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Abstract. Stroke caused by atherosclerosis remains a leading 
cause of morbidity and mortality worldwide, associated with 
carotid plaque rupture and inflammation progression. However, 
the inflammatory biomarkers which aid in predicting the 
future course of plaques are less detailed. The present study 
investigated the association between plaque vulnerable and 
inflammatory biomarkers using blood and plaque specimens. 
Carotid plaque specimens were obtained from 80 patients 
following stroke, 14 patients suffering from transient ischaemic 
attack and 17 asymptomatic patients that underwent carotid 
endarterectomy. To assess changes in plaque characteristics 
at histological levels, plaques were categorized by the time 
between the latest ischemic stroke and surgical intervention 
within 30, 30‑90, 90‑180 and over 180 days following stroke. 
Serum levels of inflammatory biomarkers interleukin (IL)‑6, 
IL‑10 and kinin B1 receptor (B1R) were measured by ELISA. 
Histological assessment of plaque was used to evaluate the 
plaque stability, progression and the inflammatory biomarker 
levels. Comparisons of histological characteristics demon-
strated that plaques revealed an unstable phenotype following 
stroke within 30, 30-90 days and then remodeled into more 
stable plaques following stroke at 90‑180 and over 180 days. 
By comparing the serum levels of inflammatory biomarkers, 
it was observed that IL‑6 and B1R levels tended to decline 
whereas IL‑10 levels increased in stroke patients from 
<30 days to over 180 days. Immunohistochemical analysis of 
IL-6, IL-10 and B1R demonstrated similar alterations in serum 
levels. Correlation analyses revealed that only B1R serum level 
was significantly correlated with histological level in patients 
with carotid atherosclerosis. The findings revealed that serum 
B1R levels may provide prognostic information and currently 
act as potential indicators for progression in atherosclerosis.

Introduction

Stroke caused by atherosclerosis remains a leading cause of 
morbidity and mortality with over 15 million strokes occurring 
every year in the world (1). The rapture of vulnerable athero-
sclerotic plaque is the common reason in acute cerebrovascular 
event, impacting prognostic implications and eventually 
ending in death of patients (2). The progression of vulnerable 
plaques rupture has not been clearly elucidated, and it tends 
to be treated with routine clinical measures (3). Prognostic 
biomarker, which aid in predicting the future course of plaque, 
may be used to identify phenotype of plaques, especially the 
vulnerable one. Disease progression biomarker can also serve 
as a marker of pharmacodynamic effect, which have the poten-
tial to show the biological response occurred in a patient who 
received an experimental therapeutic, may help in assessing 
the efficacy of this treatment. Additionally, inflammation 
in ischemic stroke plays an important role in predicting the 
outcome in ischemic brain damage extent (4,5). Therefore, 
this study investigated changes of both serum and histological 
inflammatory markers in plaque of varying stages of stroke 
patients in order to find a prognostic biomarker in serum level 
which can accurately predicting the future course of plaque.

It is well documented that increased plasma levels of 
inflammatory markers such as interleukin (IL) which are 
associated with a higher cardiovascular risk (6). It has already 
been described that IL‑6 has predictive value for future cardio-
vascular events and is found to be expressed in atherosclerotic 
tissue and have pro‑inflammatory properties by activating and 
recruiting inflammatory cells which can contribute to plaque 
instability (7,8). By contrast, IL‑10 is a potent anti‑inflammatory 
cytokine with macrophage deactivating properties (9). Study 
has showed that serum levels of anti‑inflammatory marker IL‑10 
were downregulated in patients with vulnerable plaques (7). 
However, the pattern of IL‑6 and IL‑10 on serum level changes 
in stroke patients of different stages and the best utility for 
assessing the progression of plaque has not been determined.

