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Abstract: Dendritic cells (DCs) play an important role in the initiation of autoimmunity in
rheumatoid arthritis (RA); therefore, the use of DCs needs to be explored to develop new thera-
peutic approaches for RA. Here, we investigated the therapeutic effect of bovine type II collagen
(BIIC)-loaded DCs modified with NF-xB decoy oligodeoxynucleotides (ODNs) on collagen-
induced arthritis (CIA) in rats and explored the underlying mechanisms. DCs treated with BIIC
and NF-xB decoy ODNSs exhibited features of immature DCs with low levels of costimulatory
molecule (CD80 and CD86) expression. The development of arthritis in rats with CIA injected
with BIIC + NF-kB decoy ODN-propagated DCs (BIIC—decoy DCs) was significantly ame-
liorated compared to that in rats injected with BIIC-propagated DCs or phosphate-buffered
saline. We also found that the BIIC—decoy DCs exerted antiarthritis effects by inhibiting self-
lymphocyte proliferative response and suppressing IFN-yand anti-BIIC antibody production and
inducing IL-10 antibody production. Additionally, antihuman serum antibodies were successfully
produced in the rats treated with BIIC—decoy DCs but not in those treated with NF-xB decoy
ODN-propagated DCs; moreover, the BIIC—decoy DCs did not affect immune function in the
normal rats. These findings suggested that NF-xB decoy ODN-modified DCs loaded with a
specific antigen might offer a practical method for the treatment of human RA.

Keywords: NF-xB decoy oligodeoxynucleotides, collagen-induced arthritis, dendritic cells,
rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA), a chronic autoimmune disease, is considered one of the
important causes of disability. Currently, immunosuppressive drugs are one of the major
therapeutic approaches used for RA. However, these drugs can induce a generalized
immune suppression that increases the risk of other inflammatory diseases.! Thus, a
better therapeutic approach for RA ideally needs to suppress the inflammation and
establish tolerance toward arthritogenic antigens without impairing immune system
function.?

T lymphocytes are one of the most abundant forms of lymphocyte cell types in the
RA synovium; accordingly, RA has been reported as a kind of autoimmune disease
that is primarily mediated by T lymphocytes.** Moreover, a recent study has found
that the abnormal activation, differentiation, and secretion of cytokines in CD8*
T cells play an important role in orchestrating RA.* Dendritic cells (DCs), a kind of
antigen-presenting cells (APCs) that play a key role in the activation of T cells, are
the only APCs known to activate naive T cells. Mature DCs (mDCs) have effective
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immunostimulatory ability characterized by a high expression
level of cell surface molecules of major histocompatibility
complex class II, and T cells stimulate cytokines, especially
IL-12. Nevertheless, immature DCs (imDCs) can enhance
antigen-specific tolerance in vivo® and myeloid derived-
imDCs are capable of invalidating alloantigen-specific T lym-
phocytes.” This important role of imDCs in the induction of
immune tolerance has already attracted widespread attention.
For instance, Figdor et al suggested that imDCs prevent auto-
immune reactions by blocking or reducing immune activa-
tion and that they can therefore be used for the treatment of
transplantation rejection, allergy, autoimmune diseases, and
chronic inflammation.® Giannoukakis et al showed that the
tolerogenic DCs (tDCs) generated from donors in vitro can
prolong a patient’s survival time by importing tDCs into the
recipient’s body.”!° In another study, in a murine collagen-
induced arthritis (CIA) model, the progression of arthritis was
suppressed by concurrent treatment with tDCs and mesenchy-
mal stem cells.! However, so far, there have been no reports
on RA treatment using NF-xB decoy oligodeoxynucleotide
(ODN)-modified DCs loaded with a specific antigen.

Recent studies have shown that DC maturation and
immunostimulatory response rely on NF-kB-dependent gene
transcription.'? Inactivation of NF-kB-mediated signaling
suppresses the maturation and activation of DCs."* Bone
marrow-derived DCs treated with NF-kB decoy (ODNs)
have been reported to show immaturity in phenotype and
production of induced Thl cytokines, and these imDCs can
cause immune tolerance and reduce graft rejection.’ There-
fore, using NF-xB as a therapeutic target for inhibiting or
regulating the division of DCs may be a new strategy for
inducing immune tolerance. However, it is uncertain whether
genetically engineered DCs can induce immune tolerance
against RA.

