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Original Article
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Aim: In patients with carotid plaque, intraplaque hemorrhage arising from ruptured neovascular ves-
sels within the neointima is an important cause of stroke. The expression of Vasohibin-1 (VASH1), a 
negative feedback regulator of angiogenesis, occurs in the microvessel endothelial cells of various 
solid tumors and the arterial wall. However, the roles of VASH1 in the pathogenesis of atheroscle-
rotic diseases remain unclear. The present study aimed to clarify the relevance of the VASH1 expres-
sion and plaque instability in human carotid plaques.
Methods: We used quantitative real-time PCR and immunostaining to examine 12 atheromatous 
plaque specimens obtained via carotid endarterectomy. The distal areas of specimens lacking macro-
scopic atherosclerotic lesions served as controls.
Results: Compared with that observed in the controls, the VASH1 gene expression increased signifi-
cantly in the atheromatous plaque (p=0.018). Moreover, the VASH1 mRNA levels correlated posi-
tively with those of VEGFA, CD31 and VCAM1 (r=0.788, p=0.004; r=0.99, p＜0.001; r=0.94, p＜
0.001, respectively). Finally, the immunohistochemical analyses revealed the VASH1 expression in 
the neointimal microvessel endothelial cells of carotid plaque.
Conclusions: The VASH1 expression levels in atheroma reflect both enhanced neovascularization and 
the inflammatory burden. Therefore, the VASH1 level may be a novel biomarker for evaluating 
plaque instability in patients with carotid arteriosclerosis and predicting ischemic stroke.

J Atheroscler Thromb, 2015; 22: 942-948.
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Introduction

Carotid atherosclerotic plaque is an important 
risk factor for stroke, and recent randomized studies 
indicate that carotid endarterectomy effectively pre-
vents atherothrombotic stroke1, 2). Although the degree 
of stenosis increases the risk of ischemic stroke, this 

finding lacks high predictive value3-5). In contrast, sev-
eral recent studies have suggested a close association 
between plaque components and the risk of athero-
thrombotic cerebrovascular events6-9). Histological anal-
yses of human symptomatic carotid plaque demon-
strate features characteristic of unstable plaques (i.e., 
ulceration, disruption, intraplaque hemorrhage, thin-
ning of the fibrous cap and significant accumulation 
of inflammatory cells, including macrophages and T 
lymphocytes)10-13). Among these characteristics, intra-
plaque hemorrhage, which results from rupture of the 
neovascular vessels leading from the adventitial vasa 
vasorum of the carotid arterial wall14-17), crucially par-
ticipates in atherosclerotic plaque progression and 
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sected the stenotic segment and adjacent areas undis-
rupted as a single specimen, preserving the circumfer-
ential integrity as much as possible. All samples were 
frozen at －80℃ until mRNA extraction. The distal 
areas of the excision specimens, which lacked macro-
scopic atherosclerotic lesions, served as normal con-
trols. The institutional review board of Kyoto 
University Hospital approved the collection of human 
tissue samples.

Quantitative Real-Time PCR
We extracted total RNA from the specimens 

using an RNeasy Mini Kit (QIAGEN, Valencia, CA, 
USA), according to the manufacturer’s instructions, 
and generated first-strand cDNA using High-Capacity 
cDNA Reverse Transcription Kits (Applied Biosystems, 
Foster City, CA, USA). Next, we performed quantita-
tive real-time PCR using the ABI PRISM 7700 
Sequence Detection System (Applied Biosystems), 
according to the manufacturer’s instructions. For ampli-
fication, we used the following sense (S) and antisense 
(AS) primer pairs: human VASH1; (S) 5’-AGATCC-
CCATACCGAGTGTG-3’, (AS) 5’-GGGCCTCTT-
TGGTCATTTCC-3’, β-actin; (S) 5’-ACAATGAG-
CTGCGTGTGGCT-3’, (AS) 5’-TCTCCTTAATGT-
CACGCACGA-3’, CD31, (S) 5’-GCAGATAATTG-
CCATTCCCATG-3’, (AS) 5’-CTTCATTCACAGC-
AGCACATTGCAG-3’, VEGFA; (S) 5’-GCAGAAT-
CATCACGAAGTGG-3’, (AS) 5’-AAGGACTGTTC-
TGTCGATGG-3’, intracellular adhesion molecule-1 
(ICAM1); (S) 5’-GGCCTCAGTCAGTGTGA-3’, 
(AS) 5’-AACCCCATTCAGCGTCA-3’, vascular cell 
adhesion molecule-1 (VCAM1); (S) 5’-CCGGATT-
GCTGCTCAGATTGGA-3’, (AS) 5’-AGCGTGGA-
ATTGGTCCCCTCA-3’. The data were normalized 
using β-actin as a reference gene.

