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SIGNIFICANCE
Elevated chitinase-3-like protein 1 serum level has been 
reported in many inflammatory disorders; however, it has 
not yet been described in pyoderma gangrenosum. This 
study compared chitinase-3-like protein 1 serum level in 
patients with pyoderma gangrenosum and healthy con-
trols, and evaluated chitinase-3-like protein 1 level in rela-
tion to clinicopathological data. The results suggest that 
chitinase-3-like protein 1 is one of the most sensitive bio-
markers of inflammation in pyoderma gangrenosum, and 
is more valuable than commonly used inflammatory mark­
ers. These findings will serve as a basis for future studies 
comparing chitinase-3-like protein 1 serum level in other 
ulcerative dermatosis, and exploring the potential use of 
chitinase-3-like protein 1 to differentiate those conditions.

Pyoderma gangrenosum (PG) is a rare, neutrophil­
ic dermatosis with unclear aetiopathology, conside­
red as an autoinflammatory disease, associated with 
other immune-mediated disorders. Chitinase-3-like 
protein 1 (YKL-40) is an inflammatory biomarker se­
creted by a wide variety of cells, including neutrophils. 
To evaluate YKL-40 serum level in relation to clinico­
pathological data, 48 patients with PG and 40 healthy 
controls were enrolled in the study. Skin lesions were 
measured to calculate the affected area. Inflamma­
tory parameters (C-reactive protein, white blood cell 
count with neutrophils) were determined from blood 
samples. YKL-40 and IL-6 levels were measured in se­
rum by enzyme-linked immunosorbent assay. YKL-40 
serum level was significantly higher in patients with 
PG than in controls (58.4 vs 36.4 ng/ml, respectively; 
p < 0.00001). The positive correlation between YKL-40 
level and IL-6 level was observed (r=0.48, p = 0.0006) 
along with a trend towards significance of relationship 
between YKL-40 level and C-reactive protein (r=0.28, 
p = 0.052). YKL-40 can be considered a valuable bio­
marker of inflammation in PG.

Key words: pyoderma gangrenosum; chitinase-3-like protein 1; 
YKL-40; biomarker; inflammation.
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Pyoderma gangrenosum (PG) is a rare neutrophil-
mediated dermatosis (ND) with an estimated inci-

dence of 3–10 cases per million population per year (1). 
The pathogenesis of the disease is not fully understood; 
however, altered neutrophil trafficking and activation, 
as well as genetic factors and systemic inflammation, 
are considered (2, 3). Due to characteristic phenomena, 
such as recurrent sterile tissue inflammation, without 
circulating autoantibodies and autoreactive T-cells, 
PG has recently been recognized as belonging to the 
spectrum of autoinflammatory disorders (4). It is also a 
part of classical autoinflammatory syndromes, i.e. pyo-
genic arthritis, PG, and acne (PAPA); and PG, acne, and 
hidradenitis suppurativa (PASH) (5). PG is frequently 
associated with different conditions, in particular inflam-

matory bowel diseases and rheumatological diseases, 
and haematological disorders, with which it shares the 
features of impaired immune system functions (6). 

Chitinase-3-like protein 1 (CHI3L1,) also known in 
humans as YKL-40, is a 40-KDa chitin-binding lectin, 
member of the glycosyl hydrolase family 18. Initially, it 
was discovered in the culture supernatant of osteosarcoma 
cell line MG63 and later detected in synovial cells and 
chondrocytes (7–9); however, it is also produced by a 
wide variety of cells, including neutrophils, macrophages, 
fibroblast-like cells, endothelial cells, smooth muscle cells 
and cancer cells (10–12). The synthesis and secretion of 
YKL-40 are regulated by growth factors, extracellular 
matrix changes, stress, cytokines, and drugs (13–16). 
Recent studies indicate a potential role of YKL-40 as a 
marker of inflammation, tissue remodelling, and fibrosis, 
proliferation and angiogenesis in a multitude of conditions, 
including inflammatory disorders, dermatoses, malignan-
cies, cardiovascular diseases, and infections (7, 17–20). 

