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collagen generated by matrix metalloproteinase, PYR: pyridinoline, DPD: deoxypyridinoline
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Alteration of N-glycans related to articular cartilage deterioration after

anterior cruciate ligament transection in rabbits’

T. Matsuhashi M.D.{, N. lwasaki M.D., Ph.D., Associate Professori{*, H. Nakagawa Ph.D.,
Associate Professorf, M. Hato}, M. Kurogochi Ph.D.1, T. Majima M.D., Ph.D., Associate Professorf,
A. Minami M.D., Ph.D., Professor{ and S.-I. Nishimura Ph.D., Professor}

t Department of Orthopaedic Surgery, Hokkaido University Graduate School of Medicine, Sapporo, Japan

t Graduate School of Advanced Life Science, Frontier Research Center for Post-Genome

Science and Technology, Hokkaido University, Sapporo, Japan

Summary

Objective: Osteoarthritis (OA) Is the most comman 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, littie attention has been paid to N-glycan
modifications seen In articular cartilage. The goal of this study was 10 identify disease specific N-glycan expression profiles in degenerated
cartilage in a rabbit OA model induced by anterior cruciate ligament transection (ACLT).

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

Results: Histological analysis showed that osteoarthritic changes in cartilage occurred 10 days after ACLT. Apparent alterations in the N-gly-
can peak pattem in cartilage samples were observed 7 days after ACLT, and overall N-glycan changes in OA reflected alterations in both
sialylation and fucosylation. These changes apparently preceded histological changes in cartilage.

Conclusforr. These results indicate that changes In the expression ol A-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.
@ 2007 Osteoarthritis Research Society Interational, Published by Elsevier Ltd. All rights reserved.

Key words: Cartilage, Osteoarthritis, N-Glycan.

Introduction Glycoprotein glycans are found on the cell surface, in the
2 ECM, and in serum. These glycans act as an interface on
Chondrocyte metabolism is controlled by genetic_and the cell surface and modulate protein properties, including
environmental factors, such as extracellular matrix (ECM folding, secretion, targeting, and protease resistance'®"
composilion, soluble mediators, or mechanical factors'?, Several studies show that glycan modifications of proteins
Osteoarthritis (OA), which results from a breakdown in the contribute fo the pathogenesis of some diseases'2'®. One
balance of these factors, is the most common joint disease, characteristic of cartilage is that some chondrocytes reside
To date, numerous studies have investigated its pathogene- i areas rich in ECM. In addition, it is well known that glyco-
sis' ™. However, factors mediating onset and aggravation proteins are abundant on the cell surface and in cartilage
ong are st mé‘;mm‘“'-ma — ECM. These observations lead to a working hypothesis
lycobiology, as the analysis of biological func- t sugars attached to proteins contribute to chondrocyte
tion of sugar chains covalently bound to proteins and lipids, - aeaars 2 SR
has been recently applied to molecular-based investiga- Glycans attached to proteins are classified into two
tions®. Sugar chains attached to proteins (glycoproteins)  groups: glycans attached to an asparagine residue through
and lipids (glycolipids) are commonly referred to as glycans. a nitrogen atom (N-glycans) and those attached to a serine
or threonine oxygen (O-glycans)''. Both types have been in-

"Supported by a grant for the National Project on “Functional Gly- tensively studied, and many studies report structural and
coconjugate Research Aimed at Developing New Industry” from functional analyses of N-glycans'®. Based on these data,
the Ministry of Education, Science, Sport and Culture of Japan, a relationship between N-g!*can alleration and disease
and SENTAN from the Japan Science and Technology Agency has recently been emerged™'*'*~'2_ For example, several
and Ushara Memorial Foundation. studies of N-glycans of serum immunoglobulin G (IgG) mol-

*Address comrespondence and reprint requests to: Dr Norimasa associal P :
Iwr:zw. Department of Orthopaedic Surgery, Hokkaido University !eh‘:;le:hanging %ﬁr:&":?gm‘rmﬁﬁ?
Graduate School of Medicine, 060-8638, North 15, West 7, Kita- H ¢, little attention has been paid to N-glycan alter-

g;;s,;'.% 1 m*‘&”ﬁ'“gﬁ?“&;’;.g,,};’,ﬁﬁﬁ?fg S ations occurring in articular cartilage in a diseased condition.
Received 11 November 2006; revislon accepted 17 November Glycans have five major functions: (1) providing cell wall
7. and ECM structural components, (2) modifying protein
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properties, (3) directing glycoconjugates, (4) mediating and
modulating cell adhesion, and (5) mediating and modulating
signaling. Thus, we hypothesized that cartilage N-glycans
would be altered in parallel with cartilage degradation in
OA and would vary according to the degree of deterioration.
Particularly, N-glycan alterations should occur at early
phases of OA aggravation. To test this hypothesis, we ana-
lyzed N-Glycans of rabbit OA cartilage explants induced by
anterior cruciate ligament transection (ACLT). The specific
aims of this study were to clarify the alterations in cartilage
N-glycans with OA aggravation and to identify A-glycan
structures correlated with cartilage deterioration.

Materials and methods
ANIMALS AND SURGICAL PROCEDURES

Iy'dght adult mmmmmu (fs-—t&mk-old}
ighing 1ka g from a prof (Japan SLC,
Inc., Hn.mnrllahu annn]muudbrlhhuhdymumhlheaﬂh-
lished ethical guideiines approved by the local animal care commitiee,
Rabbits were anesthetized with 0.6 ml pentobarbital sodium (50 mg/mi)
injections a.nd then maintained on Isoflurane. To induce ostecarthritic

of I rilage, the right knee ACL was sectioned through
a medial parapatellar incision (OA group). As a sham control, arthrotomy
without ACLT was performed In sham group. Rabbits were housed in plastic
cs.gnandaﬂomdwmmmdyawiheopwm Ndn‘,rnl} 7. Io 14,
and 28, animals were euthanized by an injecty
mm.ummmwmnpmmmmmwmmm
analyses, Serum samples were harvested prior to euthanasia. Here, day 7 is
defined as 7 days after the operation, and day 0 means the day prior to the
oparation.