Kinins, a pro‑inflammatory and vasoactive peptide, can 
act through the activation of two G protein‑coupled receptors, 
denoted as B1 and B2 receptors (B1R and B2R) (10,11). B1R 
is weakly expressed under physiological conditions, but is 
significantly elevated during inflammatory conditions or after 
tissue damage whereas B2R is constitutively expressed (12). 
B1R expression is more pronounced in regions of plaques 
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from human plaques tissue compared with regions devoid of 
plaques, indicating that B1R is closely related to atheroma-
tous diseases (13). Furthermore, our preliminary study has 
demonstrated that B1R is upregulated in human symptomatic 
carotid atherosclerotic plaques (14). A variety of studies have 
attempted to explore inflammatory markers in plaques and its 
relationship with predictive value for future cerebrovascular 
events, but most of them failed to elaborate the dynamic 
changes of these inflammatory markers in different stages of 
human atherosclerotic plaques patients. However, an explicit 
study of dynamic changes of these inflammatory markers may 
facilitate future efforts towards early diagnosis of vulnerable 
plaques and monitoring of disease progression.

The goal of the present study was to evaluate serum levels 
of inflammation markers in plaques after stroke in different 
stages of patients (<30, 30‑90, 90‑180 and >180 days) to 
investigate the inflammatory markers as a potential disease 
progression and prognostic biomarker in the process of plaque 
remodeling and stability and then explore their possible corre-
lations with histological changes; the purpose was to provide 
experimental cues for management of patients with carotid 
atherosclerotic plaque using serum biomarkers.

Materials and methods

Subjects. All patients undergoing carotid endarterectomy (CEA) 
in two participating hospitals are asked to participate in the study. 
The Medical Ethics Committee of both hospitals approved the 
study, and participants provided written informed consent. For 
the current research questions we have studied the atheroscle-
rotic plaques from 111 consecutive patients (stroke [n=80], TIA 
[n=14] and asymptomatic [n=17]) who were included between 
April 2014 and June 2017. From all patients, baseline data 
were obtained by extensive questionnaires including history of 
vascular disease, cardiovascular risk factors, and medication 
use (Table I). All patients were reviewed by the vascular surgeon 
or neurologist before CEA to assess the nature and timing of 
clinical symptoms. Patients who suffered from stroke were cate-
gorized into 4 different groups according to the time between 
ischemic event and surgery (<30, 30‑90, 90‑180 and >180 days). 
Results from asymptomatic patients served as negative values 
in comparison with data obtained from patients suffering from 
stroke, and TIA served as positive values.

Measurement of serum inflammatory markers by ELISA. 
Blood sampling of control patients were drawn by venipunc-
ture one day before CEA. All serum samples was centrifuged 
for 10 min at 2,000 x g and then stored at ‑80˚C until later 
analysis. The serum levels of the IL‑6, B1R and IL‑10 were 
measured using commercially available ELISA kits according 
to the manufacturer's protocol (Cusabio, Wuhan, China).

Histological analysis. The atherosclerotic lesions were dissected 
into 5 mm segments. Segment was fixed in formaldehyde 
4% and then embedded in paraffin. The segment having the 
greatest plaque area was used to assess the plaque phenotype 
for histological analyses. For measuring changes in plaque 
composition in histology, 4 µm thick sections were cut from 
each paraffin block and stained with hematoxylin and eosin 
(H&E) for histology and Picro‑sirius red for collagen. For 

immunohistochemical analyses, deparaffinized sections were 
incubated with 1% H2O2 in methanol for 3 min to eliminate 
endogenous peroxidase activity. After blocking with 10% normal 
serum, the sections were incubated for 1 h at room temperature 
with the primary antibodies with CD68 antibody for macro-
phages (1:300, GB13067‑M‑1, Servicebio, WuHan, China); IL‑6 
(1:500, GB1117, Servicebio) and IL‑10 (1:100, sc‑32815, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and B1R antibody 
(1:100, Bs‑8675R, Bioss, WuHan, China). After washes in phos-
phate-buffered saline for three times, the sections were incubated 
with biotinylated secondary antibodies for 1 h and then with the 
avidin‑biotinylated horseradish peroxidase complex (ABC Elite 
kit; Vector Laboratories Inc., Burlingame, CA, USA) for 30 min.  
Counterstaining was performed on representative sections with 
hematoxylin, and then the sections were subject to image analysis 
(Leica TCS SP2; Leica, Wetzlar, Germany) and analyzed using 
the Image Pro Plus 6.0 software package (Media Cybernetics 
Inc., Rockville, MD, USA) to calculate the percentage of positive 
area in each microscopic view at 200x magnification in plaques.

