Concentration and Localization of YKL-40 in
Hip Joint Diseases
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ABSTRACT. Objective. YKL-40 is a major secretory protein from human chondrocytes and synovial fibroblasts. We
evaluated the concentrations and localization of YKL-40 in hip joint diseases, and analyzed the possi-
bility of YKL-40 as a new inflammatory joint marker.

Methods. The concentration of YKL-40 in synovial fluid (SF) was measured by a sandwich-type
ELISA. SF samples were collected from 19 hips with osteoarthritis (OA) of the hip joint, 21 hips with
osteonecrosis of the femoral head (ONFH), and 5 hips with failed total hip arthroplasty (failed THA).
In all cases of failed THA, cartilage tissue in hip joints was removed completely during the previous
THA. The localization of YKL-40 was determined through immunohistochemical analysis using a spe-
cific antibody.

Results. The mean SF concentration of YKL-40 was significantly higher in ONFH and failed THA than
in OA. Comparison by OA grade was not significantly different. In staging of ONFH, Ficat stage III
with collapsed femoral head showed significantly higher YKL-40 concentrations than the other stages.
Immunohistochemical studies showed that YKL-40 was localized in chondrocytes in the superficial and
middle layers of the cartilage. In the synovium, YKL-40 was localized in fibroblasts and macrophages.
Conclusion. YKL-40 reflects the degree of inflammation rather than cartilage metabolism. YKL-40

may be a useful inflammatory marker of hip joint diseases. (J Rheumatol 2001;28:341-5)
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YKL-40 (HC-gp39) is a 40 kDa glycoprotein originally iden-
tified in the whey secretions of nonlactating cows!. It is
secreted in large amounts by the human osteosarcoma cell line
MG-632, human synovial cells®, and human cartilage cells*>.
This protein was called YKL-40 according to the one-letter
code for its first 3 N-terminal amino acids (tyrosine, lysine,
and leucine) and its apparent molecular weight of 40 kDa as
determined by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis?. Hakala, et al’ referred to it as human carti-
lage glycoprotein-39 (HCgp-39), based on an apparent weight
of 39 kDa. YKL-40 mRNA is expressed strongly in chondro-
cytes and liver, weakly in brain, kidney and placenta, and in
undetectable amounts in heart, lung, skeletal muscle, pan-
creas, mononuclear cells and skin fibroblasts® by Northern
blotting and reverse transcription-polymerase chain reaction
analyses. In addition, YKL-40 mRNA is undetectable in nor-
mal newborn or adult human cartilage, but high levels were
detected in synovial and cartilage specimens obtained from
patients with rheumatoid arthritis (RA)’. The amino acid

From the Department of Orthopaedic Surgery, Nagoya University School
of Medicine, Nagoya, Japan.

M. Kawasaki, MD; Y. Hasegawa, MD, Associate Professor; S. Kondo,
MD, Orthopaedic Surgeon; H. Iwata, MD, Professor and Chairman,
Department of Orthopaedic Surgery.

Address reprint requests to Dr. M. Kawasaki, Department of Orthopaedic
Surgery, Nagoya University School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466-8550, Japan.

Submitted February 8, 2000 revision accepted August 10, 2000.

sequence of YKL-40 shows some homology to the bacterial
chitinase protein family, which has no chitinase activity*?, but
does bind chitin®.

It was recently reported that YKL-40 is expressed in vitro
by activated macrophages®?®, in lipid laden macrophages that
accumulate in various organs in Gaucher’s disease®!, and in
macrophages in atherosclerotic plaque!, and that it is excy-
tosed by activation from specific granules of neutrophils'?.
Boot, et al'' noted that YKL-40 may affect cell adhesion and
migration during the tissue remodeling processes that take
place during atherogenesis in atherosclerosis.

Recent clinical reports have indicated that the serum levels
of YKL-40 are increased in diseases including osteoarthri-
tis*1314, rtheumatoid arthritis*'3!3, breast cancer!®, and liver
cirrhosis!'”. Johansen, et al'* described levels of YKL-40 in
OA synovial fluid (SF), and reported that YKL-40 levels of
severe synovial inflammation were significantly higher than
those of light or moderate synovitis. In an immunohistochem-
ical study of bone and joint diseases, Volk, et al'® suggested
that YKL-40 may be important in cartilage remodeling/degra-
dation of osteoarthritic changes. However, the clinical signif-
icance of YKL-40 has not yet been clarified.