HISTOLOGICAL ANALYSIS (N = 38)

To determine ostecarthritic changes in OA and sham groups, cartilage
samples (n=4) were analyzed histologically at days 0, 7, 10, 14, and 28.
Each sample, including the tibial plateau and femoral condyle, was fixed in
10% neutral buffered formalin. Tissue blocks wera decalcified with 14% eth-
ylenediaminetetraacetic acid (EDTA), cut in a sagitial plane, and stained with
hematoxylin and eosin (HE) and Safranin O—fast green. To avoid observer
bias, slides were coded prior to microscopic analysis. Omamm:dungu
in each sample were quantified using the modified Mankin score

PREPARATION OF PYRIDYLAMINATED (PA)-N-GLYCAN (N = 42)

Cartilage samples of the tibial plateau and serum were obtained from
each animal at days 0, 7, 10, and 28. Cartilage minced by a razor and serum
was heated to 90°C for 15 min. Mﬂlyophlﬂnﬂon.udlnamghmdi-
gos'hsd sequentially with trypsin, chymotrypsin, and pro-

as described™. N-Glycan fractions were purified on a gel-filtration
colurnn (Bio-Gel P-4, 1 x 38 cm, waler, Nippon Bio-Rad Laboratories KK,
Tokyo, Japan), andmggedbyﬂnurum labeling uslng 2¢mlnapy1'ldina
to increase sensilivity fo
gel-filtration on Saphndex-G -15 {A.moraham Biueclencs Tokyo, Japan).
PA-N-gh ly ‘uﬂngh@peﬂommaﬂquldnhmnulngmphy
{HPLC}andmasaopmonﬂw{MS]

HPLC ANALYSIS

HPLC analysis using the L-7000 HPLC system (Hitachi High-Technolo-
gles, T Japm}waspuﬂnnmﬂundermndldmpmﬂouslyde—
3 PA N-gly d on an ocladecylsilica (ODS)

column (HHC-ODS 6 x 150 rnm, Shnrrndzu Kyoto, Japan,'p and sach
peak on the ODS column was applied to an amide column
(TSK-gal Amide-80, 4.6 x 250 mm, Tosoh, Tokyo, Japan). The relative
amount of PA-N-glycans was calculated based on the peak area analyzed
by attached software on the HPLC system. Eluhon posrﬂons of PA-N-glycan

on the ODS and amlde were to gh units (GU),
whlch D i to ive degree of polymerization of a1,6-glucose ol-
des, for producibility, N-Glycan structures were sug-

mwmdmmmamauminmm
analytical conditions, and confirmed with further HPLC analysis combined
with partial digestion, and/or MS. Eluﬂon posnions and code numbers of
approximately 500 kinds of ofi are described in thesa

rﬂem"“fhevalidllyoimehﬂimpmﬂbnsmﬁpnmaidwhm
was confimed using well-known PA-N-ghy and p
studies?”,
#@mwnh«nv&mslmemm bmmwamnmsnm-
ture and some rules in g To the o
siructure related to OA, Fnﬂvymnsmmmdmmdaﬂy
f-N-acetylhexosaminidase (HexNAcase, Jack bean, Seikagaku Co., Tokyo,
Japnn)whichmmmudﬂ-ﬁnkadGGMWGIGNM al 34-fucosidase (a3/

4-Fase, Takara Co., Shiga, Japan) and weak hydrochloric acid to hydrol
sialic acids. After each anyymmm:mduallyamiyzed
byHPLConhnthnothmhmnﬁrmeludunpmmmu

MS

To identity the PA-N-glycan structure, some PA-N-glycans separated by
HPLC were further analyzed by matrix-assisted laser desorptionfonization
WMSMITOFMS]ummummFﬂOFm&w

GmbH, B -

add(DHB)nnd-.,.....-‘,‘,’ yci
were used. PA-N-glycans fractionated on HPLC were dissolved and applied
to MALDI-TOF MS as described™®. Based on results from HPLC and MS,
each precise N-glycan structure was delermined.

All measurements were performed using an Ulraflex TOF/TOF mass
spectrometer equipped with a reflector and controlled by the FlexControl
2.2 sofiware package (Bruker Daltonics). In MALDI-TOF MS reflector
mode, jons generaled by a pulsed UV laser beam (nitrogen laser,
4 =337 nm, 5 Hz) were acceleraled 1o a kinelic energy of 23.5 kV, Mata-
stable lons generated by laser-induced decomposition of the selected pre-
cursor lons were analyzed without any additional collision gas. In MALDI-

lons

Iﬂcbdinannwdimgﬂh The fragments were further accelerated by
19KV in the LIFT cell (LIFT indicates “lifting" the potential energy for
memmﬂmhmﬂmdmwumjmmmmmﬂym
after the ion refl M were -ally d by
WWMM&M&RRMWMGIWM
MALDI mass specira was carried out using singly charged

peaks of a peptide mixture of human angiotensin Il (m/z 1046.542), bomb-
asin (miz 1619.823), ACTH.(18--39) (m/z 2465.199), and somatostatin 28
(mfz 3147.472).

