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Dynamics of intracranial and peripheral plasma Syndecan-1
after ischemic stroke with large vessel occlusion

Dear Editors,

Endothelial Syndecan-1 is a principal constituent of glycocalyx which
is now considered a cornerstone in ischemia-reperfusion-related
endothelial dysfunction as it participates in microvascular reactiv-
ity, endothelium interaction with blood constituents, and vascular
permeability.! Numerous pathologies such as trauma, inflammation,
stroke, and ischemia-reperfusion injury can lead to increased shed-
ding of Syndecan-1.? The shedding of Syndecan-1 and the temporal
pattern of its release may represent important biomarkers serving
as early-stage predictors of organ damage. In this study, intracranial
and peripheral plasma were collected in order to determine changes
in Syndecan-1 shedding, in a longitudinal large vessel occlusion
(LVO) cohort.

This study was approved by the medical ethics committee (grant
number, 202102037). Plasma samples were collected from eight
healthy individuals (HI) aged 50-80years, and from 24 patients with
acute ischemic stroke due to middle cerebral artery occlusion (within
24h). All participants were briefed and provided signatures of in-
formed consent. All patients were being treated with thrombectomy
with retrievable stent, were receiving standard medical treatment
and, if appropriate, venous thrombolysis prior to thrombectomy. All
patients achieved successful reperfusion (modified Thrombolysis in
Cerebral Infarction [mTICI] score =2b). Exclusion criteria included:
inflammatory diseases, and cancer; cytostatic/immunosuppres-
sive therapy; and cerebral, heart, eye, or peripheral infarcts within
3 months. Clinical data collected include stroke severity, time from
onset to groin puncture and successful reperfusion, with/without in-
travenous thrombolysis, the number of stentriever passes, and neu-
rological functional outcome. Stroke severity was estimated using
the National Institutes of Health Stroke Scale (NIHSS). Neurological
functional outcome was estimated using the modified Rankin Scale
(mRS) at 90days.

Intracranial blood was aspirated from the offending vessel distal
from the occlusion site during operation using a microcatheter?; pe-
ripheral blood was collected from all patients before groin puncture,
and at 1 h, and 1, 3, and 7 days after successful reperfusion. All plas-
mas were stored at -80°C for subsequent analysis.

The plasma-soluble Syndecan-1 level was measured using
ELISA kits according to the manufacturer's instructions (Abcam,
Cambridge, MA, USA, Cat No. ab46506).

Data sets were tested for normality (Shapiro-Wilk). Non-normal
data sets were log-transformed and tested again. Data sets that
remained non-normal were subject to nonparametric statistical
tests. Parametric data were processed using the One-Way ANOVA
test, and non-parametric data with the Kruskal-Wallis test. For
Syndecan-1, 1 h after reperfusion appeared to be the most dynamic
sampling time. Therefore, we determined whether the variables
(baseline NIHSS, the time from onset to groin puncture or success-
ful reperfusion, with/without intravenous thrombolysis, number of
stentriever passes) were predictive of the level of Syndecan-1, 1 h
after reperfusion. Data sets were tested using linear regression
modeling. Correlations were tested for normality, and the Spearman
coefficients were calculated. p values of <0.05 (SPSS 22.0) indicate
significant differences.

Among the patients, the median stroke severity was moderate
(baseline NIHSS 15, range 7-32). The median of 90-day mRS was
2 (range 0-6). One patient died within 90days. The percentage
of males in the patient cohort was higher than that of the healthy
group. There was no significant correlation between the Syndecan-1
and gender at each timepoint, with or without LVO. It may therefore
be argued that the level of plasma soluble Syndecan-1 does not re-
flect the patient's gender. Nor was the level found to vary with age.
Further, no significant correlations were found between Syndecan-1,
and (i) baseline NIHSS, (ii) the time from onset to groin puncture or
successful reperfusion, (i) number of stentriever passes, or (iv) 90-
day mRS at each timepoint.

Syndecan-1 responded to ischemia-reperfusion injury in a di-
verse manner (Figure 1). In the hyper-acute phase of LVO, the level
of peripheral Syndecan-1 was similar to that in HI. Within the in-
tracranial plasma, the level of Syndecan-1 increased significantly.
Within 1 h after successful reperfusion, the level of Syndecan-1 had
increased sharply. At 1 day after reperfusion, it was found to have
decreased substantially. Thereafter, the level of Syndecan-1 gradu-
ally increased at 3 and 7 days after reperfusion.

Patients who underwent intravenous thrombolysis (n = 10) prior
to thrombectomy showed lower levels of Syndecan-1 both in the in-
tracranial and in the peripheral plasma at 1 h after revascularization,
compared with those who did not (n = 14) (p = 0.001).

In this article, we provide unique data showing that plasma solu-

ble Syndecan-1 displays a dynamic and complex signature following
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FIGURE 1 Syndecan-1 detected in the plasma of healthy
individuals (HI) and longitudinally after large vessel occlusion (LVO).
Plasmas from HI (N = 8) and patients (N = 24) before operation,
intraoperative(intracranial), and 1 h, 1 day, 3days, and 7 days after
recanalization after LVO were immunoassay for Syndecan-1 marker.
Data are presented as mean+SD. ****** represent p<0.05, 0.01,
and 0.001, respectively

acute LVO. During the hyper-acute period after stroke, there occurs
a significant elevation of the level of Syndecan-1 in the intracranial
blood distal from the occlusion site, suggesting that Syndecan-1
shedding initiates already during vascular occlusion.

More interestingly, at subsequent time points, we observed a bi-
phasic pattern of soluble Syndecan-1 elevation: shortly after recanali-
zation, and 3-7 days after recanalization. This finding may indicate that
Syndecan-1 shedding is associated with increased blood-brain barrier
permeability. At first, previous studies have confirmed that glycocalyx
degradation is closely related to the impairment of vascular permea-
bility.* Second, the dynamic characteristics of Syndecan-1 are similar
to the currently known biphasic opening of the blood-brain barrier.>¢
Accordingly, the protective therapy of Syndecan-1 may become a new
target for preventing or treating ischemia-reperfusion injury.

In addition, evidence has shown that the degree of recanaliza-
tion by thrombectomy in LVO may be important for blood-brain
barrier damage and permeability,”® and, perhaps, the shedding of
syndecan-1 from vascular endothelial cells. Unfortunately, since all
cases in this study achieved successful reperfusion (mTICI 22b), the
relationship between the level of syndecan-1 and recanalization by
thrombectomy would not be substantiated in this investigation.

The significant association between venous thrombolysis and
the Syndecan-1 level may constitute additional evidence of the ben-
eficial effect of venous thrombolysis for acute ischemic stroke in
terms of glycocalyx protection.

The limited sample size is a significant drawback of this study;
additional research studies with bigger sample sizes are necessary to
assess the clinical importance of plasma soluble syndecan-1.

In conclusion, this study provides the first direct evidence
showing that the level of plasma Syndecan-1 displays dynamic
and complex changes following LVO. Our findings support experi-
mental evidence showing that Syndecan-1 may contribute to brain
ischemia-reperfusion injury and blood-brain barrier damage, and
indicate that Syndecan-1 shedding occurs during vascular occlusion.
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