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Sickle cell disease (SCD) is an autosomal 
recessive genetic disease and is one of the most 
common hemoglobinopathies in the world. The 
term SCD covers mutations in the gene that 
encodes the beta globin subunit of hemoglobin, 
leading to a group of diseases (e.g., sickle cell 
anemia [SCA], hemoglobin SC disease, and 
hemoglobin S-beta-thalassemia). Substituting 
glutamic acid with valine at the sixth position of 
the beta-globin chain leads to the formation of 

abnormal hemoglobin, known as hemoglobin 
S (HbS).1 HbS is the most common abnormal 
hemoglobin in Türkiye.2

The complex pathophysiology of SCD involves 
HbS polymerization, the sickling of red blood 
cells, vaso-occlusion, increased blood viscosity, 
oxidative stress and inflammation, endothelial 
dysfunction, and ischemia-reperfusion injury. 
The symptoms mainly occur as a result of 
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ABSTRACT

Background: YKL-40 is a glycoprotein secreted by various cell lines during inflammation and vascular 
dysfunction. Sickle cell disease (SCD) also involves inflammation and endothelial dysfunction processes. Thus, 
we aimed to assess the levels of YKL-40 in pediatric SCD patients.

Methods: We evaluated serum levels of YKL-40 in children with steady state SCD and those with vaso-occlusive 
crisis (VOC) episodes and compared them with healthy subjects.

Results: Overall, 33 children with SCD and 33 healthy controls participated in this study. Serum YKL-40 
concentrations of children with steady state SCD were significantly higher than the concentrations found in 
the healthy controls (median [Q1-Q3]: 71.0 [53.3-133.3] vs. 43.6 [37.9-69.9] ng/mL, p=0.001). Seventeen of the 33 
children with SCD (51.5%) had a VOC during the one-year follow-up period. Steady state and VOC episode 
YKL-40 did not significantly differ in children who were experiencing VOC during the one-year follow-up (77.6 
[55.2-126.8] vs. 69.7 [49.3-100.0] ng/mL, p=0.381). During VOC episodes, children with SCD had significantly 
higher YKL-40 levels than the healthy controls (69.7 [49.3-100.0] vs. 43.6 [37.9-69.9] ng/mL, p=0.005). YKL-40 
levels at steady state and during VOC episodes did not show significant correlation (p=0.955). 

Conclusions: YKL-40 may have a potential role in the inflammation component of SCD. Circulating YKL-40 
levels may be used to monitor chronic inflammation in SCD patients.

Key words: endothelial dysfunction, inflammation, sickle cell disease, YKL-40, chitinase-3-like protein-1, 
human cartilage glycoprotein 39.

186
2025
4805
67(2)

67
Original Article

March-April

186
2025
ID

VOLUME(ISSUE)
VOLUME

ARTICLE TYPE
January-February

Early View

Özlem Tezol ▪ ozlemtezol@hotmail.com

Received 3rd June 2024, revised 3rd October 2024, 4th February 2025, accepted 2nd April 2025.

Copyright © 2025 The Author(s). This is an open access article distributed under the Creative Commons Attribution License (CC BY), 
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

https://orcid.org/0000-0002-1596-5820
https://orcid.org/0000-0002-9951-0291
https://orcid.org/0000-0001-9994-7832
https://orcid.org/0000-0001-8146-4912
https://orcid.org/0000-0002-7498-604X
https://orcid.org/0000-0002-1729-9585
mailto:ozlemtezol@hotmail.com
https://creativecommons.org/licenses/by/4.0/


Serum YKL-40 Levels in Pediatric Patients with SCD

The Turkish Journal of Pediatrics ▪ March-April  2025 187

Turk J Pediatr 2025; 67(2) : 186-194

the abnormal sickling of red blood cells and 
various subsequent complications.3 Pain crisis, 
anemia, infections, acute chest syndrome, 
delayed growth and development, stroke, 
and long-term organ damage are common 
symptoms of SCD.1,3 Pain crises or vaso-
occlusive crises (VOC) are hallmarks of SCD. 
Polymerization of deoxygenated HbS leads to 
decreased deformability of red blood cells, and 
the characteristic “sickle” shape occurs. Rigid 
sickled red blood cells lead to tissue ischemia 
by adhering to the vascular endothelium and 
obstructing the vasculature. Ultimately, severe 
pain episodes arise due to the ischemic tissue 
damage and inflammation.4

In the pathophysiology of vaso-occlusion, 
interactions between sickled red blood cells, 
activated endothelial cells, leukocytes, and 
platelets play a crucial role. Multicellular 
aggregation, increased oxidative stress, and 
a pro-inflammatory environment created by 
these cells underlie VOCs.4 Previously, higher 
neutrophil and platelet counts and high 
levels of platelet factors 3 and 4, extracellular 
hemoglobin, and lactate dehydrogenase 
have been reported during VOCs.5-8 Chronic 
hemolysis in SCD induces oxidative stress, and 
increased oxidative stress triggers inflammatory 
cytokine release.9 Furthermore, ischemia-
reperfusion injury secondary to microvascular 
occlusions promotes chronic inflammation in 
SCD.10 Both acute and chronic inflammatory 
responses have been associated with VOCs.3,4 
The inflammatory mediators C-reactive protein 
(CRP), tumor necrosis factor-alpha (TNF-α), 
interleukin 6 (IL-6), interleukin 8 (IL-8), 
transforming growth factor-beta (TGF-β), and 
interleukin 17 (IL-17) have been shown to be 
significantly increased in patients with SCD and 
VOCs when compared to healthy controls.11,12

