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Objective: Despite advances made in the treatment of ischemic stroke, it still remains one of the leading causes of mortality and disability worldwide. The
main objective of this study was to identify from a panel of 10 inflammatory markers and chemokines those biomarkers that have a potential predictive role
in the evolution of disability and functional dependence in daily activities after an ischemic stroke. Methods: The study included 116 patients with ischemic
stroke and 40 healthy volunteers matched for gender and age. Stroke severity was assessed by the National Institute of Health Stroke Scale (NIHSS) on
admission and during hospitalization and functional mobility in daily activities by Barthel index (BI). Multiplex panel with 10 biomarkers [brain-derived
neurotrophic factor (BDNF), platelet-derived growth factor (PDGF)-AA, PDGF-AB/BB, neural cell adhesion molecule (NCAM), cathepsin D, soluble
vascular cell adhesion molecule (sVCAM), soluble intercellular cell adhesion molecule (sSICAM), myeloperoxidase (MPO), regulated on activation,
normal T cell expressed and secreted (RANTES), plasminogen activator inhibitor (PAI)-1] was analyzed on days 1 and 5 after admission using the
XMAP technology. Results: Plasma concentrations of RANTES and NCAM were significantly lower in patients with ischemic stroke compared with
healthy controls, while MPO and sSICAM were significantly higher in patients versus controls. Plasma concentrations of SICAM, sVCAM, and RANTES
significantly decreased during the analyzed period. For the first-day measurement, the bivariate analysis revealed the association of NIHSS on admission
with sVCAM, and on discharge negative association with PDGF-AA, PDGR-AB/BB, BDNF, and RANTES. Plasma levels of PDGF-AA, PDGF-AB/
BB, BDNF, and RANTES were found to be significantly lower in patients with BI <80, on day 5 after disease onset. PDGF-AA, PDGF-AB/BB, and
BDNF were univariate and multivariate predictors for functional dependence in daily life activity (BI < 80), having a protective effect (odds ratio < 1).
Conclusion: Plasma levels of BDNF, PDGF-AA, and PDGF-AB/BB are independent predictors for functional dependency in daily life activities and
may be useful prognostic markers in the evaluation of ischemic stroke patients.
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INTRODUCTION The objectives of the present study were to asses (i) differences
in the profiles of biomarkers in stroke patients versus the
control group, (ii) the temporal changes in a panel of 10
inflammatory markers and chemokines with possible relevance
on the pathophysiological processes during the acute phase of
cerebral ischemia, and (iii) the impact of these 10 inflammatory
markers and chemokines on functional dependence in daily life
activities. The panel included inflammatory markers RANTES
and myeloperoxidase (MPO); markers of vascular activation,

Among noncommunicable diseases, stroke has become the
second leading cause of death and disability worldwide (http://
www.who.int/news-room/fact-sheets/detail). Although there
is a promising treatment for stroke, not all patients are in the
eligible time window. Thus, many of them face long-term
suffering. These facts suggest that there is an immediate need
to find both new stroke therapies and peripheral biomarkers
for patient assessment regarding the evolution of disability
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such as soluble vascular cell adhesion molecule (sVCAM)
and soluble intercellular cell adhesion molecule (sSICAM); and
several neurotrophins: BDNF and PDGF isoforms AA and
AB/BB. Also, an apoptosis marker cathepsin D, neural cell
adhesion molecule (NCAM), and plasminogen activator
inhibitor 1 (PAI-1) were evaluated in relation to stroke severity
and the degree of the daily disability.

MareriaLs AND METHODS

In the study, a convenience sample of 124 patients with a
diagnosis of ischemic stroke from the Neurological Department
of the Emergency Clinical County Hospital of Tirgu Mures was
prospectively enrolled, between October 2014 and July 2016.
Ofthese, 116 fulfilled the inclusion criteria: stroke onset <72 h,
age above 18, and without a history of traumatic brain injury
or stroke in the last 3 months. For comparison, 40 healthy
volunteers with a similar distribution of gender and age, who
attended the laboratory outpatient service for a regular checkup,
were included. Other exclusion criteria were hemorrhagic
stroke, thrombolyzed patients, multiple sclerosis, other
neurological conditions, or obvious inflammatory disorders.
The study protocol was approved by the Ethical Committee
of the University of Medicine and Pharmacy of Tirgu Mures.

