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Abstract

Aims: Dendritic cells (DCs) are critical initiators of immune responses, however, its distribution
and role in osteoarthritis (OA) remains largely unknown. This study is to investigate the
distribution of DCs in the rabbits’ synovium of experimental OA. Methods: Model of OA was
established by excising the medial meniscus of both hind knees in New Zealand white rabbits.
The grades of synovium and articular cartilage were assessed and scored by hematoxylin
eosin stain after 2, 4, 8, and 12 weeks of operation. The distribution of DCs was investigated
by immunohistochemistry staining in the synovium from OA rabbits. The levels of IL-1p and
TNF-a in synovial fluid were measured by ELISA kits. Results: Molecular markers for DCs, such
as DC-LAMP, CD80, CD83, and CD86 were detected in lymphoid aggregations and perivenular
infiltration areas in the synovium from OA rabbits. Large numbers of DCs were observed
in the synovium in the early stages (2 or 4 weeks) after operation. The number of DCs was
significantly increased with the progression of inflammatory grade in synovium in the same
early stages. Expression of IL-1p and TNF-a were also increased in the early stages, then
decreased with the inflammatory regression in synovium. Conclusion: The data from this
study strongly suggested that DCs may play a key role, at least in part, in inflammation of the
OA pathogenesis, especially in the early stages of OA.
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Introduction

Osteoarthritis (OA) is the most common joint disease that characterized by the
irreversible erosion and destruction of articular cartilage [1]. The histopathology of OA
involves the whole joint and is identified as progressive articular cartilage loss, concomitant
sclerotic changes in the subchondral bone, and the formation of osteophytes at the joint
margins. Soft tissue structures in and around the joint, such as synovium, ligaments, capsule,
and muscles, are also involved [2]. Although OA is generally accepted as one of the commonest
degenerative joint disorders, low or medial grade inflammation is detected in osteoarthritis
[3, 4].

To date, a number of studies have shown the role of immunologic implication in the
pathogenesis of OA. First, the immune cells, such as T lymphocytes, B lymphocytes, and
macrophages are often found infiltrating into the synovial tissue of patients with OA [5-
7]. Second, immunoglobulins and immune complexes are occasionally detected in the
cartilage of patient with OA [8-10]. Third, a subset of autoimmunity against cartilage-related
components, such as YKL-39 (a member of chitinase protein family), cyclic citrullinated
peptide, cartilage intermediate layer protein, and osteopontin were also detected in patients
with OA [11-16]. Fourth, dysregulation of complement in synovial joints has a key role in the
pathogenesis of osteoarthritis [17]. Finally, oligoclonal T-cell expansion occurs in synovial
membranes in OA [6, 18], suggesting activation and proliferation of a limited number of T-
cell clones with distinct antigen specificity. Taken all data together, it is clearly demonstrated
that the involvement of immunologic pathways take part in the pathogenesis of OA [6, 19,
20].

Although autoimmune were involved in the pathogenesis of OA, the role of antigen-
presenting cells (APC) in the pathological process of OA was not clear. Dendritic cells (DCs)
are recognized as the pre-eminent APC due to their ability to stimulate naive T cells and
direct effect on cell function. Studies have shown that DCs participated in and maintained
the process of immunopathology in rheumatoid arthritis (RA) [21, 22]. DCs are classified as
myeloid DCs and plasmacytoid DCs, or immature DCs, and mature DCs [23]. Previous study
demonstrated that mature myeloid DCs play a central role in the RA inflammatory process
[24]. DCs were also located in the synovium of OA patients [24, 25], but their functions in the
pathological process of OA were still unclear.

We excised the medial meniscus of the rabbits to establish animal model of OA and
these experiments were designed to evaluate the quantity and the distribution of mature
DCs in the synovium and investigate their potential roles in the pathology of OA.

