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Abstract YKL-40, also known as human cartilage glyco-
protein 39, is a member of the “mammalian chitinase-like
proteins” family without chitinase activity. Increased serum
concentrations are associated with inflammatory processes
and several types of cancer. In this study, we evaluated
YKL-40 levels in serum and synovial fluid of patients with
rheumatoid arthritis in comparison with the ultrasono-
graphic findings. YKL-40 levels were measured by
enzyme-linked immunosorbent assay in 25 patients with
active rheumatoid arthritis and in 40 healthy subjects. B
mode and power Doppler were performed to determine
synovial thickening and vascularization. Serum YKL-40
level in patients was significantly higher than the concen-
tration in healthy controls (P < 0.01). In patients with rheu-
matoid arthritis, the level of the glycoprotein in synovial
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fluid was remarkably elevated compared to the serum level
(P =0.003). The B mode and power Doppler scores corre-
lated to YKL-40 in serum and synovial fluid (P =0.07).
Serum YKIL-40 levels were related positively to serum mark-
ers of inflammation such as C-reactive protein (P =0.004)
and erythrocyte sedimentation rate (P = 0.003). This study is
the first to demonstrate a relationship between YKL-40 levels
and ultrasonographic examinations in Bulgarian patients with
rheumatoid arthritis. The findings suggest that YKL-40
might be implicated in the pathogenesis of the disease and
could indicate the level of joint inflammation.

Keywords Joint sonography - YKL-40 - Rheumatoid
arthritis
Introduction

YKL-40 is a 40-kDa glycoprotein, belonging to the family
of “mammalian chitinase-like proteins” without enzymatic
activity [1]. Its name is an abbreviation of the three NH,-
terminal amino acids and the molecular weight. It is also
known as chitinase 3-like 1 protein (CHI3L1), human carti-
lage-binding glycoprotein-39 (HC gp-39), and 38-kDa
heparin-binding glycoprotein, chondrex.

YKL-40 is secreted by activated neutrophils and macro-
phages in tissues with acute or chronic inflammation, by
arthritic chondrocytes [1], vascular smooth muscle cells
[2], and cancer cells [3].

The normal range for YKL-40 in healthy subjects differs
in various populations [4, 5]. YKL-40 was determined in
3,130 Danish people, aged 20-80 years. The mean YKL-40
level was 40 ng/l [4]. Serum YKL-40 was measured in 26
healthy people from the Turkish population, aged between
44 and 65years. The mean values there were
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114.16 £ 43.73 ng/ml [5]. It is established that the glyco-
protein increases with age; thus, age-adjusted reference lev-
els of serum or plasma YKL-40 are important when results
are evaluated, along with population-based ranges.

Growing clinical evidence reveals that increased expres-
sion and secretion of YKL-40 is associated with the patho-
genesis of a variety of diseases. Elevated serum levels of
YKL-40 in patients with rheumatoid arthritis, osteoarthritis
[5, 6], carotid atherosclerosis [7], asthma [8], and type II
diabetes [9] suggest its function to be related to inflamma-
tion, extracellular remodeling, and fibrosis.

In addition, high serum levels of YKL-40 have been
reported in various cancers, including breast, ovarian and
colorectal, prostate carcinoma, and glioblastoma [10-14].
Several studies indicate that in rheumatoid arthritis (RA),
YKL-40 might play a role as a new marker for disease
activity [1, 15]. There are no data regarding a correlation
between YKL-40 levels and sonographically determined
joint lesions in patients with RA.

The aim of the present study was to examine YKL-40
levels in serum and synovial fluid of patients with RA and
to search a correlation with the ultrasonographic findings.

Materials and methods
Patients

The target group consisted of 25 Bulgarian patients (13
women and 12 men) with active RA aged 24-82 years (mean
age 54.43 + 12 years). An equal number of male and female
patients was included in the study due to the fact that the
large joints selected for the invasive procedure were more
often presented in males. Disease duration varied from sev-
eral months to 22 years. Only five naive patients were exam-
ined. All the others were treated with DMARDS and
additional therapy as follows: NSAIDS (n = 10), corticoste-
roids (n = 5), NSAIDS and corticosteroids (n = 3), and NSA-
IDS and biological agents (n = 2). The patients’ clinical and
biochemical characteristics are shown in Table 1.