Patients and clinical evaluation

Ischemic stroke was defined as a neurological deficit with sudden
onset in patients with a CT scan without acute heterodense lesions
within the first 12 h or with established ischemic lesions, resulting
from a sudden loss of blood circulation to an area of the brain. After
admission and during hospitalization, stroke severity was assessed
by National Institute of Health Stroke Scale (NIHSS); patients were
classified into two groups: mild stroke (NTHSS < 7) and moderate/
severe stroke (NIHSS > 7)."! Barthel index (BI) was used in
order to assess the functional mobility in daily life activities, with
BI> 80 representing independence with minor assistance.! Stroke
subtype was classified into large artery atherosclerosis (LAA),
cardioembolic (CE), small vessels occlusion (SVO), and other
causes according to TOAST (Trial of Org 10172 in Acute Stroke
Treatment) criteria. Considering that in a large number of patients
the cerebral CT scan was performed within the first 12 h of onset
and was not repeated subsequently, we do not have exact data on
the percentage of patients with and without cortical involvement.

Sample collection and measurement

The dynamic evaluation of the peripheral biomarkers was
performed on days 1 and 5 after admission. Blood was collected
between 7 and 9 a.m., in EDTA blood collection tubes, and
immediately centrifuged at 1500g for 15 min at 4°C; plasma
aliquots were stored at —80°C for subsequent analysis.

Multiplex panel with 10 biomarkers was analyzed using
the xXMAP technology and human neurodegeneration
magnetic beads kit (EMD, Millipore, USA), on Flexmap 3D
analyzer (Luminex Corp, Austin USA). The xXMAP technology
allows evaluating multiple biomarkers in a small sample
volume. The final antigen—antibody complex at the end of the
reaction was formed on magnetic beads.

The analytical performances of the studied analytes were as
follows: detection limits of 0.47 pg/ml for BDNF, 0.51 pg/ml
for PDGF-AA, 6.87 pg/ml for PDGF-AB/BB, 13.48 pg/ml for
NCAM, 23.91 pg/ml for cathepsin D, 12.24 pg/ml for sVCAM,
16.13 pg/ml for sSICAM, 550 pg/ml for MPO, 1.72 pg/ml for
RANTES, and 0.92 pg/ml for PAI-1. The overall coefficients of
variations were <6% for intra-assay and <13% for inter-assay
measurements.

Statistical analysis

Statistical analysis was performed with the advanced
environment for statistical computing, R (v. 3.4.0, Vienna,
Austria). The variables with a Gaussian distribution were
expressed as mean + SD, while the nonparametric variables
were expressed as median and interquartile range (25" and
75™ percentile). The comparisons of the distributions of
biomarkers across studied groups were released using the
Student 7-test or Mann—Whitney test.

The associations between qualitative variables were analyzed
using contingency tables and the Chi-square or exact
Fisher’s test while the correlations between quantitative
studied parameters were tested and quantified by Spearman’s
correlation coefficient.

The possible impact of plasma markers on stroke severity, the
unfavorable functional outcome at 3 months, and functional
dependence in daily life activities (measured by BI) were tested
by binomial logistic regression, the effect size being estimated
by crude and adjusted odds ratio (OR) and 95% confidence
interval (CI) associated.

Thereby, each biomarker was studied both individually and in
relation to the known risk factors of the poor outcome of the
ischemic event. In the receiver operating characteristic (ROC)
analysis, the addition of each biomarker to the basal clinical
model (model included known risk factors as age, sex, TOAST
classification, stroke history, and NIHSS on admission) was
compared with DeLong test.

Statistical significance was established at an estimated
significance level (P < 0.05).