Statistical analysis. All results were expressed as means ± SD. 
Statistical analyses were performed using GraphPad Prism 6.0 
(GraphPad Software, Inc., La Jolla, CA, USA). For statistical 
analyses of baseline characteristics of patients, the one-factor 
ANOVA test was used for continuous variables and the χ2 test 
for categorical variables. For analysis of serum and histological 
data, ANOVA followed by Tukey multiple comparison tests 
(α=0.05) was used to calculate the difference between any two 
groups of patients. Spearman's correlation analysis was used to 
predict the association between serum and histological param-
eters in patients. Receiver operating curve was constructed to 
identify the cutoff point. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Clinical and histological characteristics. The study popula-
tion includes 17 asymptomatic, 14 TIA and 80 patients with 
stroke of different stages (<30, 30‑90, 90‑180 and >180 days). 
Baseline characteristics for all patients are documented in 
Table I. There were no statistically significant differences 
among different groups with respect to clinical characteristics, 
risk factors or drug use.

H&E, Picro‑sirius red and CD68 staining were used to 
reveal the plaque histological characteristics in stroke patients 
of <30, 30‑90, 90‑180 and >180 days; typical images are 
showed in Fig. 1. Compared with asymptomatic group, plaques 
from stroke patients showed intense macrophage infiltration, 
intraplaque hemorrhage and large lipid core size at stroke 
of <30 days; and then declined at stroke of 30‑90 days; this 
decline was notably at stroke of 90-180 days and to basal 
levels at >180 days (ANOVA, all P<0.05). By contrast, smooth 
muscle cells (SMC) content increased progressively in plaques 
of stroke from <30 to >180 days (ANOVA, P<0.05). However, 
no significant difference was found in stroke of <30 days and 
TIA groups; stroke of >180 days and asymptomatic groups 
(all P>0.05). These results suggest that stroke patients of <30 
and 30‑90 days presented the early stage of vulnerable plaque, 
whereas stroke patients of 90‑180 and >180 days exhibited the 
process of vulnerable plaques remodeling to stable plaques.
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Serum levels of inflammatory markers. The ELISA was used 
to measure the inflammatory marker levels of stroke patients of 
<30, 30‑90, 90‑180 and >180 days, and the results are showed 
in Fig. 2. After analysis and comparison the serum inflamma-
tory marker levels, we found the B1R levels were significantly 
higher in the vulnerable plaques of the TIA and stroke patients 
of <30, 30-90 days than that of asymptomatic and stroke 
patients of 90‑180 and >180 days (ANOVA, P<0.001). In 
addition, compared with asymptomatic group, stroke patients 
showed B1R level increase at <30 days and this increased B1R 
level tended to decline after stroke from 30‑90 to >180 days 
(ANOVA, P<0.001). The B1R level decreased approximately 
two‑fold in stroke patients of >180 days compared to that of 

<30 days. Likewise, the IL‑6 levels showed a similar pattern 
in stroke patients from <30 to >180 days (ANOVA, P<0.001). 
IL‑6 levels were significantly higher in the vulnerable plaques 
of the TIA and stroke patients of <30, 30-90 days than that 
of asymptomatic and stroke patients of 90‑180 and >180 days 
(ANOVA, P<0.001). By contrast, the IL‑10 was significantly 
reduced in the vulnerable plaques of the TIA and stroke 
patients of <30, 30-90 days compared with that of asymptom-
atic and stroke patients of 90‑180 and >180 days (ANOVA, 
P<0.001). The IL‑10 levels were gradually upregulated in 
stroke patients in spatiotemporal course (ANOVA, P<0.001). 
However, no significant differences were found in serum 
B1R, IL‑6 and IL‑10 levels between TIA and stroke groups of 

Table I. Baseline characteristics of the study population.

