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Background and Objectives: The aim of the present study is to determine plasma and cerebrospinal levels of YKL-40, in combination with
neuron-specific enolase (NSE), interleukin (IL)-6, tumor necrosis factor (TNF)-c, and the clinical scales such as Glasgow Coma Scale, Acute
Physiology and Chronic Health Evaluation a III, and MARSHALL classification in traumatic brain injury (TBI). Materials and Methods:
This was a prospective study conducted on patient cohort of 27 patients with isolated severe TBI. Cerebrospinal fluid (CSF) and plasma were
collected on the 24" and 96" h after trauma. CSF samples were obtained also from forensic autopsies of 29 adult healthy cadavers. Results:
The CSF level of YKL-40 in TBI patients was higher compared to controls, while no significant change between CSF NSE levels in patients
and controls was found. We determined a strong correlation between YKL-40 and NSE levels and TBI clinical assessment scores. The analysis
of the influence of independent prognostic factors on the outcome of TBI patients showed that plasma NSE concentrations are the major
independent variable which is associated with the survival of TBI patients. Still, changes in IL-6 and TNF-o. levels could not be considered
as reliable predictors of mortality. Conclusion: We present data for correlation of YKL-40 and NSE levels with clinical scores for assessment
of trauma severity and the outcome of TBI patients. Even though further large-scale investigations are required to clarify and evaluate the
clinical significance of both biomarkers, our findings suggest that YKL-40 and NSE might be implicated in the pathogenesis of TBI and could
indicate the degree of neuroinflammation and brain damage.
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provoke the development of secondary processes such as
inflammation and neuronal degeneration that influence the
clinical outcome.

Better monitoring, injury classification, and outcome prediction
are needed to optimize and guide the treatment and to prevent
deterioration. Patient’s prognosis is based on diagnosis and
therapeutic decisions.[*! Nowadays, clinical models and
computed tomography are applied for stratifying the degree and
extent of brain damage, but they have limited predictive value
for inflammatory processes and secondary pathologies.! The
most common scoring systems for head injury are the Glasgow
Coma Scale (GCS), Marshall-computed tomography (CT), and
Acute Physiology and Chronic Health Evaluation (APACHE)
III. They are routinely used, easy to perform, and readily
available, but the debate on how considerable is the difference
between their predictive value remains still open.[®

Biomarkers have the advantage of being more indicative of
brain injury than microdialysis and oxygen saturation, which
only detect changes in a limited cerebral region. A number
of biomarkers have been reported to serve as diagnostic or
prognostic markers in TBI, but none of them is considered
valuable enough to be implemented into clinical practice yet.”

Neuron-specific enolase (NSE) is one of the most studied
potential biomarkers. NSE is an enzyme involved in glycolysis
in both neuronal cells and erythrocytes. Increased serum
levels are correlated to the unfavorable outcome and clinical
complications in brain damage.®™ Despite these data, the lower
sensitivity and specificity determine the recent role of NSE
only as a possible screening tool.)

YKL-40 is another intensively investigated marker thought
to be associated with inflammation and poor prognosis in
tumor diseases.['!1?1 The YKL-40 protein (coded by the
CHI3 L1 gene) is one of 18 glycosyl hydrolases which make
up the mammalian chitinase family. YKL-40 is reported to
participate in a variety of processes related to proliferation,
angiogenesis, tissue remodeling, and fibrosis.!"* There are few
studies showing elevated YKL-40 in serum or cerebrospinal
fluid (CSF) in TBLI'*'® However, to the best of our knowledge,
none of them is focused on the expression of the protein in
combination with prognostic models and relationship with
patient outcome. Both YKL-40 and NSE show to be promising
predictive markers for brain injury severity, but they appear
to be nonspecific to TBI. The interpretation of the available
results needs to be performed more thoroughly.