Materials and Methods

Animals and procedures

Twenty-five New Zealand White rabbits (3 months old and irrespective of sex), weighing 2.2- 2.6 kg,
were obtained from Experimental Animal Research Center of The First Affiliated Hospital of Harbin Medical
University and were randomly divided into five groups of equal numbers.

0OA models were established by complete medial meniscectomy. Rabbits were anesthetized by
using pentobarbital intravenously (30 mg/kg). After being shaved and disinfected, both hind knees of the
rabbits were underwent total medial meniscectomy via a medial parapatellar arthrotomy to simulate knee
instability. After operation, all animals were housed in regular individual cages and permitted free cage
activity. After surgery, the rabbits were sacrificed at 2 weeks, 4 weeks, 8 weeks, and 12 weeks. 5 rabbits
in control group were sacrificed without operation (0 week). The study was in compliance with Harbin
Medical University Ethical Council regulations, and the protocol was approved by the Experimental Animals
Care and Use Committee of Harbin Medical University.

Histology of Cartilage
Histological evaluation was performed by sagittal sections of cartilage from the lesion areas of medial
femoral condyle. After dissection, specimens were fixed in 10% buffered formalin, and then decalcified with
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20% EDTA solution, eventually embedded in paraffin. Serial sections (5-pum thick) were cut and stained with
hematoxylin and eosin (HE). Two independent observers examined the slides by light microscopy (Olympus
BX41, Tokyo, Japan) using a modification of the Mankin grading [26]. Histological classification was graded
as follows: grade 0: normal; grade 1: surface irregularities; grade 2: pannus and surface irregularities;
grade 3: superficial cleft formation; grade 4: deep but localized clefts down to bone; grade 5: large surface
defects down to bone; and grade 6: complete disorganizations. The scoring system was based on the average
histological changes in five slides of a rabbit.

Histology of Synovial Membrane

Synovial specimens from the suprapatellar pouch were dissected for histological analysis. The synovial
membrane was spread in a cassette then fixed in 10% buffered formalin and subsequently embedded in
paraffin. Serial sections (5-pm thick) were cut and stained with hematoxylin and eosin (HE). The slides
were inspected by two independent observers using light microscopy (Olympus BX41, Tokyo, Japan). The
sections were graded with the synovitis score according to Krenn, et al. [27, 28]: grade 1: no synovitis, sum
0 or 1; grade 2: low-grade synovitis, sum 2-4; grade 3: high-grade synovitis, sum 5-9. Five slides of a rabbit
specimen were examined for scoring and the average score was calculated.

Immunohistochemistry

Paraffin-embedded synovial sections were cut serially (5-pm thick) and were deparaffinized and
rehydrated. After blocking endogenous peroxidase and antigen retrieval, the slides were incubated
overnight at 4°C with primary antibodies against DCs cellular markers. These cellular markers for DCs
include DC-LAMP, CD80, CD83, and CD86. Dilutions of the first antibodies of DC-LAMP (Rat monoclonal
IgG2a; Dendritics; France), CD80 (Rat monoclonal IgG2a; Abcam; UK) CD83 (Rat monoclonal IgG1; Abcam;
UK), and CD86 (Rat monoclonal IgG2a; Abcam; UK) were from 1:50 to 1:200. The binding of biotinylated
secondary antibodies were visualized by the streptavidin-biotin-peroxidase complex method using 3,
3’-diaminobenzidine (Sigma-Aldrich, St. Louis, USA) as the substrate. The immunostained sections were
counterstained briefly with hematoxylin. Negative controls included the use of IgG isotype controls and
omission of the primary antibodies.

Positively stained DCs such as DC-LAMP, CD80, CD83, and CD86 were independently counted by 2
observers in at least 5 fields under a light microscope (Olympus BX41, Tokyo, Japan) in 4 different areas:
lining layer area, synovial stroma area, perivenular infiltration area, and lymphoid aggregation area. Then
associated images were collected under the digital microscope (Olympus BX41, Tokyo, Japan) with the same
chromaticity and pixel. For images analysis, the area of interest (AOI) and the integrated optical density
(IOD) were evaluated by Image-pro plus 5.0 software (Media Cybernetics, USA). The average IOD per area in
the images were calculated for each 5 different areas.