 Stroke
 -----------------------------------------------------------------------------------------------------
 <30 days 30‑90 days 90‑180 days >180 days TIA Asymptomatic P‑value

N 16 24 32 8 14 17 -
Age, y, mean ± SD 66.0±5.8 65.2±6.8 68.3±7.2 67.8±5.3 68.1±6.3 68.1±5.6 0.50
Male, % (n) 68.8 (11) 70.8 (17) 68.8 (22) 87.5 (7) 85.7 (12) 70.6 (12) 0.77
Hypertension, % (n) 68.8 (11) 79.2 (19) 71.9 (23) 50.0 (4) 71.4 (10) 76.5 (13) 0.73
Diabetes, % (n) 25.0 (4) 29.1 (7) 18.8 (6) 12.5 (1) 21.4 (3) 29.4 (5) 0.88
Smoking, % (n) 31.3 (5) 50.0 (12) 37.5 (12) 25.0 (2) 35.7 (5) 35.3 (6) 0.79
Hyperlipidemia, % (n) 41.7 (10) 33.3 (8) 62.5 (20) 50.0 (4) 57.1 (8) 64.7 (11) 0.27
Statin, % (n) 75.0 (12) 70.8 (17) 65.6 (21) 62.5 (5) 50.0 (7) 82.4 (14) 0.78
Aspirin, % (n) 87.5 (14) 79.2 (19) 59.4 (19) 87.5 (7) 57.1 (8) 52.9 (9) 0.10
Anticoagulants, % (n) 18.7 (3) 8.3 (2) 6.3 (2) ‑ 14.3 (2) 5.9 (1) 0.63
NSAID, % (n) 6.3 (1) 8.3 (2) 12.5 (4) 12.5 (1) 28.6 (4) 17.6 (3) 0.51
ACE‑inhibitor, % (n) 50.0 (8) 37.5 (9) 31.3 (10) 12.5 (1) 64.3 (9) 41.2 (7) 0.17

NSAID, nonsteroidal anti‑inflammatory drug; ACE‑inhibitor, angiotensin‑converting enzyme‑inhibitor.

Figure 1. Histological characteristics of plaques. Representative images of plaques in asymptomatic, TIA, stroke patients of <30, 30‑90, 90‑180 and >180 days. 
H&E staining showed inflammatory cell infiltrations (TIA, Stroke <30 d and Stroke 30‑90 d groups) and intraplaque hemorrhage (TIA, Stroke <30 d groups) 
in the vulnerable plaques and intact cap and predominantly fibrous tissue in the stable plaques (Asymptomatic, Stroke 90‑180 d and Stroke >180 d groups). 
Picro‑Sirius Red staining showed the large cholesterol crystals in the lipid core in vulnerable plaques (TIA, Stroke <30 d and Stroke 30‑90 d groups) and 
collagen fibrous tissue in stable plaques (Asymptomatic, Stroke 90‑180 d and Stroke >180 d groups). CD 68 staining showed histological appearance of a plaque 
with substantial macrophage infiltration in the vulnerable plaques (TIA, Stroke <30 d and Stroke 30‑90 d groups) and minor macrophage infiltration in stable 
plaques (Asymptomatic, Stroke 90‑180 d and Stroke >180 d groups). Scale bar: 100 µm.
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<30 days; asymptomatic and stroke groups of >180 days (all 
P>0.05).

All results indicate that stroke patients at <30, 30-90 days 
showed unstable plaque phenotype with increased 
pro‑inflammatory marker IL‑6 and B1R levels and decreased 
anti‑inflammatory marker IL‑10 level; and then further remod-
eled to more stable plaques with decreased IL‑6, B1R levels 
and increased IL‑10 level at 90‑180 and >180 days.

