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Abstract

Introduction: Stroke is the second leading cause of disability and death worldwide. Carotid endarterectomy
(CEA) reduces the incidence of ischemic stroke or death in patients with sympatomatic carotid artery stenosis
more effectively than pharmacological therapy alone. Visinin-like protein | (VLP-1) is a potential marker of
brain injury. An increased serum level of VLP-1 was observed in neurodegenerative diseases, ischemic stroke,

and traumatic brain injury.

Material and methods: The objective of the study was to report the changes in serum level concentrations of
VLP-1 in patients undergoing CEA. The study group consisted of 22 patients with severe carotid artery stenosis,
qualified to CEA. Serum levels of VLP-1 were measured by an enzyme-linked immunosorbent assay (ELISA)

test at 24 h before CEA, 12 and 48 h after the surgery.

Results: Serum VLP-| levels were significantly reduced 48 h after CEA compared to the levels before and

|2 h dfter surgery.

Conclusions: VLP-| serum level decreases after an uncomplicated CEA in patients with high-grade carotid
artery stenosis. Alterations in this curve may be a marker of neurological events dfter the procedure. Higher

VLP-| baseline levels before CEA may reflect brain damage caused by chronic ischemia.
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Introduction stroke (IS) is atherothrombotic occlusion of the carotid
artery, and the others include embolic stroke, cerebral

Stroke is the second leading cause of disability and hypoperfusion, and venous thrombosis [2].
death worldwide, especially in low-and middle-income Carotid endarterectomy (CEA) is a surgical proce-
countries [1]. The most common etiology of ischemic dure that reduces the incidence of IS or death in patients
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with severe (= 70 to 99% of stenosis), symptomatic (IS,
TIA, or retinal TIA) carotid artery stenosis more effecti-
ve than pharmacological therapy alone [3—6]. However,
this method is not completely free of complications in
the perioperative period, and this may include micro
and macro embolism resulting in brain ischemia or
ischemia-reperfusion injury and brain edema, caused by
clamping and declamping of the internal carotid artery
(ICA) during the CEA [7-10].

Visinin-like protein | (VLP-1) is a neuron-specific
molecule from the highly homologous family of neu-
ronal calcium sensor (NCS) proteins [I 1], which are
involved in several calcium-dependent signal trans-
duction processes in neurons [12]. VLP-1 is responsible
for multiple roles in normal neuron function, such as
regulation of neuronal ion channels, membrane traffic,
learning, neuronal growth, and survival, however, it
is also a neurotoxic factor under the condition of the
disruption of calcium homeostasis caused by stroke
[13, 14]. In this case, calcium overload, an increased
level of cytosolic Ca2+ concentration in neurons may
lead to the involvement of NCS proteins in numerous
necrotic and apoptotic pathways in the central nervous
system (CNS) [15].

In 2006, Laterza et al. found VLP-1 in the cerebro-
spinal fluid (CSF) of a rat model of stroke and in the
plasma from patients after stroke, suggesting it to be
a potential marker of brain injury [16]. Subsequently,
the potential to diagnose ischemic stroke using VLP-
| was confirmed in a pilot study conducted by Stejskal
et al. [17]. Recently, Li et al. found that an increase in
the level of VLP-1 in patients after stroke can serve
as an independent predictor of cognitive dysfunction
[18]. In 2020 Liu et al. concluded that serum levels of
VLP-1 were associated with poor clinical outcomes in
stroke patients [14].

Changes in the VLP-1 level can also be observed in
neurodegenerative diseases such as Alzheimer’s disease
(AD) [19]. A recent meta-analysis conducted by Hao in
2021, which contained 51 studies, confirmed that the
level of VLP-1 increased in AD, compared to healthy
controls, which confirmed that it could be a valuable
marker for the diagnosis of AD [20]. The serum level of
VLP-1 also increased after an epileptic seizure, suggest-
ing that it may be a useful biomarker for seizure-induced
neuronal injury [21]. Down-regulation of VLP-I has
been reported in amyotrophic lateral sclerosis [ALS]
[22]. Later, Liebl et al. suggested, that VLP-1 is a redox
sensor that integrates Ca2+ homeostasis and the level
of oxidative stress within a cell, and that the presence
of VLP-1 dimers and aggregates correlates with the
progression of motor neuron disease [23].

