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Current clinically available treatments for rheumatoid arthritis (RA) fail to cure the disease or unsatisfactorily halt
disease progression. To overcome these limitations, the development of therapeutic DNA vaccines and boosters may
offer new promising strategies. Because type II collagen (CII) as a critical autoantigen in RA and native chicken type II
collagen (nCCII) has been used to effectively treat RA, we previously developed a novel therapeutic DNA vaccine
encoding CCII (pcDNA-CCOL2A1) with efficacy comparable to that of the current “gold standard”, methotrexate(MTX).
Here, we systemically evaluated the safety and immunogenicity of the pcDNA-CCOL2A1 vaccine in normal Wistar rats.
Group 1 received only a single intramuscular injection into the hind leg with pcDNA-CCOL2A1 at the maximum dosage
of 3 mg/kg on day 0; Group 2 was injected with normal saline (NS) as a negative control. All rats were monitored daily
for any systemic adverse events, reactions at the injection site, and changes in body weights. Plasma and tissues from
all experimental rats were collected on day 14 for routine examinations of hematology and biochemistry parameters,
anti-CII IgG antibody reactivity, and histopathology. Our results indicated clearly that at the maximum dosage of 3 mg/
kg, the pcDNA-CCOL2A1 vaccine was safe and well-tolerated. No abnormal clinical signs or deaths occurred in the
pcDNA-CCOL2A1 group compared with the NS group. Furthermore, no major alterations were observed in hematology,
biochemistry, and histopathology, even at the maximum dose. In particularly, no anti-CII IgG antibodies were detected
in vaccinated normal rats at 14 d after vaccination; this was relevant because we previously demonstrated that the
pcDNA-CCOL2A1 vaccine, when administered at the therapeutic dosage of 300mg/kg alone, did not induce anti-CII IgG
antibody production and significantly reduced levels of anti-CII IgG antibodies in the plasma of rats with established
collagen-induced arthritis (CIA). This is the first study demonstrating the safety and immunogenicity of a DNA vaccine
encoding CCII for treating RA in normal rats. These results may support the use of this novel therapeutic DNA vaccine
for the treatment of RA in the future.

Introduction

Rheumatoid arthritis (RA) is one of the most common
chronic inflammatory/autoimmune diseases and is characterized
by chronic synovial inflammation and hyperplasia, resulting in
progressive destruction of diseased cartilage and joints, severe
disability, and shortened lifespan.1,2 Basic and clinical studies
have demonstrated that the occurrence and development of RA
are attributed to the failure of both CD4CCD25C regulatory T
(Tr) and CD8CCD28¡suppressor T (Ts) cells to control autor-
eactive CD4CCD28C Th1 (Th1) and auto-antibody-producing

B cells.1,3-5 Although the exact origin and pathogenesis of RA is
still unclear, research investigating the pathophysiology of RA
has revealed various targets for the development of new anti-
rheumatic therapies.6,7 However, currently available treatments
for RA are still largely palliative rather than curative, do not sat-
isfactorily halt disease progression, and are associated with sig-
nificant side effects, including infections, anorexia, dyspepsia,
tumor development, and immune regulatory disruption.8,9

Therefore, there is renewed enthusiasm for the development
of new strategies aimed at re-establishing homeostasis toward
environmental and self-antigens. Thus, the development of
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therapeutic DNA vaccines and boosters may allow for the recov-
ery of immunological tolerance through the induction of both
Tr and Ts cells.5,10,11

In theory, the ideal goal for treating RA should aim to
interfere with the harmful autoreactive immune responses eli-
cited by Th1 cells and B cells, while at the same time not
altering normal immune responses necessary for combating
infectious agents or inducing generalized immune suppres-
sion. Thus, the development of therapeutic DNA vaccines
with these above-mentioned advantages may offer new prom-
ising strategies for the treatment of RA.5,10,11 Because type II
collagen (CII) is as a critical autoantigen in RA, and native
chicken type II collagen (nCCII) has been effectively used for
the treatment of RA,12,13 we previously developed a novel
therapeutic DNA vaccine encoding CCII (termed pcDNA-
CCOL2A1).11 Strikingly, our study clearly demonstrated that
single injection of the pcDNA-CCOL2A1 vaccine alone
could induce potent immune tolerance against experimental
RA, suggesting that this vaccine may have therapeutic appli-
cations in the treatment of RA in humans. More importantly,
the pcDNA-CCOL2A1 vaccine alone seemed to be as effec-
tive as the current “gold standard” treatment, methotrexate
(MTX).11

Therefore, because the safety and immunogenicity of vaccines
are critical for their clinical use, we systemically examined the
safety and immunogenicity of the pcDNA-CCOL2A1 vaccine in
normal Wistar rats following a single intramuscular injection
dose at the maximum dose (3 mg/kg).