ResuLts

Comparative analysis between ischemic stroke patients
and controls

Demographic characteristics of patients and healthy controls
are presented in Table 1, without noticeable differences
between subgroups, with the hospitalization duration
[median interquartile range (IQR): 10 (7-13)] days. There
was a difference in several peripheral biomarkers between
ischemic stroke patients measured on day 1 after admission
and healthy controls [Table 1]. Plasma concentrations of
RANTES and NCAM were significantly lower in ischemic
stroke patients compared with healthy controls, while MPO
and sICAM were significantly higher in stroke patients
versus controls.
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Table 1: Comparative analysis of peripheral biomarkers between stroke patients measured on day 1 after admission and

healthy controls

Characteristics Stroke patients (n=114) Controls (n=40) P
Age (years) 71.7+£10.2 67.9+13.9 0.121
Gender (MF) 65 (57.0)/49 (43.0) 23 (57.5)/17 (42.5) 0.958
Parameters (pg/ml) at baseline
PDGF-AA 1.08 (0.71, 2.14) 0.76 (0.24, 1.70) 0.097
PDGF-AB/BB 9.83 (5.11, 20.26) 10.29 (4.16, 23.01) 0.730
PAI-1 150.08 (102.96, 185.90) 145.78 (84.91, 187.36) 0.548
BDNF 4.1(2.73,9.24) 5.59 (2.57, 8.38) 0.943
RANTES 17.01 (10.08, 31.28) 38.28 (16.99, 53.21) 0.004
sICAM 136.65 (110.26, 167.23) 118.07 (55.88, 160.18) 0.024
sVCAM 1537.89 (1280.62, 1856.16) 1416.52 (1261.35, 1788.73) 0.312
NCAM 370.00 (317.79, 430.80) 416.72 (346.95, 477.54) 0.019
MPO 539.93 (286.80, 1065.61) 418.72 (311.81, 535.89) 0.025
Cathepsin D 252.28 (210.79, 361.58) 242.58 (180.85, 416.64) 0.689

Data are expressed as meantstandard deviation, median and IQR (25%-75™ percentile), or absolute (relative) frequencies; the estimated significance level
obtained from the Mann-Whitney test. PDGF=Platelet-derived growth factor, PAI=plasminogen activator inhibitor, BDNF=brain-derived neurotrophic
factor, RANTES=Regulated on Activation, Normal T Cell Expressed and Secreted, sSiICAM=soluble intercellular cell adhesion molecule, sVCAM=soluble
vascular cell adhesion molecule, NCAM=neural cell adhesion molecule, MPO=myeloperoxidase; values in bold typeface denote statistical significance

Comparison of demographic and baseline paraclinical
characteristics between stroke patients and controls

There was a significantly positive strong correlation between
inflammatory markers RANTES and neurotrophins:
BDNF (Spearman coefficient: p = 0.85, P<0.001) and PDGF
isoforms AA (p = 0.94, P < 0.001) and AB/BB (p = 0.95,
P<0.001). The RANTES inflammatory marker was positively
correlated with the PAI-1 (p = 0.47, P <0.001) and cathepsin
D (p=0.29, P=0.002). The same type of correlations between
RANTES and neurotrophins were found in the control group,
but the magnitude of correlations was lower than for stroke
patients (RANTES and BDNF: p=0.65, P<0.001, RANTES
and PDGF-AA: p=0.63, P<0.001, RANTES and PDGF-AB/
BB:p=0.68, P<0.001). In addition, RANTES was positively
correlated with MPO (p = 0.39, P =0.017), but there was no
significant correlation with the other markers in the control

group.

The relation of peripheral biomarkers and TOAST subtype
of stroke

According to TOAST classification, 58.8% (n=67) were LAA,
37.1% (n =43) were CE subtype, and only 3.4% (n = 4) were
included in SVO stroke subtype. Lower levels of MPO were
observed in LAA and CE [median (IQR): 539.9 (223.7, 1052.5)
pg/ml and 580.8 (403.9, 1066.1) pg/ml, respectively, compared
with SVO subtype 256.7 (172.5, 323.8) pg/ml, P = 0.028),
but the SVO group was too small. sVCAM was higher in CE
and SVO [median (IQR): 1732.1 (1374.6, 2095.7) pg/ml and
1534.9 (1294.6, 1944.3) pg/ml versus LAA 1425.1 (1238.4,
1711.1) pg/ml, P=0.012]. For other biomarkers, there was no
significant difference among stroke subtypes.

Temporal profile of peripheral biomarkers in stroke
patients

The dynamic evolution of the analyzed biomarkers was
evaluated on days 1 and 5 after admission; plasma concentrations

of sSICAM, sVCAM, and RANTES significantly decreased
during the analyzed period [Table 2].

