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Abstract: Background: The ADAM33 with a disintegrin domain and a metalloprotease domain attaches an important
role in regulating smooth vascular cell migration and proteolysis. In the present study, we investigated the association between ADAM33 variants and carotid artery intima-media thickness (CIMT) in the Chinese Han population.
Methods: In a community population (n=620), CIMT was determined using the ultrasound to detect the carotid
artery intima-media thickness. We screened the ADAM33 variations using PCR-direct sequencing method and investigated the relationship between ADAM33 variations and CIMT in Chinese Northern Han population. Results:
The ADAM33 expression was increased in the atherosclerotic carotid artery from CIMT patients compared with the
normal subjects by the immunohistochemical staining. Furthermore, ADAM33 rs514174 was closely related to the
increased risk of CIMT patients (OR=1.43, 95% CI: 1.08-1.89, P≤0.05). In addition, the rs514174 TT genotype of
ADAM33 was significantly associated with the increased ADAM33 mRNA expression in patients with CIMT (P<0.05).
Conclusion: Our study provides the further support for the ADAM33 rs514174 variant as a direct risk factor for CIMT.
The ADAM33 rs514174 variant attaches an important role for the early identification occurrence of CIMT.
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Introduction
Atherosclerosis, leading to the occurrence of
coronary artery disease (CAD) and stroke, is a
major cause of morbidity and mortality in the
industrialized countries [1]. However, the pathogenesis of atherosclerosis is poorly understood
and new methods are required to predict the
existing atherosclerosis risk at present [2, 3].
During the process of atherosclerosis, the
extracellular matrix remodeling attaches an
important role in the atherosclerotic plaque
development, instability and rupture. Carotid
intima-media thickness (CIMT), as a reliable
marker can early predicting the occurrence of
future atherosclerosis events [1, 4]. From the
recent genome-wide association mapping studies, several genetic variants known to be related to the risk of CAD and stroke have also been
found to be associated with the occurrence of
CIMT risk, suggesting that there may be similar

