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YKL-40 in serum: a promising biomarker of juvenile SLE and strongly
correlated with disease duration
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Abstract

Background The biological function of YKL-40 is not well determined in different inflammatory and autoimmune diseases;
however, some data highlighted its possible connection with disease activity.

Aim We investigated the diagnostic utility of serum YKL-40 in patients with SLE and examined its correlation with disease
activity. Additionally, we examined any differences in serum YKL-40 levels between juvenile and adult SLE patients.
Methods We included 78 female patients with SLE and 42 controls. The level of YKL-40 in serum was measured by ELISA.
Results The serum YKL-40 level in SLE patients was significantly higher compared to the control group (9 (3) ng/mL vs.
5.5 (0.1) ng/mL; p<0.001). YKL-40 showed excellent diagnostic utility with an AUC of 1 (p <0.001) and a cutoff point
of 5.6, providing sensitivity and specificity of 100%. YKL-40 was higher in adolescents and those with a positive family
history of SLE (p=0.01 for both) and positively correlated with disease duration (r=0.45, p <0.001). YKL-40 level was
significantly higher in patients with photosensitivity, fever, vasculitis, blood disorders, positive anti-dsDNA, and APL ab
(p <0.05 for all). Conversely, patients with skin manifestations had a significantly lower YKL-40 (p =0.004). In juvenile
SLE, the AUC was 0.65 and a p-value of 0.01, and at a cutoff value of (8.7) ng/mL, the sensitivity and specificity were 72%
and 60%, respectively.

Conclusion YKL-40 in serum could be a promising biomarker in patients with SLE, especially in adolescent-onset cases.
It is independently influenced by disease duration, anemia, thrombocytopenia, positive anti-dsDNA, and APL ab features.
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Introduction

Chitinase-3-like 1 protein (YKL-40) is a member of the gly-
coside 18 families of chitinases. It is a heparin-and-chitin
binding glycoprotein with a molecular weight of approxi-
Department of Laboratory Medicine, School of Medicine, mately 40-kDa and is coded by the CHI3L1 gene located on
Jiangsu University, Zhenjiang, 212013, P. R., Zhenjiang,
China chromosome 1q31-q32 [1].
) YKL-40 glycoprotein is secreted by inflammatory cells,
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such as neutrophils and macrophages [2, 3]. YKL-40 is asso-
ciated with numerous physiological processes, for example,
inflammation, angiogenesis, tissue fibrosis, cell prolifera-
tion, and tissue remodeling [4]. YKL-40 is also involved
in various inflammatory responses, stimulating pro-inflam-
matory cytokines production (for example, IL-18, IL-6,
and tumor necrosis factor alpha). These cytokines, in turn,
can increase serum levels of YKL-40, creating a feedback
mechanism [5].
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YKL-40 mRNA expression in human monocytes is
strongly induced by IFNy and inhibited by dexamethasone
and IL-4. Studies have shown that the pro-inflammatory
hormones parathyroid hormone-related protein (PTHrP) and
arg-vasopressin (AVP) have differential effects on YKL-40
secretion by cultured chondrocytes. Both PTHrP and AVP
stimulate YKL-40 secretion from chondrocytes of rheuma-
toid arthritis patients but do not affect patients with osteo-
arthritis. Interestingly, AVP inhibits YKL-40 secretion from
chondrocytes of healthy individuals, while PTHrP does not
change YKL-40 levels [6].

YKL-40 has been shown to dose-dependently stimulate
human connective tissue cells proliferation [7]. It has a key
role in sensitization of antigen and IgE stimulation, antigen-
induced T-helper 2 response, along with innate immune cells
activation. While it may act as a fibroblast mitogen and acti-
vate numerous signaling pathways, though, no cell surface
receptor for YKL-40 has been identified [8].

Recently, studies found that YKL-40 has an important
role in several autoimmune diseases such as systemic lupus
erythematosus, systemic sclerosis, rheumatoid arthritis,
Behget disease, and inflammatory bowel disease. In rheu-
matoid arthritis, not only is the level of YKL-40 increased
in serum, but it is also positively correlated with disease
activity [9, 10].

In systemic sclerosis, YKL-40 serum levels mainly corre-
late with joint and lung involvement [11], and digital articu-
lar deformities [12]. High levels of serum YKL-40 are also
observed in patients with polymyositis and dermatomyositis,
and these levels show a correlation with disease severity and
activity, along with lung involvement [13-15].

