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Plasma levels of YKL-40 as a prognostic factor
in childhood acute lymphoblastic leukemia
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Abstract. YKL-40, also known as chitinase-3-like protein 1
(CHI3L1),is an inflammatory glycoprotein secreted by different
types of cells, such as inflammatory cells. The levels of this
protein are elevated in the serum or plasma of patients with
different types of cancer, and high concentrations are associ-
ated with poor prognosis and short survival in patients with
liver, breast, lung, bladder and endometrial cancers. In Mexico,
acute lymphoblastic leukemia (ALL) is the most common type
of cancer affecting the pediatric population. The prognosis of
patients with ALL is difficult to establish. Hence, the objec-
tive of the present study was to analyze the plasma levels of
YKL-40 in Mexican children with ALL and investigate its role
as a prognostic factor. A case-control study was performed in
a population of 90 children aged 1-18 years, among whom 45
had ALL and 45 were hematologically healthy. The levels of
YKL-40 in plasma samples were measured using ELISA and
were found to be significantly higher in children with ALL
compared with those in controls (P<0.0001). Children with
ALL who had high plasma levels of YKL-40 (=36.34 ng/ml)
had shorter survival compared with those with low levels
(<36.34 ng/ml; P<0.05). The findings of the present study
revealed that the YKL-40 plasma level, age/initial leukocyte
count and central nervous system invasion were associated with
the prognosis of children with ALL [odds ratio (OR)=6.06,
95% confidence interval (CI): 1.1-31.6, P=0.03; OR=8.53, 95%
CI: 1.2-58.2,P=0.03; and OR=6.45,95% CI: 1.01-41.2, P=0.04,
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respectively]. Therefore, YKL-40 plasma levels may serve as a
prognostic biomarker in pediatric patients with ALL.

Introduction

Childhood cancer is a major public health challenge in
Mexico, with >5,000 new cases diagnosed annually, and is
the second leading cause of mortality among children aged
5-14 years (1,2). In the Mexican state of Guerrero, acute
lymphoblastic leukemia (ALL) is the most common malig-
nancy in children (1,3). The prognosis of patients with ALL
may be partially predicted based on certain clinical char-
acteristics, such as age, karyotype, cytogenetic alterations,
immunophenotype, sex and initial leukocyte count (4,5).
Hence, it is important to identify novel and more reliable
prognostic biomarkers for leukemia. YKL-40, also known as
chitinase-3-like protein 1 (CHI3L1), is a secreted inflamma-
tory glycoprotein produced by different types of cells, such as
inflammatory cells (neutrophils and macrophages), stem cells,
vascular smooth muscle cells and chondrocytes (6). YKL-40
is involved in different cellular processes, such as cancer cell
proliferation, survival and invasiveness, peritumoral inflam-
mation, angiogenesis and remodeling of the extracellular
matrix (7). High serum or plasma levels of YKL-40 have been
detected in patients with various types of cancer. This upregu-
lation has been linked to shorter progression-free and overall
survival times in patients with glioma, melanoma, pancreatic,
lung and breast cancer (8-12).

YKL-40 has also been found to be elevated in the serum
or plasma of patients with non-cancerous diseases that
are characterized by inflammation, tissue remodeling and
fibrosis (13), including rheumatic diseases (14) and lung
diseases, such as asthma (15) and chronic obstructive pulmonary
disease (16).In cardiovascular diseases, YKL-40 has been shown
to be expressed by macrophages in atherosclerotic plaques (17).
In patients with diabetes, elevated levels of YKL-40 have been
associated with insulin resistance (18).

A previous study revealed that high serum levels of YKL-40
in adult patients with acute myeloblastic leukemia (AML) led to
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shorter survival times, and that the serum level of this protein
was an independent predictor of survival in patients with
AML (19). In another study in adult patients with leukemia,
the YKL-40 plasma levels were found to differ significantly
between leukemia patients and healthy individuals (20).

