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Introduction

One critical cause of strokes is embolism originating from unstable 
carotid plaques (1). Carotid atherosclerotic plaques develop from 
chronic lipid deposition and subsequent inflammation in carotid 
artery (2). Intraplaque neovascularization and vasa vasorum 
proliferation contribute in the progression or even rupture of 
atherosclerotic lesions (3). The vulnerability of atherosclerotic 
plaque is associated with plaque rupture, subsequently thrombus 
formation, embolization, and the cerebral vascular events are 
superimposed (1,4). Severity of carotid stenosis is associated 
with clinical manifestation (4). A variety of genes are highly 

expressed in human symptomatic plaques compared with 
asymptomatic ones, including insulin growth factor binding 
proteins (5), matrix metalloproteinase (MMP)-9, MMP-7, 
CD68 (1,6,7), vascular endothelial growth factor (VEGF) (8), 
lysosomal cathepsin, p53 (9), hepatocyte growth factor (10), 
and placenta growth factor (11). However, no definitive factors 
have been found to trigger the rupture of carotid plagues, and no 
effective way is available to predict the destabilization of carotid 
plaque in order to reduce the risk of stroke. 

Atherosclerosis is associated with chronic inflammation of 
the vascular wall. CD68 protein is a pan macrophage marker 
and involves in inflammation of carotid plaque. The macrophage 
plays an important role in this inflammation. And it is reported 
that the degree of infiltrated macrophage and mast cell and 
microvascular density in the plaque is helpful in predicting the 
risk of rupture of vulnerable carotid plaques in both symptomatic 
and asymptomatic patients (7,12,13).

Rel or nuclear factor-kappa κ (NF-κB) proteins are composed 
of a group of structurally-related eukaryotic transcription factors, 
they include five NF-κB proteins in mammals: RelA/NFκB-p65, 
RelB, c-Rel, NF-B1/NFκB-p105, and NF-B2/NFκB-p100. 
These factors regulate normal cellular and organismal processes, 
and some abnormal conditions. After activation by various 
stimuli, NF-κB translocates into the nucleus and stimulates the 
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expression of genes involved in several biological functions. 
Inappropriate activation of NF-κB has been associated with 
many inflammatory diseases while persistent inhibition of NF-κB  
leads to inappropriate immune cell development or delayed cell 
growth. 

NF-κB plays a pivotal role in atherosclerotic plaques and 
peripheral blood mononuclear cells in patients with carotid 
atherosclerotic stenosis (14). The expression of NF-κB is not 
detectable in normal carotid artery of animals, but can be 
detected after balloon-induced injury of the carotid artery (15).  
More plaques  w ith  large  atheroma and heav y plaque 
calcifications have developed gradually as the patients with risk 
factors of atherosclerosis get aged. 

CD105 protein is related with development of new vessels. 
The macrophage and revascularization are associated with the 
progress of atherosclerotic plaque. Increased visualization and 
inflammation are considered as an important triggering factor 
to plaque vulnerability (16), whereas calcification is suggested 
to confer stability (17). Because we are not clear which factors 
contributing to the vulnerability of carotid plaque, development 
of carotid plaque involves the inflammatory process, and we 
hypotheses that NF-κB, CD68 and CD105 are highly expressed 
in carotid plaque, thus we investigated the expression of 
these factors in order to study the association of the plaque 
inflammatory mediators CD68, CD105 and NF-κB with 
patients’ clinical parameters of plaque instability.

Material and methods

Clinical characteristics of patients

A total of 43 patients (30 males and 13 females) with carotid 
stenosis from March 2008 to March 2011 were treated with 
selective carotid endarterectomy (CEA). Patients with carotid 
stenosis were grouped asymptomatic if they had not experienced 
any clinically apparent ischemic events such as transient ischemic 
attack (TIA) or stroke within the previous six months; otherwise, 
those with history of TIA or stroke occurred in recent six months 
were grouped as symptomatic group. The degree of carotid 
stenosis was studied with ultrasonography, computed tomography 
angiography (CTA), or magnetic resonance imagines (MRI). 

Carotid endarterectomy (CEA) and atherosclerotic plaque

The study was approved by China-Japan Friendship Hospital 
Ethical Committee. After pre-surgical examination, informed 
written consent was obtained from all patients for standard CEA 
procedure and the collection of specimens for pathological study. 
The patients were informed the surgical procedures, alternative 
management, and necessity of pathological study for the carotid 
plaques. The patients received the conventional CEA; carotid 

atherosclerotic plaques were removed and collected during 
surgery. The serial sections of the CEA specimens were taken 
from the same region of plaques at internal carotid artery around 
2-4 mm above the bifurcation of internal carotid artery from 
common carotid artery.