Results

Immunization of normal rats with the pcDNA-CCOL2A1
vaccine did not cause systemic or local adverse events

In contrast to the control rats, the general health status
(feed intake, activity, and behavior) of the vaccinated rats did
not change, even at the maximum dosage of 3 mg/kg
pcDNA-CCOL2A1. Throughout the course of this study, no
animals died, and no abnormal clinical signs were observed
in the rats receiving 3 mg/kg vaccine, clearly indicating that
vaccination with pcDNA-CCOL2A1 was safe and well-toler-
ated (Table 1). As shown in Table 1, no vaccination site
reactions, pain upon palpation, or injection sites welling were
observed in either group. Furthermore, no adverse respiratory
or somatomotor activity was detected in the vaccinated rats.
In particular, no significant differences in body weights were
found between unvaccinated and vaccinated rats at 14 d after
vaccination (male group 318.2 § 6.7 versus 317.9 § 12.3
and female group 243.6 § 8.5 vs. 234.0 § 3.2, respectively;
P > 0.05). Therefore, we could assume that the approximate
lethal dose of the pcDNA-CCOL2A1vaccine in both male
and female rats may be higher than 3 mg/kg. Taken together
with our previous results (using a therapeutic dose of
300 mg/kg), these data demonstrated that the pcDNA-
CCOL2A1 vaccine did not cause systemic or local adverse
events in the vaccinated rats.11

Immunization of normal rats with the pcDNA-CCOL2A1
vaccine did not cause changes in hematological or biochemical
parameters

To investigate the potential adverse effects of the pcDNA-
CCOL2A1 vaccine at the maximum dosage of 3 mg/kg on the
hematological and biochemical parameters of vaccinated normal
rats, we systemically examined various routine clinical parame-
ters. Hematology results are summarized and presented in
Table 2. Based on a significance level of 0.05, there were no sta-
tistically significant differences between the 2 groups. Similarly,
no biochemical parameters, including liver, renal, and cardiac
functions, were significantly affected by the vaccination
(Table 3).

Immunization of normal rats with the pcDNA-CCOL2A1
vaccine did not cause histopathological changes

Gross examination showed that all tissues from vaccinated rats
were normal in both size and appearance. Inspection of histologi-
cal sections from the heart, liver, spleen, lung, kidney, thymus
and ankle joint demonstrated no obvious differences between the
vaccinated and the unvaccinated rats (Fig. 1). After vaccination
with pcDNA-CCOL2A1 at the maximum dosage of 3 mg/kg,
no focal mononuclear cell infiltrates were observed in the connec-
tive tissue among the heart muscle fibers. The livers of vaccinated
rats showed a normal lobular architecture with an intact central
vein and portal tracts. The splenic tissue from the vaccinated rats
showed normal red and white pulp. No focal degeneration of the
bronchial epithelium was detected, and exudate (mononuclear
and polymorphonuclear leukocytes) was absent from the bron-
chial lumen of the lungs of the vaccinated rats. The kidneys from
the vaccinated rats showed normal histological structures of the
glomeruli and renal tubules in the cortical and medullary tissues.
Vaccination with pcDNA-CCOL2A1 did not trigger changes in

Table 1. Vaccination effect of normal rats with pcDNA-CCOL2A1 vaccine at
the maximum doses of 3 mg/kg on general health status and behavior on
14 days after vaccination (nD6)*

Control Vaccine

Clinical symptoms male female male female

Fur shedding and pilo-erection ¡ ¡ ¡ ¡
Injection site swelling ¡ ¡ ¡ ¡
Sneeze and cough ¡ ¡ ¡ ¡
Ecphysesis ¡ ¡ ¡ ¡
Tears and eyes purulent sectretion ¡ ¡ ¡ ¡
Instability of gait ¡ ¡ ¡ ¡
Diarrhea ¡ ¡ ¡ ¡
Skin ulcer ¡ ¡ ¡ ¡
Pain upon palpation ¡ ¡ ¡ ¡
Convulsive ¡ ¡ ¡ ¡
Mortality ¡ ¡ ¡ ¡

*The vaccinated rats and the control rats were observed for changes in clini-
cal appearance. No significant changes were detected at 0 h, 1 h, 2 h, 3 h,
5 h, 1 day, 2 day, 4 day, 6 day, 8 day, 10 day, 12 day after vaccination(data
not shown). This data is representative of 3 experiments. Three separate
experiments yielded similar results. ¡: No corresponding clinical symptoms,
C: Presenting corresponding clinical symptoms.
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lymphoreticular cells in the thymus of the vaccinated rats. More-
over, ankle joints of the vaccinated rats were the same as these of
normal rats, with no swelling of the ankle joints, no inflamed
synovium, no inflammatory cell infiltration within the joint space
and synovial lining, no synovial angiogenesis or pannus, and no
thickening of the synovial membrane.

