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Abstract

The aim of our study was to analyze the level of the glycoprotein YKL-40 in patients with active knee osteoarthritis
(OA) and to search possible correlations with local inflammation and ultrasound (US) findings. Material and methods: A
prospective study with fifty consecutive patients with active knee OA (diagnosed based on the American College of Rheuma-
tology criteria for OA with radiographic confirmation) was performed. Concentrations of YKL-40 in serum and synovial fluid
were measured by ELISA. US examinations — Gray scale (GS) US and Power Doppler (PD) US — of the knee was performed
according to international guidelines. The suprapatellar, medial and lateral parapatellar recesses were scanned in each knee
to evaluate synovial hypertrophy and vascularization. Results: Forty women (mean age 61.50+11.33 years old) and 10 men
(aged 68.50+6.60 years old) were enrolled. We found that the synovial level of the glycoprotein (237.80+104.08 ng/ml) was
significantly higher compared to the serum concentration (112.83+60.61 ng/ml, p<0.001). The serum concentration in OA
patients was higher comparing with age-matched healthy controls (84.19+11.39 ng/ml) (p<0.05). A statistically significant
association between YKL- 40 in synovial fluid and serum levels was shown. We determined a moderately positive linear
relationship between the synovial level of the glycoprotein and the serum concentration. No association between the levels
of inflammatory markers — erythrocyte sedimentation rate and C-reactive protein — and YKL-40 concentrations was detected.
Our study revealed a strong relationship between YKL-40 in synovial fluid and GS US and feeble with PD US. YKL-40 cor-
related with inflammatory activity in knee joints and neovascularization detected by US. Conclusions: YKL-40 is involved in
the pathogenesis of OA synovitis. Evaluation of YKL-40 levels in parallel with US might provide more sensitive and reliable

information for the diagnosis and understanding of OA.
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Introduction

Osteoarthritis (OA) is a degenerative disease, lead-
ing to progressive loss of articular cartilage [1]. Despite
progress in the diagnosis of the disease, there are no de-
finitive biomarkers for early detection and monitoring of
OA. Biological markers may provide a snapshot of cur-
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rent events in joint tissues, allowing a rapid assessment
of treatment [2].

The initial event in OA, from pathophysiologic per-
spective, is related to the changes in the cartilage (mild fi-
brillation of the cartilage surface). This event is followed
by a response within the bone, typically in the subchon-
dral bone, due to intracellular communications. Subse-
quently, sometimes, a subchondral bone cyst is formed.
At this moment changes in the underlying metabolic ac-
tivity within the bone and osteophyte formation can be
found [3].

Inflammation has an important role in early OA and is
the target for some treatment approaches, both pharma-
cologic or lifestyle changes related counseling [4]. The
release of cartilage degradation products and the reac-
tions within the subchondral bone may in part lead to
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proinflammatory mediators’ synthesis, such as cytokines,
neuropeptides, and obesity-related adipokines [5]. The
inflammation of the synovial membrane that occurs in
both early and late phases of OA is associated with al-
terations in the adjacent cartilage that are similar to those
seen in theumatoid arthritis [6].

Neovascularization, not just in the synovium but also
in the bone itself, is another typical feature of disease
pathogenesis. Angiogenesis has been demonstrated to
be an important part of the early pathophysiologic pro-
cess affecting both bone and cartilage in OA patients [7].
OA should be considered not as an inert disease, but as
a metabolic reactive, reparative process that is initiated
mechanically, and mediated biochemically, through in-
flammatory and neuropeptide pathways with additional
angiogenic responses [8].

Ultrasonography (US) has been suggested to be a
sensitive method that provides information regarding
soft tissue, hyaline cartilage, bone surface, and articular
effusion [9]. A small to moderate amount of synovitis
and effusion were observed in OA (for example — 47%
— 100% of the patients have synovitis and/or effusion in
the symptomatic OA knee) [10]. US can detect minimal
synovitis in a joint and to identify patients with a higher
risk of progression [11].