pathogenic mechanisms between CAD and
stroke and susceptibility to CIMT [4, 5].
CIMT is a reliable marker for early atherosclerosis and can predict future cardiovascular events
such as CAD and stroke. Moreover, CIMT is usually used as an intermediate phenotype for the
atherosclerosis in the clinical studies. CIMT has
the significant heritability and several genetic
variants related to risk of CAD and stroke have
been subsequently reported to be associated
with the interindividual variability in the atherosclerotic process of CIMT [6]. Thus, the mechanism that these genetic variants influencing the
atherosclerosis process of CIMT may be similar
to that which will contribute to alter the susceptibility to CAD and stroke [7].
The ADAMs containing a disintegrin and metalloprotease domain are the transmembrane and
secretory proteins belonging to the zinc protease superfamily. ADAM33, as a member of the
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ADAMs family locates on chromosome 20 p13
and contains the 22 exons [8]. ADAM33 palys
an important role in the inflammation and vasculature regenerative processes, which plays
the key roles in the process and development
of atherosclerosis. For example, ADAM33 was
reported to be expressed in the atherosclerotic
plaques and there was a significant association
between ADAM33 rs574174 variant and the
atherosclerosis severity in a cohort of CAD patients in the Caucasian population [9, 10].
However, the association between the ADAM33
variants and CIMT in carotid plaques patients
was unknown in the Chinese Han population.
Therefore, we performed a case-control study
to determine the association between the
ADAM33 variations and CIMT to investigate
whether ADAM33 rs514174 variation was associated with CIMT.
Methods
Study population
620 consecutively recruited subjects aged
50-75 years from the General Hospital of
Northern Theater Command outpatients were
included in our study. We collected the carotid
artery intima-media thickness measurements
by the ultrasound, blood samples were collected through the selected cases, and the full
clinical data for each individual were gathered
by the full-time staff. This study conformed well
with the principles outlined in the Declaration
of Helsinki. Signed informed consent for participation in the study was obtained from all
individuals.
Ultrasound imaging
Carotid artery ultrasound as a valuable data to
investigate the value of CIMT was performed
using a portable ultrasound machine (HI VISION
Preirus, Hitachi Medical Systems, Japan). Optimized images of left and right carotid artery
intima-media thickness were selected and frozen at the end of diastollic heart. The CIMT of
the common carotid artery was measured by
the ultrasonic software at both the near and far
walls of the left and right sides in an area
free of atherosclerotic plaque. The ultrasound
parameters were captured and analyzed using
semi-automated software analysis for each
carotid region. The instrument and methods
used were as previously described [11].
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DNA isolation and genotype
We used the modified salt-extraction method
to isolate the DNA from the 5 ml whole blood
from the 620 subjects. Following the manufacturer’s instruction (Tiangen Biotech Co. Ltd.,
Beijing, China) genomic DNA were collected
from the blood leukocyte pellets [12]. The
ADAM33 forward and reverse primer such as
5’-CTCTCCAGATGCTGGCATCG-3’ and 5’-TGTTTTAAGGAACATCACA-3’ were designed by the
Primer 5.0 software. Through the direct PCR
sequencing (http://www.sangon.com/) the
ADAM33 rs514174 variant was determined.
The resulting fragments were separated on the
2% agarose gel stained with ethidium bromide
and visualized under ultraviolet light. All the
subjects genotypes were retyped twice by the
independent investigators who did not know
the subjects’ identities and phenotypes.
RNA extraction and real-time quantitative PCR
(RT-qPCR) amplification
The Ficoll gradient density centrifugation method was used for the peripheral blood mononuclear cell (PBMC) separation. PBMCs were
resuspended in RPMI medium with 10% fetal
bovine serum. Total RNA was extracted from
PBMCs using Trizol reagent (Invitrogen, USA)
and reverse-transcribed into cDNA using the
appropriate reagents, including random hexamers, Superscript II, and dNTPs (TaKaRa Bio,
Japan). Using the ABI Prism 7300 Sequence
Detection System (Applied Biosystems) the RTqPCR was performed in a final volume of 20 µl
with the SYBRPremix Ex Taq II (TaKaRa Bio,
Japan). ADAM33 forward and reverse primers
were the 5’-TCTCATGAGCCCAGCAGCCA-3’ and
the 5’-CAAGCTGCCTGCAGGTGCTG-3’. β-Actin
forward and reverse primers were 5’-AGCGAGCATCCCCCAAAGTT-3’ and 5’-GGGCACGAAGGCTCATCATT-3’. Furthermore, PCR reactions were duplicated for each sample and mean values were used for the further analysis. We used
the relative quantification to evaluate the target expression of ADAM33 gene, and the housekeeping gene expression of β-actin was used
as an internal control to normalize the target
ADAM33 mRNA expression.
Carotid arterial tissue
10 consecutive patients with the internal carotid stenosis (≥70%) treated with carotid endarterectomy at the General Hospital of Shenyang
Military Region. Carotid plaques were removed
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Table 1. The Characteristics of subjects between the
patients with CIMT and control subjects
Variables
Mean age (years)
Male/Female
BMI (kg/m2)
DM (%)
Hypertension (%)
Smokers (%)
TG (mmol/l)
TC (mmol/l)
LDL (mmol/l)
HDL (mmol/l)

Control Subjects Patients with
(n=310)
CIMT (n=310)
64.7±9.6
65.5±10.3
193/117
189/121
26.1±2.5
26.8±3.2
38 (12.2)
78 (25.1)
65 (20.9)
180 (58.1)
56 (18.1)
152 (49.0)
2.11±0.98
2.33±1.27
4.33±1.05
4.75±1.09
2.28±0.56
2.63±0.52
1.20±0.28
1.53±0.31

P
>0.01
Match
>0.01
<0.01
<0.01
0.01
<0.01
<0.01
<0.01
<0.01

HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride. BMI, body
mass index; DM, diabetes mellitus. Continuous data are expressed
as the mean ± SD. P<0.05 versus control group.