Histological Studies
Formalin-fixed, paraffin-embedded samples were 

cut into 5-μm-thick sections. To assess the immunore-
activity, we deparaffinized and rehydrated the sections 
and incubated them with boiled citrate buffer (pH 
9.0) for 10 minutes. After blocking, we incubated the 
sections overnight at 4℃ with primary antibodies 
including anti-human VASH1 mouse monoclonal 
antibodies (prepared as previously described21)) diluted 
at 1:400, anti-human CD31 rabbit polyclonal anti-
bodies (RB-10333-P; Thermo Scientific, Rockford, 
IL, USA) diluted at 1:50 and anti-human ICAM1 
rabbit polyclonal antibodies (sc-8304; Santa Cruz Bio-
technology, Dallas, TX, USA) diluted at 1:200. We 
added horseradish peroxidase-conjugated secondary 
antibodies (EnVision Labelled Polymer; Dako, Glos-

destabilization8, 18-20). Therefore, evaluating carotid 
plaque neovascularization would likely benefit the 
evaluation of plaque vulnerability and risk of athero-
thrombotic events.

Recently identified as a negative feedback regula-
tor of angiogenesis21-26), the vasohibin-1 (VASH1) 
expression occurs selectively in vascular endothelial 
cells, induced by vascular endothelial growth factor 
(VEGF)21). Interestingly, VASH1 exists in microvessel 
endothelial cells in a variety of solid tumors, and the 
VASH1 expression levels correlate with the prognosis 
and grade of malignancy27-34). Moreover, endogenous 
VASH1 is expressed in adventitial microvessels of the 
aortic wall, and exogenous VASH1 prevents neointi-
mal formation by inhibiting adventitial angiogene-
sis24). However, the pathophysiological significance of 
VASH1 in the development of human atherosclerotic 
diseases is incompletely understood.

The present study examined the VASH1 expres-
sion in human atherosclerotic plaques acquired via 
carotid endarterectomy and investigated the possible 
association between the VASH1 expression levels and 
plaque vulnerability.

Aim

In patients with atherosclerotic plaque, neovascu-
larization is a histological marker of plaque vulnerabil-
ity and predicts the risk of atherothrombotic diseases, 
including ischemic stroke. VASH1 functions as an 
anti-angiogenic factor, and its expression levels may 
correlate with the degree of intraplaque neovascular-
ization. Therefore, we examined the VASH1 expres-
sion in human carotid atherosclerotic plaques in order 
to clarify the relevance of this parameter for plaque 
instability.

Methods

Subjects and Tissue Sampling
During the period of June 2012–August 2013, 

we performed 12 carotid endarterectomies in patients 
with carotid stenosis (11 men and 1 woman, mean 
age=75.3±5.0 years) at Kyoto University Hospital. 
Ten patients (83.3%) presented with clinical symp-
toms of cerebral ischemic attack related to carotid ste-
nosis. The prevalence of risk factors for atherosclerosis 
included hypertension in nine patients (75.0%), dys-
lipidemia in eight patients (66.7%), diabetes mellitus 
in six patients (50.0%) and ischemic coronary disease 
in six patients (50.0%).

We obtained samples from the plaque region 
immediately following endarterectomy. Next, we dis-
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plaque mRNA levels of VASH1 correlated positively 
with those of VEGFA (r=0.788, p=0.004) (Fig.2A). 
In addition, the VASH1 mRNA levels showed a direct 
relationship with the CD31 mRNA levels (r =0.99, 
p＜0.001) (Fig.2B), indicating that the VASH1 expres-
sion reflects increased neovascularization in atheroma-
tous plaques.