STATISTICAL ANALYSIS

Data were represented as means + tion (SD). Sigr
differences between groups were assessed by unpaired [ lests. P-values
of less than 0.05 were considered significant.

Results
HISTOLOGICAL FINDINGS

After the operations, rabbits exhibited a normal gait pat-
ten by footprint analysis (data not shown). Also, infec-
tions were not seen ly in any knee joint
(data not shown). At day 7, no histological changes of
the tibial plateau were seen in HE-stained samples of
the OA group [Fig. 1(b)]. Samples evaluated at day 10
showed common OA changes, including deterioration of
the superficial cartilage layer and a reduced number of
chondrocytes in superficial and middle cartilage layers
[Fig. 1(c)]. At day 28, a reduced number of chondrocytes
were observed in whole layers [Fig. 1(e)], and cloning of
chondrocytes was apparent in these damaged areas
[Fig. 1(e)). While Safranin O—fast green staining showed
no significant change from day 7 to day 14 [Fig. 1(g—i)].
both showed significant reduction at day 28 [Fig. 1(j)]. In
the sham group, from day 7 to day 28 no histological in-
dications of OA changes were observed in any samples
(data not shown). Histological changes of the femoral

le were observed later than histological changes
of the libial plateau (data not shown). After day 10,
mean histological scores of the tibial plateau were signif-
icantly higher in the OA group than in the sham group
(36+05 vs 23+0.5 at day 10, P<0.05; 7.0+0.6 vs
2.4 +04 at day 28, P<0.05, Fig. 2).
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Fig. 1. Histology of cartilage after ACLT in medial tiblal plateau in the rabbit knee joint. (a—e) HE-stained sections. (f—j) Safranin

O-fast green stained sections. (a) Control articular cartilage shows a smooth surface. (b) At day 7, no significant changes compared with con-

Irol cartilage were observed. (c) At day 10, superficial diffuse loss of chondrocytes (*) with surface irregularity was observed. (d) At day 14,

diffuse loss of chondrocytes from superficial and middle zones (*) with surface iregularity was observed. (8) At day 28, diffuse loss of chon-

dracytes in the whole zone with clone formation (solid arrow) was observed. (f) Control articular cartilage with Safranin O-fast green stain. (g—i)

At days 7,10, and14, no significant change of Safranin O-fast green staining was observed. (j) At day 28, severe loss of Safranin O—fast green
staining and clefts (empty arrow) was observed.

ALTERATION IN N-GLYCAN PROFILES

We found no significant alterations in the N-glycan peak
pattem of serum from day 7 to day 28 in the OA group
(Fig. 3). In cartilage analysis, there were no apparent alter-
ations in the N-glycan peak pattern from day 7 to day 28 in
the sham group. By contrast, significant alterations in the
N-glycan peak pattern in cartilage were observed in the
OA group from day 7 postoperatively (Fig. 4). Alterations
in peak shape suggested a change in the composition of
N-glycans contained in the peak. To confirm this, we purified
peaks by HPLC on an ODS column and analyzed each on
an amide column in a different chromatographic mode.
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 (c) in the order of separation time
(Fig. 4*). We then calculated each area ratio. The mean ratio

8.0- wh
[ control

B OA group
&8 Sham group

b
o

Histological score
5

.
o

Day 0 y y

Fig. 2. 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,

of N-glycan A in the OA group significantly decreased from
day 7 to day 28 compared to the sham group (40.6 + 1,80
vs 36.0+140 al day 7, P<0.05 39.8+154 vs
35.6 + 1.97 at day 28, P < 0.05, Fig. 5), while the value of
N-glycan C in the OA group significantly increased from
day 7 compared to the sham group (44.7 +1.91 vs
40.8 + 1.28 at day 7, P<0.05; 46.0 + 2.67 vs 40.2 + 1.03
at day 28, P< 0.05, Fig. 5). The mean ratio of N-glycan B
did not significantly change (data not shown). The mean ratio
of N-glycans A—C after day 7 was significantly higher in the
OA group than in the sham group (1.25:+0.11 vs
1.01+0.04 at day 7, P<0.05; 1.32+0.11 vs 1.01 £:0.04
at day 28, P < 0.05, Fig. 5).

o

control

Day 7 after ACLT

Day 10 after ACLT

LS e

Fluorescence intensity (mV)

Day 28 after ACLT

20 40 60
Elution time (min)

Fig. 3. Chromatograms of PA-N-glycans obtained from rabbit serum

glycoproteins on an ODS column. There were no significant alter-

ations in the N-glycan peak pattern of serum from day 7 to day
28 in the OA group compared with controls.
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control

Day 7 / sham group M
M‘W’

Day 28/ sham group

Day 7 / OA group

Fluorescence intensity (mV)

30 40 50 60 70 80
Elution time (min)

Fig. 4. Chromatograms of PA-N-glycans obtained from rabbit
cartilage glycoproteins on an QDS column. Two peaks (solid ar-
row) 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 inciuded three peaks on an amide column, refarred lo as
N-glycan A (a), B (b), and C (c), in the order of separation time (").