Systemic lupus erythematosus (SLE) is an autoimmune
disease that is associated with T cell over activation and
autoantibodies overproduction [16]. Juvenile systemic lupus
erythematosus (JSLE) is characterized by disease onset
before the age of 18 and typically presents with a more
severe disease phenotype, morbidity, and mortality than
adult-onset SLE, often associated with a poorer prognosis.
JSLE represents approximately 15-20% of all SLE cases.
Elevated levels of YKL-40 in untreated children with juve-
nile idiopathic arthritis (JIA) prove the intra-articular syn-
thesis of YKL-40 by macrophages, fibroblast-like synovial
cells, chondrocytes, and neutrophils [17].

In SLE, YKL-40 has higher serum levels than healthy
controls [18, 19]. However, its levels did not correlate with
disease activity [18]. A previous study revealed that YKL-40
plasma levels are almost twice greater in patients with SLE
than in controls [19].

In the current work, we aimed to study the role of serum
YKL-40 in patients diagnosed with systemic lupus erythe-
matosus (SLE) and to determine its correlation with disease
activity. We also aimed to examine any differences in serum
YKL-40 levels between juvenile and adult SLE patients.
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Patients and methods
Study setting and design

A cross-sectional study that was conducted in the Medical
research center and Department of internal medicine and
Rheumatology; Kaser Alainy Educational Hospital.

Study subjects

The study included 78 female patients with SLE fulfilling
the European League Against Rheumatism and the Ameri-
can College of Rheumatology (EULAR/ACR) 2019 clas-
sification criteria [20] and 42 healthy age- and sex-matched
control subjects were included in the study. The cases were
enrolled from outpatient clinic from May 2022 to the end
of October 2022. The main inclusion criteria were the age
range of patients; hence, we enrolled only patients from 14
to 24 years. Other autoimmune diseases were excluded from
the study besides patients with associated infection, or those
admitted during disease exacerbation.

Ethical approval

Written informed consent was obtained from all participants
according to the Declaration of Helsinki, and the study protocol
was approved by the ethics committee of the National Research
Centre, the reference number is 16385. All patients were sub-
jected to full medical history and clinical examination. SLE
disease activity index 2000 (SLEDAI-2 K) was assessed [21].

The sample size was calculated using the Minitab program
and based on the prevalence of SLE disease in Egypt, which was
determined to be 11.3/per 100,000 female populations, with juve-
nile SLE accounting for 8.6% of all total SLE cases, as indicated
by a recent study [22]. Assuming a type I error of 6%, a type 11
error of 20%, and a 90% confidence interval, the minimum sam-
ple size required to achieve 80% power was calculated to be 66.

Methodology
YKL-40 measurement in serum

Venous blood samples were drawn in the morning. Serum
specimens were obtained after the samples were centrifuged
at 2500 g for 10 min. Serum specimens for YKL-40 were
frozen at— 80 °C until analysis. Serum YKL-40 level was
determined with an enzyme immunoassay method using the
commercially available test MicroVue YKL-40 (Quidel,
San Diego, CA, USA) using streptavidin-coated microplate
wells, a biotinylated-Fab monoclonal capture antibody,
and an alkaline phosphatase-labelled polyclonal detection
antibody. The intra-assay and inter-assay coefficients of
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variation were 6.0 and 6.6%, respectively. The assessments
were calibrated by the calibrators inserted in the kit. All
measurements were done in duplicate.

Statistical analysis

The statistical analysis was done using Minitab 17.1.0.0 for
windows (Minitab Inc., 2013, Pennsylvania, USA). Continu-
ous data was presented as mean and SD and categorical data
as number and (%). The normality of data was examined
using Shapiro—Wilk test. Independent ¢-test was used for
comparison between two groups of continuous data nature,
Pearson correlation coefficient was used to estimate the liner
relationship between numerical data, and receiver operating
characteristic curve (ROC-curve) was used to examine the
performance of YKL-40 in SLE as well as juvenile SLE;
additionally, multiple linear regression with stepwise selec-
tion models had been used to estimate factors influencing
the level of YKL-40 in SLE patients. All tests were two-
sided, p considered significant if <0.05.

Results
Demographic characters

In Table 1, the mean age of the female SLE patients was
18 (SD=3) years, with 42.31% of them being children
(< 18 years), and the median duration of the disease was 22
(IQR =12-36) months. The disease activity ranged from 0
to 17, and only 15.38% of cases were controlled. Figure 1
illustrates the abundance of SLE features, with positive anti-
dsDNA, fever, photosensitivity, and arthritis being the most
common (above 70%). In contrast, neurological, skin, and
pulmonary manifestations were less common (less than 12%).