YKL-40 (chitinase-3-like protein-1, human 
cartilage glycoprotein 39) is a mammalian 
glycoprotein related in sequence to family 18 
of bacterial and fungal chitinases. However, 
it does not exhibit enzymatic activities. While 
YKL-40 is expressed in various cell types, 
its exact biological function is currently 

unknown. Increased levels of YKL-40 have 
been linked to inflammation, tissue remodeling, 
angiogenesis, and cancer.13,14 Previous 
studies have investigated the role of YKL-40 
in various cardiovascular, gastrointestinal, 
endocrinological, immunological, 
musculoskeletal, neurological, respiratory, 
urinary, and infectious diseases and found 
contradictory results. YKL-40 has been found 
to be an important proinflammatory protein 
in certain diseases. However, in some other 
diseases, it has not been found to be significantly 
different from healthy individuals.15 YKL-
40 is identified to be a potential biomarker 
of inflammation and vascular dysfunction.16 
SCD and VOCs also are also characterized by 
inflammation and endothelial dysfunction. A 
meeting abstract reported higher serum YKL-
40 and cytokine levels in children with SCD in 
comparison with their healthy counterparts, 
and weak correlations between serum YKL-40 
levels and salivary cytokine levels.17 To the best 
of our knowledge, original research comparing 
serum YKL-40 levels between pediatric SCD 
patients and healthy children has not previously 
been published. The primary objective of this 
study was to evaluate serum levels of YKL-40 
in children with steady state SCD and those 
with VOC episodes and compare them with 
healthy subjects. The secondary objective was 
to investigate correlations between YKL-40 and 
the inflammatory biomarkers CRP, IL-6, and 
TNF-α in children with SCD.

Materials and Methods

Study design and study sample

This comparative cross-sectional study was 
conducted at Mersin University Hospital and 
investigated the inflammatory biomarkers of 
children with SCD. Children with SCD and 
age- and sex-matched healthy controls were 
the subjects. Children with SCD followed in the 
Pediatric Hematology department and healthy 
children admitted to the well-child outpatient 
clinic were included in the study. Inclusion 
criteria for the patient group were as follows: 
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having been diagnosed with SCD based on 
hemoglobin electrophoresis and genetic testing; 
age 2 to 17 years; and having consent from his/
her parents or legal guardians to participate 
in the study. For the patient group, exclusion 
criteria were the presence of VOC at last one 
month prior to the study, chronic simple 
or blood exchange transfusions, drug use 
except hydroxyurea, sickle hepatopathy, renal 
dysfunction, hypertension, endocrine disorder, 
overweight and obesity, serious infections and 
inflammatory diseases, and smoking. Inclusion 
criteria for the control group were as follows: 
being healthy and age 2-17 years; having 
normal weight; not smoking; having no medical 
or family history of congenital hematologic 
disease, blood disorder, chronic systemic 
disease, genetic disorder or malignancy; 
and having consent from his/her parents or 
legal guardians to participate in the study. 
Child assent and parent informed consent 
were obtained for participation. This study 
was approved by Mersin University Clinical 
Research Ethics Committee (2016-04-14/108). 

Data collection

All children with SCA (n=23) and hemoglobin 
S-beta-thalassemia (n=10) who were admitted 
to the Pediatric Hematology clinic between 
May 1, 2016 and May 1, 2017 and fulfilled 
the appropriate criteria constituted the study 
sample. For each SCD patient, an age- and 
gender-matched healthy child with normal 
growth and development was also included in 
the study. In total, data were collected from 33 
children with SCD and 33 healthy children. 

Baseline evaluations and one-year follow-ups 
were conducted for the patients. Laboratory 
data were collected from 33 patients with steady 
state SCD and from 33 healthy controls at the 
baseline evaluation. In 17 patients who had 
VOCs during the one-year follow-up period, 
a second evaluation was performed, and 
laboratory data were recollected at the VOC 
episode. Serum samples of the SCD and control 
groups were obtained on the day of admission 
to the hospital.

Laboratory measurements

Serum YKL-40, IL-6, TNF-α, and CRP levels, as 
well as complete blood count values in venous 
blood samples, were obtained. YKL-40, IL-6, 
and TNF-α concentrations were determined 
by an enzyme-linked immunosorbent assay 
(ELISA). The measurements were carried out 
using the YKL-40 human ELISA kit (201-12-
2034 SunredBio), IL-6 ELISA kit (KAP 1261 
Diasource) and TNF-α-ELISA kit (KAP 1751 
Diasource). The manufacturer’s protocols for 
each ELISA kit were followed. The DSXTM 
Four-Plate Automated ELISA Processing 
System MikroELISA device was utilized for 
analysis. For each sample, the concentrations of 
YKL-40, IL-6, and TNF-α were determined by 
calculating them from the curves and equations 
obtained from plotting the optical density values 
corresponding to the known concentrations of 
standards provided in each analysis kit. IL-6 
and TNF-α levels were only measured in the 
patient group. CRP levels were analyzed using 
the immunoturbidimetric method and a CRP 
value less than 5 mg/L was considered normal.