In the present study, we aimed to investigate whether spe-
cific antigen-loaded DCs modified with NF-xB decoy ODN5s
are effective in mediating the progression of CIA in rats.

Materials and methods

Animals

Female Sprague Dawley (SD) rats weighing 200-250 g were
used in this study. The animals were maintained at 21°C+2°C
and on a 12 h light/dark cycle with free access to standard
laboratory rat food pellets and water. The research proce-
dures were approved by the Animal Ethics Committee of
Guiyang Medical College. All animal experiments were
performed in accordance with the Guide for the Care and Use
of Laboratory Animals (guide number 1602019).

Synthesis of NF-kB decoy ODNs

Double-stranded NF-kB decoy ODNs were generated using
equimolar amounts of single-stranded sense and antisense
phosphorothioate-modified oligonucleotides containing two
NF-kB binding sites (sense sequence 5-AGGGACTTTCCGC
TGGGGACTTTCC-3’, the nucleotides underlined indicate the
two NF-kB-binding sites).!" The sense and antisense strands
of each oligonucleotide were mixed in 150 mM phosphate-
buffered saline (PBS), heated to 100°C, and allowed to cool
to room temperature to obtain double-stranded DNA.

Isolation of mononuclear cells from

the spleen

Rats were anesthetized via intraperitoneal injection of 10%
chloral hydrate (0.3—0.4 mL/100 g). The spleen tissue was
then excised and placed in 5 mL RPMI-1640 incomplete
medium and stored at 4°C until use. The splenic tissues were
washed with PBS, and 3 mL collagenase IV digestion liquid
was added; the tissue specimens were then cut into pieces,
followed by incubation at 37°C for 30 min. After grinding
and filtering through a 200 mesh screen, the cell suspen-
sion was collected into tubes and centrifuged at 1,500 rpm
for 10 min. The cell pellet was then washed with PBS two
times, suspended in 3 mL 2% newborn bovine serum, and
stacked on the surface of 3 mL of rat mononuclear cell
separation fluid. This solution was then again centrifuged at
2,000 rpm for 20 min and the resulting single nucleus cell
layer was absorbed and washed with PBS. Finally, the cells
were resuspended in RPMI-1640 incomplete medium and
adjusted to obtain a cell density of 5x107 cells/mL. Next,
2-3 mL of this cell suspension was transferred onto six-well
plates and cultured at 37°C under 5% CO, for 90 min. Finally,
the culture medium was gently removed and the cells were
washed with preheated PBS; the cells that did not adhere to
the walls were removed.

Propagation of spleen-derived DC

populations

The mononuclear cells harvested from the spleens of SD
rats were initially plated and cultured in 24-well plates
(2x10¢ cells/well) in 2 mL of RPMI-1640 complete medium
for 2 h. After the removal of unattached cells, the remaining
cells were further cultured in RPMI-1640 medium supple-
mented with antibiotics, 10% fetal calf serum, 10 ng/mL
recombinant rat granulocyte-macrophage colony-stimulating
factor, and 10 ng/mL recombinant rat IL-4 to induce their
development into mDCs. At the point of culture initiation,
10 umol/L NF-xB decoy ODNSs or vehicle were included in
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some wells under the following four conditions: 1) control
group, DCs were treated with cytokines only; 2) lipopolysac-
charide (LPS) group, DCs were treated with 10 ug/mL LPS
on the sixth day of culture; 3) decoy group, DCs were treated
with 10 umol/L NF-kB decoy ODNs; 4) bovine type II col-
lagen + NF-kB decoy ODN-propagated DCs (BIIC—decoy
DCs) group, DCs were treated with 10 umol/L NF-kB decoy
ODNs, followed by treatment with 50 pug/mL bovine type
II collagen (BIIC) on the fourth day. The cytokine-enriched
medium was refreshed every 3 days. On the seventh day of
culture, the nonadherent DCs released spontaneously from
the clusters were harvested.