Therefore, YKL-40 protein has been attracting a notable
amount of attention as a biomarker of poor prognosis in
patients with cancer (7,13). However, the role of YKL-40 as
prognostic biomarker in childhood ALL has not been explored
to date. Therefore, the present study was undertaken to analyze
the plasma levels of YKL-40 in Mexican children with ALL
and investigate its role as a prognostic factor.

Materials and methods

Study population. A case-control study in a population of
children aged 1-18 years was performed. The patients were
treated at the Pediatric Oncology Clinic of the State Cancer
Institute ‘Dr. Arturo Beltran Ortega’ in Acapulco, México,
between July 2016 and September 2018. The study involved
45 children who had not received treatment and who were
recently diagnosed with ALL according to the morphological
findings of bone marrow aspirate and the criteria reported by
Organista et al in 2015 (21).

At the time of admission of each patient, a physical exami-
nation was performed to determine their general health status.
In addition, genetic and biochemical tests were performed, as
well as imaging tests, such as ultrasound, nuclear magnetic
resonance or computed axial tomography, in order to assess
the involvement of other organs. Furthermore, all patients
included in the study underwent a procalcitonin test, as well
as blood and urine cultures to rule out secondary infections.
This was taken into account, in order to rule out the possible
effects of inflammation on YKL-40 levels.

Overall survival was determined as the time between the
date of study registration and the date of death from any cause or
the date of the last contact (21,22). Survival data were obtained
by reviewing the clinical records. Risk classification in children
with ALL was as follows: i) Low-risk, children aged 1-10 years
with a leukocyte count <50,000/mm?; and ii) high-risk, children
aged <1 and >10 years with a leukocyte count >50,000/mm?.

Patients with ALL were divided into groups with low
and high expression of YKL-40. The median expression of
YKL-40 (36.34 ng/ml) was used as the cut-off point to divide
the 45 patients with ALL into these two groups. Those who
expressed YKL-40 at levels <36.34 ng/ml were assigned to the
downregulation group (n=20), and those with expression levels
>36.34 ng/ml were assigned to the upregulation group (n=25).

Patients were treated with VDCPM (vincristine, dauno-
rubicin, cyclophosphamide, prednisone and intrathecal
methotrexate) or VDLPM (vincristine, daunorubicin, aspara-
ginase, prednisone and intrathecal methotrexate) regimens
according to the protocol reported by Organista et al (21).
Following the aforementioned treatment schemes and a
follow-up of ~36 months, 64.5% of children with ALL survived
and 35.5% succumbed to the disease.

The control group comprised 45 hematologically healthy
children aged 1-18 years, who visited the Health Center
‘Dr. Ramoén Carreto Leyva’ in Chilpancingo, México, for
reasons such as vaccination, weight and height monitoring, and

medical consultation. Blood count measurements confirmed
normal leukocyte count (4.5-11.0x10>/mm?).

Peripheral blood samples (5 ml) were collected from both
study groups. The parents or guardians of all the subjects
signed informed consent forms; the original study protocol was
approved by the Ethics Committee of the State Cancer Institute
of the State of Guerrero. All procedures followed were in accor-
dance with the ethical standards of the responsible committees
on human experimentation (institutional and national) and with
the principles outlined in the Helsinki Declaration.

The blood samples used in both study groups were
obtained through venous puncture and were collected in
tubes with EDTA as the anticoagulant (BD Vacutainer™;
Becton-Dickinson and Company). Plasma was separated from
each sample by centrifugation at 1,200 x g for 10 min at 4°C
and stored at -70°C until use.

Determination of YKL-40 plasma levels by ELISA. YKL-40
plasma levels were measured using ELISA (Human CHI3L1
ELISA Kit, cat. no. DC3L10; R&D Systems, Inc.), according to
the manufacturer's instructions. Plasma samples were diluted
1:10 [90 pl assay diluent RD5SP (1:5) + 10 ul of plasma]. The
optical density of each well was determined using a microplate
reader (MultiSkan Go; Thermo Fisher Scientific, Inc.) at a
wavelength of 450 nm. The sensitivity of the ELISA technique
was 3.55 pg/ml. All samples were measured in duplicate.

