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Traumatic brain injury (TBI) is one of the leading causes of non-natural death in younger adults. High
levels of YKL-40 are discussed to serve as a biomarker in acute and chronic inflammatory diseases. The
aim of our study was to examine the expression and dynamics of YKL-40 secretion in TBI patients.
Cerebrospinal fluid (CSF) and plasma samples were collected from nineteen patients with TBI – on the
24th and 96th hour after injury. ELISA and immunocytochemical methods were performed.
We determined that the CSF levels of YKL-40 were significantly lower compared to plasma
concentrations on the 24th and 96th hour. No significant change between CSF levels of YKL-40 on the
24th h after TBI compared to the control group was found. The presence of YKL-40 protein in the
cytoplasm of polymorphonuclear leukocytes was detected as a strong diffuse reaction. We suggest that
YKL-40 levels reflect the inflammatory process and could provide new information about its dynamics
in patients with TBI.
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Introduction
Traumatic brain injury (TBI) is a global health problem, characterized by high frequency
of occurrence, high mortality rate, severe and long lasting disability in patients who
have survived [12]. There is a lack of accurate and standardized panel of biomarkers for
assessment of progression and disease outcome. Severety of TBI is defined by clinical
prognostic models. Brain damage following head injury may occur as a direct physical
effect at the moment of action of the traumatic agent (skull fractures, hematoma, cerebral
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contusion). It is referred to primary brain injury and leads to deformation and damage of
brain tissue due to exceeding its structural tolerance [19].
Complications after the trauma are defined as a secondary brain damage. They
happen within hours to days and are performed as brain-barrier alteration, oxidative
stress [5], exocytotoxicity [13], mitochondrial dysfunction [14]. Inflammation is also an
accompanying process [10]. The inflammatory process is mediated by the activation of
cells (astrocytes, glial cells, macrophages and lymphocytes) and production of pro- and
anti-inflammatory cytokines and chemokines [1].
YKL-40, also known as CHI3L1, is an extracellular glycoprotein with a molecular
weight of 40 kDa. It is a member of the glycosyl hydrolase family 18 and has no
enzymatic activity [4]. Protein expression was detected in neutrophils, activated ma
crophages, T cells, chondrocytes, synovial cells, endothelial cells, stelate liver cells,
activated astrocytes, oligodendrocytes [16]. There is evidence that YKL-40 is involved
in the immune response by inhibiting oxidant injury, apoptosis and pyroptosis [7]. It
was proved that YKL-40 was associated with T cell activation and proliferation [9].
Participation in neoangiogenesis, tissue remodeling, fibrosis, cell migration and proli
feration was reported [11].
However, the particular mechanism of YKL-40 function remains unclear. Elevated
YKL-40 in acute and chronic inflammatory diseases was determined [6, 8, 18]. There
are few investigations focused on YKL-40 levels in TBI pathology which suggested
that the protein expression correlated to the local neuroinflammation [3].
The aim of our study was to examine the expression and dynamics of YKL-40
production in TBI patients.

Material and Methods
Cerebrospinal fluid (CSF) and plasma samples were collected from nineteen patients
with TBI – on the 24th and 96th hour after the trauma. The age distribution of the patients
assessed as mean ± standard deviation was 50 ± 15 years. Seventeen of the patients were
males and two were females. CSF samples were isolated also from forensic autopsies of
15 adult cadavers (healthy individuals before death) and served as an age-matched (63 ±
18 years) and gender-matched (13 males and 2 females) control group. Concentrations
of YKL-40 in biological fluids were analyzed by ELISA using MicroVue™YKL-40 kit
(QUIDEL, Cat. №8020) according to manufacturer’s instructions.
Immunocytochemical staining of YKL-40 in lumbar punctuate was performed by
the indirect immunoperoxidase method. The avidin-biotin system was applied (Vectas
tainElite ABC Kit, Vector Laboratories, Burlingname,CA). The sections were incubated
at 37 °C for 1 h with primary goat anti-human chitinase 3-like antibody (YKL-40) (R&D
Systems, Minneapolis, MN) and anti-goat IgG secondary antibody. The final detection
was performed by freshly prepared DAB as a chromogen. Nuclei were counterstained
with haemotoxylin. A morphological analysis was performed by standard hematoxylin
and eosin (H&E) staining.
The cytopathological examination was verified by two independent observers. The
study was approved by the University Ethics Committee (Protocol№3/31.05.2018).
Informed consent was signed by all examined individuals according to the Helsinki
Declaration.
Statistical analysis. The Wilcoxon signed rank test was used to compare the concen
trations of YKL-40 in plasma and CSF on the 24th and 96th hour after TBI. The levels
of YKL-40 in the group of patients were compared with the ones in the control group
by the Mann-Whitney test. Boxplot diagrams were used for graphical visualization of
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YKL-40 concentrations - the criteria 1.5 of the interquartile range have been accepted
to distinguish outliers. The significance level was set at 5%.