Histological analysis of inflammatory markers. Immuno-
histochemical analysis was used to stain these inflammation 
markers to confirm histological changes in plaques; typical 
images are shown in Fig. 3. The B1R and IL‑6 staining appeared 
in plaques of different groups, and percentages of positive area 
in each microscopic view were markedly increased in plaques 
obtained from TIA and stroke patients of <30 and 30-90 days 
compared with asymptomatic and stroke patients of 90-180 
and >180 days (ANOVA, P<0.001). Stroke plaques showed the 
initial increases of B1R and IL-6 contents at <30 days, and 
subsequent reduction from 30‑90 to >180 days (both P<0.001). 
By contrast, the IL‑10 content was significantly reduced in 
the vulnerable plaques of the TIA and stroke patients of <30, 
30-90 days compared with that of asymptomatic and stroke 
patients of 90‑180 and >180 days (ANOVA, P<0.001). In stroke 
plaques, we showed a noticeable increase in IL-10 contents from 
<30 to >180 days (ANOVA, P<0.001). However, no significant 
differences were found in the contents of B1R, IL-6 and IL-10 

in plaques from stroke patients of <30 days and TIA groups; 
stroke patients of >180 days compared to asymptomatic group.

Correlation analysis between serum and histological inflam-
matory marker levels. Correlation analysis between serum 
inflammation marker and histological levels were performed 
in the plaques from stroke, TIA and asymptomatic patients to 
test whether B1R, IL‑6 and IL‑10 in serum level can indicate 
plaque instability. Spearman correlation test showed that 
there was a close and highly significant relationship between 
serum level of B1R with histological staining of B1R in stroke 
patients (r=0.54, P<0.001) (Fig. 4A), TIA (r=0.81, P<0.001) 
and asymptomatic patients (r=0.61, P<0.001), suggesting of 
a notable correlation between changes in serum B1R level 
and changes in plaques in the progression of atherosclerotic 
plaques. However, serum IL‑6, IL‑10 levels have non‑signifi-
cant correlations with histological levels in plaques of stroke 
(r=0.15, P>0.05; r=0.13, P>0.05), TIA (r= ‑0.29, P>0.05; 
r=0.02, P>0.05) and asymptomatic patients (r=0.08, P>0.05; 
r=0.01, P>0.05). These results suggest that patients with 
carotid atherosclerotic plaques share uniform correlations 
between serum and histological levels of B1R in the remod-
eling progression of unstable plaques.

Diagnostic efficiency of serum B1R level on carotid plaque. 
From our correlation analysis, it seems that serum B1R 
level had significantly positive and uniform correlation with 

Figure 2. Serum levels of proinflammatory and anti‑inflammatory markers in asymptomatic, TIA and stroke patients of <30, 30‑90, 90‑180 and >180 days 
measured by ELISA. (A and D) B1R levels of plaques in stroke patients of <30, 30‑90, 90‑180 and >180 days compared with asymptomatic or TIA patients. 
(B and E) IL‑6 levels of plaques in stroke patients compared with asymptomatic or TIA patients. (C and F) IL‑10 levels of plaques in stroke patients compared 
with asymptomatic or TIA patients. Compared with asymptomatic group, stroke patients showed increased B1R and IL‑6 levels at <30 days and this increased 
serum B1R and IL‑6 levels tended to decline after stroke from 30‑90 to >180 days. By contrast, the anti‑ inflammatory marker IL‑10 levels were gradually 
upregulated in stroke patients in spatiotemporal course from<30 days to >180 days. (*P<0.05, ***P<0.001 vs. asymptomatic or TIA group).
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histological level in plaque which is closely associated with 
the progression and instability of plaque. Receiver‑operating 
curve of serum B1R level was used for predicting vulnerable 
plaques of patients. Because stroke patients of different stages 
represented dynamic changes of vulnerable plaques, only 
the data from stroke patients were included in the analysis. 
After stroke, the area under the curve was 0.85 (95% confi-
dence interval: 0.77 to 0.93; P<0.001). A B1R cutoff level 
of 1.49 pg/ml distinguished vulnerable plaques from stable 
plaques with 83.3% sensitivity and 87.7% specificity (Fig. 4B).