Statistical analysis. Statistical analysis was performed
using SPSS version 25.0 (IBM Corp.) and GraphPad Prism
version 5.0 (GraphPad Software, Inc.). The Mann-Whitney
U-test was used to identify significant differences between
study populations. Kaplan-Meier curves were constructed to
analyze the effect of YKL-40 plasma levels on the survival of
patients with ALL, and the differences were compared using
log-rank tests. A univariate logistic regression model was also
used to identify factors associated with survival in children
with ALL, adjusted for sex, presence of cytogenetic alterations
such as translocations, risk by age and initial leukocyte count,
invasion of the central nervous system (CNS) and YKL-40
plasma levels. Those associated factors were included in a
second multivariate logistic regression model. P<0.05 was
considered to indicate statistically significant differences.

Results

General characteristics of the study population. Overall,
45 plasma samples from children with ALL as well as 45
control samples from healthy children were collected. The
characteristics of the included subjects are summarized
in Table I.

YKL-40 plasma levels in children with ALL. The median
YKL-40 plasma level in children with ALL was 59.7 ng/ml,
which was significantly higher compared with that in children
without ALL (22.5 ng/ml; P<0.0001; Fig. 1A).

Clinical characteristics of children with ALL and identifi-
cation of prognostic factors. The pathological parameters
associated with survival in children with ALL in the present
study were as follows: Age, sex, initial leukocyte count,
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Table I. General characteristics and clinical data of children with and without ALL.

Variables

Children with ALL (n=45)

Children without ALL (n=45)

Age, years (mean = SD)
Leukocyte count, /mm®
Sex, n (%)

Male

Female

Patient status, n (%)
Alive
Deceased
ALL type, n (%)
Type B
Type T
Translocation, n (%)
t(1;19)
t(9;22)
TAL1
t(10;11)
t(12;21)
None
Risk according to age, n (%)
Low (1-10 years)
High (<1 and >10 years)
Risk according to leukocyte count at diagnosis, n (%)
Low (<50,000/mm?)
High (=50,000/mm?)
CNS invasion, n (%)
Yes
No

24400 (11,950-63,925)*

8.7+4.9 9.5+40

6,650 (5,700-8,325)*

24 (53.3)
21 (46.7)

21 (46.7)
24 (53.3)

29 (64.4) 45 (100.0)
16 (35.6) ]

42 (93.0) -
3(7.0) -

10 (24.0)
2 (4.0) -
5(11.0) -
1(3.0) -
1(3.0) -
1(3.0)

35 (76.0)

24 (53.3) .
21 (46.7) -

30 (66.7) ]
15 (33.3) )

14 (31.1)
31(68.9)

“Median (25-75th percentile). ALL, acute lymphoblastic leukemia; CNS, central nervous system.

cytogenetic abnormalities, such as translocations, and invasion
of the CNS by leukemic cells.

Univariate and multivariate logistic regression analyses
were performed to determine which of the parameters, such
as age, sex, presence of translocations, initial leukocyte count
and CNS invasion, in addition to YKL-40 plasma levels, were
associated with the survival of children with ALL (Table II).
Univariate and multivariate regression analyses in this study
revealed that sex and the presence of translocations were not
associated with survival in children with ALL. By contrast,
age, initial leukocyte count, CNS invasion and YKL-40 plasma
levels were found to be associated with survival in children with
ALL. High-risk children with ALL were 8.53 times more likely
to succumb to the disease compared with their low-risk counter-
parts [95% confidence interval (CI): 1.2-58.2; P=0.03]. Children
with ALL with CNS invasion had a 6.45-fold higher risk of
death compared with those without CNS invasion (95% CI:
1.01-41.2; P=0.04). Children with ALL who had high levels of
YKL-40 (=36.34 ng/ml) had a 6.06-fold higher risk of death
compared with those with low levels (<36.34 ng/ml; 95% CI:
1.1-31.6; P=0.03). Low-risk children with ALL with high plasma

levels of YKL-40 (>36.34 ng/ml) may develop an infection with
associated inflammation, which is a characteristic sign of ALL,
leading to an increase in the plasma levels of YKL-40 (Table II).