STRUCTURAL ANALYSIS OF N-GLYCANS RELATED TO
OSTEOARTHRITIC CHANGES

MALDI-TOF spectra of N-glycans A and C with DHB as
a matrix indicated a molecular mass of 2239.6 and
2094.6, respectively (Fig. 6). Each MALDI-TOF/TOF spec-
tra showed conslituents of N-glycans A and C (Fig. 7).
MALDI-TOF and TOF/TOF spectra of MN-glycans with
CHCA as a different matrix indicated almost the same
mass fragrmentation compared with DHB (data not shown).
Molecular mass of 2239.6 and 2094.6 comesponds with
a protonated PA-glycan which consists of 3 Hex, 6 HexNAc
and N-acetylneuraminic acid (NANA), and 3 Hex, 6 HexNAc
and Fuc, respectively. These compositions and abundant
fragment peaks of di-HexNAc (406.9 and 407.1) and peaks
devoid of di-HexNAc, 1542.1 and 1542.2, indicate these N-
glycans which include GalNAc—GlcNAc units instead of
Gal—GlcNAc units in their outer arms. After sequential par-
tial digestion, elution positions of both N-glycans on the
two-dimensional map coincided with 110.4a GalNAcf1,
4-GlcNAcp1,2-Manz1,3-(Mana1,6-)Manp1,4-GlcNAcS1,4-
(Fuca1,6-)GlcNAc which confirmed from a previous study
combining HPLC, NMR and methylation analyses®'. The
elution position on the amide column was smaller than the
one of a similar structure, 110.4, which Includes Gal-
j31,4—-GlcNAc units in their outer arms®®. Based on these
results, the final form of N-glycan digested partially was
assigned as 110.4a, and elution positions and suggested
structures of digested N-glycans A and C are shown in
Fig. 8. This indicated that NANA of N-glycan A and Fuc of
N-glycan C was attached to the same «3Man branch of
the outer arm and di-HexNAc is GalNAcfi1,4-GlcNAc?'.
The NANA to GalNAc linkage was determined to be 2,6
based on an observed reduction in GU on the amide col-
umn®’. 22,3 NeuAc was reduced to about 0.5 GU on the
amide column; on the other hand =26 NeuAc increased
by about 0.2 GU on the amide column according to the
two-dimensional mapping technique®**, The linkage of
Fuc in the outer arm of N-glycan C was determined to be

N-glycan A

*
()

828 B S

Eg8&EL L5238

Day 0 Day7

Fig. 5. The ratio in the peak area of N-glycans related to OA. Values
are means + SD. The mean ratio of N-glycan A decreased signifi-
cantly 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—C Increased significantly from 7 days in the
OA group. "Denotes statistical significance (F < 0.05) vs sham
group. #Denotes statistical significance (P < 0.05) vs control.

an «1,3 linkage to GicNAc because it was digested with
23/4-Fase and the GalNAc bound to 4 position of GlcNAc.
Changing of elution positions with I'l‘,gerlizstl digestion is al-
ready confirmed in a previous report®*™*. In this way, struc-
tures of N-glycans A and C were finally determined as in
Fig. 9.

Discussion

The goal of this study was to determine potential alter-
ations in cartilage N-glycans with aggravated OA. We first
showed alterations in the N-glycan peak pattern of articular
cartilage between normal rabbit cartilage (sham group)
and OA cartilage induced by ACLT (OA group). Then, by
comparing peaks obtained from both groups, we showed
that the composition of cartilage N-glycans was significantly
altered in the OA group prior to apparent histological
changes. This observation indicates that N-glycan alter-
ations in cartilage occur at very early phases of OA
aggravation. It is well known that alterations in N-glycans
are associated with specific disease-relaled mecha-
nisms'?13'5 Saveral studies of rheumatic diseases repon
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Fig. 6. MALDI-TOF mass spectra. Mass spectrometric analysis of
N-glycans A and C by the MALDI-TOF/TOF mathod using DHB
as a matrix.

alterations in the N-glycan pattern of serum IgG'**'. How-
ever, little attention has been given to similar alterations in
articular cartilage. OA, a chronic degenerative joint disease
characterized by aricular cartilage deterioration and dam-
age lo subchondral bone, is a major cause of disabilities af-
fecting patients’ daily activities. Unlike RA, OA is primarily
considered a local disease caused by abnormal loading on
the articular cartilage. Therefore, analysis of cartilage N-gly-
cans may facilitate the understanding of OA pathogenesis.
To our knowledge, this is the first study to determine the
structure of cartilage N-glycans and show alterations in the
composition of the cartilage N-glycans with OA aggravation.

In early stages of OA aggravation, the macromolecular
structure of the ECM is disrupted®, Early in this process,
chondrocytes begin secreting enzymes thal can disrupt
ECM macromolecules’?, In particular these enzymes de-
crease proteoglycan aggregation and concentration of

|N-glycanA ~ AL BOG- 3:
|_2E= l{'l"'.f(—}t.m -
prirys; o3 Hmz.u “lieso)
/(448) lai :
o3y |/ & ﬁﬂ}'ﬂh{?
i B {2240
2 :
2
8
=
2
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0
{20077
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0 250 500 750 1000 1250 1500 1750 2000 22

m/z

Fig. 7. MALDI-TOF/TOF mass spectra. Struciural analysis of

N-glycans A and C by the MALDI-TOF/TOF mathod using DHB

as a matrix, Structures of fragments of N-glycan in each peak are

indicated. Mannose, O; Fuc, A; GalNAc., l; GlcNAc, [1: NANA,
®PA, 5

»