Statistical analysis

Statistical Package for the Social Sciences 
version 21.0 (IBM SPSS Corp.; Armonk, NY, 
USA) was used for statistical analysis. The 
Shapiro-Wilk test and histograms were used 
to test for normality. For continuous variables, 
mean ± standard deviation or median (with 
first and third quartiles, Q1-Q3) values are 
provided; for categorical variables, numbers (n) 
and percentages (%) are provided as descriptive 
statistics. The two independent groups (patient 
and healthy control groups) were compared 
with the Student t-test or Mann-Whitney U test, 
and the two dependent groups (steady state and 
VOC episode groups) were compared with the 
Wilcoxon test. The three independent groups 
(steady state, VOC episode, and healthy control 
groups) were compared with the Kruskal-
Wallis test. Relationships between continuous 
variables were examined with the Spearman 
correlation coefficient. Categorical variables 
were compared with the chi-square test. The 
statistical significance level was set at p<0.05.
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Results

Overall, 33 children with SCD and 33 healthy 
controls participated in this study. The mean 
age of the children with SCD was 12.4 ± 3.7 years, 
and the mean age of the healthy controls was 
11.7 ± 4.2 years (p=0.460) Twenty of the children 
with SCD (60.6%) and 21 of the healthy controls 
(63.6%) were male (p=0.800). All children with 
SCD were using hydroxyurea.

Serum YKL-40 concentrations of children with 
steady state SCD were significantly higher than 
the concentrations found in the healthy controls 
(71.0 [53.3-133.3] vs. 43.6 [37.9-69.9] ng/mL, 
p=0.001). CRP concentrations in the serum of 
children with steady state SCD was significantly 
increased compared to the healthy controls 
(p=0.001). White blood cell (WBC) count did not 
differ between the children with steady state 
SCD and the healthy controls (p=0.380, Table I). 

Seventeen children with SCD (51.5%) had a 
VOC during the one-year follow-up period. 
The median duration between the baseline 
evaluation at steady state and the second 
evaluation at VOC episode was 5.8 ± 2.7 months 
(min-max: 1.5-10 months). Steady state and 
VOC episode YKL-40, CRP, IL-6, and TNF-α 
levels did not significantly differ in children 
with SCD who were experiencing VOC during 
the one-year follow-up (p>0.05). WBC count 
significantly increased during VOC compared 
with the WBC count in steady state SCD 
(14.30 [10.27-19.83] vs. 10.50 [8.70-13.37] x103/
µL, p=0.017). During VOC episodes, children 
with SCD had significantly higher YKL-40 and 
CRP levels than the healthy controls (p=0.005 
and p<0.001, respectively). Table II shows a 

comparison of inflammatory biomarkers at 
steady state SCD and VOC episodes, as well as 
a comparison of VOC episode biomarker levels 
with healthy controls. 

When grouped according to the occurrence of 
VOCs during the one-year follow-up, there were 
no significant differences in the steady-state 
concentrations of YKL-40, CRP, IL-6, TNF-α, 
or in the steady-state WBC counts between 
children with SCD who experienced VOCs 
and those who did not (p > 0.05). There was no 
significant difference in baseline WBC counts 
among children with SCD who experienced 
VOCs during the one-year follow-up, those 
who did not experience VOCs, and healthy 
controls (Table III).

Steady state YKL-40 levels were moderately 
correlated with steady state CRP levels in 
children with SCD (rho=0.40, p=0.022). There 
was no significant correlation between steady 
state YKL-40 levels and steady state IL-6, 
TNF-α, or WBC values (p>0.05). VOC episode 
biomarker levels did not show significant 
correlations (p>0.05). Steady state YKL-40 
levels and VOC episode YKL-40 levels did not 
show significant correlation (rho= -0.015, n=17, 
p=0.955). In healthy subjects, YKL-40 levels, 
CRP levels, and WBC counts did not show 
significant correlations (p>0.05).

Discussion

This study showed that serum YKL-40 and CRP 
levels increased in children and adolescents 
with steady state SCD and with VOC episodes, 
and steady state YKL-40 was correlated with 

Table I. Comparison of YKL-40, CRP, and WBC values between patients with steady state SCD and healthy 
controls.
Biomarkers Steady state SCD (n=33) Healthy controls  (n=33) p
YKL-40, ng/mL 71.00 (53.3-133.3) 43.60 (37.9-69.9) 0.001
CRP, mg/L 4.32 (2.71-10.24) 0.98 (0.40-3.65) 0.001
WBC, x103/µL 12.00 (9.20-15.00) 10.62 (8.65-13.44) 0.380
Mann-Whitney U test, data are presented as median and interquartile range (Q1-Q3).
CRP, C-reactive protein; SCD, sickle cell disease; WBC, white blood cell.
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steady state CRP, while steady state and VOC 
episode YKL-40 levels did not significantly 
differ.