Association of YKL-40plasma levels with survival in children
with ALL. Measurement of YKL-40 plasma levels revealed
that the median YKL-40 level was significantly higher in
children who had succumbed to the disease during the study
(55.1 ng/ml) compared with that in children who remained
alive (31.53 ng/ml; P<0.05). YKL-40 is a protein the levels
of which increase in the presence of inflammation, and it is
considered as an independent marker of inflammation (8,18).
Patients who remained alive and exhibited high levels of
YKL-40 likely had a prominent inflammatory response,
which led to the increase of the YKL-40 levels(Fig. 1B).
Children with ALL were followed up for ~36 months;
during this period, 16 (35.5%) succumbed to the disease and
29 (64.5%) remained alive. The follow-up was complete for
all the patients. Kaplan-Meier analysis revealed a positive
association between overall survival and the plasma levels
of YKL-40. As shown in Fig. 2A, children with ALL who
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Figure 1. YKL-40 plasma levels in the study population. (A) YKL-40 plasma
levels in children with and those without ALL. Absolute value plot showing
YKL-40 plasma levels (ng/ml) in children without ALL (n=45) and children
with ALL (n=45). The horizontal solid lines represent the median values.
YKL-40 plasma levels in children with ALL were significantly higher
(median, 59.7 ng/ml) compared with those in children without ALL (median,
22.5 ng/ml); P<0.0001 (Mann-Whitney U test). (B) YKL-40 plasma levels
in alive and deceased children with ALL. Absolute value plot showing
plasma YKL-40 values (ng/ml) in children with ALL who remained alive
(n=29, 64.4%) and those who succumbed to the disease (n=16, 35.6%). The
horizontal solid lines represent the median values. YKL-40 plasma levels in
deceased children with ALL (median, 55.1 ng/ml) were significantly higher
compared with those in surviving children with ALL (median, 31.53 ng/ml);
P<0.01 (Mann-Whitney U test). ALL, acute lymphoblastic leukemia.

had high YKL-40 plasma levels (=36.34 ng/ml) had shorter
survival times compared with those with low YKL-40 plasma
levels (<36.34 ng/ml; log-rank P=0.008). The cut-off value of
36.34 ng/ml was based on the median value obtained from the
YKL-40 plasma levels in children with ALL in the present
study. Kaplan-Meier analysis was performed with variables of
poor prognosis in ALL, such as age, sex, presence of transloca-
tions, initial leukocyte count and CNS invasion. Kaplan-Meier
analysis revealed a positive association of overall survival with
age and CNS invasion. As shown in Fig. 2C, Kaplan-Meier
analysis was performed in children with ALL grouped by age
(low-risk, children aged 1-10 years; and high-risk, children aged
<1 and >10 years), and it was observed that children with ALL
aged <1 and >10 years exhibited a shorter survival compared
with those aged 1-10 years (log-rank P=0.001). As shown
in Fig. 2D, children with ALL with CNS invasion had a shorter
survival compared with those without CNS invasion (log-rank
P=0.032). Sex, presence or absence of translocations and initial
leukocyte count were not associated with the overall survival
of children with ALL in the present study (Fig. 2B, E and F).

Discussion

Ongoing research is aimed at identifying novel biomarkers
that may help determine the prognosis of patients with ALL.
Several studies to date have demonstrated that YKL-40 may
serve as a prognostic biomarker in patients with different
types of malignancies, including lung cancer, breast cancer,
cholangiosarcoma and glioma (23-27). YKL-40 levels were
previously evaluated in tissue samples from healthy individuals
using immunohistochemistry, where the YKL-40 staining
intensity was higher in tissues that exhibited high metabolic
activity compared with those with low activity (28).