VLP-1 was also investigated as a possible biomarker
of traumatic brain injury. Wu et al. found that VLP-1 may

be a suitable biomarker for the identification of sports-
-related concussion (SRC) [24]. Similar results were
obtained by Bradley-Whitman et al. [25], who found that
the serum level of ubiquitinated-VLP-| was significantly
elevated after the brain injury in a well-characterized
rat unilateral cortical contusion model. In contrast,
Shahim et al. did not observe a significant difference in
the plasma level of VLP-1 at | h after the concussion
compared to the pooled baseline preseason levels, in
a group of 288 professional ice hockey players [26].

In the light of the above findings, the aim of our study
was to investigate changes in serum level of VLP-1 in
patients undergoing CEA.

Material and methods

Patients

The study group consisted of patients with internal
carotid artery stenosis, scheduled to undergo CEA in
the Department of Vascular Surgery and Angiology of
Medical University in Lublin, Poland. The study invol-
ved 22 patients aged from 57 to 82 with a mean age of
71.36 (standard deviation = 6.51) years. The degree
of internal carotid artery stenosis ranged from 70 to
90%. The inclusion criteria were carotid artery stenosis
> 50% in symptomatic patients (symptoms of stroke/
TIA < 6 months before), or > 60% in asymptomatic
patients with at least | feature suggesting higher stro-
ke risk on BMT. The exclusion criteria were: inability
to give informed consent, complete occlusion of the
internal carotid artery, intracranial artery lesion more
significant than the proximal carotid lesion, brain dama-
ge in the course of other nervous system diseases, prior
ipsilateral CEA, history of disabling stroke (modified
Rankin score = 3), active inflammation and expected
survival time < 5 years. A Neurological examination
was performed by a neurologist prior to and after
CEA. In this neurological examination, there were no
deviations from normal state in all patients included in
the study. Conventional CEA was performed under local
anesthesia without the use of a shunt. CEA was perfor-
med through a longitudinal arteriotomy, running from
the carotid bifurcation to the anterolateral surface of
the internal carotid artery ICA. The carotid artery was
clamped, and the arteriotomy was closed with primary
sutures. No postsurgical complications were observed.
Demographic information and pertinent medical history
of the patients are summarized in Table |.

The estimation of internal carotid artery
stenosis degree

The degree of internal carotid artery stenosis was
determined based on a high-resolution USG Doppler
examination, performed with a Toshiba Aplio 500 de-
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Table I. Characteristics of patients

Patient ID | Sex | Age Location | % Stroke/TIA | Symptoms Other diseases

| M 74 R 90 No Tinnitus, hypoacusis None

2 F 68 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease

3 M 57 R 70 No None Ischemic heart disease

4 M 78 R 80 No Visual disturbances Diabetes, arterial hypertension

5 M 74 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease

6 F 67 R 90 Stroke Dizziness Diabetes, arterial hypertension

7 M 67 L 90 Stroke Hemiparesis Diabetes, arterial hypertension

8 F 79 L 80 No None Arterial hypertension

9 M 78 R 90 Stroke Hemiparesis Arterial hypertension

10 F 63 L 90 No Tremor Diabetes, arterial hypertension

I M 63 L 80 No None Arterial hypertension, ischemic heart
disease

12 M 74 R 90 Stroke None Arterial hypertension

13 M 63 L 90 Stroke Hemiparesis Arterial hypertension

14 F 82 L 80 No Dizziness Arterial hypertension

15 M 74 L 90 No None Diabetes, arterial hypertension, ischemic
heart disease

16 M 76 L 80 Stroke None Avrterial hypertension

17 M 76 L 85 TIA None Diabetes, arterial hypertension, ischemic
heart disease

18 F 64 L 90 TIA None Diabetes, arterial hypertension

19 F 72 L 70 No None Arterial hypertension

20 M 77 L 90 Stroke Hemiparesis Arterial hypertension

21 M 67 R 90 Stroke Hemiparesis Diabetes, arterial hypertension

22 M 77 L 80 No Dizziness, visual Arterial hypertension

disturbances

ID — identification; M — male; F — female; TIA — transient ischemic attack; L — left; R — right