Discussion

To provide basic evidence regarding the serum markers in 
patients with carotid atherosclerotic plaque, we studied the 

serum inflammation biomarkers and atherosclerotic plaque 
composition in stroke patients of varying stages. We found the 
remodeling progression of vulnerable atherosclerotic plaques 
over time after stroke with a significant decrease in macrophage 
content and increase in smooth muscle cells. By comparing 
inflammation markers in serum levels, vulnerable plaques were 
distinguished from stable ones before histological changes. 
The serum biomarkers of IL-6 and B1R tended to decline 
while IL‑10 tended to increase over time after stroke. And, 
the histological levels of BIR, IL‑6 and IL‑10 showed similar 
dynamic patterns as serum level changes. In addition, serum 
B1R levels were significantly associated with histological levels 
in all patients with carotid atherosclerotic plaque. These results 
suggest that serum B1R changes can reveal unstable plaques and 
indicate progression of plaques after ischemic cerebrovascular 

Figure 3. Immunohistochemical results. (A) Representative immunohistochemical images of B1R, IL‑6 and IL‑10 in plaques of asymptomatic, TIA and stroke 
patients of <30, 30‑90, 90‑180 and >180 days. (B) Quantification of immunohistochemistry analysis of B1R, IL‑6 and IL‑10 staining of section from asymp-
tomatic, TIA and stroke patients of <30, 30‑90, 90‑180 and >180 days. Percentage of positive staining area in each microscopic view (at 200x) showed that 
stroke plaques experienced initial increases of B1R and IL‑6 contents at <30 days, and subsequent reduction from 30‑90 to >180 days. However, a noticeable 
increase in IL‑10 contents was found in stroke plaques from <30 to >180 days. (***P<0.001 vs. asymptomatic or TIA group). Scale bar: 100 µm.
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events. To the best of our knowledge, this is the first study that 
details the dynamic changes of inflammation biomarkers in 
both serum and histological levels after stroke and explores 
their utility as prognostic biomarker in development of carotid 
atherosclerotic plaques.

Growing evidence has shown that atherosclerotic carotid 
plaques from symptomatic patients reveal a vulnerable pheno-
type early after acute ischemic event (15) and then remodel 
into stable ones over time (8). This period often involves 
several pathophysiological variables and complex interactions, 
including local and systematic inflammation alterations (16). 
Elucidation of the inflammatory alterations can facilitate early 
vulnerable plaques diagnosis. However, most patients already 
have late‑stage plaque rupture at diagnosis and then developed 
an acute ischemic event because of the prior absence of featured 
clinical signs; thus, it is impractical to explore vulnerable 
plaque‑related pathophysiological changes in patients. Plaques 
obtained from stroke patients of different stages facilitate the 
study of a serial of pathological changes in the progression of 
vulnerable plaques. In this study, plaques from stroke patients 
showed a significant reduction of macrophage content and a clear 
trend of increasing numbers of smooth muscle cells from <30 to 
>180 days. However, plaque from stroke of <30 and 30‑90 days 
showed unstable phenotype and then tended to stable ones at 
stroke of 90‑180 and >180 days. Thus, based on these findings, 
plaques from stroke patients of four stages used in this study can 
mimic the progression of vulnerable plaques in clinical.

Using ELISA, we showed noticeable increases in serum 
inflammatory markers of IL‑6 and B1R in stroke patients from 
<30 to 180 days. Conversely, IL‑10 reduced in stroke patients 
from <30 to >180 days in serum levels. There are several causes 
explaining the inflammatory changes of plaques observed after 
stroke. Because circulating biomarkers reliably predict the 
vascular events, the serum inflammatory biomarkers as surrogates 
that could reflect processes associated with atherosclerotic 
disease progression (17). IL‑6 has pro‑inflammatory properties 
by activating and recruiting inflammatory cells and has been 
reported to be higher in local plaques from patients (18). IL‑6 are 
also reported elevated in patients with acute coronary syndromes 
and may contribute to the exacerbation of atherosclerosis (19,20). 
By contrast, IL‑10, an anti‑inflammatory marker can control 