from the patients using the carotid endarterectomy and snap-frozen on dry ice and stored at
-80°C. Carotid artery tissues containing the
atherosclerotic lesions and apparently normal
mural areas were collected from the atherosclerosis patients (6 males, 4 females; aged
56-72 years). 4 samples were from normal controls (individuals who died in traffic accidents,
with no history of CAD).
Immunohistochemistry
Formalin-fixed, paraffin-embedded carotid arteries were serially sectioned (4 μm). In order to
conduct the antigen retrieval we treated the
carotid arteries sections with 0.1 mol/l sodium
citrate (pH 6.0) (5 min), then rinsed with PBS.
After blocking with the avidin-biotin blocking
solution, the tissue sections were incubated
overnight at the 4°C with the primary antibodies against ADAM33 (Abcam, Cambridge, UK),
SMA (Sigma, USA) and CD68 (Dako, Glostrup,
Denmark). Then the carotid arteries tissue
sections were incubated with the biotinylated
goat anti-rabbit or anti-mouse IgG antibodies
(Abcam, Cambridge, UK). Immunoreactivity was
detected with DAB staining and carotid arteries sections were counterstained with hematoxylin. Furthermore, the digital images were
obtained under a light microscope (Leica,
Germany).
Statistical analysis
The statistical data (SPSS version 21.0 software) were collected as the means ± SEM. We
used the Student’s t test or the Mann-Whitney
1271

U test to compare among the different
groups, and then multiple groups comparision by one-way ANOVA were assessed.
The mRNA expression level between CIMT
patients and control subjects were also
analysed by ANOVA. The distribution of
genotype and allele frequencies between
CIMT patients and control groups were
analysed by the Hardy-Weinberg equilibrium. The CIMT patients were evaluated by
the P values, 95% confidence intervals
(95% CIs) and odds ratios (ORs). The population size of 620 individuals is sufficient
to detect a 2% variance explained by a
single variant on CIMT at α=0.05 and
power of 80%.
Results
Baseline characteristics
The baseline characteristics of the study participants were shown in Table 1. CIMT measurements and DNA for genotyping analysis
were available for all the collected subjects.
Genotype frequencies were in Hardy-Weinberg
equilibrium. There were no significant differences between the patients with CIMT and controls subjects in terms of age or sex. The mean
age of the patients with CIMT was 65.5±10.3
years and of control subjects was 66.2±9.6
years. The sex male-to-female ratio was 1.65:1
in patients with CIMT and 1.56:1 in control subjects. Compared with the control subjects,
patients with CIMT had higher total cholesterol
and higher low-density lipoprotein than control
subjects (Table 1).
Increased ADAM33 expression in human carotid atherosclerosis tissue
Immunostaining of carotid plaques showed
that ADAM33 expression was low in normal
carotid tissue and ADAM33 expression was increased in the carotid atherosclerotic plaques.
ADAM33 expression was observed in vascular smooth muscle cells (VSMCs), and macrophages of human carotid artery atherosclerotic
plaques. ADAM33 was colocalized with a proportion of VSMCs (SMA), and macrophages
(CD68) in atherosclerotic carotid artery plaques. Furthermore, the VSMCs expressing ADAM33 were predominantly located near the intima-media border, while macrophages expressing ADAM33 were located in the basement of
fibrous plaques (Figure 1).
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Figure 1. Immunohistochemical staining for ADAM33 and macrophages (CD68) in human carotid arteries of patients treated with carotid endarterectomy. HE Images show the human normal carotid arties (A) and human carotid
arteries of patients treated with carotid endarterectomy (D). (B, E) Images showing the presence of macrophages.
(C, F) Images showing the ADAM33 expression in the human normal carotid arties and human carotid arteries of
patients treated with carotid endarterectomy. (A-C) ×5 magnification. (D-F) ×10 magnification.

Table 2. Frequency of ADAM33 rs514174 genotype and alleles in patients with CIMT and control
subjects
Genotype
rs514174
CC
CT
TT
Dominant model CC/CT versus TT
Recessive model CC versus CT/TT
C allele
T allele

Control subjects
(n=310)

Patients with CIMT
(n=310)

213 (68.7)
86 (27.7)
11 (3.5)
299 (96.4)
97 (31.9)
512 (82.6)
108 (17.4)

190 (61.3)
96 (31.0)
24 (7.7)
286 (92.3)
120 (38.7)
476 (82.6)
144 (23.2)

OR

95% CI

P
0.03

2.18
1.24
1.43

1.08-4.37
0.99-1.54
1.08-1.89

0.02
0.03
0.01

P values are obtained for the comparison between the patients with carotid artery intima-media thickness and control subjects
by χ2-test; P<0.05.