A misbalance of both pro- and anti-inflammatory cytokines
is found to accompany TBI. Their effects are suggested to
determine the degree of inflammation.!'” Interleukin (IL)-6
and tumor necrosis factor (TNF)-a are cytokines with
pro-inflammatory and pleiotropic actions, respectively. Both
cytokines cause metabolic dysfunction and could predict a
poor outcome in patients with septic shock.!"® Hergenroeder
et al. revealed that serum IL-6 is a good prognostic marker
for elevated intracranial pressure which is one of the major

secondary pathologies following TBI. A disadvantage of using
these cytokines is that their levels may increase nonspecifically
as a result of the injury of other organs as well.'”) Neither
YKL-40 nor NSE or cytokines are exclusively brain specific. It
isunclear if the levels of YKL-40 alone or in combination with
NSE and cytokines are associated with early outcomes in TBI.

The aim of the present study was to determine plasma and CSF
levels of YKL-40, in combination with NSE, IL-6, TNF-c,
and to search association with assessment clinical scores. The
possible predictive value of a panel of plasma biomarkers as
survival indicators is discussed.

MareriaLs AND MEeTHODS

Material

Patients

This was a prospective observational analytic study of adult
patients (n = 27) with isolated TBI, admitted to the intensive
care unit (ICU) of the Clinic/Department of Anaesthesiology
and Intensive Care Medicine in St. George University Hospital,
Plovdiv, in the period 2017-2018. All patients received standard
care based on the severities of the injuries. The inclusion
criteria were as follows: isolated head trauma, treatment
under institutional guidelines, and age over 18 years at the
time of injury. The severity of the traumatic condition was
evaluated on the first ICU day using the GCS score, Marshall
Classification, and APACHE III score. Data on the onset
of the injury, comorbidities before the head injury, clinical
evidence of infection or tumor, antitumor therapy, current
treatment including the need of mechanical ventilation, and
transfusion therapy were also collected. Additional information
available from hospitalization records was as follows: duration
of mechanical ventilation, ICU stay, overall hospital stay,
inhospital, and 6-month mortality.

Biological samples

CSF and plasma samples were collected from patients with
TBI — on the 24" and 96" h after trauma. Eighteen patients
underwent ventricular drain placement and CSF was taken
fresh out of the lateral ventricles. In the remaining 9 patients,
CSF samples were obtained by lumbar puncture.

CSF samples were acquired also from forensic autopsy
cases of 29 adult cadavers an of deceased clinically healthy
individuals and served as age-matched (63 £+ 16 years) and
gender-matched (26 males and 3 females) control group. The
causes of death were gunshots, car accidents, and hanging. CSF
was taken fresh out of the lateral ventricles. All plasma and CSF
samples were stored at —80°C until analysis. All cases were
assayed in one run. Routine hematological and biochemical
tests including erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were also performed.

The study was approved by the University Ethics
Committee (Protocol No3/31.05.2018). Informed consent was
signed by all examined individuals or their relatives according
to the Helsinki Declaration.
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Methods

Outcome assessment

The International Mission for Prognosis and Analysis of
Clinical Trials, probability of poor outcome, GCS score,
APACHE, and Marshall Classification were determined before
randomization based on initial clinical assessment, laboratory
results, and CT scan characteristics and later on at the 96" h
after admission.

Neurological outcome assessment was performed by applying
the Glasgow Outcome Scale (GOS) at 6 months after injury
with the use of a structured interview by direct patient contact
or through telephone calls.?*2 The GOS is a five-category
scale for assessing the neurological outcome after brain injury
as follows: (1) death; (2) vegetative state — unable to interact
with the environment; (3) severe disability — unable to live
independently but able to follow commands; (4) moderate
disability — capable of living independently but unable to
return to work or school; and (5) good recovery —able to return
to work or school. The primary endpoint was the 6 month
mortality. All-cause mortality was measured from the day of
ICU admission until the 6" month after admission (irrespective
of ICU, inhospital, or out of hospital mortality).