To assess whether YKL-40 reflects predominantly cartilage
remodeling/degradation or the degree of inflammation, we
analyzed the concentrations and localization of YKL-40 in var-
ious hip joint diseases: OA of hip joints, osteonecrosis of the
femoral head (ONFH), and failed total hip arthroplasty (failed
THA) by ELISA and immunohistochemical techniques.
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MATERIALS AND METHODS

Clinical diagnoses were confirmed mainly by radiography and/or magnetic
resonance imaging (MRI). All the OA cases were diagnosed radiographical-
ly. According to Kellgren-Lawrence grade!’, degrees of OA were classified
radiographically as follows: grade 0 showed no features of OA, grade 1
showed minute osteophytes, grade 2 showed definite osteophytes and unim-
paired joint space, grade 3 showed moderate diminution of the joint space,
and grade 4 showed that the joint space was greatly impaired with sclerosis
of subchondral bone. All the ONFH cases had characteristic findings on MRI,
which shows a band-like zone of low signal intensity within the femoral head
on T1 weighted images, which surrounds a high signal intensity line on T2
weighted images®. According to Ficat stage®!, degrees of ONFH were classi-
fied as follows: stage I showed normal on standard anteroposterior and later-
al radiographs, stage II showed continuing flattening of the femoral head or
sequestrum formation, stage III showed broken contour of the femoral head,
but a normal joint space, and stage IV showed progressive loss of articular
cartilage and the development of acetabular osteophytes. Failed THA was
defined as migration or a change in the position of the components or
cement?>? on both the acetabular side and femur side radiographically, asso-
ciated with pain.

YKL-40 assay. Patients and collection of SF. SF samples were collected dur-
ing surgery from 19 patients with OA of primary hip dysplasia, from 21
patients with ONFH, and from 5 patients with failed THA. Before capsuloto-
my, SF was aspirated using a 10 ml syringe and an 18 G needle, avoiding con-
tamination by blood. The SF was immediately centrifuged at 3000 rpm for 20
min. All samples were frozen and stored at —80°C until analysis. The average
age of the patients with OA was 48 years (range 16 to 78), patients with
ONFH 46 years (27-68), and failed THA patients 63 years (50-79). Grades
of OA were grade 2: 5 patients, grade 3: 9 patients, and grade 4: 5 patients.
Rotational acetabular osteotomies were chosen for 12 cases and THA for 7
cases. Stages of ONFH were stage II: 5 patients, stage III: 11 patients, and
stage I'V: 5 patients. Patients with ONFH were treated with transtrochanteric
rotational osteotomy?* in 13 cases and THA in 8 cases. The osteonecrosis was
steroid induced in 8 cases, due to alcohol abuse in 9 cases, and idiopathic in
4 cases. All the failed THA cases were treated with revision surgery with
cementing.

Detection of YKL-40. Concentrations of YKL-40 in SF were determined using
a sandwich ELISA kit (Metra Biosystems Inc., USA) according to Harvey,
et al.

Immunohistochemical investigation. Patients and samples. Samples of carti-
lage, synovial membrane, and pseudocapsule tissue were obtained from OA,
ONFH, and failed THA cases during surgery.

Immunohistochemical staining of YKL-40. The tissue specimens were har-
vested in 5 mm cubes. The samples were fixed immediately in 20% acid for-
malin, embedded in paraffin, and sliced at 5 pm thickness. A conventional
avidin/biotinylated horseradish peroxidase staining technique (ABC com-
plex) for polyclonal antibodies was used and included the following steps: (1)
washing tissue sections for 15 min with 4°C phosphate buffered saline (PBS);
(2) preincubation for 15 min at 20°C with 10% normal bovine serum (BSA);
(3) incubation for 2 h at 20°C with an affinity purified rabbit polyclonal IgG
against human YKL-40 (Metra Biosystems) used at a protein concentration of
0.0104 g/1 diluted in PBS with 1% BSA. Nonimmune rabbit polyclonal IgG
(Metra Biosystems) was used as a control at the same IgG concentration of
0.0104 g/1 diluted in PBS with 1% BSA; (4) washing of tissue sections for 15
min with 4°C PBS; (5) incubation for 10 min with a swine-anti-rabbit
immunoglobulin IgG (H+L) (Wako, Osaka, Japan) used at a dilution of 1:20
in PBS; (6) washing for 15 min with 4°C PBS. Antibody binding was visual-
ized by incubation for 5 min with ABC complex and staining for 10 minutes
with DAB (diaminobenzidine) as a substrate. Next, to confirm the localiza-
tion of YKL-40 in macrophages, immuno-double staining (YKL-40 and
CD68) was performed. Tissue macrophages were identified using anti-human
macrophage antibody: a mouse-CD68 KP-1 (Dako). Additional immunohis-
tochemical detection for CD68 was performed as described, and stained for
10 min with 4-chloro-1-naphol as substrate. The color of YKL-40 showed as

brown, and that of CD68 dark blue. All slides were observed by light
microscopy.

