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Alteration of N-glycans related to
articular cartilage deterioration
after anterior cruciate ligament transection in rabbits
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Objective: Osteoarthritis (OA) is the most common of all joint diseases, but the molecular basis of
its onset and progression is controversial. Several studies have shown that modifications of
N-glycans contribute to pathogenesis. However, little attention has been paid to N-glycan
modifications seen in articular cartilage. The goal of this study was to identify disease specific
N-glycan expression profiles in degenerated cartilage in a rabbit OA model induced by anterior
cruciate ligament transection (ACL-transection).

Methods: Cartilage samples were harvested at 7, 10, 14 and 28 days after ACL-transection and
assessed for cartilage degeneration and alteration in N-glycans. N-glycans from cartilage were
analyzed by high performance liquid chromatography (HPLC) and mass spectrometry.

Results: Histological analysis showed that osteoarthritic changes in cartilage occurred 10 days after
ACL-transection. Mean histological scores of the tibial plateau were significantly higher in the OA
group than in the sham group (Figure 1). Apparent alterations in the N-glycan peak pattern in
cartilage samples by HPLC on an ODS column were observed 7 days after ACL-transection (Figure
2). Each altered peak on the ODS column was separated into three peaks on the amide column,
referred to as N-glycan A (a), B (b), and C (¢) in order of separation time (Figure 2-*). We then
calculated each area ratio. The mean ratio of N-glycan A and C in the OA group significantly
changed from day 7 to day 28 compared to the sham group (Figure 3). Overall N-glycan changes in
OA reflected alterations in both sialylation and fucosylation. These changes apparently preceded
histological changes in cartilage. (Figure 4).
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Figure 1. Histological scores of medial tibial plateau. Figure 2. Chromatograms of PA-N-glycans obtained from

rabbit cartilage glycoproteins on an ODS column.
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Figure 3. The ratio in the peak area of Figure 4. Structure of N-glycans A and C.

N-glycans related to OA.

Discussion: This study showed that the cartilage N-glycans significantly altered from the time
before the appearance of apparent histological changes. This indicates that such alteration in
cartilage N-glycans occurs from very early phase of OA aggravation. In addition, we succeeded in
identifying the N-glycans, including 1A1-210.4b and 210.41b, which responded to osteoarthritic
changes of cartilage. Although the functional roles of these N-glycans remain unclear, they may
play a crucial role in the chondrocytes or/and ECM responses to the changes in mechanical
environment of cartilage responsible for the pathogenesis of OA initiation or aggravation. To our
knowledge, this is the first study to determine the structure of cartilage N-glycans and to show the
alterations in this structure with OA aggravation. This novel analysis and the obtained results may be
useful diagnostically and also provide an insight to OA pathogenesis. We believe that our
understanding of glycobiology broadens analytical approach to various joint diseases.

Conclusion: These results indicate that changes in the expression of N-glycans are correlated with
OA in an animal model. Understanding mechanisms underlying changes in N-glycans seen in OA
may be of therapeutic value in treating cartilage deterioration.

FIGURE LEGENDS

Figure 1. Histological scores of medial tibial plateau.

Values are means + SD. Shown are scores for histological parameters with comparisons between groups.
Histological analysis revealed that slightly degenerative changes in cartilage occurred in all cases starting
10 days after ACLT. * denotes statistical significance (P<0.05) vs sham group. # denotes statistical
significance (P<0.05) vs control.

Figure 2. Chromatograms of PA-N-glycans obtained from rabbit cartilage glycoproteins on an ODS
column.

Two peaks (solid arrow) in the chart of day 0 and the sham-operated group were seen as one peak (empty
arrow) from day 7 after ACLT. Those peaks included three peaks on an amide column, referred to as
N-glycan A (a), B (b), and C (c), in order of separation time (* ).

Figure 3. The ratio in the peak area of N-glycans related to OA.

Values are means + SD. The mean ratio of N-glycan A decreased significantly from 7 days in the OA
group. The mean ratio of N-glycan C increased significantly from 7 days in the OA group. The mean ratio
of N-glycan A to N-glycan C increased significantly from 7 days in the OA group. * denotes statistical

significance (P<0.05) vs sham group. # denotes statistical significance (P<0.05) vs control.
Figure 4. Structure of N-glycans A and C.
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Indicated are structures of N-glycans related to OA.
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