Immunization of normal rats with the pcDNA-CCOL2A1
vaccine did not stimulate anti-CII antibody production

The plasma levels of anti-CII IgG antibodies are considered
the most reliable marker for arthritic severity.11,14 Our previous
study also showed that administration of the pcDNA-CCOL2A1

Table 3. Vaccination effect of normal rats with pcDNA-CCOL2A1 vaccine at
the maximum doses of 3 mg/kg on serum biochemistry rountine parame-
ters on 2nd week after vaccination (n D 6, x § s)

Parameters Vaccine Control

GLU(mmol/L) 8.02§2.30 10.71§5.42
Renal function BUN(mmol/L) 8.91§1.14 9.19§1.38

Cre(mmol/L) 37.58§7.47 42.17§9.29
UA(mmol/L) 317.67§82.74 278.5§93.10

Liver function ALT(IU/L) 75.17§34.53 57.83§9.20
TP(g/L) 80.52§3.24 77.30§4.78
Albumin(g/L) 33.42§3.25 30.93§3.10
Glubulin(g/L) 47.10§5.15 46.37§2.40
TBIL(mmol/L) 2.82§0.46 3.13§0.80
DBIL(mmol/L) 0.57§0.33 0.47§0.18
TBA(mmol/L) 26.10§9.29 16.66§3.40

Heart function ALP(IU/L) 344.50§130.96 291.8§105.36
AST(mmol/L) 252.17§127.47 197.17§64.40

Blood lipids triglyceride(mmol/L) 2.79§1.03 3.53§0.94
TC(mmol/L) 2.07§0.11 1.92§0.09
HDL(mmol/L) 1.52§0.13 1.36§0.05
LDL(mmol/L) 0.21§0.07 0.20§0.07

Parameters are listed in SI units; GLU: blood glucose; BUN: blood urea nitro-
gen; Cre: creatinine; UA: uric acid; ALT: alanine aminotransferase; TP: total
protein; TBIL: total bilirubin; DBIL: direct bilirubin; TBA: total bile acid; ALP:
alkaline phosphatase; AST: aspartate aminotransferase; TC: total cholesterol.
HDL: high-density lipoprotein; LDL: low-density lipoprotein.
*P < 0.05 compared with control. These data are representative of 3 experi-
ments. Three separate experiments yielded similar results.

Table 2. Vaccination effect of normal rats with pcDNA-CCOL2A1 vaccine at
the maximum doses of 3 mg/kg on hematological clinical rountine parame-
ters on 2 nd week after vaccination (n D 6, x § s)

parameters Vaccine Control

WBC(£109 cells/L) 18.16§4.91 17.68§4.84
RBC(£109 cells/L) 7.94§0.40 7.54§0.35
MCHC(g/L) 162.83§5.81 157§9.36
Platelets(£109 cells/L) 634.00§61.78 539.8§82.80
Neutrophil(£109 cells/L) 1.65§0.58 1.80§0.77
Lymphocytes(£109 cells/L) 15.86§4.49 15.33§4.10
Monocytes(£109 cells/L) 0.55§0.21 0.38§0.17
Eosinophils(£109 cells/L) 0.11§0.02 0.17§0.17
Basophils(£109 cells/L) 0.00§0.00 0.00§0.00

Parameters are listed in SI units; WBC: white blood cells, RBC: red blood cell,
MCHC: mean corpuscular.
*P < 0.05 compared with control. These data are representative of 3 experi-
ments. Three separate experiments yielded similar results.