The association between hiomarkers and stroke
severity (measured on admission, at day 5, and at
discharge)

For the first-day measurement, the bivariate analysis revealed
the association only of sVCAM with stroke severity assessed
by NIHSS score on admission >7 points (Mann—Whitney
test, P=0.018). However, NIHSS assessed on discharge was
in negative association with PDGF-AA (Mann—Whitney test,
P =0.013), PDGR-AB/BB (P = 0.008), BDNF (P = 0.014),
and RANTES (P = 0.012); patients with NIHSS score at
discharge >7 had lower plasma levels than patients with NIHSS
score <7 points. Univariate and multivariate logistic regression
indicated basal NCAM as a significant predictor for NIHSS >7
points 5 days after the onset of the disease.

The association between the studied biomarkers and
functional dependency in daily life activity assessed with
Barthel index

Plasma levels of PDGF-AA, PDGF-AB/BB, BDNF, and
RANTES were found to be significantly lower in patients with
higher degree of dependency in daily life activities and BI <80,
on day 5 after the onset of the disease [Table 3].

PDGF-AA (per 1 unit increase), PDGF-AB/BB (per 10 units
increase), and BDNF (per 10 units increase) were univariate
and multivariate predictors for functional dependence in daily
life activity (BI < 80), having a protective effect (OR < 1)
[Table 4 and Figure 1].

For each individual significant biomarker, the optimal cutoff
value for poor functional dependency in daily life activity at day
5 was estimated. For BDNF, the following results were obtained:
cutoff value = 2.33 pg/ml as the optimal value, sensitivity (Se)
=91.1% (95% CI: 81.8-96.7%), specificity (Sp) =31.1% (95%
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Table 2: Dynamic evolution of peripheral biomarkers, between days 1 and 5 after admission in ischemic stroke patients

Parameters (pg/ml) Day 1 after admission Day 5 after admission P

PDGF-AA 1.04 (0.62,2.21) 1.10 (0.41, 3.13) 0.288
PDGF-AB/BB 8.60 (4.71,20.58) 11.77 (4.76, 24.15) 0.162
PAI-1 151.23 (105.30, 185.96) 152.32 (102.35, 222.39) 0.154
BDNF 4.56 (2.47,9.31) 4.83 (2.44, 14.92) 0.173
RANTES 16.43 (9.56, 35.99) 14.38 (8.90, 19.57) 0.016
sICAM 136.65 (108.69, 165.86) 109.15 (66.12, 172.97) 0.013
sVCAM 1578.38 (1294.69, 886.04) 1470.26 (1220.17, 1686.31) 0.001
NCAM 370.51 (317.63, 422.07) 352.30 (328.47, 432.20) 0.898
MPO 564.65 (299.85, 1160.86) 780.08 (437.81, 1160.70) 0.352
Cathepsin D 270.80 (212.08, 270.80) 239.09 (199.05, 357.04) 0.551

Data are expressed as median and IQR (25™ and 75™ percentile); the estimated significance level obtained from the Mann-Whitney test; values in bold
typeface denote statistical significance. PDGF=Platelet-derived growth factor, PAI=plasminogen activator inhibitor, BDNF=brain-derived neurotrophic
factor, RANTES=Regulated on Activation, Normal T Cell Expressed and Secreted, SICAM=soluble intercellular cell adhesion molecule, sVCAM=soluble
vascular cell adhesion molecule, NCAM=neural cell adhesion molecule, MPO=myeloperoxidase; values in bold typeface denote statistical significance

Table 3: The bivariate association between plasma biomarkers on day 1 and Bl on day 5 after admission

Parameters (pg/ml) Stroke patients with Bl >80, day 5 (n,=46) Stroke patients with Bl <80, day 5 (n,=68) P

PDGF-AA 1.13 (0.82, 2.50) 0.90 (0.59, 1.50) 0.010
PDGF-AB/BB 10.66 (6.80, 27.32) 7.70 (3.14, 16.73) 0.013
PAI-1 153.51 (103.38, 182.52) 131.05 (97.46, 190.96) 0.677
BDNF 5.36 (3.50, 12.30) 4.09 (1.92,7.79) 0.012
RANTES 19.41 (12.41, 42.33) 12.84 (8.10, 22.58) 0.010
SICAM 137.72 (118.74, 69.89) 135.39 (102.68, 165.34) 0.291
sVCAM 1517.43 (1249.57, 1730.93) 1669.76 (1318.71, 2086.03) 0.142
NCAM 361.14 (315.33, 412.78) 396.32 (329.68, 451.07) 0.134
MPO 505.73 (291.38, 938.11) 581.23 (262.11, 1234.99) 0.365
Cathepsin D 258.49 (215.58, 342.12) 250.79 (205.34, 368.61) 0.994