Advantages of US assessments are the early detec-
tion of the structural changes of bone surface and the
inflammatory changes inside the joint, and the excellent
monitoring of subtle progression [10]. Synovitis or joint
effusion detected by US correlated to pain in knee OA,
magnetic resonance imaging, and arthroscopic findings
[12]. The increased in synovial vascularization could
be evaluated by both color and power Doppler (PD) US
techniques. It was demonstrated that PD US findings cor-
relate with histologic examination of proliferated syno-
via in patients with OA and rheumatoid arthritis (RA)
[13]. US is used for early diagnosis of OA, to determine
the type and extent of bone and cartilage damage, and for
the detection of synovitis. This technique reveals the role
of soft tissue as a source of pain and a contributing fac-
tor for disease progression and may facilitate treatment
monitoring [11].

YKL-40 is a glycoprotein — a potential marker for ac-
tive inflammatory process — with proven predictive value
in a number of diseases that evolve with inflammation,
remodeling of the extracellular matrix, or development
of fibrosis [14]. The presence of YKL-40 in cartilage
and synovium in OA patients could reflect the local dis-
ease activity. The functional role of the glycoprotein is
not yet clear and no specific receptor is determined. It
could be hypothesized that YKL-40 production, as part
of the inflammatory response in articular chondrocytes,

might modulate the cellular response to proinflammatory
cytokines, acting to limit connective tissue degradation
[15]. Several studies have investigated the presence of
the glycoprotein in serum and synovial fluid of different
joint diseases and 10-15-fold higher YKL-40 levels in
synovial fluid were found [16-17]. Most published stud-
ies used radiographic examination to assess the disease
process in joints. The data available are quite controver-
sial [18-19].

The aim of our study was to analyze the level of the
glycoprotein YKL-40 in patients with active knee OA
and to search the possible correlations with local inflam-
mation and US findings.

Materials and methods

Patients

Between March 2015 and May 2017, 50 consecu-
tive patients with symptomatic active knee OA from the
Rheumatology Clinic of University Hospital “Kaspela”
were included in a prospective study. The study was ap-
proved by the local Ethics Committee and all patients
provided written informed consent. The following data
were recorded for each patient: age, gender, symptoms
duration, radiographic stage according to the Kellgren—
Lawrence scale, and therapy. The exclusion criteria were
history of knee arthroplasty and local corticosteroid treat-
ment in the last 8 weeks.

The diagnosis of knee OA was based on the Ameri-
can College of Rheumatology criteria for OA with ra-
diographic confirmation [20]. All patients were clinically
examined and oin the same day US examination, knee
arthrocentesis, and blood tests (erythrocyte sedimenta-
tion rate [ESR] and C-reactive proteins [CRP] were per-
formed. Patients were treated by analgetics, NSAIDs,
chondroprotective agents.

Control group

We used the ranges of YKL-40 in the serum of
healthy individuals found in previous investigations [21].
The control group consisted of 40 healthy subjects (24
women and 14 men). Clinical and routine hematological,
biochemical and coagulation tests were completed to as-
sess their health status.

Measurement of YKL-40

Concentrations of YKL-40, in serum and synovial
fluid, were measured by ELISA, using commercial kits
from Quidel, SA (YKL-40). The detection limit was 10
pg/ml. All samples were examined in duplicate.

The US assessment

The US investigation was performed using MyLab 7,
Esaote, Italy machine with multifrequency linear probe
(3-18 MHz). The grey scale (GS) US and PD US settings
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were adjusted to optimize image resolution and sensitiv-
ity to detect flow. Two ultrasonographers carried out a
GS and PD US examination of both knees of each patient
in a blind, independent, and consecutive manner. The
suprapatellar, medial, and lateral parapatellar recesses
were scanned and the following scanning planes were
used for detection and scoring lesions: longitudinal plane
for the suprapatellar recess, the femorotibial space (me-
dially and laterally), transverse plane to the patella for
the parapatellar recesses. The weight bearing surfaces
of the femoral condyle were scanned in the suprapatel-
lar region with the knee fully flexed. Scanning for fluid
was performed both by dynamic examination and in
the standard static position — supine in a flexion of 30°.
GS US scoring was evaluated using a four-grade scale
from 0 to 3 with the following subjective definitions for
each category: grade 0 — absence of synovial thickening;
grade 1 — mild synovial thickening; grade 2 — moderate
synovial thickening; grade 3 — marked synovial thicken-
ing [22].