To the best of our knowledge, this is the first study to 
assess the expression of YKL-40 in PG. The aim of the 
current study was to evaluate the serum level of YKL-40 
in relation to clinicopathological data in PG. 

MATERIALS AND METHODS

This case-control study included 48 patients with PG recruited 
between 2015 and 2020 in the Department of Dermatology, Vene-
reology and Allergology of Wroclaw Medical University, Poland. 
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All patients were referred to the department by wound specialists, 
dermatologists and surgeons from out-patient clinics in south-west 
Poland for diagnosis or verification of diagnosis. Upon admission 
to the clinic, all patients participating in the study were evaluated 
by 2 independent dermatologists and diagnosed with ulcerative 
PG and had inflammatory lesions. Patients were included in 
the study based on the achievement of 10 or more points in the 
PARACELSUS score (21). Patients with active comorbidities or 
receiving systemic treatment were excluded due to the possibility 
of the inference to study parameters. At admission, the number of 
lesions was assessed, and the area of skin lesions was measured 
and calculated. All included patients were negative for malignan-
cies and had no clinical symptoms of infection. Table I presents 
a detailed description of studied PG patients.

The control group comprised 40 healthy volunteers, with no 
history of PG or any other autoinflammatory diseases.

Serum samples were collected from the patients at the admis-
sion for the assessment of the serum concentration of YKL-40, 
C-reactive protein (CRP), interleukin-6 (IL-6), white blood cell 
count (WBC), and neutrophil count (NEUT). 

The samples were collected, stored and labelled according to the 
R&D Systems ready-made enzyme-linked immunoassay (ELISA) 
kits procedure for human chitinase 3-like immunoassay. The serum 
separator tube (SST) was used. After collection and clotting, the 
blood was centrifuged at 4,500 rpm. Separated serum was frozen 
and stored regarding the manufacturers’ instruction at the tempe-
rature of –70°C until it was processed. The ELISA kits were used 
to quantify YKL-40 (Quantikine® ELISA Human Chitinase 3-like 
1 Catalog No. DC3L10 Lot P230972) and IL-6 (Quantikine® HS 
ELISA Human IL-6 Catalog No. HS600C) Quantitative analysis 
of YKL-40 and IL-6 concentrations were carried out using the 
Epoch spectrophotometer (BioTek Instruments, Winooski, VT, 
USA). Serum CRP levels were determined using the turbidimetric 
assay on ARCHITECT® ci4100™ analyser (Abbott Diagnostics, 
Lake Forest, IL, USA). WBC and neutrophil counts were measured 
using fluorescent flow cytometry Sysmex XN-2000™ analyser 
(Sysmex, Kobe, Japan).

The Shapiro–Wilk test was used to check the data distribution. 
All quantitative variables were described as median and interquar-
tile range (IQR) or mean ± standard deviation (SD). Comparisons 
between the groups were performed by the Mann–Whitney U 
test. Correlations between the variables were calculated using 

Spearman’s rank correlation. A receiver operating characteristic 
curve (ROC) was performed to identify the optimal cut-off value 
for patients–controls differentiation. The area under the curve 
(AUC) value was calculated to determine the accuracy of the test. 
p-value < 0.05 was considered statistically significant. Statistical 
analysis was performed using Statistica 13.3 software (StatSoft 
Inc., Tulsa, OK, USA).

The study was conducted in compliance with ethical regulations 
and follows the principles of the Declaration of Helsinki. The study 
has been approved by the Bioethics Committee of the Wrocław 
Medical University. The patients in this manuscript provided writ-
ten informed consent to publication of their case details.

RESULTS

Among 48 patients with PG, 31 (64.6%) were women 
and 17 (35.4%) were men aged from 19 to 85 years 
(mean ± SD 53.3 ± 16.9 years). The control group com-
prised 40 volunteers, 21 (52.5%) women and 19 (47.5%) 
men, aged from 24 to 84 years (mean ± SD 48.2 ± 13.0).