—= [ -N-Acatyinexosaminidase] N-glycan C (14.0,7.7)
=» @13/ 4-L-Fucosidase 2

3 | L= weensca ey
o ' week acid lysis -E.'J)L'r}{:l-
3
<
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g ~ *Ro00T0Y
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Fig. 8. Structural characterization of N-glycans A and C by a
combination of exoglycosidase digestion and two-dimensional
mapping. A portion of Aeglycans A and C was digested with exogly-
cosidases. The elution times on ODS and amide-silica columns of
N-glycans and their exoglycosidase digests are plotted on a two-
dimensional sugar map (expressed as GU). Arrows indicate the
direction of changes in the coordinates ol N-glycans A and C after
digestion with: — p-N-acetylhexosaminidase, --» «1,3/4-fucosi-
dase, - » weak acid lysis,

cartilage ECM, and their release is accompanied by an
increased rate of chondrocyte apoptosis in areas of carti-
lage regeneration. Our analysis indicates that cartilage
N-glycans undergo changes in the early phases of OA
aggravation, N-glycans are abundant on the cell surface
and in the ECM, and they commonly intaract with protein
receptors known as leclins. Through this interaction,
N-glycans mediate cell-cell and cell-ECM interactions
and intra- and extracellular signaling. The current study
showed alteration in the representation of two kinds of
N-glycan whose branch has sialic acid and fucose. Al-
though we suppose that these N-glycans relate to OA initi-
ation or progression in early phase, their biological functions
remain unclear. Further studies will be performed to eluci-
date their functional roles in OA progression. Therefore, al-
terations in the composition of 1A1-210.4b (N-glycan A) and
210.41b (N-glycan C), whose structures are identified here,
likely play crucial roles in the response of chondrocytes or

N-glycan A C=

2,6 linkage
N-glycan C
1 210.41b
a1,.3 linkage

Fig. 9, Structure of N-glycans A and C. Indicated are structures of
N-glycans ralated to OA. Mannose, O; Fuc, A; GalNAc, B;
GlcNAc, [1; NANA, &; PA it
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the ECM to changes in the cartilage environment responsi-
ble for initiating OA. Here, we did not identify the localization
of these N-glycans. Future studies are required to deter-
mine the biological roles of MN-glycans identified here in
eady phases of OA. We observed no significant alterations
in the serum N-glycan pattern with OA aggravation. Watson
et al”™, however, showed alterations in the N-glycan pattern
of serum IgG with rheumatlic diseases, including RA, sys-
temic lupus erythematosus, ankylosing spondylitis, Sjog-
ren's disease, juvenile chronic arhrilis, and psoriatic
arthritis. In addition to RA, Parekh st al”' analyzed the
N-glycan pattern of serum IgG in patients with primary OA
and showed that IgG isolated from patients with primary
OA contained different distributions of bi-antennary com-
plex-type N-glycans. They concluded that primary OA
may be a disease related to changes in Infracellular pro-
cessing of N-glycans or in their post-secretory degradation.
Differences between their results and ours may be due to
differences in the N-glycan source, to serum or purified
IgG, or to mechanisms that induce OA disease. Our current
model is a secondary OA model, in which disease is caused
by joint instability. Pathological changes must be localized
in tissues constituting the joint with cartilage deterioration.
Therefore, we conclude that alterations in the N-glycan pat-
tern occur in cartilage, not in serum. The results obtained
from analysis of both serum and cartilage confirm that OA
aggravation following joint instability mainly results from
local pathogenesis.

These results and analytical methods can now be applied
to clinical studies. The M-glycan pattem of articular cartilage
may be used as a diagnostic indicator of OA or a predictable
indicator of disease aggravation. Although we focus on
early phases of OA aggravation, the N-glycan pattern of ar-
ticular cartilage obtained from rheumatic diseases and at
advanced stages of OA should now be addressed. By com-
paring these results, the utility of the N-glycan pattern as
disease indicators will be established. Also, it is likely that
1A1-210.4b (N-glycan A) and 210.41b (N-glycan C) identi-
fied here play crucial roles in regulating cartilage deteriora-
tion following joint instability, but the localization and
functional roles of these N-glycans are unknown. We are
now determining the identities of proteins with specific
N-glycan structures. When that analysis is complete, we
will use knock-out or knock-down of either glycosyltransfer-
ase genes or the carrying proteins, followed by a functional
analysis of N-glycans to further analyze their roles in
cartilage deterioration. Finally, the N-glycan pattern likely
depends on species. For this analysis we used rabbit carti-
lage, but N-glycans altered in human OA cartilage may dif-
fer from the N-glycans identified here. Thus, the N-glycan
pattern of degenerative articular cartilage in humans will
be analyzed in future studies.

Based on results presented here, we predict that
N-glycans of human cartilage will alter with cartilage deteri-
oration in diseases such as OA and RA. We will likely ob-
serve changes in the linkage of saccharides such as sialic
acid and fucose, which is attached to the outer arm of
N-glycan. Complex combinations of glycosyltransferases
and glycosidases control N-glycan composition. Therefore,
further analysis of expression of glycosyltransferases and
glycosidases related to cartilage N-glycans should lead to
elucidation of the pathogenesis of these diseases.

Regarding the biological and biochemical functions of
N-glycans obtained in this study, we cannot study any fur-
ther rabbit model, The reason is that DNA sequences of gly-
cosyltransferases and glycosidases related with cartilage
N-glycans of rabbit are little known. In our future studies,

using human cartilages and conditional model mice, we
should determine the functional roles of the N-glycans.
This should lead to a novel strategy for the treatment of OA.

