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Prolyl carboxypeptidase (PRCP) is an enzyme associated with
cerebrovascular risk factors such as hypertension, diabetes mellitus, obesity
and hyperlipidemia. We aim to evaluate the relation between serum PRCP
activity and severity, evolution and outcome of acute ischemic stroke. We
used a specific RP-HPLC activity assay to measure PRCP activity in serum of
50 stroke patients at admission, and at 24 h, 72 h and 7 days after stroke
onset to assess correlations with stroke severity based on the National
Institutes of Health Stroke scale score (NIHSS), infarct volume on brain MRI
scan, stroke outcome based on the modified Rankin scale (mRS) and
mortality at 3 months after stroke. The average PRCP activity in serum
decreased significantly the first 24 h after stroke onset and returned to
baseline values at day 7. High NIHSS scores and infarct volumes at
admission were related with a more pronounced decrease of PRCP in the first
24 h after stroke (ΔPRCP , r = 0.31, P < 0.05; r = 0.30, P < 0.05). In
addition, patients who displayed a more pronounced decrease in PRCP levels
during the first 24 h after stroke were more likely to be institutionalized upon
discharge (n = 21) (ΔPRCP  ± SD, 0.05 ± 0.10 U/L vs. 0.17 ± 0.14 U/L,
P = 0.001). The decrease in PRCP levels in the first 24 h after stroke onset is
associated with stroke severity and an unfavourable short-term stroke
outcome.
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CRP C-reactive protein
NIHSS National Institutes of Health Stroke Scale
EPSS European Progressing Stroke Study
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Introduction
Globally, ischemic stroke is one of the most common causes of death and
acquired disability in adults [ 1 ]. It is caused by an interruption of the blood
flow to the brain, leading to a rapid loss of function [ 2 ]. Many neurochemical
processes underlying acute ischemic stroke remain to be elucidated and still
hold the potential to further improve diagnostics and therapeutics for acute
cerebrovascular accidents [ 3 – 5 ]. In this light, carboxypeptidases are interesting
candidates as it recently has become clear that the plasma concentration of
procarboxypeptidase U (proCPU), a zymogen involved in the etiology of
thrombosis, is related to thrombotic tendency and that these proCPU plasma
levels are associated with stroke characteristics in patients [ 6 ].

Prolyl carboxypeptidase (PRCP) is another carboxypeptidase that may play a
role in acute ischemic stroke. The enzyme preferentially cleaves off C-terminal
amino acids when Proline or Alanine are in the penultimate position [ 7 ].
Initially, PRCP was named angiotensinase C because of its ability to metabolize
angiotensin-(1-8) (Ang-(1-8)) to angiotensin-(1-7) (Ang-(1-7)), thereby causing
a shift from vasoconstriction of blood vessels to vasodilation [ 8 , 9 ]. The
enzyme is also capable of inactivating the vasopressor effects of angiotensin 3,
again leading to a decrease in blood pressure. In addition, PRCP is involved in
the activation of prekallikrein, resulting in the subsequent release of bradykinin
from high-molecular-weight kininogen. Moreover, the anorexigenic effects of
neuropeptide α-melanocyte-stimulating hormone 1–13 are suppressed by its
cleavage at the C-terminus by PRCP [ 10 – 14 ]. Based on these functions, PRCP
has been implicated in the pathophysiology of various diseases among which
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hypertension, inflammation, obesity and diabetes mellitus, also known as
important cerebrovascular risk factors [ 15 – 22 ]. Given its expression on
endothelial cells [ 23 ], on blood platelets (unpublished data) and its presence in
serum [ 24 ], it seems plausible that PRCP may be part of the ischemic cascade
following stroke. Furthermore, radioactive in situ hybridization and X-gal
staining approaches were performed to determine the distribution of PRCP in
the mouse brain. This study demonstrates the broad expression of the PRCP
gene in the brain [ 25 ]. Buga et al. [ 26 ] provided the first indication for its role
in cerebral ischemia by identifying PRCP as one of 161 dysregulated genes in a
genome-wide analysis of gene expression in the ipsilateral cortex of aged rats
after stroke. Additionally, it was shown that PRCP promotes vascular health
since PRCP deficiency in mice was associated with decreased endothelial cell
growth, wound repair and impaired angiogenesis with vascular injury [ 27 ]. In
this study, we measured PRCP activity in serum of 50 stroke patients at
admission (on average 2.7 h after stroke onset), and at 24 h, 72 h and 7 days
after stroke onset, and we evaluated its relation with key stroke characteristics.