Statistical analysis. Analysis of variance was performed using a Statview sta-
tistical program (Abacus Concepts, Berkeley, CA, USA) on a Macintosh
computer. Differences of YKL-40 concentrations in SF between various hip
joint diseases (OA, ONFH, and failed THA), according to OA grade and
ONFH stage were calculated by nonparametric Mann-Whitney U test and
Kruskal-Wallis test for unpaired differences. A p value was corrected by
Bonferroni method. A p value < 0.05 was considered statistically significant.

RESULTS

Concentrations of YKL-40. The level of YKL-40 (median,
range) in SF was significantly higher in ONFH than in OA
(ONFH median 2224 ng/ml, range 810-5391; OA median 886
ng/ml, range 154-4728; p = 0.0015). The level of YKL-40 in
SF was significantly higher in failed THA than in OA (failed
THA median 3265 ng/ml, range 2436-4009; OA median 886
ng/ml, range 154-4728; p = 0.015). No significant differences
in YKL-40 levels in SF were observed between ONFH and
failed THA (Table 1).

Differences in the level of YKL-40 (median, range) in SF
in different grades of OA were not significant (grade 2, medi-
an 1321 ng/ml, range 240-1772; grade 3, median 822 ng/ml,
range 154-1333; grade 4, median 876 ng/ml, range 480-4728)
(Figure 1). In stage III ONFH, YKL-40 in SF was significant-
ly higher than in the other stages (stage II, median 1116 ng/ml,
range 810-2052; stage III median 4224 ng/ml, range 2395-

Table 1. Concentration of YKL-40 in synovial fluid in osteoarthritis of the
hip (OA), osteonecrosis of the femoral head (ONFH), and failed total hip
arthroplasty (failed THA).

Hip Joint n YKL-40, ng/ml, p
Disease median (range)
OA 19 886 (154-4728)
ONFH 21 2224 (810-5391) 0.0015 vs OA
Failed THA 5 3265 (2436-4009) 0.015 vs OA
6000 T
~ 5000 ’ o
g
B 4000 | O
) ]
N
o 3000
< ]
é 2000 - o
o 3
1000 @ % @
0 ] 2 ‘
2 3 4
OA grade

Figure 1. Comparison of YKL-40 values in synovial fluid in OA by OA
grades. Symbols denote concentrations of YKL-40. No significant differences
were noted according to OA grade.
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5391; stage IV, median 1261 ng/ml, range 1143-2010; p = * *

0.0054) (Figure 2). 6000 7 I
Localization of YKL-40 by immunohistochemical study. In OA —~ 5000 %
cartilage, YKL-40 was found in chondrocytes, where there 'é 1 %
was intracellular staining in the superficial and middle layers. Bn 4000
In synovial membrane in OA, YKL-40 was localized in 5 T O
fibroblasts (Figure 3A). = 3000 7
In cartilage in ONFH, YKL-40 was found in chondrocytes ¥ i e
in the superficial and middle layers. Chondrocyte staining was "MJ 2000 " © 8
observed intracellularly (Figure 3B). In synovial membranes e 8
in ONFH, YKL-40 was localized in fibroblasts and 1000 7 %
macrophages (Figure 3C). YKL-40 and CD68 were observed | ‘
in the cytoplasm of macrophages. 0 |'| "l '\
In pseudocapsule specimens from failed THA, many
macrophages were observed. YKL-40 was localized in ONFH stage
macrophages and fibroblasts. YKL-40 and CD68 were coex- Figure 2. Comparison of YKL-40 values in synovial fluid in ONFH by ONFH
pressed in the cytoplasm of macrophages (Figure 3D). stages. Symbols denote concentrations of YKL-40. ONFH stage III showed

significantly higher values than the other stages. *p = 0.0054.