Recent studies suggest that changes in glycosylation, de-
fined as the addition of sugars to proteins and lipids, have
a direct role in the etiology of various diseases, including
congenital disorders of glycosylation, von Willebrand factor
delpclencg rheumalic diseases, cancers, and emphyse-

12.13.19.2028-30 Regarding joint diseases, ours is the first
study to determine the structure of the carlilage N-glycans
and analyze potential alterations in damaged cariilage
and may provide diagnostics and further insight into OA
pathogenesis.
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1) i 1) r‘::;’ (‘ITAl; ﬁ:;;g.;;;:i)\ X 7 |IL’ RA AHRBIROZE{L

R FTTWD, DANERS P HEE 31
TWAl iR ZIEF0BEVICEIENS.
BUAOGMHEIEMEA L VT ELEZ
Aigve. RA OFEWGRA AT O EiEFh o

CHEMARETHL, AEPFnmH L v HE
WMOER 2ENZ LTHHRE LT, EokER
I HI o B L 4 O s ) v~ F 3
(DMARDs), 424 F FLEH—1+ (MTX)
ZHET 2 2 ENREETHL. B RH A
ENIGRETH S L LTHE— BRIz L%
Lew, B2HICHEEEENT (TNF) ifift
RSN AW NBAA L LA MTX £ 0
MAGDOETRAKODRERHTH LT L L
HeEhTwa,

ERFH L9 AT, BE-AUDLED
VREAE L 7z iR & BERAEE IS BV TR
RHUENLETHL, F—BIRELLTO
DMARDs Ofirii-oF LR o> T2
T, TOERIMEH 2N LA a0 %
GlEMTZENTES, EWrnMAIE AL
X 5T, RA GHIE L D RE 2 b HUs & %2
HEARD SHBHEEL 2o 7

Key words : disease activity score, Sharp score, DMARDs

AN WA AR I EREEE LTy
W % image remission, ¥ 7% b HE4 4w M
BRI A ST S NA Z LA B, RERRIE
HECIE, MEREREIH oV CRBB A B At
fThhiedho b EWMICANDLEND D
A5, R D EBRIEREOE A S b WEREEIH %
HHHBEE T A LA HBETH - I EET
v, ARG C I M RIR AN C
FhnETLHE, EWHNOEIIC L - THREE
FhEPADIEITELRWI LI A, S
WS T TELY (FHTE2Z L2 4RHFT
HFE—FW k) RETIAHERCT L THEE
e, Bt EROONE S Eldnwn,

RALN T FHRAERTE 2 wELEE, YA0
SERY 7 TR IS #G L CHERE R 0 4 & v ok
Al Lo THEREEICHRENS
MiLah, LEAAMEEDIIARRE LT
P H R L)  ThEEA B A, LA L, &
RELTHONLMMMENT E HEL LTE
e S AL A M) B W A & TR & AR D
%. ERIRAEIROCLTE & PO MM & 23 L
b—FLAawZ V2L AT, H¥HE
B I REIEIR 23 ( S kAR ITCH A, L

* Therapeutic approaches in the rheumatoid arthritis

“* N. Ishiguro(#0£2) : #diR KEXERSEENH (Dept. of Orthop. Surg, Graduate School of Medicine, Nagoya Univer-

sity, Nagoya)
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A BEHH
34 A LIADMARDsHIE
NSAIDs#3 5
Bifis 5 RERREORTOC K5
MWL - (ERAE
| MR A RERIEITE |«
T+
BEREREIETL, +974 BDEF+H 3 AARMLTH
AMBDENE S N AER BIRERE AR T 50
.
| T - &M (DMARDs) |
I
v ¥
| MTXR@ERG | | MTXBEF+45 |
T L
v v v v v v
MTX | | feo%es | | peEmk | | oEmiE | [ eozm | [ smee
(BiI) (i) L
[ % & | | e |

. ACRHA FoA 2 IC&DEM (X2 LY BRE). BH50
DMARDs ;&ML 3h A ZEDEREFHUFMASEMTHD. BIfE3INE
LIAIZ DMARDs B4 5T &, ERZTBICHH>TIE MTX OEREEC
ZRMTHIE. AYFNMEIOERAERBIRETANTUVAZ ELEBETH T

FNOBRTANBETHS.

T O 33 SRETRENE C 4ok I AT M B A0 % 1 A< RF Al
THLEN W, BREL TR A M
A LTGRO L B2 2 204 T
Edofz. 75, RA HBMAENEORNTH
DI E BRI DD, SHEM 2 hEIRY
WERDDOAT, PREHEFRZ WEF L& i i
BThs BAETLLSLRATOL FIERHZ
NI TIEE 5.

LA L, EWiGHomELizfE - THsk)
Pl T T evice X, % b ERECTmN
RSN AFFTE B L iud, F2HER
Koz bLENHAE T BE=——Z0
ZLE% 2L, MHREO P SHIc By
LEHPLETH D, MRS - - Mg
N LI5S % v 5 DAL iem a4 & REgEcd
LIk, RAOMMHEEIMEIMIZEZZZ
EREZLHE, HWEEE L TR HME
7 MR % 5 F 2 L EME AR X

R

I mAmaoz

HEOLEALIZIE CTHMEOZLLE RS
D, RA BRI T B AR S N %) 5L
DIEF A% boRREMAL, LBhot
TG L EK L, F09 2 TEWIRY 2
QAP L b MR R 2 FERA B 2 Lk 6
Na. A4 FF 4 vt i+ o ki
HBIRIZEBMEL L2825 A TEETHL. B
{E, HMEWIBIEHLA FF4 2@ TA)H
Vv F48 (ACR) 4 F5 4 > (2002 4
#3%) [F1] #boEdE{ZHARLNT
WaY, OB L B ARS S T
HIEHEENLETHL. HROZ NS
FEHEIR 7 PRI RO = v 2 2
ELOEROBIRNNFLEL LS, L2 L evie
dence-based medicine (EBM) (= X 2 i##e &

=
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a. DAS(CLAFE b. DAS28 IC KB

POAR. 44 PAED {HRaRED. 28 M

[ 2. Original DAS & DAS28 CFEflich s M
#i. Original DAS Tl&% & 44 MBI FEMH
Z115. DAS28 T L¥HAchiMC 28 B8
BICDVWCEHET 5. EBCMEORRS
\ TERT B 7= DAS28 IF BT L4
ERBTHHNERETHS.