Fluorescence-activated cell sorting
(FACS)

The degree of purity and maturity of the DCs was assessed
by the expression of 0X-62, CD80, and CD86 using FACS.
Briefly, the cells were separately collected into FACS tubes
and diluted 1x10° cells/tube. Two milliliters of PBS was then
added to each tube, followed by centrifugation at 1,000 rpm
for 10 min. Next, the supernatant was removed and 100 uL
PBS was added to resuspend the cells to obtain a single
cell suspension. Next, PE-OX-62 (cat #: 12-1030-80, lot #:
E032645, clone OX-62; eBioscience, San Diego, CA, USA),
PE-CD8O0 (cat #: 12-0800-81, lot #: E034706, clone 3HS5;
eBioscience), and FITC-CD86 (cat #: 11-0860-81, lot #:
E027724, clone 24F; eBioscience) were added at final con-
centrations of 1.5 uL/10% cells, 2 uL/10° cells, and 0.8 uL/10°
cells, respectively, and incubated for 40 min. OX-62 was
detected by single labeling, while CD80 and CD86 were
detected using double-labeling flow cytometry. After the
reaction, 1 mL PBS was added to the cells, followed by cen-
trifugation at 1,000 rpm for 10 min; this process was repeated
twice. Finally, 100 uL PBS was added to resuspend the cells
and the resulting suspension was analyzed using FACS.

Primary mixed lymphocyte reaction
(MLR) analysis

MLR was analyzed using the cultured DCs (control DCs, LPS
DCs, BIIC—decoy DCs, BIIC—decoy DCs with human serum
or BIIC, or BIIC—decoy DCs with BIIC) as the stimulator cells
and T lymphocytes from female Wistar rats as the responder
cells. Briefly, the spleen tissue was obtained from female
Wistar rats and single-cell suspensions were obtained by
glass grinding. The cells were then washed and resuspended
in 2% newborn bovine serum to a final volume of 3 mL; this
suspension was then carefully added on the surface of 3 mL of
lymphocyte separation medium and centrifuged at 2,000 rpm

for 20 min. The middle layer of cells was then carefully
absorbed with pipette and resuspended with 3 mL d-Hanks
liquid and then centrifuged at 2,000 rpm for 10 min. Next,
the supernatant was removed, and the cells were again sus-
pended in 4 mL d-Hanks liquid and centrifuged at 600 rpm for
10 min, followed by washing two times with PBS. Finally, the
cells were resuspended in a RPMI-1640 complete medium,
adjusted to a concentration of 1x10° cells/mL and used as
the reaction cells. Additionally, total lymphocyte was used
in MLR. T cells were plated in a 96-well plate at a density
of 5x10° cells/well. The stimulator DCs were added and
co-cultured with the responder cells at a ratio of 1:5 in com-
plete RPMI-1640 medium. After 68 h of incubation at 37°C
under 5% CO,, the samples were centrifuged at 600 rpm for
10 min, and 50 UL of supernatant from each well was gently
transferred into clean epoxy tubes, followed by grouping and
storage at —20°C. MTT (3-(4,5)-dimethylthiahiazo (-z-y1)-
3,5-di-phenytetrazoliumromide) was dissolved in sterilized
PBS by 5 mg/mL and was filtered through a 0.2 um filter.
Next, 20 uL MTT was added to each well and the incubation
was continued at 37°C for 4 h until cells with a purple dot
grain appeared under the microscope. After the removal of
culture medium, 100 UL dimethyl sulfoxide was added to dis-
solve the MTT products for 10 min, followed by absorbance
measurement at 490 nm using a microplate reader.