Materials and Methods
Study Design and Population
The Middelheim’s interdisciplinary stroke study evaluates ischemic stroke
patients at ZNA Middelheim Hospital (Antwerp) based on their biochemical,
neuroimaging, electrophysiological, neuropsychological and clinical
parameters. During this study, many other biochemical parameters were
analysed but these results have been published elsewhere [ 28 – 31 ]. Patient
samples were collected over a 3-year period (2005–2008). Analysis of PRCP
activity in serum was performed in 50 ischemic stroke patients, who were not
treated with thrombolytics. The Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria were used to classify stroke etiology [ 32 ]. The study was
approved by the Ethics Committees of the University of Antwerp and ZNA
Antwerp and was conducted according to the ethical guidelines and principles
of the revised Declaration of Helsinki (1998). Table 1  shows patient and stroke
characteristics of the study group.

Table 1

Patient and stroke characteristics of a group of 50 patients with acute ischemic strokea
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Characteristic Value

Patient characteristics  

Age (years) 75.3 ± 7.4

Gender
Male: 26 (52 %)

Female: 24 (48 %)

Caucasian race 50 (100 %)

Time to blood sampling at admission (h) 2.7 ± 1.7

Stroke characteristics  

NIHSS at admission 9 ± 9

Stroke progression 8 (16 %)

Infarct volume (mL) 4.3 (IQR: 0.8–40.1)

mRS score at month 3 3 ± 2

Stroke etiology  

Atherotrombotic 8 (16 %)

Cardioembolic 27 (53 %)

Lacunar 6 (12 %)

Specific 1 (2.0 %)

Undetermined 8 (16 %)

NIHSS National Institutes of Health Stroke Scale, mRS modified Rankin scale

Data that follow a normal distribution are given as mean ± SD, non-Gaussian
data (infarct volume) are given by median and interquartile range (IQR)

Stroke progression defined by the European Progressing Stroke Study criteria

Stroke etiology classified by the TOAST criteria

Sample Preparation
Serum samples were prepared by drawing whole blood into collection tubes
containing no anti-coagulant at admission (mean ± SD, 2.7 ± 1.7 h after onset of
stroke symptoms), at 24 h, 72 h and 7 days after stroke onset. Thereafter, a

b

c

a

b

c
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centrifugation step at 2,000×g for 15 min at 4 °C was performed, serum was
frozen in liquid nitrogen and then stored at −80 °C before assay.

Measurement Methods
The activity of PRCP was determined by measuring the hydrolysis of substrate
N-benzyloxycarbonyl-Pro-Phe. The substrate solution was prepared by
dissolving 10 mM N-benzyloxycarbonyl-Pro-Phe in 0.10 M acetate buffer
containing 2 mM EDTA at pH 5.0, the pH optimum of PRCP. Hydrolysis was
initiated by incubating 10 µL sample and 75 µL substrate at 37 °C for 2 h. The
released N-benzyloxycarbonyl-Pro was measured by a RP-HPLC technique as
previously described [ 24 ]. The PRCP activity assay was done blinded to the
case identity. PRCP activity is expressed in units per liter where one unit
defines the amount of enzyme that hydrolyses 1 µmole of substrate per minute.
C-reactive protein (CRP) was analysed in serum on a Vitros 5.1 FS analyser
(Ortho Clinical Diagnostics, Beerse, Belgium) using the dry slide technology.
Imprecision ranged from 7.3 % at 28 mg/L to 3 % at 70 mg/L. CRP values
<10 mg/L are within the reference interval. Glucose concentration in serum was
determined using the Vitros Glu slide method on a Vitros 5600 analyser (Ortho
Clinical Diagnostics, Beerse, Belgium). The within lab precision was 1.3 % at
75 mg/dL and 1.3 % at 284 mg/dL.

Evaluation of Stroke Severity, Evolution and Outcome
Trained neurologists used the National Institutes of Health Stroke Scale
(NIHSS) score to evaluate the neurological impairment of patients at admission,
and at 24 h, 72 h and 7 days after stroke. The European Progressing Stroke
Study (EPSS) criteria were used to detect significant changes in the patients’
neurological status within the first 72 h of symptom onset. These criteria are
based on standardized neurological observations of language function,
consciousness, conjugate gaze, and motor function. Stroke progression is
defined as a neurological worsening or death within 72 h after onset [ 33 ]. As
defined by the EPSS criteria, eight patients developed progressing stroke. For
all patients the diagnosis of acute ischemic stroke was confirmed on MRI of the
brain. As previously described, the infarct volume was determined by two
independent neurologists [ 29 , 30 ]. The modified Rankin scale (mRS) was used
to assess stroke outcome at 3 months after stroke onset. On the basis of prior
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publications, poor outcome was defined as mRS score >3 [ 34 ].