YKL-40 and SLE

YKL-40 serum level in SLE patients was significantly
higher compared to the control group (9 (3) ng/mL vs. 5.5
(0.1) ng/mL; p <0.001). YKL-40 showed excellent diagnos-
tic utility with an AUC of 1 (p <0.001) and a cutoff point of
5.6, providing sensitivity and specificity of 100% (Fig. 2).

Furthermore, the level of serum YKL-40 varied signifi-
cantly among SLE patients. It was higher in adolescents and
those with a positive family history of SLE (p=0.01 for
both). The YKL-40 level was also positively correlated with
disease duration (r=0.45, p <0.001) (Fig. 3).

Additionally, the YKL-40 level was significantly higher
in patients with photosensitivity, fever, vasculitis, blood
disorders (anemia, lymphopenia, and thrombocytopenia),
positive anti dsDNA, and APL ab (p=0.009, <0.001, 0.006,
0.002, 0.012,<0.001, 0.003, and 0.03, respectively).
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Table 1 Demographic characters of SLE cases (n=78)
Factors SLE
Age, mean, SD 18.27 3.18
Age (<18 Years), n,% 33 42.31
Family history (Yes), n, % 12 15.38
Disease duration (m), median, IQR 22 (12-36)
ESR, median, IQR 29.5 (22-35)
SLEDALI score, median, IQR 7 7 (5-11)
Treatment
Cyclophosphamide 12 15.38
Azathioprine 30 40

The numerical data presented as mean and SD or median and IQR,
the categorical data presented as number and percentage

N number, SD standard deviation, /QR interquartile range

Conversely, patients with skin manifestations had a sig-
nificantly lower YKL-40 (p =0.004). Finally, while cyclo-
phosphamide treatment was associated with a significant
increase in YKL-40 level (p =0.01), no such correlation was
observed with azathioprine treatment (Table 2).

The diagnostic potential of YKL-40 in distinguishing between
juvenile and adult SLE was modest, with an AUC of 0.65 and a
p-value of 0.01. At a cutoff value of (8.7) ng/mL, the sensitivity
and specificity were 72% and 60%, respectively (Fig. 4).

Additionally, Table 3 revealed that several factors were
strongly associated with elevated levels of YKL-40 in SLE
patients, including longer disease duration, anemia, throm-
bocytopenia, positive anti-dsDNA and APL ab, all with a
p-value < 0.05. Being juvenile was also identified as a sig-
nificant factor promoting higher levels of YKL-40.

Discussion

Macrophages are crucial in the development of SLE, as
they may be polarized into either pro-inflammatory M1 or
anti-inflammatory M2-like macrophages, depending on the
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Fig. 1 Abundance of SLE features
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a " Table2 YKL-40 level in correlation with SLE features
—T—  Mean=9.1 Factors Total (n=78) YKL-40
<0.001 $D=2.8 (ng/mL)
9 [ ] R
(n) Mean SD p¢
g ol Oral ulcer 36 9.12 279  0.87
g Photosensitivity 63 9.33 274  0.009
3 Cutaneous manifestations 9 7.32 145 0.004
g7 Fever 66 939 262 <0.001
Arthritis 57 9.09 2.66 0.87
6 Serositis 18 9.68 2.58 0.25
2;:‘;‘:5'5 —e— Cardiac 30 941 274 036
Pulmonary 9 8.59 1.02 0.26
> o SE Nephrology 39 86 23 0.l
Neurologic disorder 6 10.51 3.55 0.33
b Vascular 15 11.23 3.16 0.006
Anemia 36 10.07 2.86  0.002
Lymphopenia 42 836 191 0.012
Thrombocytopenia 15 11.72 255 <0.001
Low complement 30 9.05 1.96 0.95
2 P- anti dsDNA 66 935 2.63 0.003
2 P-APL ab 15 1077 332 0.03
§ Cyclophosphamide 12 11.27 2.81 0.01
Azathioprine 30 9.5 221 0.21

—CO= YKL-40, AUC =1.00; p<0.001

0.0

T T T T T T
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Fig.2 YKL-40 in patients with SLE: a Test of significant: independ-
ent t-test, b Diagnostic utility of YKL-40 in patients with SLE, AUC:
area under curve, sensitivity and specificity were 100% at cutoff point
above 5.6 (ng/mL), p <0.05 considered significant

microenvironment. The extent of polarization determines
their functional properties, which can be either pro- or anti-
inflammatory. This versatile property may have a possible
role in the pathogenesis of autoimmune and inflammatory
diseases [23].
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Fig.3 YKL-40 correlation with age group, family history and disease
duration: a and b test of significance: independent #-test, ¢ test of sig-

nificance: Pearson correlation coefficient, the sign before “r”” denote
the direction of relationship, p < 0.05 considered significant