The expression pattern of YKL-40 points to its 
potential involvement in sterile inflammation 
and endothelial dysfunction, even though 

its precise function is still unknown.18 A 
comprehensive review indicated that YKL-
40 can be considered a marker for systemic 
inflammatory and autoimmune disorder 
diagnosis, prognosis, and disease activity.13 
Higher serum concentrations of YKL-40 are 
known to be associated with severe forms of 

Table III. Comparison of inflammatory biomarkers between patients experiencing vaso-occlusive crisis and 
those who were not during the one-year follow-up, and healthy controls.
Baseline bio-markers SCD without VOC (n=16) SCD with VOC (n=17) p* Healthy controls (n=33) p**

YKL-40, ng/mL 65.00 
(51.2-135.2)a

77.56 
(55.22-126.76)a

0.692 43.60 
(37.9-69.9)b

0.003

CRP, mg/L 2.85 
(1.25-8.32)a

7.10 
(3.91-13.15)a

0.061 0.98 
(0.40-3.65)b

0.001

WBC, x103/µL 14.25
 (9.95-16.50)

10.50 
(8.70-13.37)

0.072 10.62 
(8.65-13.44)

0.175

IL-6, pg/mL 10.94 
(3.72-187.56)

6.57 
(4.02-26.22)

0.746 - -

TNF-α, pg/mL 37.45 
(15.73-159.06)

21.05 
(15.27-42.42)

0.296 - -

*Mann-Whitney U test, data are presented as median and interquartile range (Q1-Q3), comparison of SCD patients course 
with and without VOC.
**Kruskal-Wallis test, data are presented as median and interquartile range (Q1-Q3), comparison of the three groups; 
different letters represent significant differences at p < 0.05 probability level.
CRP, C-reactive protein; IL-6, interleukin-6; SCD, sickle cell disease; TNF-α, tumor necrosis factor alpha; VOC, vaso-
occlusive crisis; WBC, white blood cell.

Table II. Comparison of inflammatory biomarkers at steady state and VOC episode, and comparison of VOC 
episode biomarker levels with healthy controls.
Biomarkers Steady state (n=17) VOC episode (n=17) p* Healthy controls  (n=33) p**
YKL-40, ng/mL 77.56 

(55.22-126.76)
69.74 

(49.31-100.02)
0.381 43.60 

(37.9-69.9)
0.005

CRP, mg/L 7.10 
(3.91-13.15)

6.57 
(3.25-25.0)

0.149 0.98 
(0.40-3.65)

<0.001

WBC, x103/µL 10.50 
(8.70-13.37)

14.30 
(10.27-19.83)

0.017 10.62 
(8.65-13.44)

0.053

IL-6, pg/mL 6.57 
(4.02-26.22)

35.27 
(10.77-174.15)

0.266 - -

TNF-α, pg/mL 21.05
 (15.27-42.42)

15.25 
(11.07-37.42)

0.831 - -

*Wilcoxon test, data are presented as median and interquartile range (Q1-Q3), comparison of steady state and VOC episode 
biomarker levels in patient group experiencing VOC during the one-year follow-up.
**Mann-Whitney U test, data are median and interquartile range (IQR 25-75%), comparison of patients’ vaso-occlusive crisis 
episode biomarker levels with healthy controls’ biomarker levels.
CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor alpha; VOC, vaso-occlusive crisis; WBC, white 
blood cell.



Serum YKL-40 Levels in Pediatric Patients with SCD

The Turkish Journal of Pediatrics ▪ March-April  2025 191

Turk J Pediatr 2025; 67(2) : 186-194

inflammatory diseases and cardiovascular 
inflammatory conditions.15,19-21 Higher levels of 
YKL-40 were expected in patients with beta-
thalassemia major. However, the level of YKL-
40 was found to be within the normal range in 
patients between the ages of 15–69 and only 
a slight correlation was found with the liver 
status.22 Previous studies have explained their 
findings with the involvement of YKL-40 in the 
inhibition of vascular endothelial cell apoptosis, 
inducing the loss of endothelial barrier function 
and endothelial-mesenchymal transition.15,19 
Endothelial dysfunction and inflammation 
have also been demonstrated in children with 
SCD and are present in both VOCs and in 
steady state SCD.23 Therefore, YKL-40 is also 
likely to be elevated in children with SCD. For 
the first time in the literature, the current study 
demonstrates increased serum YKL-40 levels in 
children with SCD both in VOCs and in steady 
state compared to healthy controls.