ELISA

Concentrations of YKL-40, NSE, TNF-a, and
interleukin (IL)-6 in biological fluids were analyzed by
ELISA using MicroVue™YKL-40 kit (QUIDEL, Cat. Ne8020),
NSE (Abcam, GB, Cat. Neab217778: R&D Systems, USA,
Cat.NeDENL20), IL-6 (R&D Systems, USA, Cat. NeD6050),
and TNF-a (R&D Systems, USA, Cat. Ne DTA00D) according
to manufacturer’s instructions.

Biochemical and laboratory parameters

Serum CRP, ESR, and total blood count were analyzed as
routine inhospital tests. Neutrophil-to-monocyte ratio (NMR)
was calculated.

Statistical analysis

Mann—Whitney U-test was applied to compare the values of
a given continuous variable (YKL-40, NSE, IL-6, TNF-a,
etc.) in the two studied groups (controls vs. TBI patients or
TBI survivors vs. TBI nonsurvivors). This test was also used
for a consecutive assessment of the effect of the studied panel
of biomarkers on the outcome of TBI patients. Wilcoxon
signed-rank test was utilized to compare the concentrations
of YKL-40, NSE, TNF-a, and IL-6 in plasma and CSF of
TBI patients as well as to follow the time change in the levels

of these parameters on the 24" and 96% h after the brain
injury. To determine the presence of correlation between two
numerical variables, the nonparametric coefficient Kendall’s
tau-b was calculated. For distinguishing the independent
prognostic factors for the outcome of TBI patients, a backward
multivariate logistic regression model (Wald) was created.
Boxplot diagrams were presented for graphical visualization
of the continuous variables. P values below the 0.05 threshold
were considered statistically significant.

ResuLts

Target group characteristics

This study included 27 patients and 29 sex- and age-matched
healthy controls. The control group and TBI patients were
gender matched (P = 0.926) — the males were dominant: 90%
of the control subjects and 89% of the TBI patients. Both
groups were comparable as age distribution: 63 £+ 16 years
for the control group and 50 + 17 years for the TBI patients.
Fourteen patients (52%) survived the brain injury and were
discharged from the hospital. Thirteen patients (48%) died
during the intrahospital stay. Summarized information about
the biochemical characteristics of the patient group is presented
in Table 1. The results showed that only the levels of CRP are
significantly increased according to the normal laboratory
range.

Patient assessment and classification

APACHE III, GCS, and Marshall scales were used to measure
the severity of disease for newly admitted TBI patients.
All patients were classified according to the three clinical
models. The clinical classification of TBI patients at the 24®
h after TBI as median values (IQR) is presented as follows:
GCS: 6.0 (4.0-6.5); APACHE III: 42 (22-65); and Marshall
Classification: 5.0 (4.0-5.0).

All patients included in the study were with severe
TBI (GCS <9). Most of them had intracranial lesions requiring
surgical evacuation or diffuse brain edema and severely
increased intracranial pressure. All of them were with high
probability of death.

The underlying type of brain injury In 9 patients (29,03%)
was subdural hematoma, in 2 patients (6,45%) was epidural
hematoma; 3 patients (9,67%) had traumatic subarachnoid
hemorrhage. Also, in 5 patients (16,12%) intracerebral
hematoma, in 4 patients (12,9%) cerebral contusions, and in §
patients (25,8%) varied combinations of multiple intracranial

Table 1: Biochemical characteristics of the patient group with traumatic brain injury

Survivors* (n=14) Nonsurvivors* (n=13) Normal range P
ESR (mm/h) 21 (17-34) 23 (21-31) 15-20 0.476
CRP (mg/l) 74 (19-121) 100 (68-142) <6 0.055
Neutrophils (%) 83 (73-86) 85 (82-88) 35-80 0.369
Monocytes (%) 6.9 (6.1-8.3) 5.4 (4.8-6.8) 47-12.5 0.061
Neutrophils/Monocytes (number ratio) 14.8 (11.5-19.9) 16.4 (13.9-18.3) - 0.771

*Values presented as median (IQR). ESR: Erythrocyte sedimentation rate, CRP: C reactive protein, IQR: Interquartile range
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lesions were observed. Posttraumatic cerebral edema was
present in all patients on CT examination.