inflammation by inhibiting the synthesis of several cytokines 
produced by macrophages (21). Kamaly et al also showed 
controlled-release polymeric nanoparticles incorporating the 
anti‑inflammatory cytokine IL‑10 can be an effective treatment 
for atherosclerotic plaques in advanced lesions of high fat‑fed 
low‑density lipoprotein receptor‑/‑mice (22). However, it must 
be noted that the dynamic changes of inflammatory biomarkers 
on both serum and histological levels from stroke patients 
with different stages of plaques compared with asymptomatic 
controls were found in the present study. Thus, it is required to 
learn the dynamic changes in inflammatory biomarkers when 
using serum biomarkers to monitor progression in vulnerable 
plaques.

The most striking and important aspect of our findings is 
that serum B1R change in stroke patients over time, increasing 
as disease progresses. Kinins are pro‑inflammatory peptides 
that are released during tissue injury (23). The effects of 
kinins are mediated by B1 and B2 receptor (B1R and B2R) 
and comprise induction of edema formation and release of 
pro‑inflammatory mediators (24). Austinat et al reported that 
B1R knockout mice developed significantly smaller brain 
infarctions and less neurological deficits compared to wild‑type 
controls (25). In our study, it is true that serum and histological 
B1R levels were highest in stroke patients of <30 days compared 
with other groups. Besides detailing dynamic changes in serum 
and histological inflammatory markers, we also explored the 
association of serum changes with histological in patients with 
carotid atherosclerotic plaques. From our correlation analysis, it 
seems that the serum levels of B1R remains closely related with 
histological levels even in patients with asymptomatic plaques. 
In this respect, B1R is currently the potential biochemical 
biomarker in serum of atherosclerosis disease progression. Since 
patients comfort and compliance are important considerations, 
obtaining serum for B1R quantification may be more practical 
than the more invasive option of surgery for plaques. Thus, B1R 
may have utility as a potential pharmacodynamic biomarker 
insofar as showing that an experimental therapeutic that the 
changes of B1R in serum would provide evidence of underlying 
biological effect of treatment.

We acknowledge that our study has several limitations. 
First, drug use for patients associated with the different 

Figure 4. Serum B1R levels for predicting vulnerable plaque in patients of stroke groups. (A) Histological levels of B1R in individual patients were correlated 
with the serum values of B1R in Stroke groups of <30, 30‑90, 90‑180 and >180 days (r=0.54, P<0.001). The regression curve line and significance values are 
shown in the plots. (B) Receiver‑operating curve of B1R level for predicting vulnerable plaque in patients. The area under the curve of B1R levels were obtained 
from stroke patients.
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time intervals may determine possible confounding effects. 
However, no differences between the groups have been 
observed, indicating that this confounder could not explain 
the results. Second, our findings are based on a small number 
of different samples and our data need confirmation in larger 
studies in other populations at risk. However, because nowa-
days patients are being operated much faster after the event, it 
is hard to recruit larger number of samples to confirm in this 
study. Third, although HE staining was used as a gold standard 
for the diagnosis of vulnerable plaques, other techniques such 
as MRI or 18F‑FDG‑PET/CT can be used to further monitor 
the unstable plaque in these patients (26,27).

In summary, carotid atherosclerosis is a progression with the 
upregulation of pro‑inflammatory factors and the downregulation 
of anti‑inflammatory factors leading to plaque destabilization, 
which may eventually result in acute cerebrovascular events. 
This study demonstrates that the remodeling and progression 
of vulnerable plaques after stroke is significantly associated 
with the decrease of serum inflammatory factors IL‑6 and B1R 
and an increase of anti‑inflammatory marker‑IL‑10 levels. In 
particular, serum B1R represent the most promising potential 
pharmacodynamic biomarkers available today that are suitable 
for further investigation in the context of future clinical trials.
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