analyzed T-lymphocyte subsets on the right diagram. These data
are representative of 3 experiments. Three separate experiments yielded similar results.
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described.2,3,6 Antibodies against CII
were detected in rat plasma with com-
mercially available test kits (Rat-IgG
Anti-Rat/Chicken Type II Collagen
Antibody ELISA Kit, Chondrex,WA,
USA). In this test assay, 8-well strips
coated with type II collagen were mixed
with rat plasma samples to allow specific
binding of anti-CII antibodies. The sec-
ondary antibody (peroxidase-conjugated
goat anti-rat IgG) was added, followed
by addition of peroxidase, inducing the
reaction with OPD-Urea H2O2. Anti-
body levels were quantified using 7 stan-
dard samples (containing 0.25–
16 units/mL antibody). The tested
plasma were diluted such that the mea-
sured optical density (OD) values were
between standard samples one and 7.
The presented values were calculated by
multiplying the plasma dilution with the
measured antibody level.

Cytokine assays for Th1, Th2, and
Th3 cytokines

On days 3, 7, 10, 14, 21, 28, and 35
after vaccination with 300 mg/kg or
3 mg/kg pcDNA-CCOL2A1 vaccine,
plasma or serum were obtained and
stored at -20�C until use. The pro-
inflammatory cytokines IL-1a, IL-5, IL-
6, IL-12(IL-23p40), IFN-g, TNF-a,
MCP-1, MIP-1a, RANTES, RANKL,
and G-CSF and the anti-inflammatory
cytokines IL-4, IL-10, and TGF-b were
quantified by high-throughput cytokine
detection technology with multifunc-
tional flow lattice(Luminex 200TM,TX,
USA) using commercial kits (Affymetrix,
Santa Clara, CA,USA)as previously
described.2,3,6

Flow cytometric analysis for T-cell subsets
Peripheral blood samples were collected from groups of rats

on days3, 7, 10, 14, 21, 28, and 35 after vaccination with the
pcDNA-CCOL2A1 vaccine with the therapeutic dose of
300 mg/kg or the maximum dose of 3 mg/kg. The percentage of
CD3CCD8CCD28Ccytotoxic T (Tc), CD3CCD8CC28-sup-
pressor T (Ts), CD4CCD25CFoxP3Cregulatory T (Treg), and
CD4CCD29CT cells were detected with various specific, fluores-
cence-conjugated monoclonal antibodies(BD Biosciences, Frank-
lin Lakes, NJ, USA; eBioscience, San Diego, CA, USA)by flow
cytometry(BD FACSVerse, NJ, USA) as previously
described.2,3,6 Th1, Th2, and Th17 cells were identified using
intracellular cytokine staining with a BD Cytofix/Cytoperm Plus
Fixation/Permeabilization kit, and data are presented in a scatter

diagram according to IFN-g, IL-4, and IL-17A levels. Irrelevant
isotype-matched anti-IgG (Gene) was run as negative controls to
account for spurious fluorescence.

Statistical analysis
Data analysis was performed using SPSS software version13.0.

For descriptive analyses, mean § standard deviations are
reported. Student’s t-tests were used to compare the differences
in cytokines levels and the percentages of various T-cell subsets
between the vaccinated group and the negative control group.
Differences with P-values of less than 0.05 were considered statis-
tically significant.
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Figure 2. Cellular immune response to 3 mg/kg pcDNA3.1-CCOL2A1 vaccine in normal rats. (A) The
percentages of peripheral blood Tc,Ts, and CD4CCD29CT cells in vaccinated and unvaccinated rats
on day 14 after a single intramuscular injection of the vaccine. (B) The percentages of peripheral
blood CD4CCD25CFoxP3CTreg, Th1/Th2, and Th17 cells from vaccinated and unvaccinated normal
rats on day 14 after a single intramuscular injection of the vaccine. These data are representative of 3
experiments. Three separate experiments yielded similar results.
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