Comparison of biomarker levels between cadavers and
traumatic brain injury patients

In order to assess whether the production of our selected
biomarkers was consistent with the progression of inflammation,
ELISA was used to determine the concentrations of YKL-40,
NSE, IL-6, and TNF-o. in plasma and CSF of TBI patients.
In the control group, CSF levels of YKL-40 and NSE were
also examined.

CSF level of YKL-40 (273 + 137 ng/ml) in the TBI group
was significantly higher compared to the concentrations in the
control group (184 £+ 65 ng/ml) (P = 0.004) [Figure 1a]. No
significant change between CSF NSE levels in patients and
control subjects was found (P = 0.496) [Figure 1b].

Time dynamics of YKL-40, NSE, and cytokines
concentrations in plasma and CSF of traumatic brain
injury patients

The concentration of YKL-40 and NSE at the 24™ and
96" h after the injury in both tested samples — plasma and
CSF was determined and time dynamics of both molecules
was evaluated. It was proven that there is no statistically
significant time difference (24" vs. 96™ h) in the levels of
YKL-40 and NSE neither in the plasma of TBI patients nor
in their CSF. Therefore, for all the following analyses, only
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Figure 1: Cerebrospinal fluid levels of YKL-40 (a) and NSE (b) in
traumatic brain injury patients and controls. In the cerebrospinal fluid,
the level of YKL-40 in the traumatic brain injury patients was significantly
higher compared to the concentrations in the cadavers (P = 0.004). No
significant change between cerebrospinal fluid NSE levels in patients and
control subjects was found (P = 0.496)

samples collected on the 24" h after TBI were taken into
consideration. The biomarkers and cytokine concentrations are
shown in Table 2. They reflect the differences in the level of
the indicators between survivors and nonsurvivors. The results
showed that NSE levels did not increase significantly compared
to an already established laboratory reference range <15 ng/
ml. Only, YKL-40 concentrations were markedly higher in
comparison with our control group.

Interestingly, we observed a significant difference
between NSE and IL-6 concentrations in plasma and
CSF (P <0.001) [Figure 2a and b], but no difference between
YKL-40 (P = 0.124) and TNF-a levels (P = 0.548) in both
fluids was found [Figure 2c and d].

Correlation between YKL-40, NSE levels, and assessments
scores

We found a strong correlation between YKL-40 and NSE
plasma levels (P = 0.04) and the prognostic outcome score.
Relationship between YKL-40 and GCS (P = 0.03) and
APACHE III (P = 0.05) was observed. Furthermore, our
analysis showed that NSE levels significantly correlate with
APACHE III (P =0.05) and Marshall Classification (P =0.03).

In order to clarify further these relationships, we focused on
examining YKL-40 and NSE and their influence as independent
prognostic factors on the outcome of TBI patients.

Single-factor analysis of influencing variables on the outcome
of TBI patients revealed a potential prognostic value of
plasma NSE (P =0.004), plasma YKL-40 (P=0.007), and the
concentration of TNF-a in CSF (P = 0.024). Other potential
predictive variables for patient survival could be TNF-a plasma
concentration (P = 0.052), as well as CRP levels (P = 0.055)
The potential biomarkers listed above were used as input
variables to build up a logistic regression model. The obtained
results are presented in Table 3.