VR LS, 4 OEFTSTIZBWTRY &
WA Zv. REOFEBEEEBRNICFGHL, o
DTV TEHEMEEZZES - BRI 2 2 LA
BTHD, SHICTHIPEVERETTHAIC
(A B W VEAF Al & sE 00 X BREFA I X 5 4
AEALETH S,

| samemmaes

Woll, PEMDIEBRR AN, BRI, X MGF
fili, BEDENR % X AGhETEROLE
HEZTT> Twab, BAEMIZIE ESR. Alb,
a-Glb, a;-Glb, r-GIlb, Hb, RBC, PLT,
CRP, IgM-RF, v bV Z A A% a7Sus7—
¥ (MMP)-3, o ZbiEh, BHEICLDMN
AOFHE (visual analogue scale : VAS), B#
X2 2RMBEEIRE (VAS), Bh (&4H).
Ritchie articular index, JE 5 MR 5 140 g3
$, HAQ, mHAQ % ¥ THh 5.

EMiick - TEHBIZH T2 EATARL
HDT, 9o o ETIRAR BTGBl
MBI, HEF— 5 L LTHHTE W,
BRIE 0 2 PR MG I PE O FE Ml % AL T & Ui,
RUDHEMEC L DD HATREL R H5DT
PEIRIFZE 0 — BB IC b A TH A, BEMNE
WRRELAKELTHETZICRBE 20
Jitk, T bt disease activity score (DAS),

ACROT7Ey FAEBHIZCH LR TWA,
RA OFHEBIEWIEE —> O LM THFli+ 5 2 &
HEETH S 6, o OFIEN EILE
flixOHHESRIZHET D LS CREFshT
Wwh,

|
s )

' /| ACR 7+t h& DAS

ERTIELOL T HEMMETIEACR T
o b2 M7 ACR Sk e A5tk a4 7 J ife
Tdh s, ACR ki d 2 EH OH %
a3 Aoiz, BB O Y T —E0fEIRYK
HEREOREOWETHREINI N EADLLD
ThobY. ACR0%UHEREZWMATZ L A%
ZZLTHEAOBETOI ERU B ERINDE
KTERZELOONPBEMTHEY. Lidho
T, HEE LTOMHRTFMIIHATH D0t
4 DIEPMOBBIZANEZ L2 L L
Eidwaiv, ACRUMENIE, MeroBy
Dd BT RA IEBTEDRFi 25 L)
LD, HEREC L AUEEDR & BE IR
Hichswiml+oaZ 2 HWE LTWAY,
ThbbER () NEOEETHS.

—7i DAS 1%, BHME 4« Ok BEWEE N
ATHMTHILICXD), HMERIRO LK E
HZE9L7540T, HME - RE
5", DAS 12Kk % { DAS28 & original DAS |2
gish (W2), #h#Fhi2 CRP L ESR
MEDPHESNATWS, S5 VAS 2w/
SLEHDMLMAEEN TV A, Original DAS ©
XA R 44 W Th -7, ThhH
MEVH)ZETERZPOLE LA 28 WANIZ#
0 A, R P4 3 B & A DA D D A BE R
V9% DAS28 2540 S is. BRI
FLsd, [MEIRE L IEROA M2 TR LT
BEGXEFAM L 22 vo. S B 6 bk (D O 6 $ig T )
(PIP), @ F3# (MCP), @ FHH, @
M, ®H, ©Ko 28 Ths. iz
DAS28=0.56"sqrt (tender28) +0.28" sqrt
(swollen28) +0.70%In (ESR) +0.014*GH & &
FENTwa, FHHBTLTRRTIED S5
http://www.das-score.nl/www.das-score.nl/
index.html {2 T 2 AT L5 LTOT I AT
YU—FT&%. DAS CIXEDOMIEIZL 5
THEBIHE#HE D high/moderate/low # £ L
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| 1. DAS28 ERILV/c EULAR ERAE DAS2 THBRBALD-HOBE F)
ELAEYEL N EBMCBO_DODSUERENRDSN TS, HBEOH
T, ERUEEREFRBOHBICMATOA EZAHRRTHS.

DAS28 &
WL OREZ 1.2< 1.2=HD<0.6 =0.6
DAS28=3.2 | __good response
3.2<DAS28=5. 1 moderate respanse
DAS28>5.1 no response

DAS BRI <2 6

Twa,

WO GE T BN IR IZ LT < b O Tl
IREEA* (D MR A & DMARDSs i #f o B b A5
¥, F721d @DMARDs O G ER O 7= H L
WAL BEEZ HDRELMEL, ThoBRER
D28 =y L WICHYNT S DAS 3.7
# high disease activity @ FIRE L7=. = D
TRFIRIE D 728 DMARDs Ol # Hidd 4 5,
(@ sl — DMARDs D% 1 £ Lk LT
W3, 3 RIF2#8 T DMARDs &8 % 1 4
ik LTwa FoREEFHEEL, Zhic
FENLBEHO IS N—L ¥ L VIzH N
% DAS A 2.4 % low disease activity @ LR &
WE L7z, CoMop A moderate & #w
LRATWwWD, BREOREIZL-TREL,
NEHAFMIZREL b0 TH A,

BliZa3—n 5 s F4E458% (RULAR)
MHERIZ L DU RHENREINTBY, &
WA, OBEMEENREND T L,
@ R OB BIHEBEAEN T L O A5k
HENTz BN D DAS O Hfix 0.6 &
L2 IZHERME LT, #hitteo DASfli o
high/moderate/low £ flAGbEEITv, EU-
LAR Y ®HEEXESRLTWS (F1). DAS
IZCRP L ESR E¥E 60 50RkDBZ LATE
H. —HMZZOZOOMIZIZFEVHIMA RS
LIAEA, CRP %W/ EOffiiZR24t0
IZEISE S D, B4 oFEFICH LRSI
DAS-CRP # H\wT, #HRBIGEM: % 5+ 2 &
JTEMEIE AV E bR S, ESR Lok
X 2RETH B,