Results and Discussion
Inflammatory processes after TBI induce time-dependent cascades of acute phase
response [15]. Proteins secreted into the systemic circulation and CSF are able to reflect
the severity of the inflammation and the disease course [1]. We found no significant
change between CSF levels of YKL-40 on the 24th h after TBI compared to the control
group (mean ± standard deviation: 269±165 vs 153±51 ng/ml) (Fig.1). However, the
interquartile range (25–75 percentiles) of YKL-40 concentrations for the control group
was much narrower than the one of TBI patients (Fig. 1). Our results are in accordance
with earlier investigations [3] suggesting that the level of the glycoprotein illustrates the
inflammatory process.
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Fig. 1. YKL-40 concentrations in CSF of TBI patients and the control group.

We showed that CSF levels of YKL-40 were significantly lower compared to
plasma concentrations on the 24th (p=0,027) and 96th hour (p=0,044) (Fig. 2). A recent
study revealed increased CSF concentrations of YKL-40 in athletes with postconcussion
syndrome due to repetitive concussive TBI. YKL-40 concentration correlated with
lifetime concussion events. The authors claimed that head trauma was associated with
biomarker evidence of astroglial activation but they did not report plasma YKL-40
values [17].
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Fig. 2. Time-dependent differences of YKL-40 concentrations in CSF and
plasma in TBI patients; the distributions of the differences CSFconcentration
– Plasmaconcentration calculated for each individual patient are visualized,
ng/ml

Another clinical study following neuroinflammation and CSF YKL-40 levels in
Huntington’s disease showed that the concentration of the protein was not suitable as
an early marker in this pathology but might have a possible role as a marker for glia
activation [20].
Monocytes, phagocytes and polymorphonuclear cells were observed by morpho
logical examination (Fig. 3 A, B). The results are in accordance with the findings of
other researchers in CSF cytology who reported that lymphocytes and macrophages/
monocytes were the cells frequently seen in nonspecific reactive conditions [2].
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B

Fig. 3. Cytology of CSF in TBI patients (hematoxylin and eosin staining).
Monocytes, phagocytes and polymorphonuclear (PN) cells are observed (3A, B). (magn × 630).
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The immunocytochemical exami
nation determined the presence of the
YKL-40 protein in the cytoplasm of
polymorphonuclear leukocytes. A strong
diffuse staining was recorded (Fig. 4).
Another study suggested that
YKL-40 expression at the perimeter
of contusions might be an important
feature of the astrocytic response to
modulate neuroinflammation[21].
Therefore, CSF and plasma YKL-40
measurements are useful tools to analyze
the course of inflammation and the time
of lethal outcome in TBI. Higher plasma
concentrations of the glycoprotein seem
to be a part of the acute phase response
as an immediate reaction after injury.
The biomarker value and its dependency
on trauma survival times are in prospect
examination.

Fig. 4. Immunocytochemical expression of YKL-40 in
a smear of CSF (indirect immunoperoxidase reaction).
A strong diffuse cytoplasmic expression with perinu
clear accentuation in two polymorphonuclear (PN)
cells is observed (magn × 630).

Conclusion
Our study is the first to show time-dependent change of YKL-40 levels in TBI. We
assume that plasma and CSF YKL-40 levels reflect the inflammatory process and would
provide new information about its dynamics in TBI patients.
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