The control group consisted of 40 age-matched healthy
subjects (24 women and 14 men). Clinical and routine
hematological, biochemical, and coagulation tests were
completed to assess their health status. YKL-40 concentra-
tions in serum were measured only. Despite the different
number of individuals in the control and the patient group,
the disparity in the gender ratio in both groups was statisti-
cally insignificant (P> 0.61) according to the performed
Fischer’s exact test.

The study was approved by the university ethics com-
mittee. Informed consent was obtained from all examined
individuals according to the Helsinki Declaration.
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Table 1 DAS28 and indicators of disease activity in patients with RA

Characteristics Mean &+ SD 95 % CI

DAS28 (ESR) (normal 6.11 +0.46 5.84; 6.38
level 2.6)

B mode (four-grade scale) 39.42 £+ 10.99 33.08; 45.77

PD (four-grade scale) 2942 +11.35 22.87;35.98

ESR (mm/h, normal 61.81 +30.83 48.15;75.49
level <20)

CRP (mg/l, normal 59.11 +70.35 28.68; 89.53
level <8)

Anti-CCP antibodies 518.83 4+ 483.39 71.77; 965.90
(U/ml, normal
level <20)

RF (U/ml, normal level <17) 62.88 + 64.82 30.65; 95.12

246.18 +209.63
509.77 & 375.56

Serum YKL-40 (ng/ml)

Synovial fluid YKL-40
(ng/ml)

159.64; 332.71
354.75; 664.80

Venous blood samples were collected in the morning
(4.5 mmol/l blood, Monovette, Sarstedt). Serum was
obtained after centrifugation. Synovial fluid was aspirated
during arthrocentesis, which was performed as a part of the
diagnostic and therapeutic process. The samples were cen-
trifuged at 2,500 rpm for 10 min. The serum and synovial
fluid were stored at —70 °C before analysis.

YKL-40 detection

YKL-40 concentrations in serum and synovial fluid were
determined by a two-site, sandwich-type, enzyme-linked
immunosorbent assay (ELISA). The validation of the
method was performed in compliance with the international
standard of quality and competence of medical laboratories
(BDS/EN/ISO 15189). All samples were analyzed in dupli-
cate. The erythrocyte sedimentation rate (ESR), serum
C-reactive protein (CRP), rheumatoid factor (RF), and anti-
CCP antibodies were also determined.

Ultrasonographic (US) examination

A systematic clinical examination was performed at screen-
ing and baseline visits. The joints selected for assessment
were 28 joints of the DAS28 (shoulder, elbow, wrist, meta-
carpophalangeal (MCP) 1-5, proximal interphalangeal
(PIP) 1-5, knee—bilaterally).

The US examinations were performed in a darkened
room. Systemic multiplanar grayscale (B mode) and power
Doppler (PD) methods were carried out with commercially
available real-time scanners CHISON IVIS 60 EXPERT
using multifrequency linear transducers (7-13 MHz).
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The PRF was set on 750 Hz. “Wall filter’ was fixed at the
lowest possible value. Doppler frequency was adapted to
the depth of the region of interest (12 MHz for small joints,
7 MHz for large joints). The EULAR-OMERACT group
obtained good interobserver and intermachine reliability
from the semiquantitative scoring of both greyscale synovi-
tis and PD signal in rheumatoid joints. Semiquantitative
scoring systems are used by most research groups because
they are easily applicable in clinical practice, and their find-
ings are available at the time of US examination [16]. In
Bulgarian rheumatological clinical practice, these scoring
systems are adopted as well.

Synovitis was defined according to the published defini-
tions of outcome measures in RA clinical trials (OME-
RACT). A B mode and a PD examination were recorded
for each joint. B-mode synovitis scoring was evaluated
using a four-grade scale from 0 to 3 with the following sub-
jective definitions for each category: grade 0, absence of
synovial thickening; grade 1, mild synovial thickening;
grade 2, moderate synovial thickening; grade 3, marked
synovial thickening [17, 18].