The increased expression of intercellular adhe-
sion molecule-1 (ICAM1) and vascular cell adhesion 
molecule-1 (VCAM1) is associated with endothelial 
activation and dysfunction and leads to intraplaque 
inflammation. Although not statistically significant, 
the correlation between the VASH1 mRNA levels and 
the ICAM1 expression in human carotid plaques 
showed a possible trend toward significance (Fig.2C) 
(r=0.55, p=0.077). Additionally, the VASH1 mRNA 
levels were positively associated with those of VCAM1 
(Fig.2D) (r=0.94, p＜0.001).

Our investigation of the relationship between 
enhanced neovascularization and the inflammatory 
burden in atheromatous plaques revealed a significant 
association between the VEGFA mRNA levels and the 
VCAM1 expression (Fig.2E) (r=0.927, p＜0.001).

Detection of VASH1 in the Microvessel Endothelium 
of the Human Carotid Atheroma

Immunofluorescence revealed the VASH1 expres-
sion in the microvessels of the human carotid athero-
matous plaque. Moreover, VASH1 colocalized with 
CD31, a marker of the neovascular endothelium 

trup, Denmark) to the sections and incubated them at 
room temperature for one hour, followed by visualiza-
tion using 3,3’-diaminobenzidine with hematoxylin 
and eosin counterstaining.

For the immunofluorescence analysis following 
primary antibody staining, we incubated the sample 
sections with Alexa Fluor 488–conjugated donkey 
anti-mouse antibodies or Alexa Fluor 594–conjugated 
donkey anti-rabbit antibodies (Molecular Probe, 
Eugene, Oregon, USA) at room temperature for one 
hour.

We stained the negative controls with non-immune 
mouse or rabbit IgG for each experiment.

Statistical Analysis
The data are presented as the mean±SEM. The 

statistical analysis was performed using the paired 
t -test, and a linear regression analysis was conducted 
using the R version 3.0.0 software package (Vienna, 
Austria). A p value of ＜0.05 was considered to be sta-
tistically significant.

Results

Increased Expression of VASH1 mRNA in the 
Human Carotid Atherosclerotic Lesions

In order to determine whether the VASH1 expres-
sion is increased in human atherosclerotic plaques, we 
isolated total RNA from carotid endarterectomy speci-
mens and evaluated the VASH1 mRNA levels using 
quantitative real-time PCR. Compared to that observed 
in the normal controls, the VASH1 gene expression 
was significantly higher in the atheromatous plaque 
areas (p=0.018) (Fig.1).

According to a univariate analysis, clinical risk 
factors, such as age (p=0.87), sex (p=0.50), hyperten-
sion (p=1.00), dyslipidemia (p=0.46), diabetes melli-
tus (p=0.59), degree of stenosis (p=0.81), ischemic 
coronary disease (p=0.70) and the presence of cerebral 
ischemic symptoms (p=0.12), were not significantly 
correlated with the VASH1 mRNA levels in the 
carotid plaque specimens, partially because only a lim-
ited number of specimens were examined in this 
study.

Associations of the VASH1 Expression Levels with 
Plaque Inflammation and Neovascularization

Next, we investigated whether the VASH1 expres-
sion levels reflect plaque vulnerability. Neovasculariza-
tion and intraplaque inflammation are well-established 
features of plaque instability. Importantly, VEGFA, 
which is among the most potent angiogenic factors, 
targets the VASH1 expression. Accordingly, the intra-

Fig.1. The VASH1 mRNA expression is increased in human 
carotid atherosclerotic plaques.

Total RNA was isolated from human carotid endarterectomy speci-
mens (n=12), and the levels of VASH1 mRNA were measured 
using quantitative real-time PCR. The distal edge of the harvested 
samples without macroscopic atherosclerotic plaque served as a 
control (n=12). The VASH1 gene expression increased signifi-
cantly in the atheromatous plaque area vs. controls (p=0.018). The 
results are presented as the mean±SEM. ＊, p＜0.05 for the indi-
cated comparison. VASH1, vasohibin-1.
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atherosclerotic plaques and explored the positive rela-
tionship between the VASH1 gene expression and that 
of VEGFA, CD31 and VCAM1.

Recent reports have identified VASH1 to be a 
soluble and potent negative feedback regulator of 
angiogenesis21-26). Although the VASH1 expression is 
restricted to vascular endothelial cells, its function in 
the arterial wall remains unclear. Yamashita et al. 