Association between ADAM33 rs514174 variant and risk of CIMT
CIMT measurements and DNA for genotyping
were available from the 620 subjects. There
was a significant association between ADAM33
rs514174 variant and CIMT (P=0.01, OR=1.43,
95% CI: 1.08-1.89) (Table 2). After the correction for cardiovascular risk factors such as age,
sex, body mass index, smoking status, low-density lipoprotein cholesterol and history of arterial hypertension, there was still a statistical
significance between the ADAM33 rs514174
variant and CIMT. Individuals with the risk genotype had higher CIMT values than those with
1272

the CT or CC genotype (1.41±0.17 and 1.13±
0.14 mm, respectively) (Figure 2). Furthermore,
increased CIMT risk associated with the rs514174 genotype and allele was found in the
male patients stratified by sex (P<0.05). However, in the female subjects, the association
between ADAM33 rs514174 variant and CIMT
risk was not statistically significant (Table 3).
Plasma ADAM33 mRNA expression in
ADAM33 rs514174 variant subsets
Furthermore, we investigated the ADAM33
mRNA expression in PBMCs and explored
the association between the ADAM33 mRNA
Int J Clin Exp Med 2019;12(1):1269-1275
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Figure 2. Correlation between carotid artery intima-media thickness and
ADAM33 variant rs574174. Carotid artery intima-media thickness data are
presented as mean ± SD.

Table 3. Genotype and alleles frequencies of ADAM33 rs514174
in patients with CMIT and control subjects in the female subjects
Females
Control subjects Patients with CIMT P value
OR (95%CI)
n=117
n=121
CC
83 (70.9)
77 (63.6)
0.152 0.718 (0.455-1.132)
CT
28 (23.9)
34 (28.1)
TT
6 (5.1)
10 (8.3)
C
194 (82.9)
188 (77.7)
0.449
T
40 (17.1)
51 (22.3)
P values are obtained for the comparisons between the patients with CIMT and
control subjects by χ2-test.

expression and the ADAM33 rs514174 variant
in the CIMT patients. ADAM33 mRNA expression in PBMCs was significantly higher in patients with CIMT than the control subjects (P<
0.01). To investigate whether the ADAM33
rs514174 variant influenced ADAM33 mRNA
expression in PBMCs, we examined the relationship between ADAM33 mRNA expression in
PBMCs and the ADAM33 rs514174 variant
(Figure 3A). Patients with the rs514174 TT genotype exhibited the increased ADAM33 mRNA
expression in PBMCs when compared with control subjects (P<0.05) (Figure 3B).
Discussion
ADAM33 as a membrane-anchored protein
containing a pro-domain, catalytic domain, disintegrin domain, cysteine-rich domain, EGF1273

domain, transmembrane domain and cytoplasmic domain belongs to the zinc protease superfamily memeber [10, 13, 14].
ADAM33 contains the prodomain and catalytic domain to
regulate VSMC migration, and
contains the cytoplasmic domain and EGF-domain to regulate the angiogenesis. ADAM33null mice does not exhibit the
morphological or behavioral abnormalities compared with the
wild-type mice, while over-expression ADAM33 mice shows
that the ADAM33 protein takes
part in the course of atherosclerosis [9, 15-17]. ADAM33 also
attaches a crucial part in the
endothelial cells adhesion, VSMCs migration and elastic fibers
proteolysis in blood vessels, and
thus is fundamental for the control of atherosclerotic pathogenensis. Overproduction of ADAM33 may lead to excessive
shedding of inflammatory mediators and growth factors, which
induces the pathological states
such as the proliferation of VSMCs, inflammatory cells migration and endothelial cells adhesion leading to aggravate the
cardiovascular atherosclerotic
disorders [9, 10].