It can be concluded that plasma NSE concentration is the
major independent variable with impact on the survival of
TBI patients. From the data in Table 1, it is evident that
CRP is also an independent risk factor but with much lesser
effect on the outcome. Variables which were not independent
and were excluded from the backward logistic regression
model were YKL-40 and TNF-o concentrations in plasma,
as well as the CSF level of TNF-o (odds ratio statistically
identical to 1). The results were further supported by the

Table 2: Levels of biomarkers in traumatic brain injury patients at the 24" h (survivors and nonsurvivors)

Biomarkers Plasma P CSF P
Survivors* Nonsurvivors* Survivors* Nonsurvivors*

YKL-40 (ng/ml) 391 (360-433) 317 (249-354) 0.007 268 (113-334) 314 (308-385) 0.133

NSE (ng/ml) 4(2-7) 11 (5-14) 0.004 15 (8-26) 18 (13-22) 0.771

TNF-0 (pg/ml) 26 (19-37) 38 (24-56) 0.052 25 (21-41) 42 (29-59) 0.024

IL-6 (pg/ml) 123 (71-187) 96 (39-159) 0.846 186 (180-195) 189 (178-247) 0.662

*Values presented as median (IQR). CSF: Cerebrospinal fluid, NSE: Neuron-specific enolase, TNF-a: Tumor necrosis factor-alpha, IL-6: Interleukin-6,

IQR: Interquartile range
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Figure 2: Concentrations of NSE (a), IL-6 (b), YKL-40 (c), and TNF-a (d) in cerebrospinal fluid and plasma at 24" h after traumatic brain injury. The
Wilcoxon signed-rank test was applied to compare the concentrations of YKL-40, NSE, tumor necrosis factor-c., and interleukin-6 in plasma and
cerebrospinal fluid of traumatic brain injury patients. The distributions of the differences (cerebrospinal fluid concentration) — (plasma concentration)

calculated for each individual patient are presented

Table 3: Assessment of the influence of independent prognostic factors on the outcome of traumatic brain injury

Risk factor Step of variation (A) Adjusted OR (95% CI)* P
NSE in plasma 1 ng/ml 1.20 (1.02-1.42) 0.033
CRP 1 mg/l 1.02 (1.00-1.04) 0.049
YKL-40 in plasma 1 ng/ml Excluded from the model (P>0.1)

TNF-a in plasma 1 pg/ml Excluded from the model (P>0.1)

TNF-a in CSF 1 pg/ml Excluded from the model (P>0.1)

* A logistic regression model was fitted using backward (Wald) approach. CSF: Cerebrospinal fluid, NSE: Neuron-specific enolase, CRP: C reactive
protein, TNF-a: Tumor necrosis factor-alpha, CI: Confidence interval, OR: Odds ratio

established correlations between the plasma concentrations
of: NSE and YKL-40 (r =-0.271, P = 0.048); YKL-40 and
TNF-o (r =—0.394, P =0.004).

Discussion

Despite the fact that different candidate biomarkers have been
indicated as promising diagnostic and prognostic molecules,
their clinical advantages need to be investigated. A single
biomarker is not possible to reach the required accuracy for
sensitivity and specificity, but it could be used appropriately
to characterize different aspects of TBI.

We explored the relationships between plasma biomarkers
and survival rate in severe TBI in a cohort of 27 TBI patients
and 29 cadaveric controls. Our results show higher CSF levels
of YKL-40 in TBI patients in comparison with controls.
A relationship between plasma YKL-40 and lethal outcome
was examined.

Recently, it was determined that YKL-40 is a marker for the
clinical and neurologic severity in patients with TBL.?2 Authors
showed that serum YKL-40 level correlated significantly with
the degree of neurologic deficit assessed by total GCS score
and the total hemorrhagic lesion burden. It was suggested that
YKL-40 was the best biomarker for subdural blood collection
detection concerning extra-axial hemorrhagic lesions.???!

We identified that the plasma concentration of YKL-40
correlated to other markers of inflammation such as TNF-o
and CRP. In previous studies on TBI, the presence of the
YKL-40 protein in the cytoplasm of polymorphonuclear
leukocytes as strong diffuse immunocytochemical staining was
demonstrated.!'” Other researchers found that lymphocytes
and macrophages/monocytes were the cells intensively
present in nonspecific reactive conditions.?*! Furthermore,
it was shown that CHIT1, YKL-40, and GFAP in three
prototypic human brain proteinopathies were likely to reflect
the shared significant microglial and astrocytic activation and
the advanced neurodegeneration.?*! A number of researchers
reported evidence that serum YKL-40 has prognostic value in
diseases accompanied with inflammatory processes such as
rheumatoid arthritis, systemic sclerosis, diabetes, and ischemic
heart diseases.>? Increased serum and CSF levels of YKL-40
in severe TBI and aneurysmal hemorrhage were detected, but
no predictive significance in these patients was revealed.!'*?”]