vice with a high-frequency (I | MHz) linear probe. The
sonographer was a vascular medicine specialist who
was unaware of the subject’s clinical state.

Based on Doppler studies, patients were qualified
for the CEA procedure as determined by the guidelines
established by the European Society of Vascular Surgery
[27]. Patients with severe carotid artery stenosis were
identified using criteria established by NASCET (North
American Symptomatic Carotid Endarterectomy Trial)
according to the following formula: % ICA stenosis =
(1-[narrowest ICA diameter/diameter normal distal
cervical ICA]) x 100 [6].

Biochemical analysis of visinin-like protein |
Serum samples were taken from the antecubital vein
of the patients at three different times: within 24 hours

preoperatively to CEA, |12 hours postoperatively, and
48 hours postoperatively.

Serum for the analysis of specific proteins was ob-
tained by centrifugation of whole blood at 3000 rpm
(603 X g) for |5 minin a laboratory centrifuge at a tem-
perature of 4°C and stored at —80°C prior to analyses.
Plasma without signs of hemolysis was analyzed using
a quantitative sandwich enzyme-linked immunosorbent
assay (ELISA) technique. The protocols were adapted
from a commercially developed assay manufactured
by Bioassay Technology Laboratory (BT Lab, Zhejiang,
China). The concentrations of visinin-like protein |
(VLP-1); Cat. No: E4118Hu were quantified based on
the optical density (OD) at 450 nm using the BioTek
ELx808™ Absorbance Microplate Reader (BioTek,
Winooski, VT, USA). The samples for each participant
were diluted to fit the range of the standard curve and
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Table 2. Serum levels of visinin-like protein | (VLP-1) and a comparative analysis

Median

Before 22 0.065 0.060 ‘ 0.022 0.00477 p = 0.00041*
12 h after 22 0.054 0.053 0.024 0.00514
48 h after 22 0.0417 0.042 0.018 0.00392

Difference Significance

Before — 12h after p = 0.03251
Before — 48h after p = 0.00009*
|2h after — 48h after p = 0.00639*

*statistically significant; SE — standard error; SD — standard deviation; N — number of patients

run in duplicate on the same plate. Briefly, the plates
were precoated with a human antibody, specific for
each analyzed protein. A specific biotinylated antibody
was also added to each sample. Then, streptavidin-HRP
was added to the sample and standard wells. After in-
cubation, plates were washed with 5x washing buffer
with an automatic plate washer. Substrate solutions
were added and once again the plates were incubated.
The reaction was terminated by the addition of a stop
solution. The concentration of protein levels in samples
was calculated based on the standard curves using the
average of the duplicate values.

Statistical analysis

The distribution of the collected data was evaluated
using the Shapiro-Wilk test showing normal distribution
for VLP-|. Furthermore, the data on the VLP-I| levels
were analyzed using the one-way repeated measures
ANOVA test with post hoc student’s t-test using Bon-
ferroni correction. Correlation analysis was performed
using the Spearman rank correlation. The VLP-I values
were expressed in ug/l. The values of p < 0.05 were
considered significant.

Results

The repeated measures ANOVA test showed that
a sampling time significantly affected (p < 0.05) serum
VLP-1 levels; F(2, 42) = 12.96, p = 0.00041. Serum
VLP-I concentrations in patients and a comparative
analysis are presented in Table 2.