Pathological study and immunohistochemistry

All plaque specimens were studied pathologically. The 
surgically removed carotid plaques were fixed in 10% formalin 
solution for 24 hours, embedded in paraffin, sectioned, and 
stained with HE and Masson Trichrome staining. In addition, 
immunohistochemistry was performed for macrophages (CD68), 
neovascularization (CD105), and inflammatory factor NF-κBp65 
(IMG-150A, Imgenex, San Diego, CA, USA), the dilution factor 
was 1:200 for these three antibodies. Morphology of plaque, size 
of necrotic lipid core, crystal of cholesterol, degree of calcification, 
continuity and thickness of fibrous cap were observed. 

During the pathological study, the thickness of fibrous 
cap and area of lipid-rich necrotic core were measured under 
microscope. The carotid plaques were grouped into stable and 
unstable plaques based on the thickness of fibrous cap of plaques 
and area of lipid-rich necrotic core. An unstable plaque was 
defined as the fibrous cap thickness <65 μm with necrotic lipid 
core area >40% (18,19). Morphometry was performed with 
Olympus BX51 semiautomatic image analysis software (DP70) 
(Nikon Japan). Each slide was scanned under microscopy to 
determine the interested sites, six separated areas in each slide 
were selected, and lipid core area and the thickness of fibrous 
cap in plaque were measured under microscope equipped 
with Image-Pro Plus 5.1 software. Densitometry analysis was 
performed for quantification, yielding data in arbitrary units. The 
results are expressed as average integrated optimal density (IOD) 
per unit area. 

Statistical analysis

SPSS software 13.0 was used for statistical analysis. Differences 
in degree of stenosis between groups were analyzed using the 
chi-square test. The image data including density of positive 
staining area, IOD were expressed as mean with standard error 
(SE), and were analyzed by student’s t-test. Categorical variables 
were assessed by Chi-squre test, and Fisher’s exact test. A 
probability value <0.05 was considered statistically significant. 

Results 

Basic clinical conditions of patients

In symptomatic group, all patients had either TIA, stroke or 
cerebral infarction on CT scan; whereas patients in asymptomatic 
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group had no TIA or stroke, and cerebral infarction on CT 
scans(P<0.05, Table 1), the incidence of unstable plaque 
(70.83%, 17/24) in symptomatic patients was higher than 
that (36.84%, 7/19) in asymptomatic patients (P=0.026). 
No statistical difference in both groups was found in other 
demographic and clinical characteristics except TIA and cerebral 
infarction events (P<0.05, Table 1). 

Pathological studies

The hemorrhage and necrosis were observed in the carotid 
plaques (Figure 1). The proportion of hemorrhage and or 
necrosis was higher in unstable group than stable group (15/24 
vs. 5/19, P=0.018). Necrotic lipid core was located in the central 
part of stable plaque, whereas diffuse necrotic lipid core was close 
to the intima in unstable plaque. Accumulation of neutrophiles 
and hemorrhage were found more in unstable plaques than 
stable plaques (Figure 2). 

Immunohistochemistry study

Expression of NF-κB increased in unstable plaques than in stable 
plaques (P<0.001) (Table 2, Figure 3). The IOD of expressed 
CD68 in unstable plaques was significantly more than in stable 
plaques (P<0.001) (Table 2, Figure 3). The staining of CD105 in 
unstable plaques was significantly higher than in stable plaques 

(P<0.001) (Table 2, Figure 3).

Discussion

Our study suggests the presence of more unstable plaques in 
symptomatic patients with carotid stenosis than in asymptomatic 
patients. The expression of macrophage and presence of 
neovascularization are associated with the unstable plaque; the 
thickness of fibrous cap might predict the stability of plaques. 
Our results may explain that the unstable plaques cause more 
non-infective inflammation and subsequently induce the 
macrophage infiltration and neovascularization. 

The development of carotid atherogenic plaque is a 
chronic non-infective inflammatory process characterized by 
angiogenesis and inflammatory cell infiltration and hemorrhagic 
complications (20). It is reported that the expression of NF-κB is 
related to inflammation of artherosclerotic plaque (21). Our data 
showed that the NF-κB activation in unstable plaque was higher 
than in stable plaque, this indicates that more inflammation 
occurred in unstable plaque than stable plaque.

Macrophages migrate into the plaque area as the progression 
of plaque. Plaque macrophages represent the majority of 
leukocytes in the atherosclerotic lesions, and their secretory 
activity may be related to the fragilization of the fibrous cap and 
then to the rupture of the plaque (22). Immunohistochemistry 
showed that plaques from the symptomatic patients had more 

Table 1. Basic characteristic of patients in both groups.