Figure 1. Histopathological analysis of various tissues from normal rats
vaccinated with pcDNA-CCOL2A1 at a maximum dosage of 3 mg/kg on
day 14 after a single intramuscular injection into the hind leg. H&E stain-
ing, original magnification: 200£. (A) Samples from the control rats.
(B) Samples from the vaccinated normal rats. These data are representa-
tive of 3 experiments. Three separate experiments yielded similar results.
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vaccine at the therapeutic dose of 300 mg/kg did not induce the
production of anti-CII IgG antibodies in normal rats from day
3 to day 35 (data not shown). Thus, we used ELISA to investi-
gate effects of the pcDNA-CCOL2A1 vaccine at a maximum
dosage of 3 mg/kg on plasma anti-CII IgG antibody levels on
day 14 after vaccination. Consistent with our previous results
using the therapeutic dose of 300 mg/kg, vaccination of normal
rats with 3 mg/kg pcDNA-CCOL2A1 did not induce the pro-
duction of anti-CII IgG antibodies, including anti-rat CII anti-
bodies or anti-chicken CII antibodies, as compared to the
control group (Table 4). The levels of anti-rat CII antibodies in
the vaccinated group were slightly lower than those in the con-
trol group but there were no significant difference. Taken
together, these data provided direct evidence that a single intra-
muscular injection of the pcDNA-CCOL2A1 vaccine at the
maximum dosage of 3mg/kg did not induce the production of
anti-CII antibodies.

Discussion

This is the first study demonstrating the safety and immuno-
genicity of a DNA vaccine containing the eukaryotic expression
vector pcDNA-CCOL2A1 (encoding CCII), which we success-
fully developed for the treatment of RA,11 in vaccinated normal
rats at the maximum dosage of 3 mg/kg. Our results clearly indi-
cated that the pcDNA-CCOL2A1 vaccine was safe and well-tol-
erated; compared with the control group (receiving normal saline
only), no abnormal clinical signs or mortality were observed in
the vaccinated rats, even at the maximum dosage. These results
may have important implications for use of this novel therapeutic
DNA vaccine in the treatment of RA.

In this study, we monitored the general health status of rats
after administration of the vaccine and observed the potential
adverse effects of the pcDNA-CCOL2A1 vaccine on histological
changes in various tissues. Our results clearly indicated that the
pcDNA-CCOL2A1 vaccine (3 mg/kg) was generally safe and
well-tolerated, with no observed clinical symptoms during the
entire experimental period. No histological changes were found
in the heart, liver, spleen, lungs, kidneys, and thymus. There
were also no significant changes in markers of hepatic, renal, or
cardiac function, and routine hematological clinical parameters
remained normal during the course of the investigation. These

results revealed that vaccination of normal rats with the
pcDNA-CCOL2A1 vaccine did not adversely affect the normal
physiological functions and metabolism of rats, suggesting that
the vaccine has no toxic side effects on body’s important organs.
Now that pcDNA-CCOL2A1 vaccine have had the safety pro-
files, there are good reasons to support the vaccine to be pro-
gressed into phase I human trial in the near future. We chose
the dose of 3 mg/kg to test the safety and immunogenicity of
the pcDNA-CCOL2A1 vaccine for several reasons. First, the
dose of 3 mg/kg was as 10 times that of the effective therapeutic
dose of 300 mg/kg, which has been shown to be safe and well-
tolerated, without inducing any abnormal clinical symptoms.11

Second, the dose of 300 mg/kg has been proven to be as effec-
tive as the current “gold standard” treatment, MTX, in halting
CIA development and progression.11 In addition, our previous
results clearly demonstrated that the pcDNA-CCOL2A1 vac-
cine has a small pharmaceutical window, which is coincident
with many immunosuppressive agents, such as Tacrdimus
(FK506) and cyclosporine A (CsA), that are the most widely
prescribed therapeutics for various types of organ transplanta-
tion and autoimmune diseases.11 As we all know that the thera-
peutic or pharmaceutical window is an important index for
estimating drug dosage which can treat disease effectively while
staying within the range of safety. Theoretically, a narrow thera-
peutic window is a characteristic of therapies based on oral
tolerization.

One of the most striking findings from this study was that a
single intramuscular injection of pcDNA-CCOL2A1 vaccine at
the maximum dosage of 3 mg/kg did not cause the production
of anti-CII antibodies. This result was consistent with our
recent finding that 300 mg/kg pcDNA-CCOL2A1 did not stim-
ulate production of anti-CII IgG antibodies in normal rats dur-
ing the experimental period from day 3 to day 35.15