Measurement of IL-1p and TNF-a in Synovial Fluid

To lave rabbit knee joints, 0.5 ml of saline solution was injected into the joint space through the patellar
tendon. After lavation, the needle was reinserted and the fluid was aspirated. The synovial fluid samples
were stored at —80°C until assayed. The contents of interleukin-1f (IL-1B) and tumor necrosis factor-o
(TNF-a) in synovial fluid were measured by ELISA kits (Senxiong Co., Shanghai, China).

Statistical analysis

Average data were presented as the mean * S.D. and analyzed by GraphPad Prism 5.0, and SPSS 11.5
software. Statistical comparisons (performed using analysis of variance, ANOVA) followed by Bonferroni’s
multiple comparison tests or Dunnett’s method) were used as appropriate to evaluate data among groups.
A two-tailed p < 0.05 was considered to be a statistically significant difference.

Results

Histological analysis of articular cartilage

In control group, the surface of normal articular cartilage was smooth and cartilage
cells were arranged in order and regular (Fig. 1a). All specimens from the operation groups
demonstrated osteoarthritic changes. The surface of the cartilage was an irregularity and
superficial cleft formation in two specimens at 2 weeks after surgery (Fig. 1b). At 4 weeks after
surgery, vertical clefts were observed and the surface of the aticular cartilage was fibrillated,
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Fig. 1. Histological structure of femoral condyle (HE staining). (a) Control group; (b) 2 weeks after surgery;
(c) 4 weeks after surgery; (d) 8 weeks after surgery; and (e) 12 weeks after surgery. In (a) the surface of
normal articular cartilage was smooth and cartilage cells were well arranged. The surface of the cartilage
was irregularity and disorientation chondron columns cells were seen in (b). Superficial cleft formations
were observed in (c). Large surface defects were seen in (d). Ulceration of the cartilage exposing the surface
of the subchondral bone was seen in (e). (Magnification x 100).

Fig. 2. Histological structure of synovium (HE staining). (a) Control group; (b) 2 weeks after surgery; (c)
4 weeks after surgery; (d) 8 weeks after surgery; and (e)12 weeks after surgery. Hyperplasia of synovial
lining cells was marked in (b) and (c). The lining cell layer of the synovium decreased in thickness (d) when
compared to the 4-week group specimen. Gross fibrotic proliferation of subsynovial tissue was seen in (e).
(a, magnification x 200; b, ¢, d, e, magnification x 400).

but less rough than that of the 8-week group. (Fig.1c). Ulceration was observed in surface
of the cartilage and the thickness of the cartilage was decreased obviously at 8 weeks after
surgery (Fig. 1d). In 12 weeks after surgery group, complete disorganizations of the articular
cartilage were observed and the subchondral bone was exposured in four specimens (Fig.
1e). The histological grade was aggravated from 2 weeks to 12 weeks, average grade was
from 1.6 to 5.5 (Fig. 3a).
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Fig. 3. Histological grading of articular cartilage from medial femoral condyle (a). Inflammation scoring of
synovium in rabbits (b).
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Fig. 4. Immunohistochemistry staining of synovium. (a) DC-LAMP was a marker of mature DCs and
expressed in the lymphoid aggregation areas. (b, d) CD80, 86 were costimulate molecules, as markers of
mature DCs, expressed in the lining layer and lymphoid aggregation areas. (c) CD83 was a marker of mature
DCs and expressed in the lymphoid aggregation areas. Positive staining were brown. (Magnification: x400,
4-week group).