Induction and assessment of CIA in rats
We established the animal model of CIA using the same
protocol as previously described.'? Lyophilized BIIC (Sigma-
Aldrich Co., St Louis, MO, USA) was dissolved at a concentra-
tion of 2 mg/mL in 0.01 mol/L acetic acid and kept overnight
at 4°C. The BIIC emulsion was prepared by mixing and
emulsifying complete Freund’s adjuvant and an equal volume
of BIIC. Eight-week-old female SD rats were subcutaneously
immunized at the right foot plantar with 200 uL BIIC emul-
sion and subcutaneously immunized with an equal volume of
BIIC at the dorsum after 14 days. The onset of CIA usually
initiated between days 11 and 13 after the first immunization.
The severity of arthritis developed in each hind paw of the CIA
rats was scored and recorded as an averaged score obtained
by four experimental researchers who assessed the arthritis
independently and blindly on a 5-point scale: 0, no redness
or swelling; 1, slight swelling in the ankle or redness in the
foot; 2, progressive swelling, inflammation, and redness from
the ankle to the midfoot; 3, swelling and inflammation of the
entire foot, not including the toes; 4, swelling and inflamma-
tion of the entire foot, including the toes; and 5, swelling and
inflammation of the entire foot, with loss of mobility.
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Treatment of CIA rats with DCs

On the fifth day after the first immunization, the CIA rats were
injected via the tail vein with cultured DCs (5x10¢/0.5 mL)
prepared as described earlier. The rats in the experimental
group were randomly divided into six groups with the
following treatments: 1) BIIC—decoy DCs group (n=10):
CIA rats injected with NF-kB decoy ODNs (Sangon,
Shanghai, China) + BIIC-pretreated DCs; 2) decoy DCs
group (n=10): CIA rats injected with NF-xB decoy ODN-
modified DCs; 3) BIIC DCs model group (n=10): CIA rats
injected with BIIC DCs; 4) CIA model group (n=5): CIA
rats injected with PBS; 5) BIIC—decoy DCs control group
(n=5): normal rats injected with NF-xB decoy ODNs +
BIIC-pretreated DCs; and 6) control group (n=5): nor-
mal rats injected with PBS. Twenty days after the initial
immunization, human sera were injected into the rats in the
BIIC DCs model group, decoy DCs experimental group,
and BIIC—decoy DCs experimental group by subcutaneous
immunization. The treatment lasted for 42 days. On the final
day of treatment, all the rats were anesthetized with 10%
chloral hydrate and blood specimens were collected from
each rat by phlebotomy.

Histopathological analysis

Histopathology analysis was performed on the sections of the
paw joints. Briefly, the paw joints were excised from the hind
limbs of the rats after removal of the skin, superficial muscle,
and tissue, followed by fixation in 4% polyoxymethylene
solution at 4°C for 48 h and decalcification in 10% ethylene
diamine tetraacetic acid-2Na for 35 days at 4°C. The joints
were then dehydrated with alcohol, embedded in paraffin,
sectioned into 3—4 um thick slices, and placed on polylysine-
coated slides, followed by staining with hematoxylin and
eosin. The histological grading of the articular synovium
was scored as follows: for the joint surface, 0 points: smooth,
1 point: a small amount of local rough, 2 points: easy to
see rough, and 3 points: more obvious rough; for synovial
hyperplasia, 0 points: two to three layers of synovial cell in
alignment, with no hyperplasia, 1 point: a small number of
synovial cells with hyperplasia and permutation, 2 points:
the number of synovial cell layers was obviously increased
and the synovial cells were disordered, and 3 points: the
synovial membrane was obviously hyperplasic and the fluff
and pannus were formed; and for inflammatory cells, 0 points:
no infiltrated cells, 1 point: a small number of inflammatory
cells, 2 points: dense and infiltrated inflammatory cells were
visible, and 3 points: a large number of inflammatory cells
were infiltrated.

Measurements of IL-10, IFN-v, anti-BIIC,

and anti-human serum antibody levels

The levels of cytokines (including IL-10 and IFN-y) and the
immunoglobulin G level of anti-BIIC in the rat sera were mea-
sured using two types of enzyme-linked immunosorbent assay
kits (Ameko, Shanghai, China) in accordance with the manufac-
turer’s instructions. The antibody titers against human serum in
the rats were measured by double immunodiffusion assay.