Remarkably, these findings were inconsistent with decades of
established knowledge on vaccinations, including DNA vaccina-
tions. According to their mechanism of action, vaccinations
must induce production of corresponding protective antibodies
and/or protective T-cells, particularly in the case of DNA vac-
cines.16-18 Indeed, this effect has become an important indicator
of the quality and effectiveness of the vaccine during develop-
ment and production. However, our results were directly
opposed to this; in fact, administration of pcDNA-CCOL2A1
at 300 mg/kg or 3 mg/kg did not induce anti-CII antibody pro-
duction, and the therapeutic dose (300 mg/mg) actually caused
a marked reduction in plasma anti-nCII antibodies in collagen-
induced arthritic rats.11 It is clear from these data that the exact
mechanisms through which this DNA vaccine functions are not
yet known. One possible explanation is that unlike DNA vac-
cines to immunize against infectious agents, which was predict-
able, the truly important part of this DNA vaccines is not
immunization of autoimmune diseases but rather the specific
modulation of the immune system. The precise tweaking for
unbalanced immune system provide by DNA vaccines may
provided the opportunity to treat or even to cure autoimmune
diseases.10 These interesting effects are currently being explored
further in our laboratory.

Table 4. Vaccination effect of normal rats with pcDNA-CCOL2A1 vaccine at
the maximum doses of 3mg/kg on plasma production of anti-CII IgG anti-
bodies on 2nd week after vaccination

Anti-CII antibodies Rat-IgG Anti-Rat Rat-IgG Anti-chicken

NC 0.1077§0.0565 <0.01
DNA vaccine 0.07355 §0.0558 <0.01

Each plasma was not diluted, and the values were expressed as mean units
of activity (units/ml, n D 6, x C/¡s). Statistical analysis was compared with
control. P > 0.05 compared with control. These data are representative of 3
experiments. Three separate experiments yielded similar results.
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Higher levels of anti-CII IgG antibodies in the plasma are
considered the most reliable marker of arthritic severity.5,6,11

Anti-CII IgG antibodies have been shown to induce pro-inflam-
matory cytokines, including tumor necrosis factor (TNF)-a,
interleukin (IL)-1b, and IL-8, when incorporated in immune
complexes in vitro.14 Therefore, effectively reducing or lowering
the concentration of anti-CII IgG antibodies in plasma from
patients with RA has become an important factor for determin-
ing the curative effect of the drug. Low-dose MTX and anti-
TNF-a are the best examples of this concept.6,19-21 MTX is a tra-
ditional folate antagonist and disease-modifying antirheumatic
drug that can be administered weekly either alone or as combina-
tion therapy and is widely accepted as the gold standard in RA
treatment. In our previous study, we found that low-dose MTX
therapy alone significantly reduced, but did not eliminate, plasma
levels of anti-CII IgG antibodies.6 TNF-a antagonists, such as
infliximab (IFX), etanercept (ETN), adalimumab (ADA), goli-
mumab (GOLI), and certolizumab pegol (CZP), have also been
widely used as an immunotherapy strategy for the treatment of
RA.22,23 Similarly, anti-TNF-a therapy has been shown to
downregulate the production of anti-CII IgG antibodies.19-21

However, we cannot explain the lack of anti-CII IgG antibody
production in normal rats following administration of our
pcDNA-CCOL2A1 vaccine, despite the ability of the vaccine to
reduce the concentration of anti-CII IgG antibodies in estab-
lished CIA rats. One possible explanation is that the pcDNA-
CCOL2A1 vaccine may only induce production of nonhydroxy-
lated, nonglycosylated CCII;11 this may affect the 3-dimensional
configuration of CCII, leading to formation of non-triple helical,
nonfunctional CCII protein due to lack of sufficient prolyl-4-
hydroxylase (P4H) and glycosylase activities.11,24,25 Thus, these
proposed structural changes may markedly affect the antigenicity
of CII conformational epitopes, suppressing the induction of
B-lymphocyte immune recognition and response activities. As a
result, vaccinated normal rats may not be able to produce anti-
CII IgG antibodies. In contrast, the resulting CCII protein may
be used as a tolerogenic and may be recognized by T-lympho-
cytes, particularly CD4CCD25CTr cells and CD8CCD28- Ts
cells, thereby producing immune tolerance.11,26 These findings
are also supported by similar findings demonstrating that 2 sepa-
rate synthetic peptides, CII 181–209 and CII 245–270, which
are not glycosylated or hydroxylated, are tolerogenic in CIA.27,28

In particular, our recent results have also demonstrated that non-
hydroxylated and nonglycosylated recombinant rcCTE1–2 can
induce a potent tolerogenic response in the CIA mouse model,6

providing further experimental evidence for our explanation.
In conclusion, the present study suggested that vaccination of

normal rats with the pcDNA-CCOL2A1 vaccine at a maximum
dosage of 3 mg/kg was safe and well-tolerated. Moreover, this
vaccine did not induce any abnormal clinical signs or adverse
effects on normal physiological functions, including hematology
and metabolism, and exhibited no immunogenicity. Further
detailed biosecurity studies, including analysis of the dynamic
profile, biodistribution, stability, and genomic integration, are
currently underway to determine the potential clinical applicabil-
ity of the pcDNA-CCOL2A1 vaccine.