The post-hoc paired student’s t-test using a Bonfer-
roni corrected oo = 0.0166 (0.05/3) indicated that the
VLP-I level was statistically significantly decreased 48 h
after CEA as compared to the levels measured prior
to surgery (Fig. |), and 12 h after the surgery (Fig. 2)
(p < 0.0166). However, the difference in serum

Figure 1. Serum visinin-like protein | (VLP-1) levels in pa-
tients before and 48 hours after the procedure, Bonferroni
p = 0.00009** (M — mean; SE — standard error; SD — stan-
dard deviation); *statistically significant

VLP-Ilevels prior to surgery and 12 h after CEA (Fig. 3)
was not statistically significant (p > 0.0166).

There were no differences in serum VLP-| concen-
trations in three measurements between males and
females (p > 0.05). The difference in serum VLP-1 con-
centrations between younger (< 69 years) and older
(> 69 years) patients in the three measurements was
also not significant (p > 0.05). There was no correlation
between serum creatinine level and the level of VLP-1 in
all three measurements (p > 0.05).

Discussion

Our study revealed that the serum VLP-1 level
decreased statistically significantly 48h after CEA com-
pared to the levels measured before surgery and |12h
after surgery.
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Figure 2. Serum visinin-like protein | (VLP-1) levels in pa-
tients 48 and 12 hours after the procedure, Bonferroni p =
0.00639** (M — mean; SE — standard error; SD — standard
deviation); *statistically significant

Figure 3. Serum visinin-like protein | (VLP-1) levels in pa-
tients before and 12 hours after the procedure, Bonferroni
p = 0.03251. (M — mean; SE — standard error; SD — stan-
dard deviation)

To the best of our knowledge, this study is the first
to evaluate the influence of the uncomplicated CEA on
the level of VLP-1, and it presents data on a characte-
ristic time curve of this molecule in the perioperative
period of CEA.

At the beginning of 2006, Laterza et al. identi-
fied VLP-1 in cerebrospinal fluid from a rat model of
a retrospectively collected stroke, and in plasma from
I8 patients after stroke [16].

In 201 | Stejskal et al. developed the ELISA sandwich
method for the determination of VLP-1. The study was
held on a group of 33 patients: 17 healthy subjects and
16 suffering from ischemic stroke. The authors pre-
sented a statistically significant (p < 0.01) difference
in the level of VLP-I in both serum and cerebrospinal
fluid (CSF), between these two groups, assuming that

VLP-1 may be an independent marker of brain inju-
ry. The authors did not find significant differences in
VLP-I concentration between men and women in either
serum or CSF in the group of healthy subjects, nor in the
group of patients with ischemic stroke. The limitations
of the study included a small number of patients and
the selection of the control group, which did not allow
one to estimate the precision for differentiating stroke
from other neurological diseases [17].

A larger group of |10 patients with a stroke, was
investigated by Li et al. in 2018. The authors found that
in the stroke group, the level of VLP-| was significantly
(p < 0.001) higher than that in the control group, and
in the patients with cognitive dysfunction, the level of
VILIP-1 was higher than that in the normal cognition
group. Authors therefore concluded that this molecule
can serve as a predictor for cognitive dysfunction after
stroke [18].

In 2020 Liu et al. investigated a group of 80 stroke
patients and found that infarct volume and serum VLP- |
concentrations were highly and significantly correlated,
and VLP-1 levels showed a strong association with poor
stroke outcome [14].

In contrast, the study conducted by Park et al. in
2013 inagroup of 175 patients found that the peripheral
blood level of VLP-1 did not increase after stroke and
was therefore not associated with stroke outcome, pro-
bably due to sampling of blood markers within 24 hours
after stroke onset, when the release of proteins from
the damaged brain to peripheral blood has not reached
the peak yet [28].

Up to now, VLP-1 has not been investigated in
the perioperative period of carotid endarterectomy;
however, some other molecules, considered markers
of brain damage, were previously studied before and
after this procedure.