Secondary MLR analysis

Secondary MLR was performed to explore whether the
DCs stimulated antigen specificity of T-cell response. DCs
isolated from the spleen of the CIA rats were used as the
stimulator cells. T cells isolated from the spleens of female
Wistar rats were used as the responder cells. DCs or T cells
alone that were incubated in the medium served as the
stimulator controls and responder controls, respectively. The
experimental procedures used to incubate and harvest cells
were similar to those described earlier.

Statistical analysis

Statistical analysis of data was performed using the Student’s
t-test and rank sum test. A value of P<<0.05 was considered
statistically significant.

Results

Purity identification of spleen-derived DCs
To identify the purity of the rat spleen-derived DCs, the
expression ratio of the DC-specific marker OX-62 was
measured using FACS. As expected, the expression ratio
of OX-62 was >72.6% in each group (Figure 1A), which
suggested that the DCs obtained for this study were quite
high in purity.

NF-kB decoy ODNs inhibited DC

maturation

Functional maturation of the DCs is related to upregulation
of costimulatory surface molecules (eg, CD80 and CD86).
Therefore, to assess the ability of NF-kB decoy ODNSs to
suppress DC maturation, DCs were treated with NF-xB
decoy ODNs or NF-xB decoy ODNs + BIIC. FACS analysis
showed that the control DCs and LPS DCs exhibited mature
phenotypical features with high expression of CD80 and
CDS86 (Figure 1A and B). However, the decoy DCs, LPS—
decoy DCs, and BIIC—decoy DCs displayed an immature
state with lower expression of CD80 and CD86 compared
to the control and LPS DCs.
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Figure | Effect of LPS, NF-xB decoy ODN, and BIIC—decoy on the expression of OX-62, CD80, and CD86 on the DCs.

Notes: (A) Flow cytometric point diagram analysis of OX-62 and histogram analysis of CD80 and CD86 on DCs. The demarcation of CD80 CD86 MF| was scribed according
to the blank control group. (B) Quantitative analysis of CD80 and CD86 expression on treated DCs. *P<<0.05 vs control, *P<<0.05 vs LPS DCs.

Abbreviations: BIIC, bovine type Il collagen; DCs, dendritic cells; LPS, lipopolysaccharide; MFl, mean fluorescence intensity; ODN, oligodeoxynucleotide.

NF-xB decoy ODN:s inhibited primary

MLR

To study the effect of NF-kB decoy ODNSs on the antigen
presenting ability of DCs and their vital role in immune
activation, we assessed the influence of decoy DCs on lym-
phocyte proliferation capability. In MLR, the proliferation
ability of T lymphocytes of the decoy group was significantly
lower than that of the control and LPS groups (P<<0.05); the
proliferation ability increased after LPS addition but was
still lower than that of the LPS group (Figure 2). Addition-
ally, addition of human serum significantly increased the

stimulation capability of DCs treated with BIIC and NF-xB
decoy ODNE.

BlIC—decoy DCs ameliorated joint

swelling and arthritis in CIA rats

One of the characteristics of the initiation and development
of RA is the presence of inflammatory joints. Several hours
postinjection of PBS into the control rats, the injected foot
showed obvious swelling but returned to normal after 3 days
and no recurrence was observed (Figure 3A). However, in
the CIA group immunized with BIIC, the hind paws all
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Figure 2 Influence of LPS, NF-xB decoy ODN, and BlIC—decoy on the stimulation
capability of DCs in MLR.

Notes: n=10; *P<<0.05.

Abbreviations: BIIC, bovine type Il collagen; DCs, dendritic cells; LPS, lipopoly-
saccharide; MLR, mixed lymphocyte reaction; ODN, oligodeoxynucleotide.

presented with erythema and swelling on the third day; after
boosting with BIIC, erythema and severe swelling encom-
passed the entire ankle, foot, and digits, and some rats even
appeared ulcerate in the left hind metatarsal footpad, which
suggested that BIIC effectively induced human-like RA in
the rats (Figure 3B).