Statistical Analyses
SPSS version 15.0 (SPSS Inc, Chicago, IL, USA) was used to perform all
statistical tests. A Kolmogorov–Smirnov test confirmed that the PRCP activity
in serum followed a normal distribution. The t test for independent samples and
t test for paired samples was used to compare the PRCP activity between two
groups and between various time points within groups. We employed the
Bonferroni correction for multiple comparisons between the different time
points. Bivariate correlations were used to assess the relation between change in
PRCP levels from admission to 24 h after stroke onset (ΔPRCP ) and
parameters for stroke severity, evolution and outcome. Pearson correlation
coefficient was determined for continuous data such as infarct volume and the
NIHSS score at admission, while Spearman rank correlation coefficient was
applied for ordinal data (progressing stroke; mRS score at month 3). This
statistical approach was similar to the strategy reported by Brouns et al. in a
related patient population [ 6 ].

Results
PRCP Activity Levels in Serum
The mean PRCP activity in serum was 0.99 ± 0.24 U/L (mean ± SD) on
admission, 0.88 ± 0.24 U/L at 24 h, 0.92 ± 0.21 U/L at 72 h and 0.98 ± 0.20 U/L
at day 7, as shown in Fig. 1 a. PRCP activity decreases significantly after
admission, reaches its nadir at 24 h after stroke onset (P < 0.001) and gradually
returns to baseline levels towards day 7. The change in PRCP levels from
admission to 24 h after stroke onset was 0.10 ± 0.13 U/L (ΔPRCP  ± SD). To
make sure that these differences are not due to changes in plasma volume, we
compared the hematocrit values at each time point. The long half-life of red
blood cells makes this parameter suitable for the validation of the results. A
one-way ANOVA was performed to compare the mean of the hematocrit values
at the 4 time points. As shown in Fig. 1 b, we observed a significant difference
from admission to 72 h (mean ± SD, 0.41 ± 0.05 at admission vs. 0.38 ± 0.05 at
72 h, P = 0.032) and from admission to day 7 (0.38 ± 0.05 at day 7, P = 0.025).
However, there was no significant difference between the hematocrit values at
admission and at 24 h (mean ± SD, 0.41 ± 0.05 at admission vs. 0.40 ± 0.04 at

24

24
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24 h, P = 0.073) meaning that the changes in serum PRCP activity at these time
points are not linked to alterations in plasma volume. The PRCP activity at
admission was not related to the interval between stroke onset and blood
sampling (P = 0.535).

Fig. 1

a The activity profile of PRCP (mean ± SD) is illustrated for each time point.
PRCP activity in serum decreases significantly the first 24 h post stroke and
thereafter returns to baseline towards day 7. Asterisk (*) shows significant
differences between various time points (P < 0.001). b The hematocrit value
(mean ± SEM) is illustrated for each time point. There is no significant difference
between the hematocrit value at admission and at 24 h. However, we did observe
a significant decrease from admission to 72 h and to day 7. Asterisk (*) shows
significant differences between various time points (P < 0.05)
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PRCP Activity and Cerebrovascular Risk Factors
There was no relation between PRCP activity at admission or its kinetics in the
first week after stroke and patient age, gender or cardiovascular risk factors and
diseases (heart failure, arterial hypertension, atrial fibrillation, previous
myocardial infarction, smoking, alcohol abuse, diabetes mellitus, family history
of stroke, previous stroke, obesity and dyslipidemia). We related heart rate,
systolic and diastolic blood pressure at admission to PRCP activity at admission
and its kinetics. Only the systolic blood pressure showed a positive correlation
with the kinetics of PRCP. Glycemia and CRP levels at admission also
correlated with PRCP activity at admission. These correlations are presented in
graphs in the supplementary material. In this study population, PRCP did not
correlate with the body mass index or serum levels of triglycerides, total
cholesterol, high-density lipoprotein or low-density lipoprotein. The statistical
data are summarized in Table 2 .