Data are expressed as median and IQR (25™ and 75™ percentile); the estimated significance level obtained from the Mann-Whitney test; values in bold
typeface denote statistical significance. PDGF=Platelet-derived growth factor, PAI=plasminogen activator inhibitor, BDNF=brain-derived neurotrophic
factor, RANTES=Regulated on Activation, Normal T Cell Expressed and Secreted, sSICAM=soluble intercellular cell adhesion molecule, sVCAM=soluble
vascular cell adhesion molecule, NCAM=neural cell adhesion molecule, MPO=myeloperoxidase; values in bold typeface denote statistical significance

Table 4: Univariate and multivariate association of the studied parameters with functional dependence evaluated with Bl
on day 5

Parameters (pg/ml) Estimated value of COR (95% CI) P Estimated value of AOR? (95% CI) P

PDGF-AA® 0.56 (0.39, 0.89) 0.012 0.55 (032, 0.93) 0.027
PDGF-AB* 0.70 (0.51, 0.97) 0.034 0.64 (0.43, 0.96) 0.030
PAIY 0.87 (0.50, 1.52) 0.620 0.79 (0.40, 1.57) 0.503
BDNF¢ 0.50 (0.26, 0.97) 0.039 0.42 (0.18, 0.97) 0.042
RANTES® 0.86 (0.74, 1.01) 0.058 0.85(0.71, 1.02) 0.072
SICAM? 0.81 (0.50, 1.32) 0.402 0.84 (0.49, 1.44) 0.532
sVCAM! 1.08 (0.99, 1.16) 0.069 1.04 (0.93, 1.15) 0.518
NCAM! 1.51(0.95, 2.39) 0.080 1.68 (0.90, 3.17) 0.106
MPO® 1.17 (0.78, 1.76) 0.456 1.17 (0.72, 1.91) 0.532
Cathepsin? 1.11 (0.88, 1.42) 0.379 1.01(0.74, 1.37) 0.969

The estimated significance level obtained from univariate and multivariate logistic regression; “adjusting for age >70, gender, stroke history, TOAST
classification, leucoaraiosis, NIHSS on admission; *per 1 unit increase of biomarker; °per 10 units increase of biomarker; Yper 100 units increase of biomarker;
eper 1000 units increase. 95% CI=Confidence interval (lower limit; upper limit); COR=crude odds ratio; AOR=adjusted odds ratio; PDGF=platelet-derived
growth factor, PAI=plasminogen activator inhibitor, BDNF=brain-derived neurotrophic factor, RANTES=Regulated on Activation, Normal T Cell Expressed
and Secreted, SICAM=soluble intercellular cell adhesion molecule, sVCAM=soluble vascular cell adhesion molecule, NCAM=neural cell adhesion molecule,
MPO=myeloperoxidase; values in bold typeface denote statistical significance

CI: 18.2-46.7%), PPV = 66.7% (95% CI: 49.6-84.9%), ml, Se = 89.7% (95% CI: 79.9-95.8%), Sp = 37.8% (95%
and NPV = 70% (95% CI: 50.3-81.9%). For PDGF-AB/  CI: 23.7-53.5%), PPV = 68.5% (95% CI: 52.8-82.1%), and
BB, the following results were obtained: cutoff = 4.90 pg/ NPV =70.8% (95% CI: 52.6-82.1%). For PDGF-AA parameter,
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Figure 1: The impact of the studied biomarkers on functional dependency
in daily life activities in patients with ischemic stroke. PDGF-AA, PDGF-AB/
BB, and BDNF were independent predictors for lower degree of functional
dependence

the following results were obtained: cutoff = 0.80 pg/ml,
Se = 82.3% (95% CI: 71.2-90.5%), Sp = 44.4% (95% CIL:
29.6-60.0%), PPV = 69.1% (95% CI: 54.1-82.1%), and
NPV =62.5% (95% CI: 46.9-75.7%).