(Fig.3A), and the immunohistochemical analysis 
detected the VASH1 expression in ICAM1-positive 
endothelial cells (Fig.3B).

Discussion

This study examined the VASH1 expression in 
microvascular endothelial cells from human carotid 

Fig.2. The VASH1 expression is associated with intraplaque inflammation and neovascularization.
Relationship between the VASH1 gene expression in carotid atherosclerotic plaques and that of VEGFA (A), CD31 (B), ICAM1 (C) and 
VCAM1 (D), respectively. Statistically significant correlations existed between the VASH1 mRNA levels and those of VEGFA, CD31 and 
VCAM1. The VEGFA mRNA levels also correlated positively with those of VCAM1 (E). The gene expression levels were evaluated using 
quantitative real-time PCR, and the mRNA levels of β-actin served as an internal control for normalization between samples (n=11–12). The 
results are presented as the mean±SEM. VEGFA, vascular endothelial growth factor A; ICAM1, intercellular adhesion molecule-1; VCAM1, 
vascular cell adhesion molecule-1

A

B

C

D

E
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inflammation and plaque instability40). Unsurprisingly, 
the soluble ICAM1 and VCAM1 levels are associated 
with carotid artery inflammation41) and increased in 
patients with acute ischemic stroke42, 43). However, 
controversy remains regarding the ability of the circu-
lating levels of cell adhesion molecules to predict the 
onset or prognosis of ischemic stroke44), probably 
because endothelial activation occurs systemically and 
may not always reflect the vulnerability of culprit 
lesions in carotid atheroma. In the current study, the 
VASH1 expression levels in the plaque correlated posi-
tively with the levels of endothelial adhesion mole-
cules. Therefore, the amount of VASH1 may be asso-
ciated with the amount of neovascularization as well 
as the degree of vascular inflammation in carotid 
plaques. Taken together, VASH1 may be a potent bio-
marker for evaluating the clinical severity of human 
carotid arteriosclerosis.

Study Limitations

This study is associated with several limitations. 
First, the present study was conducted retrospectively 
and in a limited number of patients. Explaining the 
clinical role of VASH1 in human carotid atheroma 
will require a prospective study in a large population. 
Second, because ethical limitations prohibited us from 
harvesting samples from normal carotid arteries, we 
used samples of the distal media and endothelium 

observed VASH1 in the adventitial microvessels of the 
human atherosclerotic aorta and determined that ade-
noviral VASH1 gene transfer inhibits neointimal for-
mation in mouse femoral artery cuff placement by 
preventing adventitial angiogenesis and macrophage 
infiltration24). Because neovascular vessel formation in 
the arterial wall plays a pivotal role in the accumula-
tion of inflammatory cells and subsequent plaque vul-
nerability12, 35, 36), the exogenous administration of 
VASH1 may contribute to the prevention of athero-
matous plaque development and the onset of athero-
thrombogenic diseases. However, the impact of endog-
enous VASH1 remains undetermined, especially regard-
ing its clinical relevance to human atherosclerotic dis-
eases. Our study demonstrates that the VASH1 
expression in human carotid arteries is more promi-
nent in atheromatous plaque than in normal arterial 
regions and is probably associated with the amount of 
neovascularization. The present data showed that the 
VASH1 level may be a novel marker for evaluating the 
severity of human carotid atherosclerosis.

Vascular endothelial cells play central roles in the 
development of atherosclerosis. Various stimuli (e.g., 
mechanical and metabolic stress) deteriorate the endo-
thelium that surrounds the vessel wall and induce its 
dysfunction37-39). The defective and activated endothe-
lium secretes adhesion molecules of inflammatory cells, 
such as ICAM1 and VCAM1, key steps in the initia-
tion and formation of a vicious cycle of vascular 

A

B

Fig.3. VASH1 exists in the microvessel endothelium of human carotid atheroma.
(A) Human carotid endarterectomy specimens were analyzed using HE staining (left) and immunostaining for VASH1 (green, left middle) 
and CD31 (red, right middle; right, merged picture). Scale bars: 100 mm. (B) The samples were immunostained with anti-VASH1 (left), 
anti-CD31 (middle) and anti-ICAM1 antibodies. Scale bars: 50 μm. HE, hematoxylin and eosin.
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between carotid plaque characteristics and subsequent isch-
emic cerebrovascular events. Stroke, 2006; 37: 818-823