@ Springer

The numerical data presented as mean and SD
N number, SD standard deviation
P <0.05 considered significant

#independent -test

Previous studies [24-26] have implicated M1-like
macrophages in developing SLE due to their pro-
inflammatory activity and ability to produce cytokines
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Fig.4 Utility of YKL-40 in juvenile SLE
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Table 3 Factors influencing the level of YKL-40 in SLE patients

Factors CE SE p
Disease duration (m) 0.05 0.01 <0.001
Age (<18 years) 2.02 0.40 <0.001
Anemia 1.21 0.36 0.001
Thrombocytopenia 1.57 0.49 0.002
P- anti-dsDNA 1.77 0.54 0.002
P-APL ab 1.25 0.47 0.01
Cyclophosphamide 0.97 0.52 0.07

The test of significance: Multiple linear Regressions with stepwise
selection methods. The sign before coefficient represents the direction
of relationship

CE coefficient of error, SE standard error

p <0.05 considered significant

mediating autoimmune and chronic inflammatory diseases
[27]. Clinical trials have also shown a positive correlation
between the number of monocytes expressing M
macrophage-like markers (CD163-CD14 +) in the peripheral
blood of children with SLE and the severity of juvenile
SLE [28]. M2-like macrophages have anti-inflammatory
activity [24], though researchers found that these cells may
have pro-inflammatory activity. Previous studies found that
dysfunctional M2-like macrophages might contribute to the
pathogenesis of SLE by producing excessive cytokines [29].

Additionally, defective M2-like macrophages cannot effi-
ciently clear immune complexes (ICs), which can accumu-
late in various tissues and cause organ damage [23].

Studies have stated that macrophage activation syndrome
(MAS) is more prevalent in patients with Juvenile SLE [30].
MAS is characterized by high fever, hepatosplenomegaly, hepatic
dysfunction, pancytopenia, and clotting disorder. The precise role
of macrophage polarization in SLE-MAS is not clear.

However, published data suggest that the uncontrolled
release of pro-inflammatory cytokines by aberrantly activated
macrophages and T lymphocytes is responsible for hemato-
logical and organ involvement in MAS [23]. Among these
cytokines, TNF-a is of exact interest because it is more specific
to SLE-MAS than to other inflammatory diseases [31].

The phenotype of YKL-40-producing macrophages
differed from non-YKL-40-producing macrophages by
increased production of TNFa and decreased expression of
CD14 and HLA-DR. This finding suggests that production
of YKL-40 is associated with macrophages with immu-
nostimulatory functions but an impaired ability to recog-
nize and present antigens or distinguish pathogen-associated
molecular patterns [23].

Macrophages activation with IFN-y and LPS induces ten-
fold transcription of YKL-40. Previous research by Bonneh-
Barkay et al. demonstrated that exposure of astrocytes to
macrophage culture medium (MCM) induced transcription

of YKL-40 [32], which is consistent with previous in vivo
results by the same researcher showing high expression of
YKL-40 in reactive astrocytes in both acute and chronic
neuro-inflammatory disorder, especially in areas close to
inflammatory cells [33].

A one-day exposure of astrocytes to IL-1f was sufficient
to induce transcription of YKL-40 for several consecutive
days, which then declined to control levels 7 days later. Com-
parable results were observed in rat chondrocytes exposed
to TNFa for 4 h, which showed raised YKL-40 mRNA and
protein levels up to 72 h after cytokine removal [34].

In vivo, this temporary pattern of YKL-40 expression
has also been observed in earlier studies of traumatic brain
injury models (TBI) as the YKL-40 levels are significantly
correlated with CSF levels of inflammatory cytokines,
such as TNF-a and IL-1p, as well as with the inflamma-
tory marker CRP [35]. This may explain our findings as the
serum level of YKL-40 in SLE patients was significantly
higher in adolescent than in adult. As JSLE is associated
with greater disease activity, with regard to TBI and SLE,
recent studies indicate that inflammatory and autoimmune
processes are likely to be important components of the dis-
ease process leading to TBI, which subsequently resulted in
loss of cognitive abilities, including dementia [36]. Addi-
tionally, the YKL-40 revealed significant positive correla-
tion with disease duration.