To investigate the therapeutic effects of the modified DCs
on CIA rats, the CIA rats were treated with BIIC DCs, decoy
DCs, or BIIC—decoy DCs. We found that the joint swelling
of rats in the BIIC DCs group (Figure 3C) was more serious
than that in the CIA group. However, the hind paws of CIA
rats treated with BIIC—decoy DCs (Figure 3D) or decoy
DCs (Figure 3E) were significantly less prone to develop
erythema and swelling compared to those of the untreated
or BIIC DCs treated CIA rats. Additionally, after treatment
for 21 days, the arthritis index of the BIIC—decoy DCs and
decoy DCs groups was significantly lower than that of the
CIA and BIIC DCs groups (P<0.01) and these therapeutic
effects lasted for at least 42 days (Figure 3F). Moreover,
there was no significant difference in the therapeutic effects
between the BIIC—decoy DCs and decoy DCs.

BlIC—decoy DCs mitigated

pathomorphological change in CIA rats

Histological analysis showed that the articular synovial
tissue of the rats in the control group was composed of two
to three layers of synovial cells and synovial subintima, with
neat rows of synovial membrane cells; the joint surface was
smooth, and there was no inflammatory cell infiltration in
the joint cavity (Figure 4A). In contrast, in the CIA and BIIC

DCs groups, the articular surfaces in the arthritis joints of rats
were not smooth, with a number of inflammatory cells infil-
trated into the synovial membranes, which was accompanied
by synovial hyperplasia and pannus formation (Figure 4B
and C). However, the BIIC—decoy DCs and decoy DCs
not only ameliorated the infiltration of the inflammatory
cells into the joint cavity but also significantly decreased
the synovial hyperplasia and pannus formation (Figure 4D
and E). The histological scores of the articular synovium in
the BIIC—decoy DCs and decoy DCs groups were signifi-
cantly decreased compared to those in the CIA and BIIC DCs
groups (Figure 4F).

BlIC—decoy DCs modulated Thl- and

Th2-type—related cytokine release

After treatment for 5 weeks, the serum levels of anti-BIIC
antibody and IFN-y in the CIA and BIIC DCs groups were
significantly higher than those in the control rats (P<<0.01)
(Figure 5). Moreover, compared to the CIA and BIIC
DCs groups, the BIIC—decoy DCs and decoy DCs groups
expressed significantly lower levels of anti-BIIC antibody
and IFN-y (P<0.01). In contrast, the serum levels of IL-10
in the CIA and BIIC DCs groups were significantly lower
than those in the control group (P<<0.01), but the serum
levels of IL-10 in the BIIC—decoy DCs and decoy DCs
groups were significantly higher than those in the CIA or
BIIC DCs groups (P<<0.01). Furthermore, all the cytokine
levels in the rats treated with BIIC—decoy DCs and decoy
DCs were indistinguishable. Thus, BIIC—decoy DCs showed
a distinct feature of being able to regulate cytokine release
and antibody production from Th1 and Th2 cells.

BIIC—decoy DCs did not affect immune

function in the normal rats

To survey whether BIIC—decoy DCs affect systemic immune
function, we measured the serum levels of IFN-vy, IL-10, and
anti-BIIC antibody immunoglobulin G in the normal rats
treated with BIIC—decoy DCs and found that the levels of these
cytokines or antibody were unaltered (Figure 5). This result
indicated that BIIC—decoy DCs did not elicit any behavioral or
toxic impairment to the normal immune function of the rats.

BlIC—decoy DCs did not affect

independent antigen immune response

To examine the effects of BIIC—decoy DCs on independent
antigen immune response, human serum was injected into
the rats 20 days after the initial immunization. The serum
antibody level against the independent human antigen in the
BIIC—decoy DCs group was significantly higher than that in
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Figure 3 Severity of arthritis in rats during 42 days posttreatment.
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-e- Control group -#- CIA model group
-+ BIIC DCs model group -+ Decoy DCs group
-+ BIlIC—decoy DCs group

Notes: (A) Control group: normal rats receiving PBS. (B) CIA model group. (C) BIIC DCs model group. (D) Decoy DCs group. (E) BIIC-decoy DCs group. (F) The arthritis
indexes of the rats in each group. ¥P<<0.01 vs CIA model group, #P<0.01 vs BIIC DCs model group.
Abbreviations: BIIC, bovine type Il collagen; CIA, collagen-induced arthritis; DCs, dendritic cells; PBS, phosphate-buffered saline.

the BIIC DCs group, but the decoy DCs group failed to
produce antibodies (Table 1). Thus, we concluded that the
BIIC—decoy DCs did not alter independent antigen immune
response.