Although we did not find a significant difference in the
discriminatory capacity of models improved with significant
predictors for functional dependence, markers with significant
effect in the prediction of functional dependence had a
clinically relevant prognostic value, the area under the ROC
curves related to each biomarker being greater than the
threshold value of 0.80 [Table 5].

Discussion

In an attempt to find possible biomarkers for outcome
prediction in stroke patients, the present study aimed to
evaluate several neurotrophic factors and chemokines. Using
the xXMAP technology, the present study aimed to assess the
relationship between a panel of chemokines and neurotrophic
factors and stroke severity, functional outcome, and degree
of daily life activity. Also, a temporal profile of peripheral
biomarkers and comparison with a healthy group were done,
due to scarce information about the reference range in a healthy
population.

MPO is an enzyme secreted in the first phase as an apopro-MPO,
which is activated after the enzymatic conversion in an active
MPO, a 140-kDa hemeprotein, mainly found in azurophilic
granules of polymorphonuclear neutrophils (PMNs) and to a
lesser extent in lysosomes of monocytes and macrophages,!”
influencing the NO availability and modulating the vascular
response,®! thus having a harmful effect during acute
inflammation, contributing to tissue damage after ischemia/
reperfusion injury.”? Although ICAM-1 is a key molecule after
ischemic stroke, enhancing the neutrophile accumulation,™”
a recent experimental study revealed that PMN accumulation

Table 5: Assessment of discriminatory capacity of basal
clinical model improved with biomarkers found significant
in regression analysis, for functional dependence

Models tested AUC (95% CI) P*
Clinical model” 0.843 (0.766, 0.920) -
“PDGF-AA 0.864 (0.798, 0.929) 0.290
“PDGF-AB 0.863 (0.797, 0.929) 0.285
“BDNF 0.861 (0.795, 0.928) 0.288
“RANTES 0.853 (0.782, 0.924) 0.459

“Model with known clinical predictors for mRS: age, gender, stroke history,
leucoaraiosis, NIHSS on admission, and TOAST subtype; *clinical model after
addition of individual biomarkers; *the estimated significance level obtained
from the DeLong test for comparison between ROC curves associated

with clinical basal model and the model obtained by adding biomarkers

with significant predictor effect. AUC=Area under the ROC curve, 95%
CI=95% confidence interval for AUC, PDGF=platelet-derived growth factor,
BDNF=brain-derived neurotrophic factor, RANTES=Regulated on Activation,
Normal T Cell Expressed and Secreted

is not exclusively dependent of ICAM, and the absence
of ICAM neither inhibits neutrophil accumulation during
cerebral ischemia nor enhances protection against stroke.!'!!
In our study, MPO and sICAM basal levels were higher in
ischemic stroke patients compared with controls. Similar
results regarding MPO were revealed by Tay et al., where
MPO levels were higher on day 1 after stroke onset compared
with controls; after 5 days, the values returned to normal.!'?
Additionally, MPO levels were positively associated with
stroke severity and mortality in the ischemic group.!'?! In
our study, there was a continuous increment of MPO levels
during the first 5 days, but without correlation and with stroke
severity and outcome. In a Stroke Prevention by Aggressive
Reduction in Cholesterol Levels trial, MPO was found to be
an independent predictor for risk of fatal stroke, while markers
of endothelial dysfunction such as sVCAM and sICAM were
without significance.["! SICAM and sVCAM were higher in
ischemic stroke patients compared with controls, similar to
other data in the literature,!"*!> with statistical significance only
for sSICAM (P = 0.024). The continuously increasing levels
of soluble adhesion molecules are in line with other reports.
Manolescu et al. also found an increasing trend for sSICAM
during hospitalization, without influence on BL.['