The main inflammatory events in SCD 
involve increases in leukocyte numbers 
and their activation, expression of adhesion 
molecules in leukocytes, proinflammatory 
cytokines, neutrophilic extracellular traps, 
secretory phospholipase A2 enzyme, placental 
growth factor, and leukotriene E4, as well as 
decreases in anti-inflammatory cytokines.24 
The inflammatory state in SCD involves 
the production and secretion of numerous 
pro-inflammatory mediators. The cytokines 
TNF-α, IL-1-alpha, IL-6, IL-17, interferon-
gamma, platelet-derived CD40 ligand and 
herpesvirus entry mediator ligand (TNSF14), 
IL-1-beta and IL-18; and the chemokines 
IL-8, monocyte chemoattractant protein-1, 
regulated on activation, normal T cell expressed 
and secreted (RANTES), platelet factor 4, 
macrophage inflammatory protein 1-alpha, 
eotaxin-1 and fractalkine; the growth factors 
granulocyte-macrophage colony-stimulating 
factor, macrophage colony-stimulating factor, 
TGF-β and pro-angiogenic molecules; and the 
acute phase proteins CRP and pentraxin-3 are 
reported to be elevated in SCD patients when 

compared to controls.25,26 Our findings add 
to the existing literature on elevated YKL-
40 in both steady-state SCD and VOCs. Our 
findings also support the existing literature on 
upregulated acute phase protein CRP both in 
steady state SCD and in VOCs.

IL-6 is an activated cytokine that is significantly 
increased in the peripheral blood of patients 
with SCD. IL-6 has been found to be increased in 
steady state SCD and further increased during 
vaso-occlusion.27,28 We also demonstrated an 
increase in serum IL-6 levels during VOC 
compared with steady state SCD, although it 
was statistically insignificant. Expression of 
TNF-α was reported to be normal or increased 
in both steady state SCD and VOC episodes.28 
We found consistently statistically similar 
TNF-α levels in steady state SCD and VOC 
episodes. Due to a limited research budget, we 
did not measure IL-6 and TNF-α concentrations 
in the healthy control group.

Previous studies investigating predictor 
biomarkers of VOC provide evidence of the 
association between high-adhesive phenotypes 
and the occurrence of VOCs. Higher adhesion 
biomarkers during steady state SCD were found 
to predict the frequent occurrence of VOCs.29,30 
Steady state TNF-α, IL-6, and WBC levels, 
taken together, were found to discriminate 
between low and high VOC risk groups in 
children with SCD.31 A previous study of risk 
prediction modeing for VOCs in children with 
SCD reported that YKL-40 failed to distinguish 
the patients with VOC and those with steady-
state disease, and patients with a high risk 
of VOC could not be detected via YKL-40.31 
Aforementioned feasibility study evaluated 
YKL-40 to predict VOC risk31, the current study, 
on the other hand, evaluated YKL-40 levels in 
children with SCD in comparison with healthy 
controls. While the current study did not aim 
to assess the predictive value of inflammatory 
biomarkers during steady-state SCD and VOC, 
a comparison of children experiencing VOC 
and those who were not during the one-year 
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follow-up revealed a non-significant difference 
in steady state YKL-40, CRP, WBC, IL-6, and 
TNF-α levels. This finding may contribute 
to research in the prediction of VOCs among 
individuals with SCD.

Rees and Gibson reviewed more than 100 
different blood and urine biomarkers described 
in SCD and concluded that these biomarkers are 
mostly closely intercorrelated.32 Our findings 
add to the existing literature on a positive 
correlation between serum YKL-40 and CRP in 
steady-state SCD.

Chronic transfusions and sickle organopathies 
may alter biomarker profiles of SCD patients, 
and altered biomarkers of hemolysis, anemia, 
and hypoxemia, as well as damage to specific 
organs, may alter biomarkers of inflammation.32 
For this reason, we did not include children 
with SCD receiving chronic simple or blood 
exchange transfusions, with sickle hepatopathy 
or nephropathy, or with other potential 
inflammatory conditions. Hydroxyurea is 
linked to decreased inflammatory cytokines 
in children with SCD.33 Therefore, the use of 
hydroxyurea by all of our patients contributed 
to ensuring group homogeneity.

This study has several limitations. First, various 
patient factors and environmental factors (eg, 
hypoxia, dehydration, stress, low humidity, 
exposure to cold or weather changes) may 
trigger and exacerbate VOCs, and inflammatory 
profiles may vary depending on the triggers.34,35 
However, we did not assess the potential 
trigger(s) of VOC in our patients. Second, some 
genotypes are associated with the severity of 
SCD and VOC36, but we did not consider the 
inflammation-related gene polymorphisms or 
SCD haplotypes of our patients. Third, VOC 
has previously been suggested to consist of 
sequential phases and inflammatory markers 
that increase from the beginning of a pain event 
and become significant in the severe, constant 
pain phase.37 We cannot know for certain that 
we took blood samples from all patients in the 

same phase of VOC, but we can say that serum 
samples were obtained from patients with 
severe, debilitating pain within 24 hours of 
hospital admission.

In conclusion, serum YKL-40 and CRP levels in 
children and adolescents with SCD were higher 
both in steady state SCD and during VOCs, and 
steady state YKL-40 was correlated with steady 
state CRP. Our findings suggest a potential role 
of YKL-40 in the inflammation component of 
SCD. Circulating YKL-40 levels may be used to 
monitor chronic inflammation in SCD patients. 
Further studies utilizing serial measurements 
are warranted to clarify the peak timing and 
decline dynamics of YKL-40, and to determine 
whether it may serve as an earlier indicator of 
VOCs or demonstrate superiority over other 
serologic inflammatory markers.

Ethical approval

The study was approved by Mersin University 
Clinical Research Ethics Committee (date: 
14.04.2016, number: 2016-108).