Histological analysis of Synovium

Synovitis was observed clearly and the appearance was various in all groups of operated
rabbits compared with control group. The synovial lining cell layer became hyperplastic and
hypertrophic; the infiltrating mononuclear cells were increased in the synovial stroma and
inflammatory infiltrate areas as well (Fig. 2). The synovitis was aggravated at 2 and 4 weeks
after surgery compared with control (Fig 2b, 2c). However, the thickness of lining cell layer
and density of the inflammatory infiltrate were decreased from 2 and 4 weeks to 8 and 12
weeks (Fig 2b, 2¢, 2d, 2e). Eventually, the fibrosis under the lining cell layer was observed in
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Fig. 5. The number of DCs in the synovium of different group. DC-LAMP, CD80/86 and CD83 were markers
for mature DCs. The integrated optical density of DC-LAMP, CD80/86 and CD83 indicated the expression
and distribution of DCs in different group. Integrated optical density and area were calculated by Image-Pro
Plus software. The significant difference was marked with asterisk. *p < 0.05, **p < 0.01.
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Fig. 6. The quantity and distribution of DCs in different group. Synovium from 25 rabbits were examined
by immunohistochemistry and estimations were made in 4 different areas in each section, accordance with
different group. (a) DC-LAMP positive cells located mainly in the perivenular infiltration and lymphoid
aggregation areas, and increased in 2-week and 4-week groups. (b) CD80 positive DCs increased dramatically
in 2-week and 4-week groups, and were detected in the perivenular infiltration and lymphoid aggregation
areas, also in the lining layer areas. (c¢) CD83 positive DCs located in the perivenular infiltration and lymphoid
aggregation areas. (d) CD86 positive DCs were found in the similarly location.

the synovium at 12 weeks after operation (Fig 2e).The average inflammation scores for 2, 4,
8, and 12 week-group were 4.0, 4.4, 2.5, and 2.0, respectively (Fig. 3b).
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Fig. 7. Contents of IL-1B and TNF-a in synovial fluid. * P < 0.05, ** P < 0.01.

Distribution and Localization of DCs in synovium

DC-LAMP, CD80, CD83, and CD86 were cellular markers for mature DCs. DC-LAMP
(dendritic cell lysosomal-associated membrane protein, CD208) was originally described as
amolecule specifically expressed by mature DCs. CD83 have been known to be the important
markers for mature DCs. Mature DCs were expressed high levels of the costimulatory
molecule CD80 and CD86. These DC-LAMP, CD80, CD83, and CD86 positively stained cells
were displayed at relative higher density in 2-week and 4-week groups (Fig. 4, 5). The
number of DC-LAMP positive cells was significantly increased in 2-week and 4-week groups
compared with control group, and then decreased in 12-week groups compared with 2-week
and 4-week groups (Fig. 5). DC-LAMP positivity DCs were found in the lymphoid aggregation
and perivenular infiltration areas (Fig. 4 and Fig. 6). The number of CD80 positive cells was
also significantly increased in 2-week and 4-week groups and decreased in 8-week and 12-
week group (Fig. 5). The number of CD86 positive cells was also increased in 2-week and
4-week group and then decreased in 8-week and 12-week group. CD80 positive DCs were
found in the lining layer and perivenular areas, especially in the lymphoid aggregation areas,
similar with the distribution of CD86 positive cells (Fig. 4 and Fig. 6). CD83 positive cells
were located in perivenular infiltration and lymphoid aggregation areas (Fig. 4 and Fig. 6)
and also were decreased in 12-week group, compared with 2-week and 4-week groups (Fig.
5).

IL-1B and TNF-a in Synovial Fluid

IL-13 and TNF-a were prominent and important to inflammation and cartilage
destruction in OA. The level of IL-1B/TNF-a can reflect the degree of inflammation. It was
shown in Figure 7 that the levels of IL-1p and TNF-a in synovial fluid from each group.
The level of IL-1B and TNF-a were obviously increased in 2 and 4-week group. With the
inflammatory regression, IL-13 was reduced in 12-week group. The level of TNF-a was
decreased significantly in 8 and 12-week group, compared with 2 and 4-week group.