Table 2

Correlations between PRCP’s admission levels or kinetics and the parameters
analyzed

Parameters

PRCP activity at admission ΔPRCP

Pearson
correlation

T
value P Pearson

correlation
T
value P

Interval
between onset
and
bloodsampling

0.090  0.535 0.074  0.621

Age −0.025  0.863 0.101  0.498

Gender  0.845 0.402  1.531 0.134

Arterial
hypertension  −1.763 0.084  −0.604 0.549

Current
smoker  0.217 0.842  0.713 0.480

Previous
smoker  0.395 0.695  0.959 0.343

Diabetes
mellitus  −0.756 0.453  −0.602 0.550

24
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Alcohol abuse  0.864 0.392  0.030 0.976

Atrial
fibrillation  0.906 0.369  1.066 0.292

Previous
myocardial
infarction

 −0.473 0.638  −1.015 0.316

Heart failure  0.827 0.413  0.907 0.373

Previous
stroke  −1.004 0.321  −0.445 0.658

Familial
stroke  0.317 0.753  0.314 0.755

Dyslipidemia  −1.012 0.317  −0.124 0.902

Systolic blood
pressure 0.180  0.215 0.400  0.006*

Diastolic
blood
pressure

0.017  0.909 0.270  0.070

Heart rate −0.103  0.486 0.067  0.664

CRP 0.451  0.001* −0.117  0.433

CRP 0.149  0.308 −0.016  0.916

CRP −0.141  0.338 −0.134  0.380

CRP −0.198  0.193 0.127  0.423

Glycemia 0.541  <0.001* 0.228  0.123

Glycemia 0.204  0.155 −0.062  0.681

Glycemia 0.211  0.141 0.118  0.428

Glycemia 0.304  0.042 0.051  0.747

Body mass
index 0.066  0.650 0.019  0.899

Triglycerides 0.077  0.605 0.121  0.429

Total
cholesterol −0.064  0.671 0.160  0.294

High-density
lipoprotein 0.041  0.787 0.260  0.088

adm

adm

adm

adm

24

72

day7

adm

24

72

day7
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Low-density
lipoprotein −0.089  0.555 0.030  0.845

Significant correlations (P < 0.01) are indicated by an asterisk (*)

PRCP Levels in Relation to Stroke Severity
The NIHSS score at admission was used to differentiate between patients with
mild stroke (NIHSS ≤ 7, n = 25) and moderate to severe stroke (NIHSS > 7,
n = 25) [ 35 ]. In patients with moderate to severe stroke, PRCP levels decreased
significantly from admission to 24 h (mean ± SD, 0.96 ± 0.24 U/L at admission
to 0.77 ± 0.23 U/L at 24 h, P < 0.001). Although the PRCP levels at 72 h were
still significantly lower than the levels at admission (mean ± SD, 0.96 ± 0.24
U/L at admission to 0.84 ± 0.20 U/L at 72 h, P < 0.05), they were increasing to
reach baseline levels at day 7 (mean ± SD, 0.97 ± 0.21 U/L). On the contrary,
patients with mild stroke showed non-significant changes in PRCP levels
(mean ± SD, 1.02 ± 0.24 U/L at admission, 0.97 ± 0.22 U/L at 24 h, 1.00 ± 0.20
U/L at 72 h and 0.99 ± 0.19 U/L at day 7). In this study group, higher NIHSS
scores at admission were related with a more pronounced decrease of PRCP in
the first 24 h after stroke (r = 0.31 P < 0.05). The parameter infarct volume was
used to classify patients into two subgroups: those with small infarctions
(<5 mL, n = 27) and those with moderate to large infarctions (≥5 mL, n = 23).
In the first subgroup the PRCP levels showed a significant decrease from
admission to 24 h (mean ± SD, 0.98 ± 0.21 U/L at admission vs. 0.89 ± 0.18
U/L at 24 h, P < 0.001), which significantly returned to initial levels towards
72 h and day 7 (mean ± SD, 0.97 ± 0.15 U/L at 72 h, P < 0.05, 0.99 ± 0.14 U/L
at day 7, P < 0.05). Patients with infarct volumes ≥5 mL showed a more
pronounced decrease of PRCP levels (mean ± SD, 0.99 ± 0.27 U/L at admission,
0.86 ± 0.30 U/L at 24 h, 0.87 ± 0.26 U/L at 72 h, 0.97 ± 0.26 U/L at day 7). The
change in PRCP levels from admission to 72 h is greater in patients with
moderate to large infarctions compared to patients with small infarctions
(ΔPRCP  ± SD, 0.13 ± 0.16 U/L vs. 0.02 ± 0.19). In the total study population,
higher infarct volumes were related with a more pronounced decrease of PRCP
in the first 24 h after stroke (ΔPRCP  ± SD, r = 0.30, P < 0.05). Figure 2 a, b
display the relation between the PRCP profile and the severity of the stroke.