Another marker with a projection on unfavorable outcome
prediction was PAI-1, the main endogenous inhibitor of
plasminogen activator, important in fibrinolysis regulation.['”)
Secreted by platelets, smooth muscular and endothelial cells and
by hepatic and splenic cells, it also has, besides its procoagulant
effect, a proinflammatory effect, influencing the inflammatory
cell migration at the injury site.'’”’® An experimental study
revealed that PAI-1 originated from astrocytes also exerts
neuroprotective effects, either by modulation of Bax/Bcl-2
gene expression or by reducing N-methyl-D-aspartate
(NMDA) excitotoxicity." The neuroprotective effects of
PAI-1 originated from astrocytes, pericytes, and endothelial
cells of the blood—brain barrier (BBB) reduce BBB destruction,
consequently protecting the neurovascular unit, apart from
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tissue plasminogen activator (t-PA) inhibition.?” In our study,
the plasma level of PAI-1 was found to be slightly higher in
stroke patients compared with controls, without statistical
significance, but in relation to stroke severity assessed with
NIHSS at discharge, PAI-1 levels were lower in patients with
severe stroke (NIHSS > 7), with a tendency toward statistical
significance. The multivariate regression analysis revealed that
PAI-1 is an independent predictor for unfavorable outcome,
lower levels being associated with unfavorable outcome (data
not shown), suggesting that in the long-term evolution of
ischemic stroke patients, PAI-1 might have neuroprotective
effects. However, further studies on larger cohorts need to be
analyzed in order to clarify these aspects, as data regarding
the protective role of PAI-1 are from experimental studies.

RANTES (CCLS5) is a proinflammatory chemokine produced
by several cell types, such as T lymphocytes, endothelial cells,
platelets, or smooth muscle cells from vascular endothelium,
involved in inflammatory cell migration and infiltration at the
site of injury; after an ischemic episode, the CCLS5 expression
in brain tissue is enhanced.? Experimental studies showed
a reduced BBB permeability after an ischemic episode in
RANTES—/— animals! and involvement of this chemokine
in vascular dysfunction through a perivascular inflammation
interferon gamma-induced mechanism.?? In our study groups,
the basal plasma level of RANTES was significantly lower
in stroke patients compared with controls and decreased
during the first 5 days after admission, divergent with
results of Tokami ef al., where levels were found greater in
patients compared with controls.®! Similar to the data from
the literature, we found a significant positive correlation of
RANTES not only with BDNF (» = 0.846, P < 0.001)5! but
also with other neurotrophins such as PDGF-AA (r = 0.825,
P <0.001) and PDGF-AB/BB (r = 0.842, P < 0.001),
suggesting the beneficial effects on neural tissue. Exogen
administration of RANTES in rats undergoing MCAO revealed
areduced BBB extravasation.” Dual effects of RANTES could
be explained by the different types of receptors involved in
signal modulation, while proinflammatory effects are exerted
through CCR1 receptors and the neuroprotective effects are
exerted through CCR3 and CCRS receptors.! In our study,
RANTES was found to be significantly higher in patients with
favorable outcome 3 months after discharge, and in patients
with BI > 80 with a lower degree of dependency in daily life
activities, thus suggesting the dual role of this chemokine.

NCAM belongs to the superfamily of immunoglobulins,
involved in neural cell migration, synaptic plasticity, and
cognitive processes.?*! There are only few data regarding the
difference in NCAM concentration between healthy persons
and patients with different conditions such as schizophrenia or
multiple sclerosis,?*?! where levels were found to be lower in
patients compared with control groups. Our results are in line
with these data, the peripheral levels of NCAM being higher
in the healthy group compared with stroke patients. There was
no relationship between NCAM and BI or modified Rankin
Scale (mRS) at discharge, but surprisingly, the plasma NCAM in

day 1 after admission was higher and was a univariate predictor
for the long-term unfavorable outcome (data not shown).
This might be explained by a higher degree of proteolytic
cleavage of transmembrane NCAM by MMP-9, increasing the
concentration of proteolytic fragments (NCAM — 65 kDa).**!
After adjustment for age (>70 years), gender, history of stroke,
TOAST classification, and leucoaraiosis, the prediction
capacity of NCAM was lost.