In the present study, the plasma levels of YKL-40 were
analyzed in 45 children with ALL who were aged 1-18 years.
The pathological parameters associated with survival in children
with ALL are as follows: i) Age: Patients aged <1 and >10 years
are considered as high-risk and may have an unfavorable prog-
nosis; ii) sex: Female patients have a better prognosis compared
with male patients, primarily due to the appearance of testicular
infiltrates that lead to a higher risk of relapse (4,5); iii) initial
leukocyte count: An initial leukocyte count of 50,000/mm?
is the cut-off value that determines favorable or dismal prog-
nosis; patients with a count greater than this cut-off value are
considered as high-risk (4); iv) cytogenetic abnormalities, such
as translocations: The presence of t(12;21) is associated with a
good prognosis, while t(9;22) and t(1;19) are considered to be
associated with poor prognosis, since patients who harbor these
cytogenic abnormalities have a lower rate of resolution of the
disease (4,29); and v) invasion of the CNS by leukemic cells,
which is also considered as a poor prognostic factor (30).

The statistical analyses suggested that high plasma levels
of YKL-40 are associated with shorter survival, as well as
with poor prognostic factors, such as age, leukocyte count at
the time of diagnosis and CNS invasion, whereas they were
not associated with other prognostic factors, such as the pres-
ence of translocations and sex. Our statistical analysis also
suggested that, in addition to the association of high plasma
YKL-40 levels with survival, other variables, such as age
and CNS invasion, were also associated with the survival of
children with ALL in this study.

The present study demonstrated that YKL-40 plasma
levels were elevated in children with ALL, which was also
consistent with other studies that found high serum or plasma
levels of YKL-40 in different types of solid cancers, and
were associated with shorter survival durations in patients
with cholangiosarcoma, breast, lung, bladder and endometrial
cancer (23-27). It has also been reported that high levels of
YKL-40 may be associated with poor prognostic factors; for
example, high levels of YKL-40 in patients with breast cancer
were associated with higher tumor-node-metastasis stage (23).
High serum levels of YKL-40 were associated with more
advanced disease stage in small cell lung cancer (25) and
International Federation of Gynecology and Obstetrics stage
of endometrial cancer (26).

YKL-40 has been shown to increase tumor growth, meta-
static potential and angiogenesis (31,32). At the cellular level,
YKL-40 protein expression is high in fetal and embryonic
tissues, which are characterized by morphogenetic changes and
marked cell proliferation and differentiation (6). No specific cell
surface or soluble receptor for this protein has been identified
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Figure 2. Kaplan-Meier curves for the effect of YKL-40 plasma levels and prognostic factors on overall survival time. (A) Kaplan-Meier curve for the effect of
YKL-40 plasma levels on overall survival. Overall survival was significantly shorter for children with high YKL-40 plasma levels (=36.34 ng/ml) compared
with that for children with low YKL-40 plasma levels (<36.34 ng/ml; P=0.008). (B) Kaplan-Meier curve for the effect of sex on overall survival of children
with ALL. The variable of sex was not associated with overall survival in children with ALL (P=0.859). (C) Kaplan-Meier curve for the effect of age on overall
survival in children with ALL. Overall survival was significantly shorter for children with ALL aged <1 and >10 years (high-risk group) compared with that for
children aged 1-10 years (low-risk group; P=0.001). (D) Kaplan-Meier curve for the effect of CNS invasion on overall survival in children with ALL. Overall
survival was significantly shorter for children with CNS invasion compared with that for children without CNS invasion (P=0.032). (E) Kaplan-Meier curve
for the effect of translocations on overall survival. The presence of translocations was not associated with overall survival in children with ALL (P=0.279).
(F) Kaplan-Meier curve for the effect of initial leukocyte count on overall survival in children with ALL. Initial leukocyte count was not associated with
overall survival time in children with ALL (P=0.901). ALL, acute lymphoblastic leukemia; CNS, central nervous system.