Fig. 2

72

24
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The kinetics of serum PRCP activity (mean ± SEM) correlate with initial stroke
severity. a NIHSS score dichotomized at 7, b infarct volume dichotomized at
5 mL

PRCP Levels in Relation to Subacute Stroke Evolution
Based on the EPSS criteria, eight patients (16 %) developed progressive stroke
in the first 72 h after stroke onset. There were no significant differences in
PRCP activity at admission (mean ± SD, 0.99 ± 0.24 U/L vs. 0.97 ± 0.21 U/L,
P = 0.82) or its profile between patients with and those without progressive
stroke (ΔPRCP  ± SD, 0.06 ± 0.09 U/L vs. 0.11 ± 0.13 U/L, P = 0.61)
(supplementary material). Changes in the NIHSS scores between the 4 time
points were related to PRCP levels in de first 24 h but no significant correlation

24
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was found (P > 0.05). As shown in Fig. 3 , patients who displayed a more
pronounced decrease in PRCP levels during the first 24 h after stroke were more
likely to be institutionalized upon discharge (n = 21, 4 %) (ΔPRCP  ± SD,
0.05 ± 0.10 U/L vs. 0.17 ± 0.14 U/L, P = 0.001).

Fig. 3

Bar graphs demonstrating the mean PRCP activity in serum and SD for each time
point. Patients with poor short-term outcome have a more pronounced decrease in
PRCP levels in the first 24 h after stroke and are more likely to stay
institutionalized. Asterisk (*) shows significant differences between various time
points (P < 0.001)

PRCP Levels in Relation to Long-Term Stroke Outcome
Based on the mRS score at month 3, patients were subdivided into two groups;
those with favourable long-term outcome (mRS 0–3, n = 36) and those with
unfavourable outcome (mRS 4–6, n = 14). We did not find a significant
difference between these groups in PRCP activity at admission (mean ± SD,
1.00 ± 0.23 U/L vs. 0.95 ± 0.26 U/L, P > 0.05) (supplementary material). The
mRS scores at month 3 did not correlate with ΔPRCP  (r = 0.20, P = 0.170).
At month 3, six patients were deceased but no significant difference in PRCP
activity at admission (mean ± SD, 0.98 ± 0.21 U/L for survivors vs. 1.01 ± 0.37
U/L for deceased, P = 0.790) or ΔPRCP  (mean ± SD, 0.10 ± 0.12 U/L for
survivors vs. 0.10 ± 0.18 U/L for deceased, P > 0.05) with stroke survivors were

24

24

24
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observed. These results demonstrate that PRCP’s profile is not related to long-
term stroke outcome.

Influence of Pre-stroke Medication on PRCP Levels
For evaluation of a possible influence of pre-stroke medication on PRCP levels,
we categorized the medication in the clinically relevant pharmacological
groups: antiaggregants, antihypertensive drugs and antidiabetics. An
independent t test revealed no significant differences in the PRCP activity at
admission or the change in PRCP levels from admission to 24 h after stroke
onset between patients who received antihypertensive or antidiabetic drugs
before admission and those who did not. The influence of antiaggregants on the
kinetics of PRCP reached borderline significance (P = 0.049). The results are
summarized in Table 1  of the supplementary material.

Discussion
This is the first study reporting on kinetics of PRCP activity in serum of
patients with acute ischemic stroke. So far, the involvement of PRCP in the
etiology and outcome of acute ischemic stroke has never been explored. PRCP
is a carboxypeptidase involved in the processing of Ang-(1-8) to Ang-(1-7).
Since the renin-angiotensin system has been linked to the development and
progression of cerebrovascular disease, further study on PRCP activity in
patients with acute ischemic stroke will help shed light on the biological role of
PRCP in stroke.