CIMT thickening with a carotid artery intimamedia thickness greater than 0.9-1 mm as an
indicative signal of early atherosclerosis appearing before CAD and stroke formation provides a measure for the early atherosclerosis
and vascular remodeling, so the examination of
CIMT is particularly important for the early atherosclerotic detection [4, 11]. Genetic evidences have also found the association between
the ADAM33 variant and the occurrence of
CAD. Our study showed that ADAM33 rs514174 variant is associated with carotid artery
intima-media thickness for the first time in
the CIMT patients in Chinese Han population.
Our findings provide the further support that
ADAM33 rs514174 TT genotype carriers have
a higher CIMT than those with C allele carriers
among CIMT patients. Thus, ADAM33 appears
Int J Clin Exp Med 2019;12(1):1269-1275
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Figure 3. ADAM33 mRNA expression in PBMCs. A. Relative ADAM33 mRNA expression in PBMCs. from patients with
CIMT and control subjects. B. Relative ADAM33 mRNA expression in PBMCs from patients with CIMT and control
subjects stratified according to the presence of the ADAM33 variant rs574174 allele. Blank and black boxes represent the relative expression of ADAM33 in control subjects and patients with PBMCs, respectively. *, P<0.05.

to be an important candidate gene to explain
the early atherosclerosis in CAD and stroke
patients. Moreover, the association was more
significant in males CIMT patients. However,
the association between ADAM33 variants and
CIMT requires the further verification with a
larger sample population. We also found that
ADAM33 was preferentially expressed on SMCs
and macrophages in atherosclerotic carotid
arteries plaques compared with the control
carotid artery, suggesting that ADAM33 may
attach an important part in the development of
atherosclerotic plaque.
There were some limitations to this study. First,
our sample size was large enough, so the conclusions cannot be extended to the whole
Chinese Han population. Second, the recruited
population was from the northern region of
China, thus the results may not be applicable to
other ethnic groups, and need to be confirmed
in other ethnic groups. Third, larger prospective
studies were necessary to fully elucidate the
role of ADAM33 in the process of atherosclerosis. Fourth, the mechanisms underlying the
associations between the ADAM33 rs514174
variant and CIMT risk require further investigation.
In summary, our study shows a significant association between the ADAM33 rs514174 variant and increased risk of CIMT in the Chinese
Han population. Genetic ADAM33 variation is
therefore a promising new candidate in the
pathogenesis of atherosclerosis. The current
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study provides the new information about the
possible role of ADAM33 in the development of
CIMT. Future studies are required to further
determine the role of ADAM33 in the pathogenesis of atherosclerosis and to examine its prognostic and therapeutic potential.
Acknowledgements
This work was supported by grants from the
National Key Research and Development program of China for the 13th five-year plan [grant
number 2016 YFC1301300]; the National Science Foundation of China [grant number 81770303, 81570265, 81570767, 81670340];
and the Liaoning science and technology project [grant number 2015010400-301].
Disclosure of conflict of interest
None.
Abbreviations
CIMT, carotid intima-media thickness; CI, confidence interval; OR, odds ratio; PCR, polymerase
chain reaction; SNP, single nucleotide polymorphism.
Address correspondence to: Xiaozeng Wang, Cardiovascular Research Institute and Department of
Cardiology, The General Hospital of Northern
Theater Command, 83 Wen Hua Road, Shenyang,
Liaoning Province, China. Tel: +86-24-83951988;
Fax: +86-24-83951988; E-mail: 976428896@qq.
com

Int J Clin Exp Med 2019;12(1):1269-1275

ADAMT33 and CIMT
References
[1]

[2]

[3]
[4]

[5]

[6]

[7]

[8]

[9]