7) Verhoeven B, Hellings WE, Moll FL, de Vries JP, de Kleijn 
DP, de Bruin P, Busser E, Schoneveld AH, Pasterkamp G: 
Carotid atherosclerotic plaques in patients with transient 
ischemic attacks and stroke have unstable characteristics 
compared with plaques in asymptomatic and amaurosis 
fugax patients. J Vasc Surg, 2005; 42: 1075-1081

8) Altaf N, MacSweeney ST, Gladman J, Auer DP: Carotid 
intraplaque hemorrhage predicts recurrent symptoms in 
patients with high-grade carotid stenosis. Stroke, 2007; 
38: 1633-1635

9) Altaf N, Daniels L, Morgan PS, Auer D, MacSweeney ST, 
Moody AR, Gladman JR: Detection of intraplaque hem-
orrhage by magnetic resonance imaging in symptomatic 
patients with mild to moderate carotid stenosis predicts 
recurrent neurological events. J Vasc Surg, 2008; 47: 337-
342

10) Virmani R, Burke AP, Farb A, Kolodgie FD: Pathology of 
the vulnerable plaque. J Am Coll Cardiol, 2006; 47: C13-
18

11) Virmani R, Burke AP, Kolodgie FD, FarbA: Vulnerable 
plaque: the pathology of unstable coronary lesions. Jour-
nal of Interv Cardiol, 2002; 15: 439-446

12) Virmani R, Kolodgie FD, Burke AP, Finn AV, Gold HK, 
Tulenko TN, Wrenn SP, Narula J: Atherosclerotic plaque 
progression and vulnerability to rupture: angiogenesis as a 
source of intraplaque hemorrhage. Arterioscler Thromb 
Vasc Biol, 2005; 25: 2054-2061

13) Finn AV, Nakano M, Narula J, Kolodgie FD, Virmani R: 
Concept of vulnerable/unstable plaque. Arterioscler 
Thromb Vasc Biol, 2010; 30: 1282-1292

14) Teng Z, He J, Degnan AJ, Chen S, Sadat U, Bahaei NS, 
Rudd JHF, Gillard JH: Critical mechanical conditions 
around neovessels in carotid atherosclerotic plaque may 
promote intraplaque hemorrhage. Atherosclerosis, 2012; 

15) Hayden MR, Tyagi SC: Vasa vasorum in plaque angiogen-
esis, metabolic syndrome, type 2 diabetes mellitus, and 
atheroscleropathy: a malignant transformation. Cardio-
vasc Diabetol, 2004; 3: 1

16) Carlier S, Kakadiaris IA, Dib N, Vavuranakis M, O’Malley 
SM, Gul K, Hartley CJ, Metcalfe R, Mehran R, Stefana-
dis C, Falk E, Stone G, Leon M, Naghavi M: Vasa vaso-
rum imaging: a new window to the clinical detection of 
vulnerable atherosclerotic plaques. Curr Atheroscler Rep, 
2005; 7: 164-169

17) Doyle B, Caplice N: Plaque neovascularization and anti-
angiogenic therapy for atherosclerosis. J Am Coll Cardiol, 
2007; 49: 2073-2080

18) Hosseini AA, Kandiyil N, Macsweeney ST, Altaf N, Auer 
DP: Carotid plaque hemorrhage on magnetic resonance 
imaging strongly predicts recurrent ischemia and stroke. 
Ann Neurol, 2013; 

19) Singh N, Moody AR, Rochon-Terry G, Kiss A, Zavodni 
A: Identifying a high risk cardiovascular phenotype by 
carotid MRI-depicted intraplaque hemorrhage. Int J Car-
diovasc Imaging, 2013; 

from carotid endarterectomy specimens as control 
lesions.

Conclusion

This study identified the VASH1 expression in 
human carotid atherosclerosis. We also determined 
that VASH1 exists in intraplaque microvessel endothe-
lial cells and that the VASH1 expression levels are pos-
itively associated with the VEGFA and VCAM1 expres-
sion levels in carotid plaques. Our data suggest that 
the VASH1 expression in atheroma reflects both 
enhanced neovascularization and the inflammatory 
burden. Therefore, VASH1 may be a novel biomarker 
for evaluating the clinical severity of carotid arterio-
sclerosis and predicting ischemic stroke.
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