In this study, we observed a decrease of PRCP activity in serum during the first
24 h after stroke onset with subsequent return to baseline towards day 7.
Studying the vital parameters at admission (heart rate, systolic and diastolic
blood pressure), only the systolic blood pressure correlated with the decrease of
PRCP activity from admission to 24 h after stroke. This decrease might be
reflected in less Ang-(1-7) formation by PRCP and thus in a physiological
decline of the vasodilatory actions of Ang-(1-7), which may cause a subsequent
increase in the systolic blood pressure. Searching the literature, we found one
study that recently reported on an upregulation of the PRCP, Ace, Calcrl, Ece1,
P2rx4 gene at both 3 and 14 days post-stroke in rats. Since these genes are
involved in blood pressure control, the authors hypothesize that these results
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might indicate a dysregulation of post-stroke blood pressure [ 26 ]. High blood
pressure is present in 70–80 % of patients with acute ischemic stroke and is
independently associated with a poor functional outcome [ 36 ]. The present
study is the first to assess the PRCP enzyme activity in serum of acute ischemic
stroke patients, therefore confirmation of these results is necessary. At this
moment, we can only speculate on the possible mechanisms underlying the
activity profile of PRCP. We hypothesize that PRCP plays a role in the cleavage
of circulating Ang-(1-8) to Ang-(1-7), causing a shift from vasoconstriction and
prothrombotic activity towards vasodilatation and antithrombotic actions [ 37 ].
Importantly, intracerebroventricular infusion of Ang-(1-7) in a rat model of
cerebral ischemia has been shown to reduce cerebral infarct size and
neurological deficits. Activation of this cerebroprotective Ang-(1-7)/Mas axis
by PRCP might be beneficial during ischemic stroke [ 38 , 39 ]. Among all the
general biochemical parameters we have investigated, we could only observe a
correlation between PRCP activity at admission and admission glycemia. This
result confirms an earlier report on a strong association of the plasma
concentrations of PRCP with metabolic syndrome and diabetes mellitus [ 20 ].
PRCP admission activity in serum was related to admission CRP concentration,
a parameter reflecting the degree of inflammation in the human body. The role
of PRCP in the inflammatory process may be related to its ability to convert
prekallikrein to kallikrein. This leads to a subsequent formation of bradykinin,
which is an important mediator of vasodilation, inflammation and fibrinolysis.

To investigate the relation between PRCP’s levels and stroke severity, we
divided the patients into groups based on their NIHSS score and infarct volume.
The decrease in PRCP activity in the first 24 h post stroke was more
pronounced in patients with more severe stroke and larger infarctions on
neuroimaging. These patients were also more likely to be institutionalized upon
discharge. Besides stroke severity, we also evaluated the relation to stroke
evolution and the long-term stroke outcome. A relation with the evolution in the
subacute phase after stroke was absent and PRCP activity was not predictive for
long-term functional outcome or for mortality. In 2012, Xu et al. [ 20 ]
developed a sensitive immunoassay for PRCP and observed a strong association
of the plasma concentrations of PRCP with signs of obesity, diabetes mellitus
and cardiovascular dysfunction. However, in this study population we have not
found a correlation with important cerebrovascular risk factors (e.g. arterial
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hypertension, heart failure) and PRCP’s levels at admission or kinetics.

An alternative explanation for the differences in PRCP’s serum activity at the
different time points could be endothelial dysfunction or the presence of
confounding factors. It is well documented that PRCP is located on the
membrane of endothelial cells [ 23 ]. Since endothelial dysfunction is a
fundamental step in the development of atherosclerosis and has been observed
in stroke patients, we believe that this dysfunction might result in an increased
production and release of membrane-bound PRCP into the circulation [ 20 , 40 ].
We considered a possible effect of the time between stroke onset and blood
sampling and the measurement of PRCP activity at admission, but no relation
was found. Since there was no relation between PRCP activity and changes in
plasma volume, it is unlikely that the observed alterations in PRCP activity are
caused by nonspecific mechanisms.

In the present study, an age-matched control population was not available.
Previously, we measured PRCP activity in serum of 32 young, healthy
individuals. The average PRCP activity in serum of this healthy population was
found to be 0.72 ± 0.16 U/L, respectively. This is lower than the average PRCP
activity we measured in the present study population. Differences could be due
to the variation in the average age of these populations and/or the presence of
multiple pathologies in the diseased population or are a result of the stroke
itself. Another limitation of this study could be the presence of unknown
confounding factors. The strengths of this pilot study include (1) confirmation
of acute ischemic stroke by MRI in all patients, (2) very early blood sampling
after stroke onset (on average 2.7 h), and (3) all methods used in this study were
optimized and validated.

The present study reports on the association of PRCP’s activity decline in the
first 24 h after stroke onset, with stroke severity and an unfavourable short-term
stroke outcome, with the purpose to further elucidate PRCP’s physiological role
during cerebrovascular events.
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