In 2001 Connolly ES Jr et al. conducted a study on
agroup of 25 patients who underwent CEA, measuring
serum levels of SIO0B protein and neuron-specific
enolase before (24h and pre-clamping), and after (24,
48, and 72 hours) the procedure. The study group was
divided to: injured (those who exhibited significant
declines in neuropsychometric test performance), and
uninjured patients. As a result, injured patients presen-
ted significantly higher S100B levels, compared with
uninjured patients, at 24, 48, and 72 hours after surgery
(P < 0.05). However, SI00B levels were elevated not
only during the postoperative period but also during the
preclamp period. Although the mechanism of cerebral
injury among CEA patients demonstrating a decrease
in neuropsychometric test performance is unknown,
hypoperfusion or microemboli could be responsible.
There were no significant differences in neuron-specific
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enolase levels for injured and uninjured patients at any
time point [29].

Our study showed that VLP-1 levels decreased
after CEA. Rasmussen et al. presented similar results.
The authors measured serum levels of neuron -specific
enolase (NSE) and SI100B, a different marker of brain
damage, in a group of 22 patients undergoing carotid
endarterectomy, preoperatively and postoperatively
(12, 24, 36 and 48 h after CEA). The results showed
that NSE level was significantly higher before carotid
artery surgery and decreased postoperatively, while
SI100B level did not significantly change. The authors
found no correlation between the change in cognitive
function and the changes in blood levels of NSE or
S100B protein [30].

The same molecules were investigated by Brightwell
etal. [31], on a group of. 52 patients with carotid artery
stenosis, of whom 28 underwent CEA and 24 carotid
artery stenting (CAS). Both NSE and S100B were signi-
ficantly higher at the baseline compared to the normal
population. After the intervention, there was a non-
-significant trend of a transient rise of SI00B levels in
the CAS group, while the levels in the CEA group appe-
ared unchanged. NSE appeared to increase at 48 hours
postoperatively in the CEA group and decline in the
CAS group, however, differences were not statistically
significant. S100B alone increased significantly at 24 ho-
urs in those patients with postoperative neurological
deficit (p = 0.015), and in those with emboli detected
by the perioperative transcranial Doppler examination.

Mussack et al. conducted a study on a group of
46 patients with carotid artery stenosis, treated with
CEA or CAS, and found that CEA but not CAS was
associated with a transient increase in serum levels of
S-100B, which later returned to baseline levels. The
prolonged elevation of serum S-100B levels correspon-
ded to the development of postoperative neurological
deficits [32].

Earlier, a study group from our Department inve-
stigated a number of different molecules, that were
potential brain damage markers, in the perioperative
period of CEA.

In 2014 Terlecki et al. investigated the plasma level
of kynurenic acid (KYNA) in a group of 40 patients,
who underwent CEA or carotid artery stenting (CAS).
Patients who underwent CEA were divided into groups
with stable and unstable carotid artery plaque. KYNA
level was measured before surgery and |, 6, 24, and
48 hours after surgery. The authors found that the ba-
seline value of plasma KYNA concentrations determined
before surgery were higher in patients with unstable
carotid plaque undergoing CEA than in patients with
stable carotid plaque undergoing CEA and patients
undergoing CAS. Independent of the baseline KYNA

level, its concentration increased during the posto-
perative period in all studied groups. Higher plasma
KYNA concentrations were noted in patients with
postoperative neurological disorders. KYNA value was
associated with the degree of inflammation measured
by NLR (neutrophil-lymphocyte ratio) [33].

Later, in 2016 lizecki et al. investigated serum levels
of several molecules in the perioperative period of
patients undergoing uncomplicated CEA. Serum levels
of carnosine dipeptidase | (CNDPI) and terminal hy-
drolase LI (UCHLI) Ubiquitin C decreased significantly
12 h after CEA compared to the level before surgery
and then normalized 48 h after CEA [34]. Microtubule-
-associated protein tau (MAPt) and myelin basic protein
(MBP) presented a similar time curve, and significantly
decreased 12 hours after CEA compared to the level
before the surgery (p < 0.05), but then normalized
48 hours after CEA [35]. Three other molecules: glial
fibrillary acidic protein (GFAP), neurofilament light
polypeptide (NEFL), and brain lipid-binding protein
(FABP7) levels were not statistically different between
all the three measurements (p > 0.05) [36, 37].