PDGF along with its receptors PDGFRA and PDGFRB are
involved not only in neural surviving pathways but also in
neural and synaptic plasticity and neural regeneration.l?”
Several mechanisms are involved in this protective process,
such as increased activity of antioxidant enzymes, reducing
the oxidative stress, the activation of the PI3-K/Akt pathway,
or decreasing excitotoxicity. Moreover, the selective neuronal
death is preceded by a dramatic decrease in PDGF-B, an
isoform with antiapoptotic properties.””” The protein expression
was decreased after cerebral ischemia in the hippocampal CA1
region, while ischemic preconditioning protects neurons by
increasing their vulnerability, probably due to PDGF-BB action
against NMDA excitotoxicity.?® A recent study regarding the
role of PDGF in stroke revealed the association of PDFG-AB/
BB in reducing the risk of recurrent events in stroke patients,
with no other association with another outcome of interest.*”!
Apart from the influence on neuronal protective aspects, some
studies suggested the provasculogenic role and ROS generation
of PDGF isoforms.%3!! Another study showed the association
between elevated levels of PDGF-AA and -AB at 24 and 72 h
and an unfavorable outcome in patients having undergone
thrombolytic therapy.?? On the contrary, we found a favorable
correlation between PDFG-AA and PDGF-AB/BB levels,
and favorable outcome and a lower degree of functional
dependency. Also, a strong correlation between PDGEF,
RANTES, and BDNF was found, suggesting the synergistic
action of these neurotrophins. A possible explanation might
be the fact that the PDGFRB receptors are involved in the
interaction between BDNF and neural progenitors.?”

BDNF is another neurotrophin involved in neural differentiation
and protection, neurogenesis and angiogenesis, plasma values
decreasing with age,**** and reduced plasma levels being
associated with cognitive regression even in the absence of
an ischemic event.’3 Despite the fact that BDNF is associated
with neuropathic pain after stroke,*® higher peripheral levels
are associated with favorable outcome.>”

Overall, the results of the study emphasize the neuroprotective
role of BDNF, PDGF-AA, and PDGF-AB/BB, partly not only
by their intercorrelation but also by the positive association
with a lower degree of functional dependency in daily life
activities. Although the cutoff for BDNF and PDGF showed
high sensitivity, there was a low specificity for poor functional
prediction. There are scarce data across the literature regarding
the cutoff point for BDNF levels in poststroke recovery
or disability. A recent study revealed that a cutoff value of
20.7 ng/ml might be a good predictor for short-term poststroke
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recovery, with a sensitivity of 51.7% and specificity of 62.3%,
although plasma BDNF was found to be correlated only
statistically but not clinically with functional outcome.®
Another study suggested a cutoff of 21.8 ng/ml as the optimal
value for long-term recovery prediction.’” The recovery after
stroke or response to therapy is highly variable among patients,
partly due to genetic polymorphism; (BDNF) Val66Met
polymorphism is one of the genetic polymorphisms known to
be associated with poorer recovery after ischemic stroke.”’

Because both the BI and the mRS are the most frequently used
measurements to assess the degree of functional dependence
in stroke patients, we also assessed mRS at discharge,
but none of the neurotrophic parameters were significantly
associated with poor prognosis (mRS > 3) at discharge (data
not shown). In a recent publication, we showed that the plasma
level of neurofilament heavy chains (NfH), a possible marker
of neuronal destruction, was significantly higher on day 5 after
the onset of the disease, in a positive association with mRS >3
at discharge.*!) However, in the present analysis, significantly
higher levels of NfH [median: 159.3 (IQR: 23.5-384.2) ng/ml]
were found in patients with higher degree of disability in daily life
activity (BI <80) compared with patients with BI >80 [median:
26.5 (IQR: 23.5-267.9) ng/ml] (data not shown).

Limitations

Although the relatively modest group size in relation to
stroke incidence could be considered a potential limitation,
the strength of the study is the dynamic measurement of the
peripheral parameters and assessment of baseline biomarker
projection on patient status 5 days after onset. Additionally,
some of the above-discussed neurotrophins have been mostly
studied in an experimental context and less in a clinical one.
Further studies should investigate the impact of neurotrophic
and deleterious markers on long-term outcome prediction, in
larger group size, measuring both the degree of disability and
functional independence in daily life activities.

CONCLUSIONS

BDNF, PDGF-AA, and PDGF-AB/BB plasma levels were
significantly lower in severe stroke, being independent
predictors for functional dependency in daily life activities, and
thus, they may be useful prognostic markers in the assessment
of ischemic stroke patients. XMAP technology allows multiple
biomarker assessments, rendering a more comprehensive
image on the multiple processes occurring during an acute
ischemic stroke event.
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