Author contribution

The authors confirm contribution to the paper 
as follows: Study conception and design: VA, 
SÜ, ÖT, BT, ŞBF, FK; data collection: VA, ŞBF, 
FK; analysis and interpretation of results: ÖT, 
BT; draft manuscript preparation: VA, SÜ, ÖT. 
All authors reviewed the results and approved 
the final version of the manuscript.

Source of funding

The authors declare that the study is funded by 
Mersin University Scientific Research Projects 
Coordination Unit, project no: 2016-2-TP3-1892.

Conflict of interest

The authors declare that there is no conflict of 
interest.



Serum YKL-40 Levels in Pediatric Patients with SCD

The Turkish Journal of Pediatrics ▪ March-April  2025 193

Turk J Pediatr 2025; 67(2) : 186-194

REFERENCES

1. Hardouin G, Magrin E, Corsia A, Cavazzana 
M, Miccio A, Semeraro M. Sickle cell disease: 
from genetics to curative approaches. Annu Rev 
Genomics Hum Genet 2023; 24: 255-275. https://doi.
org/10.1146/annurev-genom-120122-081037

2. Karacaoglu PK, Asma S, Korur A, et al. East 
Mediterranean region sickle cell disease mortality 
trial: retrospective multicenter cohort analysis of 735 
patients. Ann Hematol 2016; 95: 993-1000. https://
doi.org/10.1007/s00277-016-2655-5

3. Elendu C, Amaechi DC, Alakwe-Ojimba CE, et al. 
Understanding sickle cell disease: causes, symptoms, 
and treatment options. Medicine (Baltimore) 
2023; 102: e35237. https://doi.org/10.1097/
MD.0000000000035237

4. Darbari DS, Sheehan VA, Ballas SK. The vaso-
occlusive pain crisis in sickle cell disease: definition, 
pathophysiology, and management. Eur J Haematol 
2020; 105: 237-246. https://doi.org/10.1111/ejh.13430

5. Papadimitriou CA, Travlou A, Kalos A, Douratsos 
D, Lali P. Study of platelet function in patients with 
sickle cell anemia during steady state and vaso-
occlusive crisis. Acta Haematol 1993; 89: 180-183. 
https://doi.org/10.1159/000204519

6. Zhou Z, Behymer M, Guchhait P. Role of extracellular 
hemoglobin in thrombosis and vascular occlusion in 
patients with sickle cell anemia. Anemia 2011; 2011: 
918916. https://doi.org/10.1155/2011/918916

7. Ugwu AO, Ibegbulam OG, Nwagha TU, Madu 
AJ, Ocheni S, Okpala I. Clinical and laboratory 
predictors of frequency of painful crises among 
sickle cell anaemia patients in Nigeria. J Clin Diagn 
Res 2017; 11: EC22-EC25. https://doi.org/10.7860/
JCDR/2017/26446.10042

8. Stankovic Stojanovic K, Steichen O, Lefevre G, et 
al. High lactate dehydrogenase levels at admission 
for painful vaso-occlusive crisis is associated with 
severe outcome in adult SCD patients. Clin Biochem 
2012; 45: 1578-1582. https://doi.org/10.1016/j.
clinbiochem.2012.07.114

9. Kato GJ, Steinberg MH, Gladwin MT. Intravascular 
hemolysis and the pathophysiology of sickle cell 
disease. J Clin Invest 2017; 127: 750-760. https://doi.
org/10.1172/JCI89741

10. Madigan C, Malik P. Pathophysiology and therapy 
for haemoglobinopathies. Part I: sickle cell disease. 
Expert Rev Mol Med 2006; 8: 1-23. https://doi.
org/10.1017/S1462399406010659

11. Krishnan S, Setty Y, Betal SG, et al. Increased levels 
of the inflammatory biomarker C-reactive protein 
at baseline are associated with childhood sickle cell 
vasocclusive crises. Br J Haematol 2010; 148: 797-804. 
https://doi.org/10.1111/j.1365-2141.2009.08013.x

12. Keikhaei B, Mohseni AR, Norouzirad R, et al. Altered 
levels of pro-inflammatory cytokines in sickle cell 
disease patients during vaso-occlusive crises and the 
steady state condition. Eur Cytokine Netw 2013; 24: 
45-52. https://doi.org/10.1684/ecn.2013.0328

13. Tizaoui K, Yang JW, Lee KH, et al. The role of YKL-
40 in the pathogenesis of autoimmune diseases: a 
comprehensive review. Int J Biol Sci 2022; 18: 3731-
3746. https://doi.org/10.7150/ijbs.67587

14. Qin R, Liao M, Qin W, et al. The diagnostic value 
of serum YKL-40 in endometrial cancer: a meta-
analysis. Biomarkers 2022; 27: 215-221. https://doi.
org/10.1080/1354750X.2021.2024603

15. Blazevic N, Rogic D, Pelajic S, et al. YKL-40 as a 
biomarker in various inflammatory diseases: a 
review. Biochem Med (Zagreb) 2024; 34: 010502. 
https://doi.org/10.11613/BM.2024.010502