In the other study, published by llzecki et al.in 2016,
authors showed in the group of 25 patients undergoing
uncomplicated CEA, that the serum level of NSE was
statistically significantly increased 48 h after CEA as
compared with the levels measured 12 h after surgery
and prior to surgery (p < 0.05) [38].

Therefore, the results obtained in our study ap-
pear to be similar to some of the previous research,
in which the serum level of brain damage markers
(CNDPI, UCHLI, MAPt, MBP) significantly decreased
in uninjured patients, after the uncomplicated CEA.
The reason for that could be chronic brain ischemia
caused by a high-grade internal carotid artery stenosis
which could be responsible for the chronic damage of
the brain, and therefore higher baseline level of brain
damage markers such as VLP-I. Then, after the CEA,
when the perfusion normalizes, the VLP-I level drops
with time. Similar results obtained by Rasmussem and
Brightwell, who investigated NSE levels before and
after uncomplicated CEA, and llzecki, who investigated
levels of CNDPI, UCHLI, MAPt, and MBP seem to
support this hypothesis. However, other levels of some
other brain damage markers, such as SI100B and KYNA
appeared to increase after CEA.

The reason why different molecules established
as brain damage markers act differently after CEA
surgery remains unknown. It is possible, that some of
them show higher sensitivity in detecting damage to
the brain, and only these could detect small injuries of
the brain such as silent ischemia after the CEA, caused
by clamping and declamping the artery, microemboli,
ischemia-reperfusion etc.
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Higher VLP-I levels before the procedure may
represent brain damage caused by chronic ischemia,
which is reduced by successful, uncomplicated CEA.
Chronic cerebral hypoperfusion (CCH) has previously
been investigated to activate a molecular and cellular
injury cascade that leads to the breakdown of the
blood-brain barrier (BBB) and neurodegeneration [39].
Therefore, brain damage markers, such as VLP |, may
be elevated, and found in the peripheral blood, due to
a BBB impairment.

Up to now, there is no data on the possibility of
release of the VLP-1, e.g. directly from the atheroscle-
rotic plaque. However, there is some evidence of the
presence of VLP-I in extra-neuronal tissues. Buttgereit
et al. [40] described VLP-| expression in the human
heart, rat cardiomyocytes, and H9¢2 cells, and demon-
strated that VLP-1 regulates the cell surface localization
of natriuretic peptide receptor B. Dai et al. have shown
that VLP-1 is expressed in pancreatic beta-cells and
modulates insulin secretion [41]. Guerrico et al. showed
that VLP-1 decreased cell adhesion and invasiveness of
highly invasive squamous carcinoma cells in mice [42].
In addition, Akagi et al. demonstrated a prognostic role
for VLP-1 at the mRNA level, suggesting its possible
usefulness as a predictor of lymph node metastasis and
a poor prognosis in colorectal cancer [43].

The authors are aware that one of the limitations of
our study is the small study group (22 patients), without
a control group of healthy subjects or patients with neu-
rological complications after the CEA. However, the aim
of the study was to investigate how the VLP-I level acts
in patients who underwent successful, uncomplicated
CEA, and therefore it can be treated as a pilot study,
while there is still a need for the next, more complex
research taking into account these issues in the future.

The other limitation is only one surgical technique
of CEA (primary suture), without the use of a shunt in
all of the patients. However, in a group of 22 patients
differentiating the surgical technique and dividing the
study group into smaller subgroups could make the
statistical analysis unreliable.

Conclusions

On the basis of the obtained results, it may be con-
cluded that alternations in the curve of the serum level
of VLP-1 may be a marker of neurological complications
after the CEA procedures, however, further investiga-
tions are needed. Additionally, higher VLP-I baseline
levels before CEA may reflect brain damage caused by
chronic ischemia.
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