Mehta JL, Saldeen TG, Rand K. Interactive role
of infection, inflammation and traditional risk
factors in atherosclerosis and coronary artery
disease. J Am Coll Cardiol 1998; 31: 12171225.
Wang Y, Zheng Y, Zhang W, Yu H, Lou K, Zhang
Y, Qin Q, Zhao B, Yang Y, Hui R. Polymorphisms
of KDR gene are associated with coronary
heart disease. J Am Coll Cardiol 2007; 50:
760-767.
Garcia de Tena J. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med
2005; 353: 429-30; author reply 429-30.
Luijendijk P, Lu H, Heynneman FB, Huijgen R,
de Groot EE, Vriend JW, Vliegen HW, Groenink
M, Bouma BJ, Mulder BJ. Increased carotid intima-media thickness predicts cardiovascular
events in aortic coarctation. Int J Cardiol 2014;
176: 776-781.
Yadav AK, Lal A, Jha V. Association of circulating fractalkine (CX3CL1) and CX3CR1(+)
CD4(+) T cells with common carotid artery intima-media thickness in patients with chronic
kidney disease. J Atheroscler Thromb 2011;
18: 958-965.
Ghilardi G, Biondi ML, Turri O, Guagnellini E,
Scorza R. Internal carotid artery occlusive disease and polymorphisms of fractalkine receptor CX3CR1: a genetic risk factor. Stroke 2004;
35: 1276-1279.
Chen HH, Almontashiri NA, Antoine D, Stewart
AF. Functional genomics of the 9p21.3 locus
for atherosclerosis: clarity or confusion? Curr
Cardiol Rep 2014; 16: 502.
Han J, Han J, Yu D, Xiao J, Shang Y, Hao L.
Association of ADAM33 gene polymorphisms
with keloid scars in a northeastern Chinese
population. Cell Physiol Biochem 2014; 34:
981-987.
Holloway JW, Laxton RC, Rose-Zerilli MJ, Holloway JA, Andrews AL, Riaz Z, Wilson SJ, Simpson
IA, Ye S. ADAM33 expression in atherosclerotic
lesions and relationship of ADAM33 gene
variation with atherosclerosis. Atherosclerosis
2010; 211: 224-230.

1275

[10] Korytina GF, Tselousova OS, Akhmadishina LZ,
Victorova EV, Zagidullin ShZ, Victorova TV.
Association of the MMP3, MMP9, ADAM33
and TIMP3 genes polymorphic markers with
development and progression of chronic obstructive pulmonary disease. Mol Biol (Mosk)
2012; 46: 487-499.
[11] Kiechl S, Laxton RC, Xiao Q, Hernesniemi JA,
Raitakari OT, Kahonen M, Mayosi BM, Jula A,
Moilanen L, Willeit J, Watkins H, Samani NJ,
Lehtimäki TJ, Keavney B, Xu Q, Ye S. Coronary
artery disease-related genetic variant on chromosome 10q11 is associated with carotid
intima-media thickness and atherosclerosis.
Arterioscler Thromb Vasc Biol 2010; 30: 26782683.
[12] Huang M, Han Y, Zhang X, Pei F, Deng J,
Kang J, Yan C. An intron polymorphism in the
CXCL16 gene is associated with increased risk
of coronary artery disease in Chinese Han
population: a large angiography-based study.
Atherosclerosis 2010; 210: 160-165.
[13] Li DD, Guo SJ, Jia LQ, Wen FQ. Association of a
disintegrin and metalloproteinase 33 (ADAM33) gene polymorphisms with chronic obstructive pulmonary disease in the Chinese population: a meta-analysis. Genet Mol Res 2014;
13: 6391-6397.
[14] Bridges LC, Sheppard D, Bowditch RD. ADAM
disintegrin-like domain recognition by the lymphocyte integrins alpha4beta1 and alpha4beta7. Biochem J 2005; 387: 101-108.
[15] Orth P, Reichert P, Wang W, Prosise WW,
Yarosh-Tomaine T, Hammond G, Ingram RN,
Xiao L, Mirza UA, Zou J, Strickland C, Taremi
SS, Le HV, Madison V. Crystal structure of the
catalytic domain of human ADAM33. J Mol Biol
2004; 335: 129-137.
[16] Roberts R. Genetics of coronary artery disease. Circ Res 2014; 114: 1890-1903.
[17] Vishweswaraiah S, Veerappa AM, Mahesh PA,
Jayaraju BS, Krishnarao CS, Ramachandra NB.
Molecular interaction network and pathway
studies of ADAM33 potentially relevant to asthma. Ann Allergy Asthma Immunol 2014; 113:
418-424, e411.

Int J Clin Exp Med 2019;12(1):1269-1275