Synovial vascularization was also evaluated using a
four-grade scale from 0 to 3 with the following definitions
for each category: grade 0, absence of signal, no intra-artic-
ular flow; grade 1, mild, one or two vessels signal (includ-
ing one confluent vessel) for small joints and two or three
signals for large joints (including two confluent vessels);
grade 2, moderate confluent vessels (>grade 1) and <50 %
of normal area; grade 3, marked vessels signal in more than
half of the synovial area [19]. The scorer was blinded to the
patient’s clinical status.

Statistical analysis

The normality of the continuous variables was examined by
the Kolmogorov—Smirnov test and comparisons were com-
pleted using the 7 test. Pearson’s correlation coefficient was
calculated to evaluate correlation between studied vari-
ables. Statistical analysis was carried out with the SPSS v
17.0 software. The level of statistical significance of the
null hypothesis was P < 0.05.

Results

Concentrations of YKL-40 in serum and synovial fluid
were determined in 25 Bulgarian patients with active RA
and compared to 40 age-matched healthy controls. There
were no significant differences in YKL-40 levels between
treated and naive patients.

The mean serum value of YKL-40 in healthy subjects
was 84,19 £ 11.39 ng/ml, while the mean serum concentra-
tion of YKL-40 in RA patients was 246,17 £ 209.63 ng/ml.
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Fig.1 YKL-40 concentration (ng/ml) in healthy subjects and in RA
patients

Table 2 Correlation between levels of serum YKL-40 and biochemi-
cal and clinical variables

Variables YKL-40 in serum
ESR r=0.446
P =0.03*
CRP r=0.582
P =0.004*
RF r=—0.045
P =0.859
Anti-CCP antibodies r=-0.070
P=0.882
YKL-40 in synovial fluid P =0.003*
DAS28 r=0.007
P=0.982

* Correlation is significant at the 0.01 level

Serum YKL-40 level in RA patients is significantly higher
compared to that of healthy controls (Fig. 1). The level of
the glycoprotein in synovial fluid was 509.78 + 375.56 ng/
ml and it was significantly higher compared to the serum
level (P =0.003).

The mean of the standard indicators of disease activity
was elevated toward the range (shown in Table 2). A posi-
tive correlation between serum YKL-40 concentration and
conventional markers of biochemical assessment of disease
activity in RA as ESR (r=0.446, P =0.003) and CRP
(r=0.582, P =0.004) was determined.

A strong correlation between B mode and DAS28 was
established (P = 0.006). The B-mode assessment is a method
for direct visualization of synovial hyperplasia. We used the
PD examination to evaluate the vascularization of synovia
and the degree of inflammation. We found an association
between serum and synovial YKL-40 levels and synovial
thickening and vascularization in RA patients (Fig. 2).

Ours research is the first to reveal a correlation between
serum and synovial YKL-40 levels and the sonographic
examination (P = 0.07).
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Fig. 2 Correlation between YKL-40 concentrations in serum and
synovial fluid and sonographic parameters. a Correlation between
serum YKL-40 levels and B mode. b Correlation between serum YKL-
40 levels and PD. ¢ Correlation between synovial fluid YKL-40 levels

Discussion

RA is an autoimmune disease in which chronic inflamma-
tion is mediated by autoantigen activation of T cells. These
immune cells induce an inflammatory process which results
in synovial proliferation of cartilage and bone [20].
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PD. e Correlation between serum YKL-40 levels and ESR.
f Correlation between serum YKL-40 levels and CRP

Serum CRP and ESR are suitable biochemical markers
for monitoring disease activity in RA. An important prob-
lem arises from the fact that normal values are sometimes
found in patients with clinically active disease [21]. Radio-
logical progression, including bone erosion and loss of joint
space, is one of the important characteristics of RA. How-
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ever, the development of bone erosion can be found
independently of biochemical parameters and clinical
symptoms [22]. Therefore, a new biomarker of disease
activity is needed.

YKL-40 is discussed as a possible novel biomarker. Our
study shows that serum and synovial fluid YKL-40 levels
are significantly higher in Bulgarian patients with RA com-
pared to age-matched healthy subjects (P <0.001). The
normal range for circulating YKL-40 in healthy individuals
is not established yet. Johansen [1] suggested that changes
in serum YKL-40 concentration >20 % should be indica-
tive of elevated serum range.