Brain traumas induce time-dependent cascades of acute-phase
responses resulting in a plethora of molecules released into
body fluids. It is believed that these substances are able
to reflect the severity of the inflammation and the disease
course.?1 Lately, it was shown that CSF levels of various
inflammatory cytokines such as IL-1f, IL-6, and TNF-a
had a significant association with the 6-month neurological
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outcome. Moreover, the group with lower concentrations of
these biomarkers had a favorable outcome after severe TBI, in
comparison to the poor neurological outcome group.”

In our study, we determined that IL-6 concentrations in plasma
and CSF were significantly different but not indicative as a
predictor of mortality. The changes in IL-6 and TNF-c levels
in the plasma were mostly parallel to the changes determined
in CSF, illustrating only a local pro-inflammatory response
in TBI. Similar data for IL-6 were reported by Maier et al. in
29 patients suffering from isolated TBI. They did not find any
significant correlation or predictive value of IL-6 and IL-8.1*%

We evaluated the role of several markers of inflammation in
combination with NSE which is an established marker for
neuronal damage. It is an enzyme located in the cytoplasm of
neurons.*Y NSE is also found in neuroblastoma and metastatic
tumors and is used as a marker for tumors of neuroendocrine
origin and for lung cancer.*? Our study detected a significant
difference between NSE concentrations in plasma and CSF
in TBI patients. The routine initial assessment is mostly done
with GCS and Marshall CT.?* The APACHE system, another
clinical severity assessment tool, in which the GCS is included,
is not preferable because the GCS is more time-efficient,
cost-effective, and simple. It is shown to correlate with the
subsequent functional outcome of patients.** On the other
hand, the APACHE systems could be better in predicting
severe morbidity, but it is not possible to replace the role
of GCS in cases of acute TBI for hospital or early mortality
assessment.*! Authors reported that there was no considerable
difference between GCS and APACHE II scores for predicting
mortality in TBI, but recommended the utilization of GCS in
the initial assessment.*”? The Marshall classification is used
to assess the midline shift and compression of basal cisterns
and the presence and size of contusions or hemorrhages in
the brain. It was shown that this classification system has
good predictive power regarding the outcome of TBI patients.
A study conducted by Majdan ef al. showed that the Marshall
CT has a similar prognostic ability as GCS.F® In our study, we
used the three clinical scores to assess the condition of subjects
with TBI. Median values showed that patients were with severe
brain damage, cognitive impairment, and mean overall health
condition, suggesting high probability of the lethal outcome.
We found a strong correlation between YKL-40, GCS, and
APACHE 111, indicating that YKL-40 closely correlates with
the pathophysiological changes in TBI, thus with the severity
of trauma. The relationship of NSE with YKL-40 values on
one side, and APACHE III or Marshall Classification on the
other side, suggested that both plasma markers illustrate the
degree of neuroinflammation and brain damage.

This study has some limitations. First, the number of the
included patients is relatively small. Therefore, a larger
group could provide more detailed information. Second, the
follow-up period is short; a prolonged observation over patients
would allow the gathering of valuable data which could be
applied to the analysis.

CoNCLUSION

We present data for the correlation of YKL-40 and NSE levels
with clinical scores for assessment of trauma severity and the
outcome of TBI patients. We suggest that YKL-40 and NSE
might reflect certain aspects of the biological response to TBI
such as neuroinflammation and brain damage. Even though
further large-scale investigations are required to clarify and
evaluate the clinical significance of both biomarkers, our
findings propose that YKL-40 and NSE might be implicated
in the pathogenesis of TBI.
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