Table I. Clinical characteristics of the group of patients with 
pyoderma gangrenosum

Characteristics Baseline value

Age, years, mean ± SD 53.3 ± 16.9
Male/female, n (%) 17 (35.4)/31 (64.6)
Area of skin lesions, cm2, median (IQR) 19.6 (64.135)
Localization of skin lesions, n (%)
  Face and neck 1 (2.1)
  Upper extremity 5 (10.4)
  Trunk 8 (16.7)
  Lower extremity 41 (85.4)
Number of lesions, n (%)
  1 20 (41.7)
  2 16 (33.3)
  3 or more 12 (25.0)
Comorbidities, n (%) 
  Inflammatory bowel diseases 6 (12.5)
  Rheumatoid arthritis/spondyloarthropathies 4 (8.3)
  Systemic lupus erythematous/systemic sclerosis/ 

Sjögren syndrome
2 (4.2)

SD: standard deviation; IQR: interquartile range.

Fig. 1. Significant difference in the serum chitinase-3-like protein 1(YKL-40) concentration in patients with pyoderma gangrenosum (PG) 
and the control group. (A) The median serum YKL-40 level in the group of patients with PG was significantly higher than in the control healthy subjects 
(p < 0.00001). (B) The receiver operating characteristic (ROC) curve presented the area under the curve of 0.841 (95% CI: 0.757–0.924, p < 0.00001). 
Based on this value we assume that YKL-40 is a good test to differentiate between patients and healthy individuals. The optimal cut-off point for serum 
YKL-40 level was estimated at 47.159 ng/ml.

http://medicaljournalssweden.se/actadv
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The median serum YKL-40 level in the group of pa-
tients with PG was significantly higher than in the control 
healthy subjects (58.4 (IQR 80.7) ng/ml and 36.4 (IQR 
14.7) ng/ml, respectively; (p < 0.00001) (Fig. 1).

The optimal cut-off point for serum YKL-40 level was 
47.159 ng/ml. The sensitivity and specificity of serum 
YKL-40 for the diagnosis of PG were 73% and 85%, 
respectively. ROC analysis presented the area under 
the curve of 0.841 (95% CI: 0.757–0.924, p < 0.00001), 
with high negative (NPV) and positive (PPV) predictive 
values of 0.71 and 0.85, respectively (Fig. 1).

Spearman’s rank correlation test revealed a significant 
positive relationship between serum YKL-40 level and 
IL-6 level (r = 0 .48, p = 0.0006). (Fig. 2) No significant 
correlations were found between serum YKL-40 levels 
and other laboratory parameters, such as WBC or NEUT; 
however, a distinct trend towards significance between 
YKL-40 and CRP was observed (p = 0.052) (Table II). 
The median serum CRP level was 8.7 mg/l and was 
elevated in 28 patients (58.3%). The median value of 
WBC was 7.8 × 109/l and was elevated in 18 (37.5%) 
patients. Detailed laboratory findings in patients with PG 
are shown in Table III. In the control group, the median 
IL-6 serum level was 0.982 (IQR 0.525) pg/ml. 

No significant correlations were found between serum 
YKL-40 levels and age, area of skin lesions, and number 
of skin lesions (Table II). Sex, smoking, and pathergy 

phenomenon were not found to be determining factors 
for YKL-40 serum concentration (detailed data not 
shown). Lower YKL-40 level was observed in patients 
with lesions located on the trunk compared with other 
regions, although the difference did not reach statistical 
significance (p = 0.058). 

A history of comorbidities, such as inflammatory 
bowel diseases (IBD) (p = 0.89), rheumatoid arthritis 
(p = 0.61), and systemic rheumatoid diseases (p = 0.70), 
did not affect the YKL-40 level. 