We determined 25 % higher concentration of YKL-40 in
synovial fluid compared to serum levels in patients with
RA. A positive correlation between serum and synovial
fluid concentrations of YKL-40 was detected. Other scien-
tists have observed a tenfold increased concentration of
YKL-40 in synovial fluid compared to serum concentration
in RA patients. A strong relationship between glycoprotein
levels in serum and synovial fluid was demonstrated in
different populations with RA [23, 24]. Other research
groups also suggested that YKL-40 in synovial fluid and
serum might reflect cartilage degradation and synovial
inflammation in RA and knee osteoarthritis [1, 25].

We found a significant correlation between serum YKL-
40 and standard biochemical markers of inflammation such
as CRP and ESR in patients with RA (P < 0.001). Many
pathological conditions influence these parameters. ESR
rate depends on the aggregation and damage of erythro-
cytes. CRP is secreted by hepatocytes in response to high
levels of proinflammatory cytokines. These laboratory tests
are nonspecific indicators of synovial inflammation. It is
suggested that CRP and YKL-40 reveal two different
aspects of the inflammatory process in joint diseases [1].
Reliable biomarkers of joint inflammation and destruction
in RA patients are proteins expressed and released by cells
in synovial fluid and serum. We suppose that YKL-40
could provide a different and a more local view of the
inflammatory process than conventional biomarkers such as
CRP and ESR. The explanation may lay in the fact that
YKL-40 is secreted by activated macrophages in the
inflammed synovial membrane [26], or released by exocy-
tosis from specific granules of neutrophils [27] and by artic-
ular chondrocytes [28]. Despite the treatment, all our
patients presented with active RA, which indicates that they
could be regarded as non-responders to the applied therapy.
A similar phenomenon was recorded by Knudsen et al. [25]
who observed unchanged YKL-40 serum levels in non-
responders, while responders showed a significant decrease
in YKL-40 and other biomarkers.

Serum YKIL-40 is discussed as a potential biomarker for
the risk of progression of joint damage in patients with RA.
Some authors regard it as a serious parameter in disease

diagnosis and monitoring [6, 29], and others disregard its
importance in disease activity [30].

Most published studies used radiographic examination to
assess the disease process in joints. Ours is the first to
search a correlation between YKL-40 levels in RA patients
and US characteristics. The PD sonography and B-mode
ultrasound diagnosis are highly sensitive techniques for the
differentiation of synovitis and joint destruction and for the
quantification of the degree of inflammation. According to
Weidekam etal. [31], sonography detects 20 % more
abnormalities than does radiography and provides simple
grading of disease activity. PD sonography is a new tech-
nique that improves the sensitivity to detect flow from
small vessels and low velocity flow at the microvascular
level. In our investigation, we used sonography to support
the diagnosis of RA as a technique more sensitive for
detecting joint inflammation than conventional radiogra-
phy. A positive correlation between YKL-40 concentra-
tions in serum and synovial fluid and sonographic
parameters was demonstrated (P <0.07). The increased
concentration in serum and synovial fluid of the glycopro-
tein can indicate destructive changes in the cartilage. The
significant relation between results from PD examination
and circulating YKL-40 may lay in the fact that YKL-40
facilitates cell attachment and migration of vascular endo-
thelial cells, which could indicate that the protein partici-
pates in angiogenesis [1]. It is well known that chronic
synovitis is generally accompanied by angiogenesis. Fran-
cescone etal. [32] demonstrated that YKL-40 induced
VEGF expression in the U87 glioblastoma cell line, and
suggested that both molecules synergistically promoted
endothelial cell angiogenesis. A study by Zivanoviz et al.
[6] also suggested that YKL-40 could be used as a bio-
marker of joint damage in knee osteoarthritis.

In conclusion, our study is the first to show significantly
elevated serum YKL-40 level in Bulgarian patients with
active RA compared to healthy controls. We prove that the
high YKL-40 concentration in synovial fluid and serum
correlates with sonographic parameters and suppose that it
might have a significant value for prediction of joint inflam-
mation.
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