Materials and Methods

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

previously constructed in our laboratory containing the 4837-bp
full-length cDNA encoding chicken type II procollagen (Gen-
Bank databases nos.AY046949 and AF452711) with deletion of
the N-propeptides, signal peptide sequence, and Kozak consensus
sequence.11 The resulting recombinant plasmid, pcDNA-
CCOL2A1, was produced in Escherichia coli, purified using
Endo-free Mega-prep kits (Qiagen, Valencia, CA, USA), and
used here to study its safety and immunogenicity. DNA purified
with EndoFree Plasmid Kits contains only negligible amounts of
endotoxin(<0.1 EU/mg plasmid DNA).

Animals
Inbred female/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. Rats
were randomly divided into 2 groups, with 6 rats each in the
acute toxicity group and the control group. Each group included
3 male rats and 3 female rats. The vaccinated group received a
single intramuscular injection of the pcDNA-CCOL2A1 vaccine
(3 mg/kg) into the hind leg on day 0. The control group was
treated with the same volume of saline.

General safety analysis
Throughout the course of this study, the vaccinated rats and

the control rats were observed for changes in their general health
status and behavior.29 Mortality and systemic adverse events were
continuously monitored at 0 h,1 h, 2 h, 3 h, 5 h, and 1 day
after vaccination, then once per day from day 2 to day 14. The
body weights of all experimental rats were measured on days 0
and 14 post-vaccination.

Evaluation of hematological and biochemistry parameters
Routine hematological parameters, including hemoglobin

(HGB) levels, white blood cell (WBC) counts, and red blood cell
(RBC) counts, were measured on an automatic hematology cell-
counter (MS 4, Melet Schloesing Laboratories, Cergy-Pontoise
Cedex, France). Routine blood biochemistry parameters were
measured on anautomatic analyzer (BT 2000, Biotechnica
Instruments, Rome, Italy).

Histopathological examination
Fourteen days after vaccination, all experimental rats were

euthanized, and the heart, liver, spleen, lungs, kidneys, and thy-
mus were collected and fixed in 10% neutral buffered formalin
for 7 d. Tissue sections were processed for routine paraffin
embedding, and hematoxylin and eosin staining was performed
following decalcification. Sections were analyzed microscopically
at 200£ magnification to determine histopathological changes.
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All sections were analyzed by researchers who were blinded to the
treatment of the rats.5,11

Measurement of plamsa anti-CII antibody levels
The plasma samples were collected from both vaccinated and

unvaccinated rats on day 14 after vaccination. The levels of
plasma anti-CII antibodies were measured by enzyme-linked
immunosorbent assay (ELISA).5,6,26 In order to more specifically
and more accurately determine whether anti-CII antibodies were
produced in vaccinated normal rats with a maximum dosage of
3mg/kg, we uesed simultaneously 2 types of commercially avail-
able ELISA kits (Rat-IgG Anti-rat Type II Collagen Antibody
and Rat-IgG Anti-chicken Type II Collagen Antibody ELISA
Kits, Chondrex, 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 secondary antibody
(peroxidase-conjugated goat anti-rat IgG) was added, followed
by addition of peroxidase, inducing the reaction with OPD-Urea
H2O2. The standard curves for 2 types of anti-CII antibodies

were quantified and established by 7 standard positive control
samples (containing 0.25–16 units/ml antibody) in each experi-
ments according to the kit specifications. According to the
instruction manual that the tested plasma need to be diluted so
that the measured optical density (OD) values were between the
linear range of 0.2 and 0.8. The presented values were calculated

by multiplying the plasma dilution with the measured antibody
levels. However, the results from our preliminary experiments
clearly showed that the plasma levels of anti-CII antibodies in
vaccinated normal rats with a maximum dosage of 3mg/kg were
too low to be diluted. So the plasma samples from both vacci-
nated and unvaccinated rats were not diluted in our formal
experiments.

Statistical analysis
Data were analyzed using SPSS13.0 software. The differences

between groups were tested by Student’s t-tests. Differences with
P values of less than 0.05 were considered statistically significant.
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