In the current study, we investigated serum level of YKL-
40 as a potential biomarker of SLE. We compared YKL-40
serum levels in samples from SLE patients with those from
healthy controls. Our results showed an association between
high serum YKL-40 levels and SLE; however, we found no
correlation with disease activity. These findings suggest that
YKL-40 may be a useful diagnostic marker for SLE, this is
in concordance with Wcisto-Dziadecka et al. in 2009, who
found that mean serum YKL-40 levels were almost twice
as high in SLE patients in comparison to controls and also
found no correlation between YKL-40 serum levels and SLE
disease activity as measured by the SLEDAI [19].

In SLE patients, hematological disorders are frequently
observed, including anemia, thrombocytopenia, leukopenia,
lymphopenia, splenomegaly, and lymphadenopathy [37]. In
the current study, the levels of serum YKL-40 were signifi-
cantly elevated in SLE patients with blood disorders such
as anemia, lymphopenia, and thrombocytopenia. These
findings suggest that YKL-40 could be a biomarker for
SLE patients’ hematological involvement. However, fur-
ther research is required to determine the clinical utility of
YKL-40 in this context. Anemia in SLE results from the
upregulation of hepcidin, a protein that prevents iron from
being incorporated into red blood cells for growth. Hepcidin
seems to be controlled by inflammatory cytokines (prin-
cipally IL6), which promotes its synthesis by activating
signal transducer and activator of transcription 3. TNF-a,
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IFN-y, and IL-1 interfere with iron homeostasis by increas-
ing ferritin synthesis and decreasing cell-surface transferrin
receptor concentration. As previously mentioned, YKL-40
stimulates the production of pro-inflammatory cytokines,
such as IL-6, IL-18, and TNF-a, which can influence serum
YKL-40 levels through feedback mechanism [5]. A study
by den Broeder et al. revealed that TNF-a neutralization
reduced the YKL-40 levels in RA patients, supporting the
role of TNF-a in the regulation of YKL-40 levels [38].

The incidence of Lymphopenia in SLE patients is
reported to be 20 to 75%, mostly involving regulatory
T-cells. In patients with different subtypes of SLE, helper T
cells are often reduced while the disease is still active [37].
A study by Kavanaugh et al. showed that HLA-DR4B1-
Org36601, a peptide derived from YKL-40, could sup-
press the T-cell response and stimulate immune tolerance
in rheumatoid arthritis patient [39]. These findings suggest
a potential therapeutic use of YKL-40-derived peptides in
autoimmune diseases.

Twenty-five to 50% of SLE cases have mild thrombocy-
topenia, whereas severe thrombocytopenia is observed in
nearly 10% of cases. Thrombocytopenia in SLE is caused
mainly by immune thrombocytopenia. Although the patho-
physiology is not fully understood, it may be because of the
involvement of specific IgG antibodies formed by B lympho-
cytes against glycoproteins Ib/IX, IIb/Illa, and Ia/Ila [37].

Antiphospholipid antibodies and other autoantibodies are
identified in some patients with SLE. Phospholipid antibod-
ies against cardiolipin, prothrombin, phosphatidylinositol
and lupus anticoagulants are noticed in many SLE patients
with thrombocytopenia. Membrane phospholipids that cross-
react with cardiolipin antigen are exposed after cell affec-
tion and may stimulate the development of anti-cardiolipin
antibodies [37]. This may explain why in our study, YKL-40
serum levels were significantly higher in SLE patients with
antiphospholipid antibodies and thrombocytopenia. Con-
trary to our findings, YKL-40 did not correlate with throm-
bocytopenia in a research done by Outinen et al. [40]. In the
current study, individuals with skin manifestation showed
significant lower level of YKL-40, this is not in agreement
with a previous Japanese study that stated elevated levels of
YKL-40 in Japanese patients with psoriasis and suggested
that YKL-40 serum levels can act as a valuable biomarker
for detecting the severity of dermatological lesions in pso-
riasis patients [41].

YKL-40 serum levels were higher in SLE patients with
photosensitivity presentation, fever, and vasculitis; this may
suggest that serum YKL-40 may play a role in the inflamma-
tory process of SLE during disease activity and may serve
as a valuable laboratory test to detect SLE activity. This is in
accordance with Gamal El-Agamy et al. results [42].
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Conclusion

The diagnostic potential of serum YKL-40 in SLE was
excellent, especially in juvenile cases. It was higher in ado-
lescents and those with a positive family history of SLE and
correlated directly with disease duration. Additionally, ane-
mia, thrombocytopenia, positive anti-dsDNA, and antiphos-
pholipid antibodies significantly promote the higher level of
YKL-40 in patients with SLE.
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