16. Türkyılmaz K, Öner V, Kırbas A, et al. Serum 
YKL-40 levels as a novel marker of inflammation 
and endothelial dysfunction in patients with 
pseudoexfoliation syndrome. Eye (Lond) 2013; 27: 
854-859. https://doi.org/10.1038/eye.2013.92

17. Öztürk Tonguç M, Ünal S, Bobuşoğlu O, Polat G. 
The relationship between serum YKL 40 acute phase 
protein and salivary cytokine levels in children with 
sickle cell disease. 47th CED-IADR Congress, 2015, 
Antalya, Türkiye. Available at: http://acikerisim.sdu.
edu.tr/xmlui/handle/123456789/57467

18. Lee CG, Da Silva CA, Dela Cruz CS, et al. Role 
of chitin and chitinase/chitinase-like proteins 
in inflammation, tissue remodeling, and injury. 
Annu Rev Physiol 2011; 73: 479-501. https://doi.
org/10.1146/annurev-physiol-012110-142250

19. Kjaergaard AD, Johansen JS, Bojesen SE, 
Nordestgaard BG. Role of inflammatory marker 
YKL-40 in the diagnosis, prognosis and cause of 
cardiovascular and liver diseases. Crit Rev Clin Lab 
Sci 2016; 53: 396-408. https://doi.org/10.1080/1040836
3.2016.1190683

20. Zheng JL, Lu L, Hu J, et al. Genetic polymorphisms 
in chitinase 3-like 1 (CHI3L1) are associated with 
circulating YKL-40 levels, but not with angiographic 
coronary artery disease in a Chinese population. 
Cytokine 2011; 54: 51-55. https://doi.org/10.1016/j.
cyto.2010.12.018

https://doi.org/10.1146/annurev-genom-120122-081037
https://doi.org/10.1146/annurev-genom-120122-081037
https://doi.org/10.1007/s00277-016-2655-5
https://doi.org/10.1007/s00277-016-2655-5
https://doi.org/10.1097/MD.0000000000035237
https://doi.org/10.1097/MD.0000000000035237
https://doi.org/10.1111/ejh.13430
https://doi.org/10.1159/000204519
https://doi.org/10.1155/2011/918916
https://doi.org/10.7860/JCDR/2017/26446.10042
https://doi.org/10.7860/JCDR/2017/26446.10042
https://doi.org/10.1016/j.clinbiochem.2012.07.114
https://doi.org/10.1016/j.clinbiochem.2012.07.114
https://doi.org/10.1172/JCI89741
https://doi.org/10.1172/JCI89741
https://doi.org/10.1017/S1462399406010659
https://doi.org/10.1017/S1462399406010659
https://doi.org/10.1111/j.1365-2141.2009.08013.x
https://doi.org/10.1684/ecn.2013.0328
https://doi.org/10.7150/ijbs.67587
https://doi.org/10.1080/1354750X.2021.2024603
https://doi.org/10.1080/1354750X.2021.2024603
https://doi.org/10.11613/BM.2024.010502
https://doi.org/10.1038/eye.2013.92
http://acikerisim.sdu.edu.tr/xmlui/handle/123456789/57467
http://acikerisim.sdu.edu.tr/xmlui/handle/123456789/57467
https://doi.org/10.1146/annurev-physiol-012110-142250
https://doi.org/10.1146/annurev-physiol-012110-142250
https://doi.org/10.1080/10408363.2016.1190683
https://doi.org/10.1080/10408363.2016.1190683
https://doi.org/10.1016/j.cyto.2010.12.018
https://doi.org/10.1016/j.cyto.2010.12.018


Akbey V, et al Turk J Pediatr 2025; 67(2) : 186-194

The Turkish Journal of Pediatrics ▪ March-April  2025194

21. Fang C, Chen Z, Zhang J, et al. The value of 
serum YKL-40 and TNF-α in the diagnosis of 
acute st-segment elevation myocardial infarction. 
Cardiol Res Pract 2022; 2022: 4905954. https://doi.
org/10.1155/2022/4905954

22. Musumeci M, Caruso V, Medulla E, et al. Serum 
YKL-40 levels and chitotriosidase activity in patients 
with beta-thalassemia major. Dis Markers 2014; 
2014: 965971. https://doi.org/10.1155/2014/965971

23. Hadeed K, Hascoet S, Castex MP, Munzer C, Acar 
P, Dulac Y. Endothelial function and vascular 
properties in children with sickle cell disease. 
Echocardiography 2015; 32: 1285-1290. https://doi.
org/10.1111/echo.12851

24. Toledo SLO, Guedes JVM, Alpoim PN, Rios DRA, 
Pinheiro MB. Sickle cell disease: hemostatic and 
inflammatory changes, and their interrelation. 
Clin Chim Acta 2019; 493: 129-137. https://doi.
org/10.1016/j.cca.2019.02.026

25. Conran N, Belcher JD. Inflammation in sickle cell 
disease. Clin Hemorheol Microcirc 2018; 68: 263-299. 
https://doi.org/10.3233/CH-189012

26. Aboderin FI, Oduola T, Davison GM, Oguntibeju 
OO. A Review of the relationship between the 
immune response, inflammation, oxidative stress, 
and the pathogenesis of sickle cell anaemia. 
Biomedicines 2023; 11: 2413. https://doi.org/10.3390/
biomedicines11092413