PD US was also evaluated using a four-grade scale
from 0 to 3 with the following definitions for each cat-
egory: grade 0 — no flow in the synovium; grade 1 —mild,
single vessel signals; grade 2 — confluent vessel signals
in the less than half of the area of the synovium; 3 — ves-
sel signals in more than half of the area of the synovium

Table I. Descriptive statistics of patients’ data.

[22]. The highest found score for GS and PD US, regard-
less of the area where it is located, was taken into con-
sideration [23].

Statistical analysis

The data were analyzed using the IBM SPSS 24 soft-
ware package (SPSS, Chicago, Illinois, USA). Descrip-
tive statistics are expressed in means, SD, minimum and
maximum obtained scores. The main variables of interest
(YKL-40 serum, YKL-40 synovial fluid, ESR, and CRP)
were examined for normality through Kolmogorov-
Smirnov Z test. The results showed that three of them
(YKL-40 serum, YKL-40 synovial fluid, and CRP) were
not normally distributed, p<0.05. This determined the
use of non-parametric tests, including Spearman Rho
correlation and Wilcoxon Signed Ranks Test, to examine
the relationships between them. In addition, possible cor-
relations between the US data, GS US and PD US, and
YKL-40 synovial fluid were analyzed through Spearman
Rho correlation due to their ordinal or dichotomous na-
ture. All statistical results are interpreted at the level of
significance, alpha (o) =0.05

Results

The demographic characteristics of the investigated
patients are detailed in Table I.

Stratification Variable Mean SD Minimum Maximum
All patients YKL-40 serum, ng/ml 112.83 61 46 433
(N=150) YKL-40 synovial fluid, ng/ml 237.8 104 102 577
ESR, mm/h 20.66 10.89 4 54
CRP, mg/1 6.24 3.04 2 14
Age (years) 62.50 10.88 40 93
Females YKL-40 serum, ng/ml 115.5 64.1 46.4 433.5
(N =40) YKL-40 synovial fluid, ng/ml 225.35 88.9 102.3 475.7
ESR, mm/h 223 11.2 5.0 54.0
CRP, mg/l 5.87 2.70 2.50 14
Age (years) 61.50 11.33 40 93
Males YKL-40 serum, ng/ml 102.2 45.1 46.4 176.6
(N =10) YKL-40 synovial fluid, ng/ml 287.6 145.9 121.5 576.8
ESR, mm/h 15.20 7.55 4.0 27.0
CRP, mg/1 7.73 3.79 2.0 12.80
Age (years) 68.50 6.62 54 78
<50 years YKL-40 serum, ng/ml 108.85 14.21 99.6 137.36
(N=16) YKL-40 synovial fluid, ng/ml 202.97 3545 131.4 22443
CYE, mm/h 27.16 13.18 14.0 46.0
CRP, mg/1 4.50 1.22 3.0 6.0
Age 43.88 2.40 40 47
> 50 years YKL-40 serum, ng/ml 113.37 64.50 46.4 433.46
(N=44) YKL-40 synovial fluid, ng/ml 244.55 109.57 102.3 576.76
CYE, mm/h 19.77 10.403 4.0 54.0
CRP, mg/l 6.48 3.10 2.0 14.0
Age 65.50 8.75 53 93

SD — standard deviation; N — number of patients
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Serum and synovial fluid of YKL-40 levels and

laboratory parameters — (ESR and CRP)

We found no significant association between age and
the four variables: YKL-40 serum, YKL-40 synovial
fluid, ESR, and CRP (all p>0.05). A similar trend was
observed for gender, which showed no significant cor-
relation with the variables of interest: YKL-40 serum,
YKL-40 synovial fluid, ESR, and CRP, (all p>0.05).