Symptomatic group  Asymptomatic group

n=24 % n=19 % P value

Age 65.57±9.15 63.40±7.14 0.401

Male 18 75 12 63.16 0.401

Female 6 25 7 36.84 0.401

TIA 13 54.17 0 0 0.0001

Stroke 3 12.5 0 0 0.243

CI 8 33.33 0 0 0.006

Hypertension 15 62.5 10 52.63 0.515

DM 18 75 9 42.11 0.063

Hyperlipidemia 12 50 9 47.37 0.864

Present smoker 20 83.33 16 84.21 0.714

Carotid stenosis   

0-49% 0 0 0 0

50-69% 8 33.33 2 10.53 0.163

70-89% 13 54.17 16 84.21 0.078

90-100% 3 12.5 1 5.263 0.111

Stable plaque 7 29.17 12 63.16 0.026

Unstable plaque 17 70.83 7 36.84 0.026

TIA, transient ischemic attack; CI, cerebral infarction; DM, diabetes mellitus.
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expression of M1 macrophages (CD68-, CD11c-positive) while 
plaques from the asymptomatic patients expressed more M2 
macrophages (CD163-positive) (23). M1 macrophage content 

Figure 1. Hemorrhage in carotid plaque in HE staining (A) and Masson Trichrome staining (B); hemorrhage and necrosis in carotid plaque in HE 
staining (C) and Masson Trichrome staining (D). 

Figure 2. Neutrophils are infiltrated in the unstable plaque of carotid 
artery. Bar: 50 μm.

of atherosclerotic plaques is related with incidence of ischemic 
stroke and increased inflammation or fibrinolysis (22). CD68 
(pan macrophage maker) was overexpressed in symptomatic 
compared with asymptmatic plaques (7). CD68 in fibrocytes are 
derived from monocytes and contribute to the formation of the 
fibrous cap (24). While the levels of CD68 in general negatively 
correlate with plaque cap thickness (25). The increased p53 level 
in macrophage is associated with the expansion of necrotic cores, 
plaque rupture and clinical manifestations of carotid plaques.

In consistent with literature reported (6), CD68-positive 
macrophages in plaque shoulder dominated in unstable plaque 
of the arterial wall. The number of smooth muscle actin-positive 
smooth muscle cells decreased in the fibrous cap of atheroma. 
In present study, the expression of CD105 in unstable plaques 
was more than those with stable plaques. The neovascularization 
is increased significantly in diabetic patients (24). It is reported 
that the atherosclerotic plaque develops from the gradual 
deposition of lipid underlying of intima; there is a non-infective 
inflammatory process in the formation of plaque. In general, 
inflammation related genes such as CD68 are overexpressed in 
unstable plaques in comparison with stable plaques. 

A
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The proportion of unstable plaques in symptomatic patients 
with carotid stenosis was higher than asymptomatic patients, a 
high amount of large lipid cores and more calcified plaques were 
observed in plaque of symptomatic patients. The vulnerable plaque 
in symptomatic patients may increase the risk of rupture and cause 
stroke if the patients with vulnerable plaque were not treated. 

The limitation of this study is that the number of patients is not 
large, the normal artery as the control specimens is not available, 
and the type of macrophage was not identified, and VEGF should 
be used to evaluate neovascularization in further study.

Overal l ,  our study demonstrates that  patients w ith 

vulnerable plaques are apt to be symptomatic, and inflammatory 
mediators including NF-κB, macrophage specific CD68, and 
neovascularization CD105 are highly expressed in unstable 
plaques compared with stable plaques. These results are 
potentially essential from a fundamental standpoint because they 
may play a crucial role in the destabilization of atherosclerotic 
lesions in carotid stenosis. From a practical standpoint, 
these findings provide further support for the necessity of 
endarterectomy for patients with carotid atherosclerotic stenosis 
and searching the way to stabilize the unstable carotid plaque via 
controlling these inflammatory factors.

Figure 3. Expression of NF-κB, CD68 and CD105 in stable plaque (A,D,G) or unstable plaque(B,E,H); the right panels (C,F,I) are quantifications of 
immunohistochemistry by densitometry analysis. Bar: 50 μm, **P<0.001. 

Table 2. IOD of NF-κB, CD68 and CD105, proportion of hemorrhage/necrosis in carotid plaques.

Stable plaque (n=19) Unstable plaque (n=24) 

NF-κB 47,894.85±8,959.84 58,641.91±8,450.4** 

CD68 53,887.87±7,638.03 85,474.66±7,797.10** 

CD105 24,413.38±8,539.36 59,132.52±10,215.79**

Bleeding and necrosis 26.30% 62.50%*

IOD, integrated optimal density; *P<0.05, **P<0.001 vs. stable plaque.
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