to date. The growth of fibroblasts derived from osteoarthritic
synovial fluid, fetal lungs and adult skin after stimulation with
YKL-40is similar to that when stimulated by insulin-like growth
factor 1 (32). The expression of YKL-40 was found in a variety
of tumors and cell lines derived from different types of tumors,
such as those of the bone, brain, breast and lung (33). YKL-40
may play a role in the regulation of the Ras/mitogen-activated
protein kinase (MAPK) pathway, which is one of the most

extensively investigated signal transduction pathways related to
mitogenesis and the conduction of anti-apoptotic and mitogenic
signals. YKL-40 has also been linked to MAPK and phos-
phoinositide 3-kinase (PI-3K) signaling cascade in fibroblasts,
which leads to the phosphorylation of extracellular signal-regu-
lated kinase-1/2 and Akt-mediated signaling cascades that are
associated with mitogenesis and cell survival. Dysregulated
activation of these signaling pathways leads to proliferative and
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antiapoptotic responses that are implicated in the development
of different types of cancer (34). YKL-40 can therefore play
a direct or indirect role in the development of leukemia, as it
has been reported that activation of the PI-3K/Akt pathway is
associated with poor prognosis and drug resistance in pediatric
patients with ALL. Inhibition of the PI-3K/Akt pathway leads
to a decrease in cell proliferation in chronic lymphoblastic
leukemia and AML (35,36). High expression of YKL-40 in
patients with leukemia may promote disease progression (20). It
has been suggested that serum or plasma levels of YKL-40 may
reflect certain aspects of tumor growth and cell proliferation
and may be used as a biomarker for monitoring cancer patients
during and after treatment (13).

The results of the present study are consistent with those
published in 2013 by Hurmale et al (20), where they analyzed
the plasma levels of YKL-40 in adult patients with leukemia,
and observed that the plasma levels of YKL-40 were elevated
in patients with leukemia compared with those in healthy
individuals. However, in that study, the mean YKL-40 plasma
levels in patients with leukemia was 168 ng/ml, which was quite
different from that obtained in the present study, which was
59.7 ng/ml. This may be due to the age of the patients included
in our study (mean age, 8.7+4.9 years). YKL-40 levels increase
with age and may be associated with lifestyle changes (37-39).
YKL-40 plasma levels in both sexes are highly correlated
with age, which is therefore an important factor to consider
when conducting clinical studies on the role of YKL-40 in the
prognosis of patients with cancer (40).

Several limitations are important to consider in the present
study. This study had a small sample size, which was not
sufficient for validation of the plasma levels of YKL-40 as a
prognostic biomarker. It is necessary to increase the number
of samples and investigate the specific role of YKL-40 in
hematological malignancies. It was herein demonstrated that
high plasma levels of YKL-40 are associated with poor prog-
nosis in children with ALL. Therefore, YKL-40 may be a new
useful biomarker for actual risk classification in the prognosis
of patients with ALL, in Mexico as well as globally.

The findings of the present study provide evidence that high
plasma YKL-40 levels, age and CNS invasion are associated
with shortened survival in children with ALL. High plasma
YKL-40 levels were also found to be correlated with poor
prognostic factors, such as age, CNS invasion and high initial
leukocyte count. To the best of our knowledge, this is the first
study to elucidate the role of YKL-40 plasma levels in the prog-
nosis of children with ALL; however, additional studies with
larger cohorts are required to verify the role of YKL-40 in this
type of cancer. Elevated YKL-40 protein levels may serve as a
marker of poor prognosis and shorter survival in children with
this hematological malignancy. However, our data may generate
novel hypotheses regarding the effect of YKL-40 levels on the
survival of patients with ALL, which will have to be confirmed
in independent studies. In addition, in vitro studies are neces-
sary to further elucidate the role of YKL-40 in ALL.
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