) G

Figure 3. Immunohistochemical observations. A. Immuno-double staining (YKL-40 and CD68) in synovial membrane of OA. YKL-40 (brown) is shown in
fibroblasts (x400, bar = 25 pm). B. Cartilage of ONFH. YKL-40 (brown) is shown in chondrocytes in the supertficial and middle layers. Chondrocyte staining is
observed intracellularly (x100, bar = 100 pm). C. Immuno-double staining (YKL-40 and CD68) in synovial membrane of ONFH. YKL-40 (brown) is shown in
fibroblasts and macrophages. Both YKL-40 (brown) and CD68 (dark blue) are visible in the cytoplasm of macrophages (arrows) (x400, bar = 25 pm). D. Synovial
tissue of pseudocapsule (nucleus staining not performed). Immuno-double staining for YKL-40 (brown) and CD68 (dark blue) shows coexpression of both anti-
gens in the cytoplasm of macrophages (arrows) (x400, bar = 25 um).
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DISCUSSION

It has been reported that the concentration of YKL-40 in
serum in OA and RA is significantly higher than that in
healthy adults, and it is reflected by degradation of cartilage
and inflammation of synovium*'>!> In this study, the concen-
tration of YKL-40 in SF in failed THA was significantly high-
er than in OA. As the cartilage tissue in failed THA has been
completely removed during previous THA, YKL-40 is affect-
ed by inflammation rather than degradation of cartilage tissue.

Iwase, et al® reported that the concentration of matrix met-
alloproteinase-3 (MMP-3)%? in ONFH is higher than that in
OA, and it reflects the degree of inflammation. Comparing the
YKL-40 levels in SF according to ONFH stage, YKL-40 con-
centrations in Ficat stage III joints, where collapse of the joint
surface is more apparent, were significantly higher than in the
other stages. We infer that collapse promotes inflammatory
synovitis and may induce MMP-3 and YKL-40 production. In
contrast, differences in the levels of YKL-40 according to OA
grade were not significant. This is consistent with the report
of Harvey, ef al'3, that suggested that YKL-40 is not useful as
an OA marker. Because YKL-40 in failed THA, in which car-
tilage had been completely removed, was much higher than in
OA, in which some cartilage was still present, we surmise that
YKL-40 is produced more abundantly from synovium than
from chondrocytes and does not have specificity as a marker
of cartilage metabolism in arthritis. Two cases of OA grade 4
showed a high value of YKL-40 in comparison with the other
cases. We macroscopically observed that the degree of syn-
ovial inflammation was more severe than in the other cases.
Johansen, et al'* suggested that levels of YKL-40 in the pres-
ence of severe synovial inflammation were higher than in
light or moderate inflammation.

Studies showed that YKL-40 was not expressed in normal
adult human cartilage or noninflamed synovium in vitro, but
it was observed in chondrocytes and fibroblasts from RA and
OA in vitro®. Johansen, et al'’ reported that YKL-40 was
found in pericellular and perivenular fibrosis in fibrotic septa
along the sinusoids in liver cirrhosis. In our study, YKL-40
was localized in the cytoplasm of chondrocytes, fibroblasts,
and macrophages. A negative result of YKL-40 in the inter-
cellular matrix would not exclude the presence of antigen,
because it might have been diluted or bound in a way pre-
venting its detection. In addition, we found that YKL-40 was
localized in chondrocytes in the superficial and middle layers.
These results are consistent with the report of Volk, et al'®,
which showed that YKL-40 tended to be localized in most
chondrocytes in lateral areas of the femoral head, known to be
associated with biomechanical load. These results suggested
YKL-40 in chondrocytes may have some function in cartilage
metabolism turnover.

Studies showed that YKL-40 is expressed in macrophages
in various tissues®!! associated with the maintenance of
inflammation?®, and is secreted abundantly from macrophages
in vitro®8, In this immunohistochemical study of synovial

membrane, YKL-40 was localized in fibroblasts and
macrophages in synovial membrane. These results suggest
that YKL-40 is potentially involved in inflammation.
Therefore, we thought that macrophage derived YKL-40 may
play a significant role in revealing the degree of inflammation
in hip joint diseases.

As well, previous studies reported that in failed THA,
macrophages are activated around wear particles in the bone-
cement interface, and secrete many kinds of inflammatory
cytokines?®, which appear to be the main cause of loosening
of the prosthesis®-*°. We surmise that in failed THA, wear par-
ticles activate macrophages and enhance the production of
YKL-40. However, to clarify the regulation and function of
YKL-40, further investigations are required.

We determined the concentration and localization of YKL-
40 in various hip joint diseases. YKL-40 was localized not
only in cartilage tissue but also in fibroblasts and
macrophages. The concentration of YKL-40 in SF in ONFH
and failed THA was higher than that in OA. As the level of
YKL-40 is high in failed THA, which lacks cartilage tissue,
and differences in the levels of YKL-40 according to OA
grade were not significant, YKL-40 concentration is more
appropriately used as an inflammatory marker than as a mark-
er of cartilage metabolism in arthritis. Moreover, we found
that it is possible to use it as a joint marker to analyze the state
of synovitis in ONFH, especially Ficat stage III.
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