No relationship between laboratory parameters (ESR
and CRP) and YKL-40 levels in serum and synovial fluid
was detected in the patients’ group.

The mean serum concentration of YKL-40 in knee OA
patients was 112.83+61 ng/ml, which is higher compared
to that of age-matched healthy controls (84.19+£11.39 ng/
ml) (p<0.05).

We found that the synovial level of YKL-40
(237.80+£104.08 ng/ml) was significantly higher com-
pared to the serum concentration (112.83+60.61 ng/ml),
p<0.001. A statistically significant correlation between
YKL- 40 in synovial fluid and serum levels was deter-
mined r=0.532, p<0.001. We also found a moderately
positive linear relationship between the synovial level of
the glycoprotein and the serum concentration (r, =0.238).

Synovial YKL-40 levels and US findings

The US results are summarized in Table II.

Analyzing the relationship between YKL-40 level in
synovial fluid and US findings, a statistically significant
and rather strong correlation between GS US and YKL-

600

500

YKL-40 synovial fluid

GSUS

Fig 1. Box plots of YKL-40 synovial fluid depending of grey
scale ultrasonography (GSUS) levels.

Table II. Serum and synovial fluid YKL-40 and US findings

40 in synovial fluid, (r,=0.690, p<0.001) was found. The
relationship between YKL-40 synovial fluid and PD
US was statistically significant, but feeble, r, =0.303,
p=0.033.

PD US examination determined 45 patients with
no signal and 5 patients with score 1. In a more varied
sample group the association may be stronger. A sharp
increase in the mean values of the synovial level of the
glycoprotein was observed in patients with higher score
in GS US (fig 1).

Discussion

OA is the most common disease of the joint, resulting
in physical disability. It is characterized by the loss of
the articular cartilage and alterations in the subchondral
bone [24]. The reasons behind OA progression remain
undefined and understanding molecular pathogenesis of
the disease is still in progress. A growing number of in-
vestigations have found that the recently discovered gly-
coprotein YKL-40 could be involved in the inflammatory
joint process. YKL-40, the human chitinase 3-like-1 pro-
tein, is linked to different mediators of inflammation and
cartilage damage [25]. It has been shown that YKL-40
synthesis is related to joint inflammation, tissue remod-
eling, and alteration of cartilage in OA joint [26].

YKL-40 has no enzymatic activity and no specific
receptor for it is known. It has been proposed that pro-
teoglycans and collagens are potential ligands of the gly-
coprotein. These components are important part of the
cartilage extracellular matrix and their production and
alteration is influenced by YKL-40 [27]. Researchers
suppose that YKL-40 interacts with part of the syndecan
receptor, belonging to a family of cell surface receptors,
involved in synovial inflammation and cartilage degrada-
tion [28].

Despite the intensive interest and investigations in
recent years, the role of YKL-40 in OA remains unclear.

In the current study, higher levels of YKL-40 in the
synovial fluid of OA patients compared to serum con-
centrations were detected. The elevation of synovial fluid
levels of YKL-40 in comparison with serum levels was
determined also in previous published studies [16,17,29].

Number of patients  YKIL-40 in serum YKL-40 in synovial fluid GS US PD US score
(meanzSD) (meanzSD) score 0 1
9 81.76+33.64 151.40+ 26.70 0 9 0
31 107.56 +30.08 214.54 +45.52 1 31 0
8 166.94 +123.50 350.86 +117.48 2 5 3
2 117.62+ 63.59 535.00 + 59.06 3 0 2

SD - standard deviation
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Serum concentrations in OA patients were reported to
be increased compared to those in healthy individuals
[30,31], as we found also in our study.