BlIC—decoy DCs inhibited lymphocyte
proliferation

Compared to the control group, the CIA group showed
significantly higher lymphocyte proliferation (P<<0.05).
However, the BIIC—decoy DCs significantly reduced

CIA-associated lymphocyte proliferation. Provoked by the
independent human serum immunization, the stimulated
lymphocyte proliferation was also prevented by the BIIC—
decoy DCs (Figure 6).

Discussion

The rat model of CIA is the most widely used model to
investigate the pathogenesis of RA. Its clinical manifesta-
tions, pathological features, immunological changes, and
pathogenesis are similar to those of human RA.'"S In this
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Figure 4 Histological characteristics of ankle joints in the rats at 42 days posttreatment.
Notes: (A) Control group. (B) CIA model group. (C) BIIC DCs model group. (D) Decoy DCs group. (E) BIIC—decoy DCs group. The black arrows indicate the pannus
formation sites where the synovial cell proliferation and inflammatory cell infiltration can be found. Magnification x100. (F) The histological scores of the articular synovium.

*P<0.05 vs CIA model group, #P<<0.01 vs BIIC DCs model group.

Abbreviations: BIIC, bovine type Il collagen; CIA, collagen-induced arthritis; DCs, dendritic cells.

study, we induced CIA by immunizing SD rats with BIIC.
Consistent with a previous report,'® the CIA rats in our study
showed significantly higher arthritis index than the normal
rats and the histological signs were characterized by exten-
sive inflammatory cells infiltration. Moreover, the CIA rats
showed similar symptoms, histopathological manifestations,
and high level of anti-BIIC antibody as those observed in
human RA, which reconfirmed that the CIA rats were ideal
animal models for RA study.

Human RA is initiated when the pathogenic antigen
is recognized by T cells, and the abnormal activation and

differentiation of T cells play an important role in RA.> DCs
play an important role in autoimmunity response and trans-
plantation immunity response and are the only known APCs
that can activate initial T cells. Moreover, mDCs mainly acti-
vate immune responses, whereas imDCs can induce immune
tolerance. Previous research suggests that the activation of
NF-xB is a core factor of DC maturity, because of which most
of NF-kB activators can induce DC maturity. Additionally,
activated NF-xB plays a key role in the activation of T cells
by DCs and its continuous activation strengthens this effect.!”
NF-xB decoy ODNs have a oligonucleotide sequence that
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Figure 5 Effect of BIIC-decoy DCs on the serum levels of IFN-y, IL-10, and anti-
BIIC antibody in differently treated rats.

Notes: n=10. Different letters represent groups with extremely significant
difference (P<<0.01).

Abbreviations: BIIC, bovine type Il collagen; CIA, collagen-induced arthritis; DCs,
dendritic cells.

is consistent with NF-kB-specific binding sites, because of
which NF-xB decoy ODNs can inhibit the transcription factor
from regulating the expression of the target gene after their
import into DCs; NF-kB decoy ODNs thus finally inhibit
the phenotype and function of DC maturation and produce
tDCs."8tDCs express low levels of CD80 and CD86 and play
an important role in immune and autoimmune tolerance by
inhibiting T-cell response or by inducing apoptosis.'” The
results from our study showed that NF-kB decoy ODN-
modified DCs could effectively reduce the expression of
CD80 and CD86 on the surface of rat spleen-derived DCs
and thus inhibit T-lymphocyte proliferation, which indicated
that imDCs were induced and tDCs were obtained.