Discussion

We focused on the tissue distribution of DCs in experimental osteoarthritis model of
rabbits, and elucidate firstly the relevant information regarding the timing of expression and
location of DCs infiltration in experimental OA.

OAisthe mostcommon jointdisease, which is associated with a risk of mobility disability
in older adults. The dominant clinical symptom has been characterized by a non-infectious
chronic inflammatory condition with infiltration of inflammatory cells in the synovium or
synovial fluid [3, 29]. Synovial inflammation could play a role by promoting degradation of
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articular cartilage. Proinflammatory cytokines, such as IL-1f and TNF-q, are considered to
be the principal inflammatory cytokines in OA. IL-13, TNF-a, can activate immature DCs and
promote it differentiating to mature DCs [30]. DCs also secreted many cytokine, such as IL-
1B, IL-10, TGF-B and so on, which activate T lymphocytes and NK cells. IL-1p and TNF-o have
a significant effect on chondrocyte, which aggravate cartilage destruction [31, 32].

We found the inflammation grade of synovium was aggravated after operation, but after
8 weeks the inflammation scoring was decreased. Nevertheless the changes in cartilage were
aggravated from 2-week to 12-week group. The expression of IL-1 and TNF-a in synovial
fluid were also increased in 2-week and 4-week group, and then decreased after 8 weeks
corresponding inflammation alleviated. The expression of IL-1 and TNF-a may reflect the
degree of inflammation in the experimental OA.

In our study, different distribution of DCs was firstly shown during the pathophysiological
process of OA in the synovial tissues. Dendritic cells are professional antigen-presenting
cells with a key role in both immunity induction and tolerance maintenance. After exposure
to pathogenic antigen, DCs undergo maturation and express antigenic peptides on their
surface in the context of MHC molecules and express high levels of costimulatory receptor
CD80 and CD86 [33, 34]. Maturation DCs present autoantigen to T cells and promote B
cell activation in RA synovium, which may be sufficient to drive autoimmune responses in
RA [35, 36]. DC-LAMP, CD83, CD80, and CD86 were cellular markers for mature DCs, and
these cellular markers positively stained cells can represent the distribution of mature DCs.
In our study, these cellular markers positive DCs were mainly observed in the lymphoid
aggregation areas of OA synovium. These cellular markers positive cells were significantly
increased in 2-week and 4-week group, then decreased in 8-week and 12-week group. So
we postulated the number of mature DCs was significantly increased in the early stage of
the progression of inflammation (2-week and 4-week group), which may attribute to the
aggravated pathological process in OA synovium. The number of mature DCs was decreased
in 8-week and 12-week group according with the alleviation of inflammation in synovium.
It seemed that DCs play important roles at least in the early stage of OA, but not in the last
stage of OA (8 and 12 week).

Taken all data together, our results demonstrated that DCs may be a critical player in
the inflammation during the pathogenesis of OA, especially in the early stage. In this study,
we mimicked the degradation of cartilage in human OA. Our data showed that the cartilage
destruction observed in 12-week group is closely represented the end stage of pathological
changes of OA. In this meniscectomy model of OA, the articular cartilage destruction
aggravated progressively and dominantly, however, the sever inflammation of synovium
could not be confirmed at the same time in this model, suggesting that cartilage damages
may, at least, due to the abnormal mechanical pressure exerted on the erosion cartilage
surface but not caused by the inflammation. We supposed that the inflammation initiates
the destruction of cartilage at early stage. When the cartilage is erosion at the end stage of
0A, the abnormal mechanical pressure is the critical reason for the cartilage degradation
aggravation.

DCs are receiving increasing scientific and clinical interest due to their involvement
in the autoimmunity and immune tolerance. These findings reinforce the knowledge of
pathological process of OA and it lead to the development of new therapeutic strategies for
OA and better understand DCs function in OA.
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