27. Kalpatthi R, Novelli EM. Measuring success: utility 
of biomarkers in sickle cell disease clinical trials 
and care. Hematology Am Soc Hematol Educ 
Program 2018; 2018: 482-492. https://doi.org/10.1182/
asheducation-2018.1.482

28. Telen MJ. Biomarkers and recent advances in the 
management and therapy of sickle cell disease. 
F1000Res 2015; 4(F1000 Faculty Rev): 1050. https://
doi.org/10.12688/f1000research.6615.1

29. Knisely MR, Tanabe PJ, Walker JKL, Yang Q, Shah 
NR. Severe persistent pain and inflammatory 
biomarkers in sickle cell disease: an exploratory 
study. Biol Res Nurs 2022; 24: 24-30. https://doi.
org/10.1177/10998004211027220

30. White J, Callaghan MU, Gao X, et al. Longitudinal 
assessment of adhesion to vascular cell adhesion 
molecule-1 at steady state and during vaso-occlusive 
crises in sickle cell disease. Br J Haematol 2022; 196: 
1052-1058. https://doi.org/10.1111/bjh.17954

31. Şengül MT, Taşdelen B, Ünal S, Akbey V. A feasibility 
study of risk prediction modelling for vasoocclusive 
crisis in children with sickle cell disease. Turk J 
Pediatr 2022; 64: 312-321. https://doi.org/10.24953/
turkjped.2021.1644

32. Rees DC, Gibson JS. Biomarkers in sickle cell 
disease. Br J Haematol 2012; 156: 433-445. https://doi.
org/10.1111/j.1365-2141.2011.08961.x

33. Zahran AM, Nafady A, Saad K, et al. Effect of 
hydroxyurea treatment on the inflammatory markers 
among children with sickle cell disease. Clin Appl 
Thromb Hemost 2020; 26: 1076029619895111. https://
doi.org/10.1177/1076029619895111

34. Damanhouri GA, Jarullah J, Marouf S, Hindawi SI, 
Mushtaq G, Kamal MA. Clinical biomarkers in sickle 
cell disease. Saudi J Biol Sci 2015; 22: 24-31. https://
doi.org/10.1016/j.sjbs.2014.09.005

35. Borhade MB, Patel P, Kondamudi NP. Sickle cell 
crisis. In: StatPearls. Treasure Island (FL): StatPearls 
Publishing; 2024. Available at: http://www.ncbi.nlm.
nih.gov/books/nbk526064/

36. Mendonça Belmont TFD, do Ó KP, Soares da Silva A, 
et al. Single nucleotide polymorphisms at +191 and 
+292 of Galectin-3 Gene (LGALS3) related to lower 
GAL-3 serum levels are associated with frequent 
respiratory tract infection and vaso-occlusive crisis 
in children with sickle cell anemia. PLoS One 
2016; 11: e0162297. https://doi.org/10.1371/journal.
pone.0162297

37. Jang T, Poplawska M, Cimpeanu E, Mo G, Dutta D, 
Lim SH. Vaso-occlusive crisis in sickle cell disease: a 
vicious cycle of secondary events. J Transl Med 2021; 
19: 397. https://doi.org/10.1186/s12967-021-03074-z

https://doi.org/10.1155/2022/4905954
https://doi.org/10.1155/2022/4905954
https://doi.org/10.1155/2014/965971
https://doi.org/10.1111/echo.12851
https://doi.org/10.1111/echo.12851
https://doi.org/10.1016/j.cca.2019.02.026
https://doi.org/10.1016/j.cca.2019.02.026
https://doi.org/10.3233/CH-189012
https://doi.org/10.3390/biomedicines11092413
https://doi.org/10.3390/biomedicines11092413
https://doi.org/10.1182/asheducation-2018.1.482
https://doi.org/10.1182/asheducation-2018.1.482
https://doi.org/10.12688/f1000research.6615.1
https://doi.org/10.12688/f1000research.6615.1
https://doi.org/10.1177/10998004211027220
https://doi.org/10.1177/10998004211027220
https://doi.org/10.1111/bjh.17954
https://doi.org/10.24953/turkjped.2021.1644
https://doi.org/10.24953/turkjped.2021.1644
https://doi.org/10.1111/j.1365-2141.2011.08961.x
https://doi.org/10.1111/j.1365-2141.2011.08961.x
https://doi.org/10.1177/1076029619895111
https://doi.org/10.1177/1076029619895111
https://doi.org/10.1016/j.sjbs.2014.09.005
https://doi.org/10.1016/j.sjbs.2014.09.005
http://www.ncbi.nlm.nih.gov/books/nbk526064/
http://www.ncbi.nlm.nih.gov/books/nbk526064/
https://doi.org/10.1371/journal.pone.0162297
https://doi.org/10.1371/journal.pone.0162297
https://doi.org/10.1186/s12967-021-03074-z

	Increased serum YKL-40 levels in children with sickle cell disease
	Materials and Methods
	Results
	Discussion
	Ethical approval
	Author contribution
	Source of funding
	Conflict of interest
	REFERENCES