There are other studies focused on YKL-40 in RA
showing that their concentrations in both serum and syn-
ovial fluid reflected active inflammation and intensive
angiogenesis in synovial membrane [21,32]. In this study
we observed that the higher grade in GS US correlated
with significantly increased YKL-40 levels in synovial
fluid of OA patients. US examination detected cartilage
lesions, joint capsule hypertrophy and fibrosis, synovial
hypertrophy and joint effusion. Traditionally, conven-
tional radiography is used to diagnose the changes of
knee OA. However, early changes are difficult to assess
and this technique is not capable of visualizing the local
inflammatory component. US is an imaging technique
that is able to illustrate both bone structural changes and
inflammatory alterations within the joint [20].

Musculoskeletal US is an established technique for
assessing the progression of knee joint OA and can be
used as an imaging biomarker [33].

Of all US changes that can be found in an OA, we
studied the following aspects of knee inflammation —
GS US synovial hypertrophy and effusion and the pres-
ence of synovial PD US,. As in other studies we have
evidenced that YKL-40 correlates with inflammatory
changes in the joint [21]. In addition, we investigated
YKL-40 in the synovial fluid, which suggest secondary
inflammatory changes in the osteoarthritis joint.

A high prevalence of both synovial hypertrophy and
effusion was found. Regarding the synovial PD US sig-
nal, its low prevalence in our patients questions the reli-
ability of this parameter in OA. According to some re-
searchers synovial neovascularisation is not a prominent
feature in OA [30].

Our study revealed that the relationship between lev-
els of YKL-40 in synovial fluid and PD US was statis-
tically significant, but feeble. However, this result was
expected due to the limited number of PD US positive
patients. It is shown that YKL-40 stimulates neovascu-
larization and acts synergistically with VEGF [29]. So,
we might suppose that YKL-40 also illustrates the vas-
cularization of the synovial membrane in knee OA pa-
tients similar to PD US. Within OA joints, YKL-40 is
secreted into the synovial fluid by chondrocytes, acti-
vated macrophages and synovial fibroblasts [16,31]. Dif-
ferent investigations have demonstrated that osteoblasts
and osteocytes present in osteophytes expressed YKL-40
[14,18]. Thus, our finding of higher YKL-40 levels in
synovial fluid reflects OA changes in the joint tissue. It
is supposed that chondrocytes are the major player in the
cartilage degradation [25].

We found no associations between YKL-40 levels in
serum and synovial fluid and CRP and ESR. In contrast,
we reported a significant relationship between these pa-
rameters but in patients with RA [21]. CRP and ESR are
conventional markers that provide information about dis-
ease activity, but are not predictive alone to be used for
treatment decision making [32].

Our results suggest that YKL.-40 is a more suitable bi-
omarker functionally associated with the development of
OA, compared to routinely used inflammation markers.
Other researchers reported that chondrocytes of human
OA cartilage secreted inflammation associated YKL-40
[34].

Furthermore, the glycoprotein levels in synovial flu-
id, but not in serum were positively related to pain and
physical activity limitation in knee OA [35]. Szychlinska
et al proposed that YKL-40 might be considered as a po-
tential natural agent providing therapeutic effects in joint
inflammation [36].

The molecular changes in OA are intensively inves-
tigated but its basic mechanisms are still unknown. We
could conclude that YKL-40 is a more sensitive and reli-
able marker reflecting a certain grade of morphological
cartilage degeneration compared to ESR and CRP. Our
findings support the role of YKL-40 in the pathogenesis
of OA synovitis. It is a challenge to explore the role of
this biomarker as a potential independent tool for the di-
agnosis and understanding of OA.

Our study had some limitations. We could not
examine the effect of medical treatment on YKL-40
levels since our patients were on heterogeneous medi-
cation. Prospective and comparative studies are re-
quired in the future. Other limitations of the study are
the limited number of patients, the lack of inter- and
intra-observer agreement for US examination and the
lack of comparison of US findings with other imaging
techniques.

Conclusions

In conclusion, YKL-40 is involved in the pathogen-
esis of OA synovitis. Evaluation of YKL-40 levels in
parallel with US might provide more sensitive and reli-
able information for the diagnosis and understanding of
OA
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