‘@ BARRRRARI 15344 B A |
BUE RA T2 51T 2 WA H B M i

AMZH D, LA T, BRIz s
MO A RS A LA E L 2 5,
RA WM OB E 25 O3 HH X B{§C
HoH, KETHE BORNEILHM X S{@icX
AHEHCHEES b ot e v, ¥ MR, o
e, R PR 0> P70 7 & 0 FEAI (13 BRI RE AP
7. MRS OMETRIEFEZ X Lo E LT,
i, THRGE, WERRIZIE Vs R
TWwa, SEOHMEM OMESRIC L b REHE
DMBEAH I B AR TS 20, X g
AT & BEBDRIEABR I TV, @)
WMZEESZ BV HTIEMRI & M4
HEHBLOO, WM - 4l & v Fl % e

LT 2 e+ 5 Z L idfgE T
b,

RA TIEMMIEDOETIZAHLET X H1ET
OEHFEX N LIL{FTFbRT WA, Larsen
12 X % 4% Steinbrocker (2 X 2 438 & <,
ORMTHL, @ XML LD X BEHDS
H, @#MROMETIZH - T B 2k LA
ENTVE, ZhETHIL grade (stage) 4
HTd D0 6B W EEN 2 EBARITR 2 137
O, EEEBIEC X D EAHEICH VA 12 IERR
ZHCBWTHMED DS, #Z CHlhifth I E
(Ztd Sharp A =17 (IE#E (2 14 modified Sharp
A7) A SN DY, WREMEO LT
E{EZ T OF MDD S 2wt HIEE O
HEwvd ST Sharp A7 IdEEND. Ll
IEF§LC Sharp A 2 7 % WEEIFFAli+ 2 & & 130
MEFNEBETHEETHLAIN S, BRMIZIX
Larsen @ grade 48T Ho4L+28RL b
a7,

Sharp Z 2 7 CId OB, MEOOE L v
I TFEMM~F L RBOIER X 1% % Huv
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& 2. Modified Sharp A7 |C k2 B{®FFE S0k 6 £ V)3 AS%ZE). 1971 I Sharp B
L WIRIBE N/ Sharp &1, TIFIER X B TOBU S A L REMBMBIR/MED A
A7HOMEEFET 24K BE EXBIEESEIENS L LTHA 7 van der

Heidje = &% modified Sharp ;& ASABEN TS

BUBARAT

A7

B lHFET 265

AAT2~4 . RULANGETIMHEEOERICSL T

2aryLyd
AaT75: MbirRec@Ezh 88
ESERERLE R S e
2370 BRuEL
A371: [BFREY £ £ (LEEV
b e Iy e ERMICEY 513 (REOMBMMD50%LILEHTES)
2373 SHRNCEH S h3 (AREOMBRMOS0%LITHES)
¥-EERA
2374 AHEEE - EReBA
&Shamz:? e N

AUSAZRIT+MEBMRIMER DT

S ZALAHMITH 5 DTl 4 D Wi -
DB TR L 5 006 ARIZTE
HL, #Ffli%frs S EHMERENDL (%2).
F, RUA OB SR voTLTLY
25 O MEHEZEALOGHE & (X nAiizngs, it
(AR D % W7 RE 2 PR D) RCE IZAFIS A 2 &
THWME &35 HE, RAD LD BRI
% { O HITEEE 21 9 B TR 5 2 B
Ebwz b,

VL s w5 AR

RA DGR ENL2MELLE LT =204
B ERUHFRE (DAS) & X ST MEE
(modified Sharp 2 23 7) A—#EIcHW LR
H. HEEDREBOLIZEEAERL 22 L
Aih, RMOMBATKE .

TG AGIRE ] & 55 & L C oo MR s
REOWEIZODVWTRELOWEND 5.
EBM & L THh o & & 2 BB R S0 &
PRENTwHEAIL MTX THA22, 70
MTX T L#TH TR, BNoMBIcs
WTIE MTX &HORTIZrdb 63, —Ho
JiE B % Bl TR S B0 i ) C IS i o0 HE 77 ¢

WgExhsY Fi URkITTHEEELS
T W7 RAESINIRAE C b BRI 2
TERRTHELH LY. W TR OB
206 MTX 2GBIR 22 L) LBl E gL
L7-WF9ETId, 12 & A EORERI TR 7z e A
RIS wA Y, 4RI BERESE O R B
ENTWAEY. MTX &4&WE08H & o bk
THRMP (E#itk 3ELP) TIAEIRS%,
[ S S E  g T S DB S R, B
WA RPN Z W, RID S DR 2
AR E LERS % b 726 Tt 4.
TRYA, HEE VS BETIEE Bz
WREL %%, HEMCBEAVHETELZVEL )%
AR OERTRARRBIZBVWTEREL 2
EWD—EIZIZH S, LarL, 12HMMLEER
P S RERA SRR L 7306, BAAREEIZB1 2
FEARHLBIZHITF T4, RA LB 2 h ik
HAE A", ACR D4 BUL B W (R A5 A
DFELHARHENTE Y, RUFEIC#EGT
HITE LI LIERER YoM RS 5. BT
DFEITERDOBENI OO THEN 2
WAL BTH L, ZDE % cyclic citrullina-
ted peptide (CCP) fifkbstE, Vo~ b4 FHA
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