DISCUSSION

This study is the first to show that the serum concentra-
tion of YKL-40 in patients with PG is significantly ele-
vated compared with healthy individuals. These results 
may indicate a role of YKL-40 in the pathomechanisms 
of PG, considering that the level of YKL-40 was deter-
mined in the group of patients with PG without active 
comorbidities. The possible impact of other diseases on 
YKL-40 levels cannot be excluded. This is a limitation 
of the study.

In recent years, elevated YKL-40 level has been re-
ported in a wide range of diseases and pathological pro-
cesses, including inflammatory disorders that remain in 
close association with PG. Several studies have reported 
elevated serum levels of YKL-40 in patients with IBD; 
however, the interpretations of these results is contra-

Table II. Correlation analysis for chitinase-3-like protein 1 and other 
clinical data in patients with pyoderma gangrenosum

Variables n
Spearman rank correlation 
coefficient (r) p-value

CRP 48 0.28 0.05
WBC 48 0.10 0.48
NEUT 14 –0.281 0.33
IL-6 48 0.48 0.0006
Area of skin lesions 48 0.04 0.79
Number of skin lesions 48 0.04 0.80

CRP: C-reactive protein; WBC: white blood cell count; NEUT: neutrophil count; 
IL: interleukin. A significant positive relationship between serum YKL-40 level and 
IL-6 level  is marked in bold

Table III. Laboratory findings in patients with pyoderma gangre
nosum

Laboratory parameter Min–Max Mean ± SD Median (IQR)

YKL-40 (ng/ml) 17.1–305.3 104.2 ± 87.9 58.4 (80.7)
CRP (mg/l) 0.3–64.4 14.9 ± 16.7 8.7 (18.7)

WBC (× 109/l) 3.9–19.9   9.3 ± 3.6 7.8 (4.4)

NEUT (× 109/l) 2.0–17.0   6.0 ± 4.1 4.9 (2.9)

IL-6 (pg/ml) 1.1–32.4 10.1 ± 8.1 7.9 (11.3)

YKL-40: chitinase-3-like protein 1; CRP: C-reactive protein; WBC: white blood cell 
count; NEUT: neutrophil count; IL: interleukin; Min: minimum; max: maximum; 
SD: standard deviation; IQR: interquartile range.

Fig. 2. Correlation between chitinase-3-like protein 1(YKL-40) and interleukin (IL)-6 concentrations in patients with pyoderma gangrenosum. 
(A) Scatterplot of YKL-40 concentration against IL-6 concentration. (B) Histogram showing distribution of YKL-40 serum level. (C) Histogram showing 
distribution of IL-6 serum level.

http://medicaljournalssweden.se/actadv
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dictory (22–24). Koutroubakis et al. (22) observed an 
association between the increased level of YKL-40 and 
disease activity, but found no correlation with fibrosis 
processes in the course of IBD. In contrast, a study by 
Erzin et al. (23) showed a statistically significant rela-
tionship, not only with disease activity, but also with the 
presence of strictures in Crohn’s disease. Another report 
showed a statistically higher concentration of YKL-40 
in the serum of patients with IBD and arthritis than in 
the group without arthritis (24). A few studies focused 
on the YKL-40 function in rheumatoid arthritis (RA), 
suggesting a role in the pathogenesis of RA and disease 
activity (25–27). YKL-40 was reported to be a useful pre-
dictor of joint inflammation and cartilage destruction (28, 
29). On the other hand, the studied marker serum level 
was not predictive of clinical remission or radiographic 
progression in rheumatoid arthritis (30).

To date, several autoinflammatory syndromes have 
been identified, including: pyoderma gangrenosum, acne, 
and pyogenic arthritis (PAPA); pyoderma gangrenosum, 
acne, and hidradenitis suppurativa (PASH); pyoderma 
gangrenosum, acne, pyogenic arthritis, and hidrade-
nitis suppurativa (PAPASH); psoriatic arthritis, pyo-
derma gangrenosum, acne, and hidradenitis suppurativa 
(PsAPASH); pyoderma gangrenosum, acne, and spon-
dyloarthritis (PASS); and pyoderma gangrenosum, acne, 
and ulcerative colitis (PAC). Worldwide, studies on the 
role of YKL40 in autoinflammatory syndromes are lack-
ing, but there are a few reports concerning the YKL-40 
function in some diseases included in the syndromes in 
question.