The therapeutic effects of modified DCs have been studied
in many immunological diseases. In mice, imDCs have been
obtained by treating DCs with electric eel acetylcholine
receptor immune advantage peptides (Talphal46-162) and
these Talphal46-162-imDCs have been shown to inhibit the
immune response of TAChR presensitized T cells and prevent
the occurrence of experimental autoimmune myasthenia
gravis.?” In addition, Yang et al showed that tDCs expressing
high levels of IL-10 and low levels of IL-12 can induce
antigen-specific tolerance in experimental autoimmune

Table | The serum level of antibody for human serum in rats
(titer)

Groups Rats (n) Titer
BlIC—decoy DCs group 5 1:2
Decoy DCs group 5 0
BIIC DCs model group 5 1:4

Abbreviations: BIIC, bovine type Il collagen; DCs, dendritic cells.

0.25 1

0.20 o

0.15 4

0.10 =

0.05 +

Optical density value

0.00 =

Figure 6 Proliferation degree of spleen cells in rats undergoing different treatments.
Notes: n=10; *P<<0.05.

Abbreviations: BIIC, bovine type Il collagen; CIA, collagen-induced arthritis;
DCs, dendritic cells.

encephalomyelitis.?! Moreover, mouse bone marrow-derived
DCs modified using Fas ligand can inhibit the progression
of established CIA in DBA/1 mice by suppressing IFN-y
production and reducing T-cell proliferation.”? Moreover,
engineered bone marrow-derived DCs expressing 1L-4
have been shown to inhibit Th1 responses and decrease the
incidence and severity of CIA.? In this study, we modified
DCs using NF-kB decoy ODNs and loaded them with a
specific antigen and then tested their ability to regulate CIA.
We treated CIA rats with tDCs loaded with a specific antigen
(BIIC—decoy DCs), tDCs (decoy DCs), or nontolerance DCs
loaded with a specific antigen (BIIC DCs) and found that the
BIIC DCs failed to ameliorate arthritis, which indicated that
mDCs loaded with a specific antigen could not repair the
impaired immune response. However, the BIIC—decoy
DCs, similar to the decoy DCs, inhibited immune reactions,
reduced the serum level of IFN-yand anti-BIIC antibody, and
increased IL-10 levels, finally alleviating the arthritis. This
result indicated that the NF-xB decoy ODN-induced tDCs
loaded with a specific antigen could effectively inhibit CIA,
possibly by regulating IFN-yand IL-10 levels to balance the
Th1/Th2 cytokines.

To evaluate the influence of these treatments on the body,
the ability of the treated rats to regulate immune responses
against unrelated antigens was assessed after immunization
using human whole serum. Antibodies against whole human
serum could be detected in the serum of the CIA rats injected
with BIIC DCs or BIIC—decoy DCs but not in the rats treated
with decoy DCs. This result indicated that tDCs loaded with-
out a specific antigen may cause a nonantigen-specific and
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extensive immune suppression, while those exposed to the spe-
cific antigen (BIIC) can establish an antigen-specific immune
tolerance and have no effect on unrelated antigen response. In
addition, the BIIC—decoy DCs significantly reduced lympho-
cyte proliferation in the CIA rats and treatment with human
serum (unrelated antigen) could recover the lymphocyte pro-
liferation in these. These data showed that BIIC—decoy DCs
could suppress the lymphocyte proliferation induced by the
specific antigen (BIIC) without affecting lymphocyte prolif-
eration provoked by other unrelated antigens. These results
support the feasibility of arthritis treatment using NF-kB decoy
ODN-modified DCs loaded with the specific antigen.

Conclusion

Our results suggest that NF-xB decoy ODNSs can induce
spleen-derived DC immaturation and generate tDCs. Fur-
thermore, the NF-xB decoy ODN-induced tDCs loaded with
BIIC could effectively alleviate CIA in rats, possibly by regu-
lating the balance of Th1/Th2 cytokines and inhibiting T-cell
activation and differentiation. Moreover, BIIC—decoy DCs
could induce an antigen-specific immune tolerance without
inducing antibodies against unrelated antigens. Therefore, we
believe that NF-kB decoy ODN-modified DCs loaded with
the specific antigen might be a new feasible approach for the
treatment of autoimmune diseases in the future.
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