Increased expression in the lesional skin and elevated 
serum concentration of YKL-40 was observed in hidra-
denitis suppurativa (HS) (31, 32). The YKL-40 serum 
level correlated significantly with the disease severity 
regarding the Hurley stage and reflected the degree of 
inflammation (32). 

The elevated YKL-40 serum concentration was also 
reported in patients with acne vulgaris (33). In the quoted 
study, no association was found between the YKL-40 
level and the severity of the disease, but a positive cor-
relation was observed between the concentration of the 
discussed factor and total cholesterol, triglycerides, and 
low-density lipoprotein (LDL) and negative correla-
tion with high-density lipoprotein (HDL), which may 
indicate other mechanisms leading to the increase in 
YKL-40 level.

In several studies on psoriatic arthritis, it has been 
postulated that YKL-40 may be a marker of disease ac-
tivity serving as a useful tool in the diagnostic process 
and monitoring the response to therapy (34, 35).

Numerous research studies point to YKL-40 as a 
marker of inflammation. In the current study YKL-40 
concentration was correlated with proinflammatory 
cytokine IL-6. We also observed a trend towards signifi-

cance between YKL-40 and CRP. A positive correlation 
between IL-6 and YKL-40 serum concentration was 
documented in Behçet’s disease and Sjögren syndrome 
(36, 37). IL-6 plays a role in the regulation of YKL-40 
levels during inflammation and the stimulatory effect of 
IL-6 on the YKL-40 synthesis and serum concentration 
was documented in the study by Nielsen et al. (38). 

Correlation between YKL-40 and CRP was reported 
in HS and familial Mediterranean fever (32). Similar 
results were presented in the study of Vind et al. (39), 
who demonstrated correlation between the studied mar-
ker with inflammatory parameters, such as CRP, WBC, 
and serum albumin in IBD.

According to the results of the current study, YKL-40 
appears to be a more sensitive inflammatory marker than 
other well-known markers, including CRP, WBC, and 
neutrophil count. Similar conclusions were reached by 
Salomon et al. (40), who demonstrated that YKL-40 is 
a more sensitive marker than CRP and neutrophil count 
regarding inflammation degree in psoriasis vulgaris. 
The observed differences may indicate that YKL-40 
represents different aspects of inflammation than other 
mediators.

Taking into account observed lack of correlation bet-
ween the level of YKL-40 and wound size in patients with 
PG, it can be assumed that the increased level of YKL-40 
reflects the general inflammatory process rather than the 
local activity of the disease. Similarly, in psoriasis vul-
garis, no association between YKL-40 serum concentra-
tion and severity of the skin changes was observed (40). 
Considering the possible role of YKL-40, not only in 
inflammatory processes, but also in wound healing and 
fibrosis, elevated levels of YKL-40 could be expected in 
cutaneous ulcers of a different aetiology, including nor-
mal acute wounds. Therefore, future studies comparing 
YKL-40 serum levels in ulcerative dermatoses are needed, 
since they could provide new interesting data about the 
potential use of YKL-40 to differentiate those conditions. 

In conclusion, this is the first report to document in-
creased YKL-40 serum concentration in PG. The results 
indicate that YKL-40 could serve as a potential biomarker 
of inflammation in PG, which may be more sensitive than 
other classical, commonly used markers of inflamma-
tion. YKL-40 may help identify patients with increased 
systemic inflammation. This knowledge may be useful 
in making therapeutic decisions, as these patients may 
require intensification of standard treatment; however, 
this is the first study on the role of YKL-40 in PG, and 
further, more detailed, research is needed on this issue.
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